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1. Executive Summary 

Bayer HealthCare Pharmaceuticals has agreed to participate in an Advisory Committee Meeting 
called in by the FDA to discuss possible development programs for amyloid β imaging agents to 
be used as diagnostic tool in the diagnosis of Alzheimer’s disease (AD). 

 

Scientific and Clinical Background 

With approximately 25 million cases worldwide - over 4 million in the US alone – dementia 
affects 7% of the general population over 65 years of age and 30% of those over 80 and 
significantly reduces life expectancy.  

Definitive diagnosis of AD and other types of dementia relies on post mortem, histopathological 
examination of the brain.  The current criteria for the pathologic diagnosis of AD require the 
presence of extra-cellular deposits of amyloid β peptides in the brain.  Additional evidence that 
amyloid β peptide formation and deposition is inherently linked to AD has also come from 
genetic studies. 

The diagnosis of AD during life requires thorough clinical and neuropsychiatric examination 
performed by a clinician experienced in dementia.  For AD, the best established and only 
validated diagnostic criteria have been defined by the National Institute of Neurological, 
Communicative Disorders and Stroke – AD and Related Disorders Association (NINCDS-
ADRDA).  A meta-analysis of studies with pathological confirmation was conducted in which 
these criteria were applied to establish the diagnosis of AD.  Here, the sensitivity and specificity 
values reported varied considerably demonstrating acceptable sensitivity, but only marginal 
specificity indicating that subjects with non AD dementia and/or non-neurodegenerative 
disorders are often misdiagnosed as having AD and underscores the need to develop ways of 
improving the specificity of the diagnosis without a loss in sensitivity.  Ultimately a biomarker, 
or combinations thereof, may be needed to increase overall diagnostic precision. 

Since the NINCDS-ADRDA criteria were first published in 1984, elucidation of the biological 
basis of AD has greatly advanced and distinctive and reliable biomarkers are now available that 
can lend objectivity to clinical findings in the diagnosis of AD.  Revised criteria - still centered 
on a clinical core of early and significant memory impairment (e.g. dementia) - but also 
including abnormalities in at least one or more of these biomarkers, have been proposed and are 
currently being investigated.  These include, but are not restricted to, cerebrospinal fluid (CSF) 
analyses, structural magnetic resonance imaging (MRI) and molecular neuroimaging with PET 
which are described in more detail within the document.  Within this revised diagnostic 
framework the ideal role of the novel biomarkers is a complementary one and aimed at 
increasing, in particular, the specificity of the current clinical parameters.  
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Neocortical amyloid β plaque deposition, a pathological hallmark of AD, occurs early in the 
disease process, possibly years before the onset of clinical symptoms.  The availability of a non-
invasive, imaging marker capable of detecting amyloid β in the brain to facilitate early and 
accurate in vivo disease detection of AD is, thus, a major medical need.  Trials in humans with 
amyloid targeted PET tracers have shown significant differences in tracer uptake pattern in the 
neocortical regions in subjects with AD when compared to healthy volunteers.  Here, in PET 
scans of subjects with AD, a higher tracer uptake has been seen in regions known to have 
amyloid β plaques compared to healthy volunteers, whereas in regions known to be unaffected 
by amyloid β deposition, tracer uptake was equivalent in AD patients and HV.  Although initial 
results with tracers of this type are promising, as with all other novel diagnostic modalities, 
validity and reliability needs to be established on the basis of prospective clinical trials. 

 

Clinical Usefulness of an early and accurate diagnosis in AD 

Bayer HealthCare Pharmaceuticals primary goal is to develop a non-invasive diagnostic tool 
available as an visual adjunct to existing methodology to increase diagnostic precision in AD. 
The indication being pursued is based on the known pathological link between neocortical 
amyloid β plaque deposition in the brain and the manifestation of AD and is intended to facilitate 
introduction of the compound as a visual adjunct to existing methodology to increase diagnostic 
confidence in AD.  The target proposed indication based on the diagnostic efficacy is: 

The tracer can detect amyloid β plaque deposition in the brain and thereby, assist the physician 
in the diagnosis of (detection/exclusion) of Alzheimer´s disease. 

In routine clinical practice, an amyloid-targeted tracer, or any diagnostic test in dementia, will 
not be used as a “stand alone” in establishing the final clinical diagnosis, but as an additional 
diagnostic tool - i.e. a biological footprint - aimed at assisting the clinician in making a more 
precise and objective differential diagnosis.  Examples of differential diagnostic situations in 
which a tracer of this type can assist the clinician in establishing a more objective diagnosis are 
presented within the document.  

The clinical usefulness is also important for patient, caregiver/family and physician as it 
facilitates implementation of appropriate therapy early on.  Unnecessary investigations are 
avoided and cognitive symptoms alleviated, with a subsequent increase in quality of life, both for 
the patient and his/her family members.  Current phase 3 development of novel therapeutic 
agents further underscores the importance of early and accurate diagnosis in AD.  The 
availability of non-invasive imaging markers capable of detecting amyloid accumulation in the 
brain would not only assist in identifying patients who would benefit from therapy, but also to 
decrease sample size and follow-up time and, thus, time and cost to development.  Finally, as the 
worldwide prevalence of AD is expected to quadruple by 2050, modest advances in therapeutic 
and preventative strategies (associated with early diagnosis) that can lead to even small delays in 
the onset of AD and progression can significantly reduce the global burden of the disease. 
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Development Strategy and Indication 

It is not feasible to rely on autopsy as the standard of truth. Instead of this rigorous standard, the 
clinical diagnosis established on the basis of an appropriate combination of clinical examination 
and the proper combination of validated tests including application of internationally accepted 
criteria can provide a very good approximation of the true disease state.  For the diagnosis of AD 
and other dementias in clinical trials, the Consensus Panel approach is validated and the clinical 
diagnosis established in this manner has been shown to be robust and reproducible.  

 

Phase 3 design:  
The trial proposed is a pivotal efficacy trial (with an independently established clinical diagnosis 
as the standard of truth), the major purpose of which is to verify the efficacy of an amyloid 
targeted PET tracer to pursue the indication of “detection of pathology”.   

 
• Patients with clinically probable AD (high likelihood of having amyloid β in the brain) 

will serve as positive controls - contributing to sensitivity- and healthy volunteers who 
serve as negative controls (high likelihood of having not amyloid β in the brain, 
contributing to specificity). 

• The primary endpoints will be the sensitivity and specificity of the independent blinded 
visual assessment of the amyloid-targeted PET tracer images in detecting/excluding 
cerebral amyloid β in patients with probable AD compared to healthy volunteers. 

• The clinical diagnosis will serve as the standard of truth, based on internationally 
accepted, validated criteria and established after comprehensive clinical and 
neuropsychiatric examination by a consensus panel. 

• Other dementia subtypes are planned to be included as a secondary (vs. primary) 
population in the proposed trial and will be analyzed in a descriptive manner only. 
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2. Introduction  

An early and accurate diagnosis of dementia, in particular of Alzheimer’s disease, remains an 
unmet clinical need.  Bayer HealthCare Pharmaceuticals, Inc. intends to develop a Positron 
Emission Tomography (PET) tracer for the detection of amyloid β plaques and, thereby, provide 
a visual adjunct to assist the clinician in establishing a more objective clinical diagnosis. 

The Food and Drug Administration (FDA) considers “the development of a safe and effective 
diagnostic imaging agent for Alzheimer’s disease (AD) to represent an important public health 
contribution” and, has therefore organized an Advisory Committee Meeting aimed at providing 
specific recommendations based on clinical utility towards the design of phase 3 diagnostic 
imaging studies in AD.  Bayer HealthCare Pharmaceuticals has accepted the FDA’s invitation to 
actively participate in the preparatory process for this Advisory Committee which includes: 

1) Submitting a summary of the clinical development program 

2) Providing an outline of a phase 3 clinical study protocol and, 

3) Participating in a presentation to the Advisory Committee.   

The present document contains key scientific and clinical background information, as well as a 
section devoted to the general considerations on the development of PET tracers of this type 
which have guided the company and have led to the proposed development concept and phase 3 
study outline.  The last section of the document contains a number of questions related to the 
design of a confirmatory phase 3 trial. A synopsis of a phase 3 clinical study protocol has been 
included as an appendix to this document. 

3. Scientific and clinical background  

With approximately 25 million cases worldwide - over 4 million in the US alone – dementia 
affects 7% of the general population over 65 years of age and 30% of those over 80 
[McKeith et al. 2004, Ferri et al. 2005] and significantly reduces life expectancy [Larson et al. 
2004].  Among the four major dementia subtypes, e.g. Alzheimer’s disease (AD), Dementia with 
Lewy Bodies (DLB), vascular dementia (VaD) and fronto-temporal lobar dementia (FTLD), AD 
is the most common cause in the western world, accounting for over 65% of all cases 
[McKeith et al.2004].  Progressive aging of the mature population is expected to further increase 
the frequency of AD with a proportionate substantial increase in the cost of related medical care.  
In the US the frequency of AD is expected to increase to 14 million as the baby boomers expand 
the geriatric population [Silverman et al. 2004].  This will have considerable economic impact 
considering the present annual AD associated expenses in the US are nearly $70 billion and $100 
billion when indirect costs such as the loss of caregiver productivity are considered 
[Silverman et al. 2000].   
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3.1 Neuropathological and genetic features of Alzheimer’s disease 

Definitive diagnosis of AD and other types of dementia relies on post mortem, histopathological 
examination of the brain.  The current criteria for the pathologic diagnosis of AD require the 
presence of extra-cellular deposits of amyloid β peptides, intra-neuronal neurofibrillary tangles 
and the predominance of neocortical neuronal degeneration [Braak et al. 1997].  Although 
amyloid β deposition is sometimes seen in other more rare dementias such as VaD and DLB, a 
major pathological differentiation in the former is the preponderance of micro- and/or macro-
vascular lesions and, in latter, the predominance of nigrostriatal (vs. neocortical) neuronal 
degeneration caused by cytoplasmatic accumulation of -synuclein protein aggregates (Lewy 
Bodies) [McKeith et al. 2004, Perry et al. 1990].  amyloid β plaques have also been described in 
a sub-population of the healthy population over the age of 75 years [Price et al. 1999].  In 
contrast, in patients with fronto-temporal dementia (FTD), a subform of FTLD, amyloid β 
deposition is rarely seen upon histopathological examination. 

Additional evidence that amyloid β plaque formation is inherently linked to AD has come from 
genetic studies verifying that autosomal dominant mutations which result in alterations in 
amyloid β formation and/or metabolism are present in subjects who develop the disease before 
the age of 60 years (i.e., approximately 0.01% of all cases) [Waring et al., 2008]  

 

3.2 Diagnosis of Alzheimer’s disease: current diagnostic tools  

3.2.1 Clinical diagnosis  

As in all neurodegenerative disorders, the diagnosis of AD during life requires thorough clinical 
assessment, including a detailed medical history (from patient and caregiver) and a full mental 
state, cognitive and physical examination performed by a clinician experienced in dementia.  For 
AD, the best established and still recommended diagnostic criteria [Knopman et al. 2001] have 
been defined by the National Institute of Neurological, Communicative Disorders and Stroke – 
AD and Related Disorders Association (NINCDS-ADRDA) [McKhann et al. 1984].  These 
criteria are currently used together with the Diagnostic and Statistical Manual of Mental 
Disorders fourth edition – Text Revised (DSM IV-TR) criteria from the American Psychiatric 
Association (2000) to establish the diagnosis of AD.  

According to the NINCDS ADRDA criteria “a clinical diagnosis of “probable” AD can be made 
if there is a typical insidious onset of dementia with progression and if there are no other 
systemic or brain diseases that could account for the progressive memory and other cognitive 
defects.  Among the disorders that must be excluded are manic depressive disorder, Parkinson’s 
disease, multi-infarct dementia and drug intoxication; less commonly encountered disorders that 
may cause dementia include thyroid disease, pernicious anemia, luetic brain disease and other 
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chronic infections of the nervous system, subdural hematoma, occult hydrocephalus, 
Huntington’s disease, Creutzfeldt-Jakob disease and brain tumors [McKhann et al. 1984]. 

A clinical diagnosis of “possible” AD can be made on the basis of verified dementia “in the 
absence of other neurological, psychiatric, or systemic disorders sufficient to cause dementia and 
in the presence of variations in the onset, in the presentation or in the clinical course and may be 
made in the presence of a second systemic or brain disorder sufficient to produce dementia if this 
condition is not considered to be the cause of the dementia.”  Finally criteria for the diagnosis of 
“definite” AD are the clinical criteria for AD together with histopathologic evidence (i.e. 
cerebral amyloid β plaque deposition) obtained from a biopsy or autopsy.   

In view of these numerous differential diagnostic considerations, the diagnosis of AD remains 
difficult and time consuming – in particular in subjects with high age or IQ or those with 
concomitant depression - often taking months (or even years) to establish.  Even among 
specialists in the field, the disease is sometimes not recognized; in particular in the early and/or 
mild disease or in cases of mixed pathology. A meta-analysis with pathological confirmation was 
conducted in which these criteria were applied to establish the diagnosis of “probable” (in 13 
studies) and “possible” AD (4 of 13 studies).  Here, the sensitivity and specificity values 
reported varied considerably (average sensitivity = 81%, range 49 to 100%; average specificity = 
70%, range from 47 to 100%).  The values reported by these clinical groups, however, need 
careful interpretation because of: a) the Class II trial nature of the majority of the studies, b) the 
variation in methods of analysis across studies, and c) the possible inclusion of cases with mixed 
pathology.  In these studies, although the sensitivity was generally acceptable, the specificity was 
marginal to suboptimal [Knopman et al.2001].  This indicates even in specialized clinics subjects 
with non AD dementia and/or non-neurodegenerative disorders are often misdiagnosed as having 
AD and underscores the urgent need to develop ways of improving the specificity of the 
diagnosis without a loss in sensitivity.  Ultimately a biomarker, or combinations thereof, may be 
needed to increase overall diagnostic precision. 

3.2.2 Biomarkers, structural and functional neuroimaging methods 

Since the NINCDS-ADRDA criteria were first published in 1984, elucidation of the biological 
basis of AD has greatly advanced allowing unprecedented understanding of the disease process 
in its earliest stages.  Distinctive and reliable biomarkers are now available that can lend 
objectivity to the clinical diagnosis of AD.  These include, but are not restricted to, cerebrospinal 
fluid (CSF) analyses, structural magnetic resonance imaging (MRI) and molecular neuroimaging 
with PET.  As the originally proposed NINCDS-ADRDA guidelines have fallen behind this 
growth of scientific knowledge, revised criteria - still centered on a clinical core of early and 
significant memory impairment (e.g. dementia) - but also including abnormalities in at least one 
or more of these biomarkers, have been proposed [Dubois et al. 2007] and are currently being 
investigated.  Within this revised diagnostic framework the ideal role of the novel biomarkers is 
a complementary one and aimed at increasing, in particular, the specificity of current clinical 
parameters. 
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It should be noted that in the present document biomarkers are considered to be biological 
markers (i.e. features of body fluids or tissues) - that can be measured or evaluated - and that can 
act as indicators of normal vs. pathological biological processes.  In accordance with this 
definition, in vitro biomarkers related to dementia can then be soluble amyloid β or tau protein 
fractions measured in cerebrospinal fluid and an imaging marker any anatomical, physiological, 
or molecular parameter detectable by means of a structural and/or functional imaging modality.  
This could be medial temporal lobe (MTL) atrophy in brain MRI, diminished brain glucose 
metabolism as detected by an FDG PET scan, or the presence of neocortical amyloid β plaque 
deposition as detected via an amyloid-targeted PET tracer. 

Cerebrospinal fluid (CSF) biomarkers  

The NINCDS-ADRDA guidelines recommend examination of CSF to exclude the presence of 
non-degenerative dementia due to inflammatory disease, vasculitis, and/or demyelination 
[McKhann et al. 1984].  Since these guidelines were first published in 1984, elucidation of the 
biological basis of AD has greatly advanced.  Distinctive CSF markers, reflective of amyloid β 
aggregation (amyloid β1-42) and hyperphosporylation of tau protein (total tau (t-tau), and 
phosphor tau [p-tau]) have been recognized and are now being assessed for their usefulness as 
AD-specific biomarkers [Dubois et al. 2007].  In AD amyloid β1-42 is decreased and t-tau is 
increased compared to healthy volunteers, amyloid β1-42 is normal in subjects with depression 
and decreased in Dementia with Lewy Bodies (DLB), Fronto-Temporal Dementia (FTD), and 
vascular dementia (VaD).  This general lack of specificity of CSF markers across dementia 
subtypes can be only partially compensated by the use of a combination of markers and/or ratios, 
whereby sensitivities of 83 to 94% and specificities of 83% to 100% have been reported 
[Blennow et al. 2003].  The optimal CSF marker or combinations of markers still needs to be 
determined.  It should also be noted that concentrations of CSF markers vary substantially across 
different assays, but also with the same assay when performed in different centers [Dubois et al. 
2007].   

Structural and functional in vivo neuroimaging methods  

The role of magnetic resonance imaging (MRI) in the evaluation of dementia has been 
primarily to exclude non-neurodegenerative causes of cognitive dysfunction such as a tumor, 
multiple stroke syndrome, or normal pressure hydrocephalus.  Selective atrophy of the MTL 
and/or MTL structures such as the hippocampus have been reported useful in distinguishing 
patients with AD from healthy volunteers [Scheltens et al. 2002, Wahlund et al. 2000].  MTL 
atrophy seems common in AD depending on severity (71% to 96%) and less frequent in the 
normal aging (29%).  Hippocampal atrophy also occurs in other dementias, including Vascular 
Dementia (VaD), DLB and FTD.  Non-neurodegenerative causes leading to atrophy such as 
bilateral MTL ischemia, hippocampal sclerosis, or focal epilepsy must also be ruled-out.  In 
general MRI findings are helpful in the differential diagnosis of dementia only when closely 
coupled with those of history, physical and neuropsychiatric examination.  Finally, as there is no 
specification of the amount of atrophy optimally diagnostic of AD [Dubois et al. 2007], a 
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negative MRI finding would not lead the physician to rule out disease if other findings are 
indicative of AD.   

MRI methods include both qualitative ratings and quantitative techniques with tissue 
segmentation and digital computation of volume.  However, the best test or method for 
determination of MTL atrophy remains uncertain, as does the most effective evaluation 
technique, and for the latter, the specific region within the MTL for measurement.  Due to rapid 
advances in MR technology wide spread application of standardized and validated software-
based analysis techniques for across camera and/or vendor use – in particular for quantification – 
are not yet available.  

As single photon emission tomography (SPECT) is more widely available than PET, it has 
received attention as an alternative to PET imaging in dementia.  Bilateral temporal parietal 
hypoperfusion in AD patients can be detected with [99Tc] HMPAO SPECT [Jagust et al. 2001].  
However, this technique is not included in the revised guidelines [Dubois et al. 2007] as the 
diagnostic estimates for this modality generally fall below the requisite values 80% levels for 
biomarkers specified by the Reagan Biomarker Working Group [1998].   

Positron emission tomography (PET) imaging with 2-[F-18] fluoro-2-deoxy-D-glucose Here, 
a reduction of glucose metabolism in the bilateral temporal parietal and posterior cingulate 
regions is currently the most commonly described diagnostic criterion for AD.  A recent 
meta-analysis of nine studies reported that for discrimination between AD and healthy 
volunteers, pooled sensitivities and specificities were 86%, however, with a wide variation in 
values [Dubois et al. 2007].  When histopathological examination was used as the gold standard, 
the sensitivity was 88% to 95% and the specificity 62% to 74% [Silverman et al 2004].  Here 
again the values reported  need careful interpretation because of single trial nature of the 
majority of the studies involved, as well of the variation in analysis methods and possible 
inclusion of cases with mixed pathology. 

Open questions in FDG PET include: a) optimally specific brain regions, b)whether a qualitative 
or a quantitative approach should be taken for diagnosis and c) the degree of glucose hypo 
metabolism pertinent to diagnostic evaluation [Dubois et al.2007].   

3.3 Diagnosis of Alzheimer´s disease:  potential for PET amyloid-targeted imaging  

3.3.1 Experience with [11C] Pittsburgh B compound 

The extracellular deposition of amyloid β plaques in the brain is a central event in the 
pathogenesis of AD and occurs early in the disease process.  Therefore, a non-invasive, imaging 
marker capable of detecting amyloid β in the brain would facilitate early and accurate disease 
diagnosis.  The most investigated PET tracer of this type is 11C-6-OH-BTA-1 (also known as the 
[11C] Pittsburgh B compound or [11C] PIB) which was developed by Klunk et al. at the 
University of Pittsburgh.  Trials in humans with this tracer have shown significant differences in 
retention patterns of [11C]PIB in the neocortical regions of patients with AD compared to healthy 
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volunteers [Klunk et al. 2004].  In patients with probable AD, there was a higher retention of the 
agent in regions of the brain that are generally known to be affected by amyloid β plaque 
deposition in AD patients when compared to healthy volunteers, whereas in regions known to be 
unaffected by amyloid β plaque, retention was similar in AD patients and healthy volunteers.   

The relationship between PIB binding and amyloid β plaque burden post mortem has been 
demonstrated in human tissue ex vivo in studies verifying PIB binding to directly reflect 
amyloid β plaque burden in an AD brain [Klunk et al 2005].  In another recent study 
[Bacskai et al. 2007], one subject diagnosed with DLB underwent PET imaging with [11C]PIB 
and revealed marked regions of specific tracer uptake.  Autopsy, performed 3 months after the 
PET scan, confirmed amyloid plaque deposition in the brain corresponding to the observed 
regions of uptake.  In a further study, in vivo [11C]PIB images of one subject with AD were 
compared to post-mortem neuropathology data obtained 10 months after imaging 
[Ikonomovic et al 2008].  Here again, there was a strong correlation between in vivo [11C]PIB 
retention and region-matched quantitative analysis of amyloid β plaques.   

Additional findings have not only demonstrated that [11C]PIB can reliably differentiate AD from 
FTD and healthy volunteers [Rowe et al. 2007], but indicate the tracer to be superior to FDG 
PET in discriminating between AD subjects and the normal elderly (sensitivity of 100% and 
specificity of 88% and 76% and 75%, respectively) [Ng et al 2007].  In this trial as well, the 
kappa value for inter-reader agreement with [11C]PIB was 0.85 compared to 0.55 for FDG.  The 
predictive value of a [11C]PIB positive scan (as an indication of amyloid β plaque burden) has 
been indicated by the demonstration of a 60% a conversion rate in [11C]PIB positive subjects 
with mild cognitive impairment (MCI) to probable AD over 12 months compared to no 
conversion within this time  period in [11C]PIB negative subjects [Forsberg et al., 2007]. 

Although these and other published findings support the efficacy of the agent not only in 
detecting amyloid it needs to be considered that [11C]PIB is still experimental and has not yet 
been validated in a prospective, multicenter trial environment.  Furthermore, the short 
radioactive half-life of Carbon-11 (11C, t1/2 = 20 min) prevents broad application of the agent and 
restricts its use to PET centers with an on-site cyclotron and an extensive radiochemistry 
infrastructure.  A radiotracer with a longer half-life than [11C]PIB is required for wider 
application in routine clinical diagnostic evaluation.  The most established method is labelling 
with the positron- emitting radionuclide Fluorine-18 [18F] which has a half-life of almost 2 hours 
and thus allows for commercialization. 

3.3.2 F-18 labeled positron emission tomography (PET) tracers 

Novel F-18 labelled, amyloid-targeted tracers that fulfil these requirements (such as 
BAY 94-9172 , a new [18F]-labeled polyethyleneglycol stilbene derivative, Bayer Healthcare) 
are currently under development.  BAY 94-9172  has been shown to have a high affinity and 
specificity for amyloid β in vitro and first human data with the tracer from a Proof of Mechanism 
(PoM) study indicate convincing diagnostic accuracy in the differentiation of patients with 
probable AD and healthy volunteers [Rowe et al. 2008].  The neocortical binding pattern in the 
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BAY 94-9172 PET image was similar to that seen with [11C]PIB and the images from subjects 
with AD could be easily distinguished from those of healthy volunteers by visual assessment 
alone.  Furthermore, excellent separation of patients with probable AD and healthy volunteers 
(HVs) was observed when using the standardized uptake value ratio (SUVR) in regions of the 
brain characterized by amyloid deposition in AD patients.  Similar efficacy profile has since also 
been demonstrated in and additional PoM study reported by [Barthel et al. 2008].   

On the basis of the above, the development of an [18F]-labeled, amyloid-targeted PET tracer as a 
visual adjunct to clinical findings in AD can be considered a current unmet medical need, as it 
could facilitate an earlier and more accurate diagnosis in AD with the potential benefit of a 
superior effective therapeutic intervention.  The clinical program undertaken by Bayer is in 
adherence to the FDA “Guidance for Industry.  Developing Medical Imaging Drug and 
Biological Products.”  [Parts 1, 2, and 3.  Jun 2004] (FDA Guidance).   

4. Clinical Usefulness of Early Diagnosis in AD 

In line with FDA Guidance for Industry, Developing Medical Imaging Drug and Biological 
Products, June 2004 (in Part 2), a pathology claim “to detect and locate a specific disease or 
pathological state in at least one defined clinical setting” is being pursued for BAY 94-9172.  
The indication being pursued is based on the known pathological link between neocortical 
amyloid β plaque deposition in the brain and the manifestation of AD [Braak et al. 1997].  The 
target proposed indication based on the diagnostic efficacy is: 

The tracer can detect amyloid β plaque deposition in the brain and thereby, assist the physician 
in the diagnosis of (detection/exclusion) of Alzheimer´s disease. 

In terms of clinical usefulness FDA Guidance for Industry Developing Medical Imaging Drug 
and Biological Products, June 2004, Part 2:  Clinical Indications recommends that a medical 
imaging agent be able to provide accurate and reliable information that, in one of a number of 
ways, facilitates clinical management, including 

(1) helping make an accurate diagnosis, 

(2) contributing to beneficial clinical outcome (e.g., by helping choose the right therapy), or  

(3) providing accurate prognostic information. 

Currently, the definitive diagnosis of AD relies on post mortem pathological examination of the 
brain.  Awaiting post-mortem diagnosis is not feasible within the context of a clinical 
development program.  Visualization of tracer uptake as an indication of the presence of 
amyloid β plaque deposition substantiates the presence of underlying AD and can, thereby, 
decrease clinical uncertainty.  The product could be of considerable use to the dementia expert as 
an additional (functional) visual adjunct to his/her current diagnostic algorithm for AD, not only 
to increase the overall diagnostic accuracy, but also to facilitate a reduction in the time (and 
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possibly the cost) to diagnosis. Finally, as AD is increasingly recognized as a pharmacologically 
treatable dementia, early diagnosis is important because advanced disease is less amenable to 
therapy.   

4.1 Clinical usefulness for patient and caregiver  

The clinical usefulness of an amyloid targeted PET tracer, or any other diagnostic test in 
dementia lies in its ability to help the clinician make a more accurate diagnosis earlier in the 
course of the disease.  This is expected to have implications for patient management and 
prognosis and cost of care [Silverman et al. 2004].  Timely and accurate diagnosis or exclusion 
of AD is important as it helps the physician to implement appropriate treatment early on, such as 
administration of cholinesterase inhibitors to improve both cognitive and neuropsychiatric 
symptoms.  Knowledge of underlying disease is reassuring for both patient and family members 
and, if time to diagnosis is decreased, unnecessary investigations can be avoided, symptoms 
alleviated and overall quality of life increased [McKeith et al. 2007].  The medical need for early 
diagnosis in AD is underscored by current development of drugs directed at altering disease 
pathogenesis through amyloid immunotherapy, gamma and beta secretase inhibition or 
modulation, alpha secretase activation or treatment with nerve growth factors 
[Dubois et al. 2007].  There is also a surge in the development of novel symptomatic therapies 
such as second generation cholinesterase inhibitors and substances targeting the nicotinic 
receptors (e.g., α4β2- and α-7).  Thus, there is currently a clear neurobiological imperative to 
identify AD early in the course of the disease, before irreversible damage to brain tissue occurs, 
which could potentially prevent effective therapeutic intervention. 

4.2 Clinical usefulness for the clinician 

The early and accurate diagnosis of dementia subtype is not only being increasingly demanded 
by patients and their caregivers, but has also been emphasized by international expert panels on 
AD [Waldemar et al., 2007, Dubois et al. 2007], Dementia with Lewy Bodies (DLB) 
[McKeith et al. 2005] and fronto-temporal dementia [McKhann et al. 2001].  In routine clinical 
practice, an amyloid-targeted tracer, or any diagnostic test in dementia, will not be used as a 
“stand alone” in establishing the final clinical diagnosis, but as an additional diagnostic tool - i.e. 
a biological footprint - aimed at assisting the clinician in making a more precise and objective 
differential diagnosis.  Furthermore, precise diagnosis of dementia type will prompt the clinician 
not only to adjust existing pharmacotherapy, but to assess the patient for additional specific 
symptoms related to the type of dementia indicated by the diagnostic work-up, but which is not 
generally associated with other dementia subtypes.   

Many clinical situations exist in which detection or exclusion of amyloid β in the brain of a 
cognitively impaired individual presenting in a dementia clinic would provide the specialist with 
valuable information on which to establish an accurate differential diagnosis.  Three of many 
possible examples are presented below:   
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Example 1:  In Fronto-Temporal Lobar Degeneration (FTLD) the diagnostic process is 
challenging even for experts in the field [Neary et al. 1998].  There are 3 subcategories of FTLD: 

1. Fronto-temporal Dementia (FTD) with personality change or impairment of executive 
function (planning, attention) 

2. Semantic dementia - a progressive loss of the meaning of words or recognition of objects 
and faces 

3. Progressive non-fluent aphasia 
Clinically AD can mimic any one of these 3 conditions and amyloid β pathology can be seen in a 
significant percentage of subjects with FTD (in cases in which loss of executive function is 
predominant), as well as in 50% of all subjects with progressive nonfluent aphasia.  In general, 
AD rather than FTD is more likely if memory impairment is present early on, in particular if it 
begins before behavioural or language features are apparent.  However, clinicians are frequently 
faced with patients presenting with both behavioural and/or language changes and memory 
impairment.  FTD patients have specific treatment requirements and functional disabilities that 
differ from those of other forms of dementia and that require specialized, often multi-disciplinary 
treatment.  In addition, progression of cognitive decline in FTD is generally more rapid than that 
seen in AD and, in contrast to AD; therapy with cholinesterinase inhibitors is usually ineffective.  
Thus, the results of an amyloid-targeted PET scan may provide the additional information 
necessary to establish the final diagnosis in this and optimize management and future planning.  

Example 2:  Depression is a frequent non-cognitive symptom of AD.  On the other hand, 
cognitive impairment can be associated with severe depression (i.e. cognitive deficits in 
depression), making differential diagnosis difficult even for an experienced physician.  Follow-
up of these patients permits diagnosis in most cases, but this strategy is associated with a delayed 
initiation of effective treatment in those patients actually suffering from AD.  Here a positive 
amyloid-targeted PET scan would confirm the diagnosis in the former and a negative scan would 
confirm the diagnosis in the latter case.  The treatment and prognosis of the two conditions 
differs considerably.   

Example 3:  Up to 25% of AD patients can also develop Parkinsonism, a core symptom of DLB.  
However, at autopsy, such patients demonstrate amyloid β plaque deposition and an 
accumulation of neuro-tangles in the basal ganglia rather than the dopaminergic degeneration 
characteristic of synucleopathies such as DLB [Ballard et al. 2004, Ceravolo et al. 2004].  Here a 
negative vs. positive scan would not only have diagnostic implications, but would also be of 
importance for the choice of treatment strategy for non-cognitive symptoms, e.g. systemized 
delusions or hallucinations in other modalities due to neuroleptic sensitivity. 

4.3 Economic Usefulness 

Definitive health economics data for PET imaging in dementia with amyloid targeting tracers is 
not yet available.  However, data may be extrapolated from that reported by 
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[Silverman et al. 2002] for FDG PET brain imaging.  Here, the use of FDG PET in evaluating 
subjects with early dementia has been shown to add valuable information to the clinical workup, 
without adding to the overall costs and with a greater number of patients being accurately 
diagnosed for the same level of financial expenditure.  The results of this analysis were based on 
the assumptions that: a) current treatment of mild to moderate AD with cholinesterase inhibitors 
can delay decline in memory and other cognitive functions in AD patients and that b) this can 
lead to a subsequent reduction in the proportion of patients requiring nursing home placement 
over a given period of time.  In this scenario FDG PET led to improved accuracy in identifying 
early AD, without adding to the overall costs of diagnosis and treatment.   

In general one can assume that earlier decisions on treatment should lead to more focused and 
efficient treatment regimens that should reduce healthcare costs both on for AD subjects AND 
for subjects with other dementia subtypes.   

4.4 Summary  

• Early and accurate diagnosis of Alzheimer’s disease (AD) is important for patient, 
caregiver/family and physician as it facilitates implementation of appropriate therapy 
early on.   

• Unnecessary investigations are avoided and cognitive symptoms alleviated, with a 
subsequent increase in quality of life, both for the patient and his/her family members 
[McKeith et al. 2007].   

• Current phase 3 development of novel therapeutic agents further underscores the 
importance of early and accurate diagnosis in AD.  The availability of non-invasive 
imaging markers capable of detecting amyloid accumulation in the brain would not only 
assist in identifying patients who would benefit from therapy, but also to decrease sample 
size and follow-up time and, thus, time and cost to development.  

• As the worldwide prevalence of AD is expected to quadruple by 2050, modest advances 
in therapeutic and preventative strategies (associated with early diagnosis) that can lead 
to even small delays in the onset of AD and progression can significantly reduce the 
global burden of the disease [Brookmeyer et al. 2008]. 

5. Development considerations in the diagnosis of Alzheimer’s disease 

5.1 Possible Indication for an amyloid imaging agent   

The considerations in the FDA’s Guidance for Industry:  Developing Medical Imaging Drug and 
Biological Products, June 2004, Part 2 (which state that a pathology detection claim for “a 
medical imaging agent” involves being able “to detect and locate a specific disease or 
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pathological state in at least one defined clinical setting”) - form a basis for the proposed target 
indication for an amyloid-targeted PET tracer.  

In line with the above, the indication is based on the known pathological link between 
neocortical amyloid β plaque deposition in the brain and the manifestation of AD 
[Braak et al. 1997].  While amyloid β plaque deposition is sometimes seen in other dementias 
[McKeith et al. 2004] and even a small fraction of healthy elderly subjects [Price et al. 1999], 
AD is the only dementia which is always associated with amyloid β plaque deposition.  The 
target proposed indication based on the diagnostic efficacy is: 

BAY-94 9172 can detect amyloid β plaque deposition in the brain and, thereby, assists the 
physician in the diagnosis (detection/exclusion) of AD. 

This proposed indication is supported by the clinical usefulness as discussed in section 4 and is 
discussed in more detail in section 6.1 of this document. 

5.2 General Clinical Development  

After initial verification of efficacy and safety in “first in man” trials, Bayer HealthCare 
Pharmaceuticals has pursued subsequent further clinical development according to the 
recommendations presented in the FDA’s:  Guidance for Industry:  Developing Medical Imaging 
Drug and Biological Products, Parts 1, 2, and 3, Jun 2004. 

Phase 2 

In line with the FDA Guidance above, an appropriate endpoint of a phase 2 trial designed to 
verify the efficacy of an amyloid-targeted (i.e. pathology detecting) PET imaging agent would be 
one that compares tracer uptake pattern in PET scans from individuals with a high probability of 
amyloid β plaque deposition (i.e. AD patients) to the pattern in individuals with a low 
probability of plaque deposition (healthy volunteers).  The AD cohort would serve to determine 
the sensitivity and the healthy volunteers to calculate specificity of the tracer.  Additional phase 
2 endpoints might be to develop optimized technical parameters, to standardize the imaging 
protocol, and to evaluate visual and quantitative analysis techniques.  The results could then be 
applied to the larger subject population and scanner types encountered in phase 3 stage 
development and upon commercialization. 

Phase 3 

The overall design of a phase 3 program for an amyloid-targeted – or any other diagnostic agent 
in AD – in accordance with the basic principles outlined in the FDA Guidance should include, 
but is not limited to the following:   

• The likelihood of disease or the spectrum of disease (e.g. severity or stage) is dependent on 
the clinical setting.  The confirmatory trial should, thus, be conducted in a memory clinic 
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environment (i.e. defined clinical setting) and should include patients presenting with AD 
and other dementia subtypes (i.e. the specific disease(s) in question). 

• The co-primary endpoints of sensitivity and specificity should be determined on the basis of 
pre-defined thresholds. Determination of these parameters will necessitate the inclusion of 
subjects with probable AD as a cohort with a high probability of tracer uptake (i.e. amyloid 
deposition) as positive controls for sensitivity and healthy volunteers as a cohort with a low 
probability of tracer uptake as negative controls for specificity.  As amyloid deposition has 
been reported for a small percentage of healthy volunteers, in the present case the obtainable 
specificity is expected to be lower than the sensitivity.  

• The clinical diagnosis will serve as the standard of truth but – to provide a very good 
approximation of the true disease state - it should be established independently (on the basis 
of internationally established clinical criteria) by a Consensus Panel (CP) of experts  after 
review of extensive clinical and neuropsychiatric data [McKeith at al, 2007]. 

• The images generated during the program should be visually assessed by 3 independent 
nuclear physicians (blinded readers) who should be blinded to all clinical information. 

• Both the CP members and the independent blinded readers should be trained and validated. 

For an amyloid-targeted PET tracer, a pivotal, multi-center, confirmatory efficacy program, 
should be considered for phase 3 development.  The administered mass and radioactive dose and 
the formulation should be the same as that planned for the market.  The currently proposed 
primary objective of the program would be to determine the diagnostic performance of the 
independent visual assessment of the PET scan results with the tracer in differentiating between 
patients with probable AD and healthy volunteers when compared to the clinical diagnosis 
(established by an independent consensus panel) as the standard of truth.  Proposed secondary 
objectives would include a quantitative analysis of standardized regional tracer uptake ratios, the 
impact of the image findings on the on-site diagnosis, confidence of this diagnosis and the 
resulting subject management decisions (e.g., the clinical usefulness), and the inclusion of 
patients with other dementia subtypes (e.g., DLB, VaD, FTLD).   

Generally speaking, for clinical development of an amyloid-targeted PET tracer (and associated 
limited specificity), sequential validation of efficacy needs to be established for discrimination at 
various time points in the course of the disease (e.g. moderate and mild disease).  This includes 
discrimination of patients with manifest AD from normal healthy aging individuals (as a first 
step). Further steps might be the assessment of amyloid β in patients with mild cognitive 
impairment (MCI) and investigating the capability of the PET tracer to predict the deterioration 
of these mildly impaired patients into manifest AD and in discrimination of AD from non-AD 
dementia (e.g. DLB), FTD, VaD).  For a clinical trial program for an agent of this type a key 
challenge that needs to be addressed is to what extent these questions can and need to be 
answered as part of an initial development program (e.g. prior to approval) or whether it is 
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reasonable to assess some aspects that need to be addressed at a later time point, during the life 
cycle of the product for example. 

6. Specific advice regarding the design of phase 3 AD diagnostic imaging studies 

The Advisory Committee is aimed at providing specific advice regarding the design of phase 3 
diagnostic imaging studies in AD and Bayer HealthCare is very interested in having a discussion 
pertaining to the following key salient features:   

• Possible Target Indication for an amyloid binding diagnostic agent for AD 

• Standard of Truth 

• Proposed study population 

• Clinical Usefulness 

6.1 Target Indication 

The FDA Guidance for Industry, Developing Medical Imaging Drug and Biological Products, 
Jun 2004, Part 2 states that for a pathology detection claim “a medical imaging agent …be able 
to detect and locate a specific disease or pathological state in at least one defined clinical 
setting.”  In line with the previous, for an amyloid-targeted PET tracer, the basis for a claim of 
this type could be the known pathological link between amyloid β plaque deposition in the brain 
(as the pathology in question) and manifestation of AD [Braak et al. 1997] (as the disease state).  
In line with this, a potential indication considered reasonable for an amyloid targeted PET tracer 
is listed below.   

Because the presence of amyloid β plaque deposition is a prerequisite for the diagnosis of AD, 
this detection of pathology claim could also be combined with a “limited disease claim”:  

BAY-94 9172 can detect amyloid β plaque deposition in the brain and, thereby, assist the 
physician in the diagnosis of (detection/exclusion) of Alzheimer’s disease. 

In routine clinical practice, amyloid-targeted PET imaging will not be used as a “stand alone” in 
establishing a clinical diagnosis, but as an additional diagnostic tool aimed at assisting the 
clinician in establishing a more precise and objective differential diagnosis.   
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6.2 Standard of Truth 

6.2.1 The clinical diagnosis as the standard of truth 

Definitive diagnosis of Alzheimer’s disease and other types of dementia relies on post mortem, 
histo-pathological examination of the brain.  However, in clinical development, it is not feasible 
to rely on autopsy as the standard of truth for dementia trials for various reasons.  Instead of this 
rigorous standard, the clinical diagnosis established on the basis of an appropriate combination 
of clinical examination and the proper combination of validated tests including application of 
internationally accepted criteria can provide a very good approximation of the true disease state. 

For the diagnosis of AD and other dementias in clinical trials, the Consensus Panel approach is 
validated and the clinical diagnosis established in this manner has been shown to be robust, 
reproducible, and renders a good approximation of the true disease state if established by 
experts, i.e. physicians with appropriate training and experience over a number of years 
[McKeith et al. 2000, Lopez et al. 2000, McKeith et al. 2007].   

The validity of a consensus panel approach was also made apparent by the results of a 
longitudinal study designed to assess the accuracy of the clinical diagnosis in AD and reported 
by [Lopez et al. 2000].  On the basis of comparison with autopsy diagnosis an expert Consensus 
Panel was able to diagnose AD with a sensitivity of 97% and a specificity of 88% at the first visit 
when using the clinical criteria mentioned in section 6.2.2 and established on the basis of a 
composite of a detailed clinical, neuropsychiatric evaluation, which included neuropsychological 
assessment, lab tests and MR imaging of the brain.  A similar diagnostic work up will be 
performed as part of our proposed phase 3 program (for psychometric testing, see section 6.2.2, 
for additional diagnostic measures, see section 6.2.3).  

Within the frame of a phase 3 clinical program, the clinical diagnosis established by the 
independent Consensus Panel of experts is considered acceptable as a high quality standard of 
truth.  The members of the Consensus Panel will be verified experts in the field of dementia and 
the methods and members will be validated before the phase 3 program commences.  

6.2.2 Dementia criteria and psychometric tests 

The Consensus Panel will establish their diagnosis on the basis of the following internationally 
accepted clinical criteria for categorizing dementia subtype:  The DSM IV-TR criteria for 
Dementia and the NINCDS-ADRDA for AD, the International Consensus Criteria (ICC) for 
DLB, National Institute of Neurological Communicative Disorders and Association 
Internationale Pour la Recherché et l’Enseignement en Neurosciences (NINDS-AIREN) for VaD, 
and the Neary criteria for FTLD.   

A comprehensive history, mental and physical examination would be undertaken from which 
standardized information would be provided to the consensus panel including: 



 

Design of Phase 3 Diagnostic Imaging Studies 
in Alzheimer´s Disease 

Advisory Committee Meeting Briefing 
Document 

 

Final version 18 Sept 2008 Page: 23 of 42
  
 

• Worksheet (using informant account) describing history and symptoms, with 
particular reference to mode of onset, course, progression, past medical and 
psychiatric history and concomitant medication 

• Standardized physical examination (including neurological) examination  

Psychometric tests 

Validated psychometric tests suggested to assist the CP in establishing a diagnosis are listed 
below: 

• The Clinical Dementia Rating (CDR) [Hughes et al. 1982] 

CDR has become the gold standard for global rating of primary degenerative dementia 
and is based upon the above and other similar neuropsychological tests.  To complete 
the scale, the rater has to have a detailed knowledge of the subject.  It is divided into 
6 areas: 

 memory, 
 orientation, 
 judgment and problem solving, 
 community affairs, 
 home and hobbies, and 
 personal care. 

CDR incorporates the clinician's assessment of subjects’ varying educational, cultural, 
socio-economic and other types of bias in its staging. 

• The neuropsychological test battery according to the Consortium to Establish a 
Registry for Alzheimer’s Disease (CERAD) [Welsh et al. 1991], which includes the Mini-
Mental Status Examination (MMSE) [Folstein et al. 1975]  

The CERAD assesses a wider range of cognitive functions, both distributed (attention, 
memory, abstraction) and localized (language, praxis, calculation, perception) than 
any other standardized schedule.  Thus, it provides a means of detecting and objective 
assessment of the degree and type of episodic memory deficits present in the probable 
AD patients and verify their absence in healthy volunteers.  The test has also been 
shown to be sensitive to early stage AD [Welsh et al. 1991].   
The Mini-Mental State Examination (MMSE) is the most widely used and studied 
screening measure of cognitive impairment.  It has the advantage of brevity, ease of 
administration, and high test/retest and inter-rater reliability.  The maximum score is 
30.  Scores below 24 are traditionally taken as indicative of cognitive impairment.  
The most sensitive items on the MMSE for AD dementia are delayed recall of 3 items 
and orientation. 
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• The Neuropsychiatric Inventory (NPI) [Cummings et al. 1994] 

NPI is a semi-structured interview with the caregiver.  The NPI covers 10 domains of 
behavioral disturbance: 

 delusions, hallucinations, 
 apathy, 
 depression, 
 night-time behaviors, 
 appetite and eating disorders, 
 dysphoria, 
 anxiety, 
 agitation/ aggression, 
 euphoria, 
 disinhibition, 
 irritability / liability and 
 aberrant motor activity. 

Each domain is rated for its severity and frequency.  Results can be summarized as 
subscale scores, including a caregiver distress score, and an overall global score.  The 
scale has been well validated and is now one of the most commonly used assessments 
in clinical trials. 

• The Fluctuation Inventory Scale (FIS) [Walker et al. 2000] 

This is a short scale, designed for use by experienced clinicians to verify or rule out 
the presence of fluctuating cognition, a major symptom of Dementia with Lewy 
Bodies (DLB) [Walker et al. 2000].  In the proposed trial, this test assists the onsite 
physician in avoiding to misdiagnose a DLB patient as having probable AD.  It 
consists of a series of screening questions, put to an informant, regarding fluctuating 
confusion, and impaired consciousness during the month prior to the assessment.  
Fluctuating confusion is rated as present if the informant is able to give a clear-cut 
example.  This scale has been used previously as part of the diagnostic approach, and 
has achieved good diagnostic accuracy for DLB (sensitivity 83%, specificity 91%) 
against post-mortem diagnosis [McKeith et al, 2000].  

• The Geriatric Depression Scale (abbreviated version) [Yesavage et al. 1983, Sheikh et al. 
1986]  

Depression is a frequent accompanying symptom of AD and other dementias and 
severe, late onset depression can lead to a similar degree of cognitive impairment.  
The GDS was developed as a basic screening measure for depression in older adults.  
In the present study, the abbreviated 15 (vs. 30 question) scale will be used to assist 
the physician in objectifying depressive symptoms in both probable AD patients and 
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HVs and in detecting/ruling out major, late onset depression as a cause for AD 
symptoms in the patients recruited into the study 

• The Frontal Assessment Battery (FAB) [Dubois et al. 2000] 

The FAB is a short assessment battery for assessing frontal lobe function.  The 6 FAB 
subtests explore both cognitive and behavioral domains under the control of the frontal 
lobes.  Moreover each test is associated with specific areas of the frontal lobes based 
on neuro-physiological, electro-physiologic, and/or functional arguments: 
conceptualization with dorso-lateral areas, word generation with medial areas and 
inhibitory control with orbital or medial frontal areas.  Therefore, performance of the 6 
subtests 

 conceptualization, 
 mental flexibility, 
 programming, 
 sensitivity to interference, 
 inhibitory control and 
 environmental autonomy 

can facilitate both detection and determination of severity of the dysexecutive 
syndrome associated with Fronto-Temporal Lobar Degeneration (FTLD).   

To assure adequate quality of the truth standard high quality data is essential.  Therefore, prior to 
participation in the phase 3 trial, the onsite physicians and their teams should receive detailed 
instructions on the use of the pre-specified psychometric tests, as well as on the implementation 
of all other procedures and guidelines involved in reaching the final diagnosis. 

 

6.2.3 Additional diagnostic measures 

Additional components of the diagnostic workup in the proposed study, aimed at increasing the 
quality of the truth standard, consist of special laboratory testing and structural MR imaging of 
the brain.  These include, in addition to routine laboratory for hematology, coagulation, serum 
and electrolytes, special laboratory tests related to cognitive impairment:  

• blood tests for thyroid function in order to exclude hypothyroidism as a potential cause of 
cognitive impairment 

• blood tests for Vitamin B12 and folic acid in order to exclude deficiency of these 
vitamins since such deficiencies are also potential causes of cognitive impairment 

• a non-contrast enhanced 3D volumetric T1-weighted and a T2-weighted brain MRI will 
be performed to enable detailed visualization of structural abnormalities  
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The Consensus Panel will be informed about the results of these diagnostic measures and will 
use them as additional information for establishing their diagnosis.  

6.3 Proposed study population 

6.3.1 Primary efficacy Population 

The efficacy of an imaging agent by showing diagnostic performance, which is measured in 
terms of sensitivity and specificity of the diagnostic test, high enough to show the reliability of a 
new agent is outlined in the FDA Guidances listed in section 5.2 above.  In the proposed clinical 
setting, which in Bayer´s opinion is the most appropriate, the proof of capability of the drug 
product, to detect amyloid β plaque deposition in the brain, without relying on autopsy, requires 
a well characterized population including “positive and negative controls”.  For a phase 3 
program it would, therefore, be considered necessary to compare tracer uptake pattern in PET 
scans from individuals with a high probability of tracer uptake (i.e. probable AD as defined by 
the NINCDS ADRDA and the DSMIV-TR criteria) patients with a high likelihood of amyloid 
plaques in the brain = true positives) to that in individuals with a low probability of tracer uptake 
(cognitively normal healthy volunteers = true negatives).  The former cohort serves as “positive 
controls” to determine sensitivity and the latter as “negative controls” to calculate specificity 
(primary endpoints).  

It should be noted that amyloid β plaque deposition has been reported in healthy volunteers over 
75 years of age [Price et al. 1999] and, in line with these findings, positive amyloid-targeted PET 
scans have been recently reported in healthy elderlies [Rowe et al. 2008, Mindon et al. 2008].   
The relevance of the latter finding as a potential risk factor for the development of AD is 
currently the topic of intense clinical investigation.  In an age matched collective (vs. younger 
healthy volunteers) false positive scan findings in older volunteers could negatively impact the 
specificity.  Thus, it may be advantageous to include a cohort of younger healthy volunteers (e.g. 
< 60) as a comparative collective to determine the “true specificity” of the PET tracer.  

6.3.2 Secondary efficacy population 

Validated clinical criteria exist for dementia subtypes such as DLB, VaD, and FTLD and as such 
patients with dementia other than AD could be included in a phase 3 trial.  However, in AD, 
DLB and VaD mixed pathology is frequent.  In both DLB and VaD, a major fraction of patients 
also demonstrate AD pathology including the frequent and irregular occurrence of amyloid β 
plaque deposition in the brain [McKeith et al. 2004] and in DLB and AD vascular pathology is 
also frequent.  Furthermore, due to their heterogenous clinical presentation, patients with VaD 
have been excluded from the majority of large dementia trials and based on current available 
data, imaging studies with amyloid-targeted agents have not yet been performed in this collective 
population.  Although knowledge on amyloid-targeted tracer uptake pattern in dementia subtypes 
such as DLB, VaD and FTD is scarce and most assuredly of clinical value, scan results from 
these patients would not contribute to the determination of the target-indication specific co-
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primary endpoints (i.e. sensitivity and specificity) for detection/exclusion of amyloid β 
deposition in the brain (since they might or might not have amyloid in the brain and thus have to 
be considered as non-assessable).  

However, results from this subset of subjects are valuable for assessment of differences in tracer 
uptake distribution pattern across dementia subtypes as a secondary endpoint.  Thus, these 
dementia subtypes are planned to be included as a secondary (vs. primary) population in the 
proposed trial (see Appendix 1:  Phase 3 Clinical Protocol Outline).  However, the results will be 
analyzed in a descriptive manner only. 

It should be noted at this point that the classification of probable and possible AD is dictated by 
the number of NINCDS-ADRDA core symptoms present rather than by the degree of 
uncertainty.  However, diagnostic uncertainty can exist in both subjects with “probable” and 
“possible” AD and the diagnosis of AD based solely on clinical criteria remains difficult and is, 
to some degree, uncertain even in patients with “probable AD”. 

For “possible” AD (according to the NINCDS-ADRDA criteria), the degree of certainty of the 
clinical diagnosis based on validated clinical criteria is low and, thus, for this population an 
appropriate truth standard does not exists.  The same applies to patients in whom a diagnosis 
based on validated clinical criteria cannot be made.  The inclusion of “possible” AD patients (or 
those without a definitive clinical diagnosis) into the endpoint analysis would, therefore, have a 
misleading effect on the primary/secondary efficacy parameters and as such subjects of this type 
are presently not planned to be included into the program. 

After substantiation of efficacy and safety in this development program, additional clinical trials 
may be considered for supplemental indications, such as “Disease prediction”:  Clinical trial 
designed to address mild cognitive impairment (MCI). 
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6.4 List of questions 

The Advisory Committee Panel is charged with providing input/consult to the Food and Drug 
Administration towards the specific critical aspects of developing PET tracers for the imaging of 
amyloid β plaques that assist in diagnosis of Alzheimer’s disease.  

Would the Advisory Committee consider the following salient features (addressed above in 
6.1 6.3.2) as adequate and sufficient in their recommendation to the FDA: 

Proposed Indication 

6.1 

The tracer can detect amyloid beta plaque deposition in the brain 
and, thereby, assist the physician in the diagnosis of 
(detection/exclusion) of Alzheimer’s disease.” 

Standard Of Truth 

6.2 

Clinical diagnosis established by an independent expert 
Consensus Panel as a reasonable standard of truth in 
determining the efficacy of a novel PET tracer for amyloid. 

Psychometric tests  

6.2.2 

The proposed battery of tests as adequate to provide sufficient 
neuropsychiatric data for a diagnosis of Alzheimer’s disease by 
the Consensus Panel. 

Additional testing for 
Dementia 

6.2.3 

Inclusion of additional examinations as proposed is reasonable 
to enhance the value of clinical diagnosis and improves the 
standard of truth. 

Primary Efficacy Population 

6.3.1 

The inclusion of only those subjects diagnosed as “Probable 
AD” (as diagnosed by the independent consensus panel and the 
image interpretations of independent blinded readers) is 
reasonable. 

Control Subjects 

6.3.1 

Relevant number of age-matched healthy volunteers is necessary 
for validation of the imaging method in terms of specificity. 

Secondary Efficacy 
Population 

6.3.2 

Dementia subtypes other than AD are included only in the 
assessment of secondary efficacy assessment and are excluded 
from the primary efficacy assessment (sensitivity and 
specificity). 
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8. Appendix 1:  Phase 3 Clinical Protocol Outline 

Study Title  An open-label, non-randomized, multi-center phase 3 study to 
evaluate the efficacy and safety of the PET amyloid-targeted tracer 
for detection/exclusion of amyloid in the brains of subjects with 
probable Alzheimer’s disease (AD) and other forms of dementia 
when compared to healthy volunteers. 

Clinical study phase Phase 3 
Background Early and accurate diagnosis of Alzheimer’s disease (AD), the most 

frequent form of dementia, is important as it helps the physician 
implement appropriate therapy early on.  Time to diagnosis is decreased, 
unnecessary investigations avoided and cognitive symptoms alleviated, 
with a subsequent increase in quality of life, both for the patient and 
his/her family members [McKeith et al. 2007].  Current phase 3 
development of both symptomatic and disease modifying therapies 
further underscores the importance of early and accurate diagnosis in 
AD.  The availability of imaging markers capable of detecting amyloid 
accumulation in the brain would not only assist the clinicians to identify 
patients who would benefit from therapy, but also to decrease sample 
size and follow-up time and, thus, time and cost to development. 

Definite diagnosis of AD can only be made by post-mortem examination 
of the brain.  The current criteria for the pathologic diagnosis of AD 
require the presence of extra-cellular deposits of amyloid β peptides 
[Braak et al. 1997].  Neocortical amyloid β plaque deposition, a 
pathological hallmark of AD, occurs early in the disease process, 
possibly years before the onset of clinical symptoms.  The availability of 
a non-invasive, imaging marker capable of detecting amyloid β in the 
brain to facilitate early and accurate in vivo disease detection of AD is, 
thus, a major medical need.  Trials in humans with amyloid targeted PET 
tracers have shown significant differences in tracer uptake pattern in the 
neocortical regions in subjects with AD when compared to healthy 
volunteers [Klunk et al. 2004, Rowe et al. 2008].  Here, in PET scans of 
subjects with AD, a higher tracer uptake has been seen in regions known 
to have amyloid β plaques compared to healthy volunteers, whereas in 
regions known to be unaffected by amyloid β deposition, tracer uptake 
was equivalent in AD patients and HV.  Although initial results with 
tracers of this type are promising, as with all other novel diagnostic 
modalities, validity and reliability needs to be established on the basis of 
prospective clinical trials. 
Awaiting post-mortem diagnosis is not feasible in the context of a 
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clinical development program.  Therefore, the clinical diagnosis 
established by an independent consensus panel (consisting of experts in 
the field) is considered a good approximation of standard of truth.  The 
best established and still recommended clinical criteria for the diagnosis 
of AD have been defined by the National Institute of Neurological, 
Communicative Disorders and Stroke – AD and Related Disorders 
Association (NINCDS-ADRDA) [McKhann et al. 1984].  These criteria 
are validated by post mortem data for probable AD [Knopman et al. 
2001] and will, therefore, be used to define this population in the present 
study.  The trial described below is a pivotal efficacy trial (with an 
independently established clinical diagnosis as the standard of truth), the 
major purpose of which is to verify the efficacy of an amyloid targeted 
PET tracer to pursue the indication of “detection of pathology.” (FDA 
Guidance For Industry: Developing Medical Imaging Drugs and 
Biological Products: June 2004) 

Secondary objectives include:  assessment of various quantitative 
analysis methods, descriptive analysis of tracer uptake pattern in 
dementia subtypes other than AD, and initial data on clinical utility 
provided by evaluation of the onsite dementia experts diagnosis with and 
without knowledge of PET image findings.  

Upon verification of efficacy in this trial, Bayer may conduct additional 
clinical trials in pursuit of additional indications such as: 

1) “Disease prediction”:  Clinical trial designed to address mild cognitive 
impairment (MCI)  “2) Disease progression/therapy monitoring”:  
Clinical trial designed to evaluate the therapeutic effects of novel agents 
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Study objective(s) Primary Objective 
 
To determine the diagnostic efficacy (i.e., sensitivity and specificity) of 
the independent visual assessment of the amyloid-targeted PET images in 
differentiating between subjects with probable Alzheimer’s disease (AD) 
and healthy volunteers as determined by the clinical diagnosis as the 
standard of truth.  
• This diagnosis will be established by an independent consensus panel 

(CP) of experts in dementia, be based on internationally accepted 
diagnostic criteria and be made after comprehensive review of all 
available clinical, neuropsychiatric and other relevant data.  The 
consensus diagnosis will be made without knowledge of the PET 
scan findings. 

• The PET images will be visually assessed by three independent 
experts in neuroimaging for the regional presence or absence of tracer 
uptake (which will be assumed to correlate to the presence or absence 
of amyloid β deposition).  The readers will be blinded to all clinical 
findings, including the CP diagnosis.  The readers will assess the 
blinded, randomized images consecutively and independent of one 
another. 

• For efficacy analysis, the presence of tracer uptake in a subject 
judged by the CP as having AD (positive control) will be a match for 
sensitivity and the absence of tracer uptake in a subject verified by 
the CP as being a healthy volunteer (negative control) will be a match 
for specificity. 

Due to the necessity of having a highly characterized collective, the 
primary efficacy analysis is based on probable AD patients and healthy 
volunteers only.  Subjects not classified as probable AD patients or 
healthy volunteers are not included in the primary efficacy analysis.  
Data obtained from these subjects will only contribute descriptively to 
the overall body of evidence. 

Secondary objectives 
 
To determine the accuracy, positive predictive value (PPV) and negative 
predictive value (NPV) of the visual assessment of the PET image when 
compared to the CP clinical diagnosis (i.e. probable AD / healthy 
volunteer) as the standard of truth. 
 
To determine sensitivity, specificity, PPV and NPV of both Volume of 
Interest (VOI) and voxel-based quantitative image analysis in 
detecting/excluding cerebral amyloid when compared to the CP clinical 
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diagnosis as the standard of truth. 
 
To descriptively analyze the distribution of amyloid “positive” vs. 
“negative” images obtained in subjects with Dementia with Lewy Bodies 
(DLB), fronto-temporal lobe dementia [FTLD]) using the CP differential 
clinical diagnosis.  
 
To assess the on-site dementia expert’s ability to establish a diagnosis 
before and after the PET scan the respective diagnostic confidence 
thereof, and the impact of scan findings on management decisions. 
 
To confirm the safety profile of a single dose of the imaging tracer in 
patients with dementia and healthy volunteers. 
 

Route of 
administration 

Intravenous injection 

Duration of 
treatment 

Single administration of a PET diagnostic agent 

Indication The tracer can detect amyloid β plaque deposition in the brain and, 
thereby, assist the physician in the diagnosos (detecting/excluding) of 
AD. 
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Suggested main 
criteria for Inclusion 
and Exclusion  

Inclusion criteria: 
 
• The subject is a man or woman and is between 55 to 90 years of age, 

whereby females must be without childbearing potential (confirmed 
by either:  age ≥ 60; or history of surgical sterilization or of 
hysterectomy, or last spontaneous bleeding at least 2 years prior to 
the study start). 

• The subject presents with positive assessment for dementia in 
accordance with DSM-IV criteria and fulfils at least one of the 
following: 

- for probable AD the National Institute of Neurological and 
Communicative Disorders and Stroke and Alzheimer Disease and 
Related Disorders Association (NINCDS-ADRDA), 

- for DLB the International Consensus Criteria (ICC) , 

- for possible VaD the National Institute of Neurological 
Disorders and Stroke and Association Internationale Pour la 
Recherché et l'Enseignement en Neurosciences (NINDS-AIREN) 

- for FTD the Nearly criteria 

• The subject has a Mini Mental State Examination (MMSE) score of ≥ 
20. 

• The Clinical Dementia Rating (CDR) for healthy volunteers is zero 
and from 0.5 to 1.5 in individuals with dementia. 

• The subject and the subject’s caregiver or informant has given a 
written, informed consent. 

• The subject is able to provide informed consent, understand the 
information provided on the purpose and conduct of the trial and 
exhibits adequate visual, auditory and communication capabilities to 
enable compliance with study procedures.  This includes performing 
the psychometric testing and being able to lie down flat in the scanner
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Exclusion Criteria: 
 
• Cerebral structural vascular abnormalities indicative of major 

cerebral vascular disease (e.g. multi-stroke disease) have been 
confirmed by MR imaging and/or probable vascular dementia (VaD) 
has been verified by the NINDS-AIREN. 

• The subject is diagnosed with persistent severe depression. 
• The subject is diagnosed with normal pressure hydrocephalus. 
 

Study Design This is a phase 3, open-label; multi-center, non-randomized single dose 
study to determine the diagnostic efficacy (i.e. sensitivity and specificity) 
of the visual assessment of the amyloid-targeted PET imaging. 

Each subject will be required to visit the study centre during the 
screening phase, on the tracer imaging day (baseline), and for one follow-
up visit. 

At the screening visit, each subject and the caregiver will be asked to 
provide written informed consent.  During the screening phase the 
medical, neurological and surgical history, clinical assessments and a 
neuropsychiatric evaluation will be performed on all eligible subjects.  
Subjects will be allowed to leave the centre after all evaluations have 
been completed.  An MRI of the brain must be performed.  During the 
tracer imaging day, all subjects will receive a single IV injection of drug 
product and scanning will be performed xx minutes post-injection (phi.).  
Each subject will be asked to return to the site for a follow-up visit to 
assess safety (xx to xx hours after drug product administration). 
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Methodology The lack of cognitive impairment in healthy volunteers and the presence 
of dementia in AD and other dementia subjects will be verified on the 
basis of comprehensive clinical, laboratory, MRI and neuropsychiatric 
examination (including extensive psychometric testing). 

The standard of truth diagnosis will be established by an international CP 
of experts in the field of dementia.  The CP will be trained and validated 
before the first CP session. 

After administration of drug product, images will be generated with state 
of the art PET (or PET/CT) scanners.  Images will be visually assessed 
for the presence or absence of tracer uptake by the onsite nuclear 
physicians. 

The PET scans will be visually analyzed as part of an independent, 
blinded read performed by three nuclear physicians and experts in the 
field of neuroimaging.  The blinded readers will be trained and validated 
before the first image analysis session.  The onsite nuclear physicians and 
their teams will be instructed on proper PET image acquisition, 
processing and data transfer.   

To ensure optimal quality of the clinical and neuropsychiatric data to be 
reviewed by the independent CP; as well as standardization thereof 
across sites, the onsite dementia experts and their teams will be trained in 
all study-specific procedures.  This will also ensure the overall quality of 
the onsite diagnosis (secondary endpoint).  Quality assurance of all 
clinical, neuropsychiatric and image data will be performed on an 
ongoing basis. 
 

Type of control The results of the independent assessment of the PET images will be 
compared to the CP clinical diagnosis as the standard of truth. 

The diagnostic performance of the imaging agent will not be compared to 
that of another imaging modality. 
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Plan for Statistical 
Methods and 
Planned Primary 
Efficacy Analysis 

Primary Variables 
 
The co-primary efficacy variables of the study will be the sensitivity and 
specificity of the visual assessment of the tracer images in correctly 
differentiating between subjects with AD and healthy volunteers (based 
on the presence or absence of tracer uptake) when compared to the 
clinical diagnosis (determined by the independent CP) as the standard of 
truth.   

The primary efficacy population consists only of subjects with probable 
AD and healthy volunteers.  Subjects who present with subtypes of 
dementia (DLB and FTLD) are excluded from the analysis of primary 
efficacy.  This exclusion is based on the known frequent and irregular 
occurrence of amyloid β plaque deposition in the brains of these subjects 
which prevents the results from contributing to determination of 
sensitivity and specificity (the co-primary efficacy endpoints).  However, 
results from this subset of subjects are valuable for assessment of 
differences in tracer uptake distribution pattern across dementia subtypes 
as a secondary endpoint.  Descriptive statistics will be provided for the 
analysis of secondary efficacy. 

A hypothesis is specified for both co-primary efficacy variables.  For 
sensitivity the null hypothesis is given as H0, sens:  p ≤ p sensitivity, the 
parameter p representing sensitivity.  For specificity the null hypothesis 
is given as H0, spec:  p ≤ pspecificity, the parameter p representing specificity.  
The α-level will be 0.05 (two-sided). 
The study is considered successful, when both null-hypotheses can be 
rejected.  The sample size in both groups; subjects with probable AD and 
the healthy volunteers has been calculated such that the probability to 
reject one single hypothesis is 90%. 

The two sided 95% confidence intervals will be calculated for both the 
sensitivity and specificity based on the assessments of the joint blinded 
readers, yielding the result for the co-primary efficacy variables using 
normal approximation. 
 

 



 

Design of Phase 3 Diagnostic Imaging Studies 
in Alzheimer´s Disease 

Advisory Committee Meeting Briefing 
Document 

 

Final version 18 Sept 2008 Page: 42 of 42
  
 

Literature: 

Braak H, Braak E.  Frequency of stages of Alzheimer-related lesions in different age categories.  
Neurobiol Aging  1997;18:351-7. 

Klunk WE, Engler H, Nordberg A, Wang Y, Blomqvist G, Holt DP, et al.  Imaging brain 
amyloid in Alzheimer’s disease with Pittsburgh Compound-B.  Ann Neurol  2004;55:306-19. 

Knopman DS, DeKosky ST, Cummings JL, Chui H, Corey-Bloom J, Relkin N, et al.  Practice 
parameter:  diagnosis of dementia (an evidence-based review).  Neurology  2001;56:1143-53. 

McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM..  Clinical diagnosis of 
Alzheimer’s disease:  report of the NINCDS-ARDRA Work Group under the auspices of 
Department of Health and Human Services Task Force on Alzheimer’s disease.  Neurology  
1984;34:939-44.  

McKeith I, O’Brien J, Walker Z, Tatsch K, Booijj J, Darcourt J, et al.  Sensitivity and specificity 
of dopamine transporter imaging with 123I-FP-CIT SPECT in Dementia with Lewy Bodies:  a 
phase III, multi-centre study.  Lancet Neurol  2007;6:305-313. 

Rowe CC, Ackerman U, Browne W, Mulligan R, Pike KL, O’Keefe G, et al.  Imaging of 
amyloid β in Alzheimer’s disease with 18F-BAY 94-9172, a novel PET tracer:  proof of 
mechanism.  Lancet Neurol  2008;7:129-35. 



OBSERVATION

Molecular Imaging With Pittsburgh
Compound B Confirmed at Autopsy

A Case Report

Brian J. Bacskai, PhD; Matthew P. Frosch, MD, PhD; Stefanie H. Freeman, MD; Scott B. Raymond, BS;
Jean C. Augustinack, PhD; Keith A. Johnson, MD; Michael C. Irizarry, MD; William E. Klunk, MD, PhD;
Chester A. Mathis, PhD; Steven T. DeKosky, MD; Steven M. Greenberg, MD, PhD;
Bradley T. Hyman, MD, PhD; John H. Growdon, MD

Objective: To determine the correspondence between
uptake of Pittsburgh Compound B (PiB) in life and
measures of �-amyloid (A�) in postmortem tissue
analysis.

Patient: A 76-year-old man with a clinical diagnosis of
dementia with Lewy bodies underwent fluorodeoxyglu-
cose 18F and PiB positron emission tomographic brain
scans. Imaging revealed marked region specific binding
of PiB and abnormal fluorodeoxyglucose uptake.

Intervention: Autopsy was performed 3 months after
the PiB scan.

Results: Autopsy confirmed the clinical diagnosis; in
addition, there was severe cerebral amyloid angiopa-
thy and only moderate numbers of parenchymal A�
plaques. Biochemical measures revealed a positive cor-
relation between A� levels and regional PiB binding.

Conclusion: This report confirms that PiB detects A�
in the living patient and demonstrates that amyloid de-
posited as cerebral amyloid angiopathy can be the domi-
nant source of signal.

Arch Neurol. 2007;64:431-434

I MAGING BRAIN AMYLOID DURING

life with Pittsburgh Compound B
(PiB) shows great promise as an
aid to diagnosing Alzheimer dis-
ease (AD) and monitoring anti–

�-amyloid (A�) therapies. Pittsburgh
Compound B selectively binds to A� de-
posits in transgenic mice,1 crosses the
blood-brain barrier, and results in a strong
positron emission tomography (PET) sig-
nal in the cortex of human patients with
AD.2 These observations are consistent

with PiB’s detecting A� deposits in the liv-
ing human brain, but this assumption has
never been directly confirmed. One of the
proposed criteria for establishing an AD
biomarker was that the in vivo finding be
verified at autopsy.3 We now report for the
first time the neuropathological findings
in the brain of a man with dementia whose
PET scan revealed marked PiB uptake dur-
ing life.

REPORT OF CASE

A 76-year-old man was evaluated for
memory loss and gait disorder. Aside from
a single unexplained fall roughly 4 years
previously, he had been well until memory
loss became apparent 2 years prior to
evaluation. A neurologist diagnosed pe-
ripheral neuropathy and possible Parkin-
son disease and began treatment with pra-
mipexol, which was subsequently
discontinued because it was deemed in-
effective. A fluorodeoxyglucose 18F PET
scan performed 1 month prior to evalua-
tion revealed reduced metabolism in both
temporal and parietal cortices and mild re-
duction in the left frontal lobe; this pat-
tern was consistent with AD. On exami-
nation, he reported having the fixed
thought that a second (fictional) daugh-
ter was living in his house. He made 6 mis-
takes on the Information-Concentration-
Memory subscore of the Blessed Dementia
Scale, which ranges from 0 to 37 mis-
takes, 0 to 3 mistakes being within the nor-
mal range; the Mini-Mental State Exami-
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nation score was 25 of 30. There was moderate
bradykinesia, mild rigidity, and mild bilateral tremor at
rest. He had stooped posture, diminished arm swing, and
en bloc turning. A diagnosis of dementia with Lewy bod-
ies was made and treatment begun. A regimen of 25 mg
of carbidopa and 100 mg of levodopa 4 times daily im-
proved motor symptoms, but memory and delusions wors-
ened despite his receiving galantamine at 16 mg per day.
Two years later, the patient was re-evaluated. A 60-
minute dynamic brain PET acquisition with 15 mCi of
11C-PiB was performed and showed marked uptake in as-
sociation neocortical regions (Figure 1). Areas af-
fected included the posterior cingulate, precuneus, pos-
terior parietal, middle and inferior temporal, insular, and
lateral and orbital frontal cortices. Formal cognitive test-
ing performed after the PiB scan revealed global cogni-
tive and functional impairments: the Mini-Mental State
Examination score was 25 and the Clinical Dementia Rat-
ing was 1.0 against a background of above-average in-
telligence (American version of the National Adult Read-
ing Test, Estimated Intelligence Quotient=116). He died
of complications following surgical evacuation of a trau-
matic subdural hematoma 3 months after the PiB scan,
and an autopsy was performed.

RESULTS

The brain weighed 1420 g in the fresh state. There was
no significant cortical atrophy evident. Moderate depig-

mentation of the substantia nigra and locus ceruleus was
evident grossly. Microscopic examination confirmed the
diagnosis of dementia with Lewy bodies, Braak stage IV.4

There were plentiful Lewy bodies in the substantia ni-
gra with marked neuronal loss; there were Lewy bodies
in the entorhinal region as well as in cingulate and tem-
poral neocortices. Neuropathological findings charac-
teristic of AD were also present with moderate numbers
of neurofibrillary tangles in temporal and parietal corti-
ces as well as in limbic regions, including the amygdala
and basal forebrain; rare tangles were seen in the occipi-
tal cortex. The stage of AD based on the frequency and
distribution of the tangles was Braak and Braak IV.5 There
were several forms of A� pathology: severe bilateral ce-
rebral amyloid angiopathy, moderate diffuse plaques, and
rare cored plaques (Figure 2A). Diffuse plaques were
frequent in the visual cortex but infrequent elsewhere;
occasional cored plaques were seen in the parietal and
occipital regions and were rare in other brain regions.
Postmortem staining with 1µM of PiB and fluorescent de-
tection revealed prominent PiB staining of cerebral amy-
loid angiopathy and dense cored plaques but not diffuse
amyloid (Figure 2B). The overall frequency of plaques
was low and met criteria from the Consortium to Estab-
lish a Registry for Alzheimer’s Disease for “possible AD.”6

Taking the tangles into consideration along with the
plaques, the findings were consistent with an “interme-
diate likelihood of dementia due to AD,” based on cri-
teria from the National Institute on Aging–Reagan Insti-
tute,7 consistent with coexistent Lewy body disease. We
measured soluble and insoluble A�40 and A�42 in fron-
tal, parietal, and cingulate regions (Table) and com-
pared these with measures of PiB binding in the homog-
enates and with measures of PiB binding obtained with
PET (distribution volume ratios).8 Together, the bio-
chemical and histological data demonstrate that posi-
tive PET imaging of PiB in life reflects the presence of
amyloid pathology. The proportion of A�40 to total A�
is greater than that expected in AD,9 supporting the strong
contribution of vascular amyloid (A�40) to cortical amy-
loid load in this case.

COMMENT

To our knowledge, this study is the first pathological ex-
amination of a human brain from a patient who had a
positive PiB scan during life. The autopsy confirmed the
expectation that the PiB signal in life corresponds to A�
deposits seen pathologically and measured biochemi-
cally after death. The brain contained relatively few ma-
ture cored plaques and had a restricted distribution of
diffuse plaques that were present only in moderate num-
bers. Thus, based on criteria from the Consortium to Es-
tablish a Registry for Alzheimer’s Disease, the diagnosis
of AD would be “possible” but not “probable” and cer-
tainly not “definite.” The most impressive finding was
the severe cerebral amyloid angiopathy, which raises the
notion that the PiB uptake in this case reflected A� in
cerebral vessels more than A� in the brain parenchyma.
Whether this observation is the rule or the exception
must await additional clinical-pathological correlative

B

D

A

C

FDG PiB

Figure 1. Positron emission tomography (PET) images from a 76-year-old
patient with dementia. Fluorodeoxyglucose (FDG) and Pittsburgh Compound B
(PiB) scans were performed within 3 years of each other. A and B, Positron
emission tomography images from coregistered transaxial FDG (A) and PiB (B)
PET images at the level of the striatum. Red areas represent higher metabolism
of FDG and higher PiB retention. There is diffuse hypometabolism and PiB
retention in frontal and temporal cortices. Regions with relatively normal
metabolism, such as striata and medial occipital cortex, demonstrate relatively
less PiB retention. Subject’s left is at right. Evidence of the known subdural
effusion occurring in the interval between FDG and PiB imaging is seen in the
right frontal convexity of the PiB image. C and D, Coregistered left parasagittal
FDG (C) and PiB (D) images at level of the insula. In this view, PiB retention is
greatest in the inferior temporal gyrus, and there is relative sparing of the
primary sensorimotor cortex where FDG uptake is highest.
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studies. It should be mentioned that PiB does not bind
to Lewy bodies or neurofibrillary tangles at the tracer
doses used for PET imaging, and even if it did, the scar-
city of these intracellular pathologies would contribute
negligible signal, especially compared with that from A�
deposits.

Pittsburgh Compound B uptake appears sensitive to
the presence of A�, but the specificity of a positive PiB
scan is still under study. Uptake of PiB is a hallmark of
AD and distinguishes most cases from normal con-
trols.2,11 Subsequent research, however, indicates that up
to 15% of apparently normal people have substantial cor-
tical PiB binding.12 Brain amyloid accumulation is com-
monly seen in some elderly people at autopsy13 and
whether these deposits are harbingers of dementia is un-
der intense investigation. Most individuals with a diag-
nosis of mild cognitive impairment have positive PiB scans
whereas some do not, and the proportion of PiB-
positive subjects with mild cognitive impairment is simi-
lar to the proportion that ultimately develop AD.14 Our
report substantiates the view that PiB uptake is a sensi-
tive method to detect A� in the brain but points out the
fact that clinical conditions other than probable or defi-
nite AD may harbor PiB-detectable amyloid deposits—
thus broadening the range of clinically defined syn-

dromes in which a PiB scan may be positive. Based on
these findings, we would expect PiB retention to be a fea-
ture not only of AD, but also of (1) a normal elderly pa-
tient with amyloid deposition at risk for AD, (2) mild cog-
nitive impairment, (3) cerebral amyloid angiopathy, and
(4) dementia with Lewy bodies with amyloid pathol-
ogy. It may be best not to equate amyloid deposition to
clinical diagnosis from the outset but to think of PiB re-
tention more fundamentally as a method to detect and
quantify brain �-amyloidosis.14 It is clear that some in-
dividuals with a clinical diagnosis of AD will not have a
positive PiB scan,2 but it is not known whether these are
true negatives or false negatives. That is to say, it is not
yet known if someone who meets neuropathological cri-
teria for AD can have a negative PiB scan.

As shown by the case in this report, it is also clear that
several different dementia-associated pathologies (eg,
Lewy bodies and threads, neurofibrillary tangles, in-
farcts, etc) can coexist even within a single brain. How-
ever, the clinical diagnosis, or even the pathological di-
agnosis based on consensus criteria, does not directly
predict the presence or absence of A� deposition in these
mixed states. The importance of amyloid imaging is as
an objective measure of A� pathology. In many cases, this
will be a diagnostic aid but will likely be of great value

Table. Comparison of Biochemical Analysis of A� With Quantitative PET in Affected Brain Regions

Region
DVR From
PET Scan*

Soluble
A�40, fmol/g

Soluble
A�42, fmol/g

Insoluble
A�40, pmol/g

Insoluble
A�42, pmol/g

PiB
Binding, pmol/g†

Frontal 1.311 6938 14 618 906 4685 444
Parietal 1.299 6788 9554 882 3703 325
Cingulate 1.504 4342 9884 881 3884 556

Abbreviations: A�, �-amyloid; DVR, distribution volume ratio; PET, positron emission tomography; PiB, Pittsburgh Compound B.
*Distribution volume ratio values were calculated from regions of interest within each brain region as described in Logan et al.8 Enzyme-linked immunosorbent

assays were performed on homogenates of brain tissue from these regions using capture and detection antibodies from Takeda Pharmaceutical (Osaka, Japan) as
previously described.9 Soluble fractions were extracted in Tris buffer, and insoluble fractions were extracted with formic acid. Parallel brain homogenates were
analyzed with [H3]PiB (1nM) for binding and normalized by wet tissue weight, as previously described.10

†Binding of 1nM [3H]PiB to tissue homogenates (picomole per gram wet weight). This does not represent saturating conditions.

BA

250 µm150 µm

Figure 2. Examination of the brain tissue reveals various forms of amyloid pathology. �-amyloid (A�) immunohistochemistry using antihuman A� antibody 6F/3D
(Dako Corp, Carpinteria, Calif ) of the postmortem brain tissue from temporal lobe, showing numerous diffuse plaques, rare cored plaques, and amyloid
angiopathy (A). Ex vivo imaging of brain tissue from the same case using Pittsburgh Compound B as the ligand detected with fluorescence demonstrates staining
of cored plaques and abundant amyloid angiopathy (B).
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in evaluating therapies aimed at reduction of A� pathol-
ogy. In summary, this report describes a correspon-
dence of amyloid pathology at autopsy with a positive
PiB scan in life but demonstrates that amyloid depos-
ited as cerebral amyloid angiopathy is the dominant source
of signal.
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Psychiatric Morbidity in Dementia With Lewy Bodies:
A Prospective Clinical and Neuropathological
Comparative Study With Alzheimer’s Disease

Clive Ballard, M.R.C.Psych., M.D., Clive Holmes, M.R.C.Psych., 
Ian McKeith, F.R.C.Psych., M.D., David Neill, M.R.C.Psych., Ph.D., 

John O’Brien, M.R.C.Psych., D.M., Nigel Cairns, Ph.D., Peter Lantos, M.D., F.R.C.Path., 
Elaine Perry, Ph.D., Paul Ince, M.D., and Robert Perry, M.D.

Objective: The literature reports considerable variation in the rates of psychiatric mor-
bidity for patients with dementia with Lewy bodies. The authors intended to clarify the fre-
quency of psychiatric morbidity in dementia with Lewy bodies and how it differs from prob-
able Alzheimer’s disease. Method: The study incorporated two groups—a clinical case
register cohort (98 with dementia with Lewy bodies; 92 with Alzheimer’s disease) and 80
(40 with dementia with Lewy bodies; 40 with Alzheimer’s disease) prospectively studied,
neuropathologically confirmed cases. Diagnoses were made by using the McKeith et al.
consensus criteria for dementia with Lewy bodies and the National Institute of Neurological
and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disor-
ders Association criteria for Alzheimer’s disease. Neuropathological diagnoses were made
by using the consensus criteria for dementia with Lewy bodies and the Mirra et al. protocol
for Alzheimer’s disease. Results: The occurrence of psychiatric symptoms was reported
over 1 month. Hallucinations, depression, delusions, and delusional misidentification were
all significantly higher for patients with dementia with Lewy bodies. The differences in fre-
quency between dementia with Lewy bodies and Alzheimer’s disease for auditory and vi-
sual hallucinations were especially pronounced for patients with mild cognitive impairment.
The presence of psychiatric symptoms at presentation was a better discriminator between
dementia with Lewy bodies and Alzheimer’s disease than occurrence over the course of
dementia. Conclusions: Delusional misidentification and hallucinations in the early stages
of dementia may improve differentiation between patients with dementia with Lewy bodies
and those with Alzheimer’s disease and have important treatment implications. 

(Am J Psychiatry 1999; 156:1039–1045)

Lewy bodies are intraneuronal eosinophilic inclu-
sion bodies that are seen in the brainstem and cortex of
patients with Parkinson’s disease and some patients
with dementia. Studies (1–6) have suggested that de-
mentia with Lewy bodies accounts for 10% to 25% of
dementia cases in clinical populations. An interna-

tional meeting developed operationalized clinical diag-
nostic criteria 7). Key features include persistent or re-
current visual hallucinations, parkinsonism, and
fluctuating confusion associated with disturbances of
consciousness.

All studies have found visual hallucinations to occur
significantly more frequently in dementia with Lewy
bodies than in Alzheimer’s disease, although rates have
varied greatly, from 25% to 83%, even when smaller
studies are excluded from consideration (table 1) (4–6,
8–15). Delusions are common in patients with demen-
tia with Lewy bodies, with rates varying from 13% to
75%. Some groups have found delusions to have a sig-
nificantly higher frequency in dementia with Lewy
bodies than in Alzheimer’s disease (table 1) (4–6, 8–
15). Auditory hallucinations have received less atten-
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tion, although they were described as more common
in dementia with Lewy bodies than in Alzheimer’s
disease by McKeith et al. (9–12). Rates have varied
from 11% to 45% (table 1) (4–6, 8–15). Delusional
misidentification has not been studied in postmortem
series, although two clinical studies found these
symptoms to be common in patients with dementia
with Lewy bodies (6, 16).

The rate reported for depression has varied from
14% to 50% in patients with dementia with Lewy
bodies. Using a broad clinical definition, Klakta et al.
(11) reported depression in 50% of patients with de-
mentia with Lewy bodies. McKeith et al. (9) reported
depressive symptoms in 33% of patients with demen-
tia with Lewy bodies, although only 14% met the cri-
teria for major depression, whereas Ballard et al. in a
clinical study (6) found that 33% of patients with de-
mentia with Lewy bodies had DSM-III-R major de-
pression. Depressive symptoms are common in pa-
tients with dementia with Lewy bodies, although the
proportion of patients with major depression requires
clarification (table 1) (4–6, 8–15).

The rates of many important psychiatric symptoms
have not been accurately determined for patients with
dementia with Lewy bodies. Equally important, it is
unclear whether some of these symptoms are more
common in patients with dementia with Lewy bodies
than in Alzheimer’s disease patients and whether they
change with increasing severity. The variability of pre-
vious reports is probably accounted for by the small
study group sizes, the retrospective design of many
studies, the different assessment methods for psychiat-
ric symptoms, the variable time courses of symptom
ascertainment, and the biases introduced by clinical se-
lection criteria.

The current study focused on the two largest demen-
tia with Lewy bodies cohorts reported so far. Our aims
were to examine the frequency of psychiatric symp-
toms among patients with dementia with Lewy bodies
and to evaluate the differences in symptom profile be-
tween patients with dementia with Lewy bodies and
those with Alzheimer’s disease.

METHOD

Clinical Cohort

The first cohort was based on patients from the Newcastle demen-
tia case register (337 clinically assessed dementia patients, including
98 with dementia with Lewy bodies and 92 with probable Alzhe-
imer’s disease), incorporating consecutively referred patients with
mild or moderate dementia seen by psychiatric services with defined
geographical catchment areas who have an informant in regular con-
tact. After a full explanation, written consent was obtained from the
patients, with written assent from their nearest relatives. Following
death, the next of kin was approached and given a full explanation
regarding the aims of the related postmortem study, and written con-
sent was obtained. The study was approved by human subjects ethi-
cal committees in both Newcastle and London. Patients from the
register who met operationalized clinical criteria for a consensus di-
agnosis of dementia with Lewy bodies (7) (applied by three experi-
enced clinicians in consensus [C.B., I.M., J.O.]) were compared with
patients from the same cohort who met the criteria of the National
Institute of Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders Association (17)
for probable Alzheimer’s disease. Data from the first 50 patients
from within this series for whom there was a postmortem examina-
tion showed a positive predictive value of 0.92 for a diagnosis of de-
mentia with Lewy bodies against postmortem diagnosis (18). The
corresponding figure for the positive predictive value of a clinical di-
agnosis of probable Alzheimer’s disease against neuropathological
diagnosis was 0.80.

The assessment included a standardized psychiatric history (his-
tory and etiology schedule [19]) and an assessment of cognitive func-

TABLE 1. Literature Review of Psychiatric Morbidity in Studies of Dementia With Lewy Bodies Symptoms

Study Year

Number of
Patients

Type of Clinical
Diagnosis

Neuro-
pathological
Diagnosis

Subjects With Hallucinations (%)

Visual Auditory Combined

Lewy 
Bodies

Alz-
heimer

Lewy 
Bodies

Alz-
heimer

Lewy 
Bodies

Alz-
heimer

Lewy 
Bodies

Alz-
heimer

Byrne et al. (8) 1989 15 0 — Yes — — — — — —
McKeith et al. (9) 1992 21 37 — Yes

Point frequency 33 8 14 3 — —
Course of illness 48 16 19 3 — —

Ballard et al. (4) 1993 16 44 Operational-
ized

No 25 0 — — — —

Shergill et al. (5) 1994 30 80 Operational-
ized criteria 
applied to 
case notes

No — — — — 67 25

Ballard et al. (6) 1995 12 88 Operational-
ized

No 83 25 — — — —

Weiner et al. (10) 1996 24 58 — Yes — — — — 64 21
Klakta et al. (11) 1996 28 58 — Yes — — — — 61 35

McKeith et al. (12) 1994 20 21 Retrospective Yes 80 19 45 0 — —
Galasko et al. (13) 1996 26 26 — Yes 32 11 — — — —
Ala et al. (14) 1997 39 60 — Yes — — — — 23 3

Ballard et al. (15)a 1996 56 0 — Yes 16 0 11 0 — —
a Small pathological series.
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tion using the cognitive section of the Cambridge Assessment for
Mental Disorders of the Elderly (20), a widely used and validated
cognitive assessment instrument, scored out of a possible 107 points.
A standardized physical examination incorporated the Unified Par-
kinson’s Disease Rating Scale (21). An assessment of psychosis used
the Columbia University Scale for Psychopathology in Alzheimer’s
Disease (22), and an evaluation of depression was undertaken by us-
ing the Cornell Scale for Depression in Dementia (23). All scales to
assess psychiatric morbidity measured the occurrence over 1 month.
A computerized tomography scan or magnetic resonance imaging
scan and full dementia blood screen were also performed.

The diagnosis of depression was made by using DSM-III-R crite-
ria, ignoring the caveat regarding exclusion if there is evidence of or-
ganic causation. Definitions regarding the presence and classifica-
tion of psychotic features were taken from the criteria of Burns et al.
(24). Delusional misidentification included the Capgras delusion and
delusional misidentification of television images and mirror images.

Neuropathological Cohort

This cohort’s patients were recruited from two centers (80 pro-
spectively assessed patients with dementia: 40 patients with demen-
tia with Lewy bodies, 40 patients with Alzheimer’s disease)—the In-
stitute for the Health of the Elderly in Newcastle (28 patients with
dementia with Lewy bodies, 12 patients with Alzheimer’s disease)
and the Institute of Psychiatry in London (12 patients with dementia
with Lewy bodies, 28 patients with Alzheimer’s disease). Both cen-
ters have a case register of dementia sufferers from defined geo-
graphical areas. The Newcastle case register has been described pre-
viously. In London, the case register included subjects with dementia
known to hospital and social services. All cases of patients with neu-
ropathologically confirmed dementia with Lewy bodies from both
centers were included in the current report, together with an equal
number of age- or gender-matched patients with neuropathologi-
cally confirmed cases of Alzheimer’s disease. At the point of entry
into the study, written consent was obtained from the patients, with
assent from the next of kin, after a full explanation was given. A sep-
arate written consent was obtained from the next of kin after death
to permit postmorten examination.

The assessment measures at the Newcastle center are described in
the previous section. In London, a standardized psychiatric history
was taken by using the Cambridge Assessment for Mental Disorders
of the Elderly (20). Both the history and etiology schedule and the

Cambridge Assessment for Mental Disorders of the Elderly sched-
ules contain detailed information regarding patient history, medica-
tion use, mental state, history of psychiatric symptoms, and fluctua-
tion and disturbances of consciousness. The Mini-Mental State
examination (25) (derived from the cognitive section of the Cam-
bridge Assessment for Mental Disorders of the Elderly in Newcastle)
was used for cognitive assessment, and the Cornell Scale for Depres-
sion in Dementia (23) was used for assessing depression. The Cornell
scale was augmented by additional DSM-III-R items pertaining to
the duration of the mood disturbance and its effect on social func-
tioning. Psychotic symptoms were evaluated in London by using the
Manchester and Oxford Universities Scale for the Psychopathologi-
cal Assessment of Dementia (26) (all of the Columbia University
Scale for Psychopathology in Alzheimer’s Disease items are con-
tained within the Manchester and Oxford Universities Scale for the
Psychopathological Assessment of Dementia). All standardized as-
sessments reported the occurrence of psychiatric symptoms over 1
month. A physical examination was performed that included assess-
ment of parkinsonism with the Webster scale (27) and staging
through use of the Hoehn and Yahr system (28), with a rating of 1
or more taken as evidence of significant parkinsonism. This detailed
operationalized assessment was repeated at annual intervals until the
patient’s death.

Psychiatric symptoms were diagnosed by using the same proce-
dures outlined in the clinical section. The symptoms at presentation
were recorded from the baseline assessment. Information regarding
symptoms over the course of the illness was obtained by combining
information from the psychiatric history, the baseline assessment,
and subsequent annual assessments.

The neuropathological diagnosis of Alzheimer’s disease was made
by using quantitative techniques to determine plaque and tangle den-
sities (6) and according to the criteria of the Consortium to Establish
a Registry for Alzheimer’s Disease (29). The quantitative assessment
of Lewy body density followed the consensus protocol (7), using
ubiquitin and Tau2, Alz50, and AT8 antibodies to detect and distin-
guish cortical Lewy bodies. The neuropathological diagnosis of de-
mentia with Lewy bodies was made according to the international
consensus criteria (7).

The number of patients with dementia with Lewy bodies and
those with Alzheimer’s disease experiencing symptoms of interest at
presentation were compared by using the chi-square test. The same
method was used to compare the rates of symptoms over the course
of the illness. The rates of symptoms were described for patients

Subjects With
Delusions (%)

Subjects With
Delusional Mis-
identification (%)

Subjects With 
Overall

Psychosis
Subjects With

Depression (%)
Subjects With 
Anxiety (%)

Psychiatric Diagnosis
Lewy 

Bodies
Alz-

heimer
Lewy 

Bodies
Alz-

heimer
Lewy 

Bodies
Alz-

heimer
Lewy 

Bodies
Alz-

heimer
Lewy 

Bodies
Alz-

heimer

— — — — 33 0 20 0 — — Case note review

48 8 — — — — 14 0 — — Case note review
57 11 — — — — 14 5 — — Case note review
44 38 — — — — 44 16 — — Operationalized 1-month rates

67 25 — — — — — — — — Case note review; time frame not 
specified

75 47 50 27 — — 33 17 — — Operationalized 1-month rates

43 10 — — — — 46 16 — — Clinical rating point frequency
57 53 — — — — 50 14 — — Standardized, retrospectively, over 

illness course
80 19 — — — — — — — — Case note review over illness course
43 29 — — — — 16 16 — — Operationalized over illness course
— — — — — — 18 7 — — Case note review; presenting 

symptoms
13 0 — — — — 14 0 — — Case note review over illness course
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with mild (Mini-Mental State examination score of 20 or more),
moderate (Mini-Mental State examination score=10–20), and severe
(Mini-Mental State examination score less than 10) cognitive im-
pairment. Overall scores on the Mini-Mental State examination and
scores on the cognitive section of the Cambridge Assessment of
Mental Disorders of the Elderly were compared between patients
with dementia with Lewy bodies and Alzheimer’s disease patients by
using the Mann-Whitney U test. All statistics were obtained by using
the Statistical Package for the Social Sciences (30).

RESULTS

The clinical case register cohort included 337 patients
with dementia, 329 of whom met the criteria for demen-
tia with Lewy bodies (N=98), Alzheimer’s disease (92
probable, 74 possible), or vascular dementia (N=65).
Only the patients with probable dementia with Lewy
bodies or probable Alzheimer’s disease were considered
in the present study. The neuropathological series in-
cluded 40 patients with dementia with Lewy bodies
who were compared with 40 Alzheimer’s disease pa-
tients matched by age and gender. Their demographic
characteristics are described in table 2. The patients
with dementia with Lewy bodies in the clinical cohort
were more likely to be male and were significantly
younger. The patients in the neuropathological cohort
were matched for these variables, but the Alzheimer’s
disease patients were significantly more cognitively im-
paired and had a longer illness duration (table 2).

At presentation, visual and auditory hallucinations,
delusions, delusional misidentification, and depression
were significantly more common in patients with de-
mentia with Lewy bodies, in both the clinical and neu-
ropathological cohorts. The rates of individual symp-
toms are shown in table 3 and are similar in the two

study groups, apart from the lower frequency of de-
pression in the clinically diagnosed patients. Most psy-
chiatric symptoms had rates exceeding 30% in patients
with dementia with Lewy bodies from the clinical co-
hort, with visual hallucinations occurring in more than
70% of the patients. The two dementias showed the
biggest differences regarding visual and auditory hallu-
cinations and delusional misidentification.

The differences in the frequency of psychiatric symp-
toms between patients with dementia with Lewy bod-
ies and those with Alzheimer’s disease were less dra-
matic when observed over the course of the dementia,
especially for delusions. That was also true for visual
hallucinations, which occurred in more than 30% of
Alzheimer’s disease patients over the course of the ill-
ness (table 4).

Table 5 shows the rates of key psychiatric symptoms
in clinically diagnosed patients with mild, moderate,
and severe dementia defined by Mini-Mental State ex-
amination cutoff scores. Most important, both audi-
tory (0%) and visual (5%) hallucinations were ex-
tremely uncommon among Alzheimer’s disease
patients scoring over 20 on the Mini-Mental State ex-
amination. Among patients with Mini-Mental State
examination scores over 20, all patients with auditory
hallucinations and 93% of patients with visual halluci-
nations had a diagnosis of probable dementia with
Lewy bodies.

DISCUSSION

The strength of the current study is the combination
of prospective clinical assessment with neuropatho-
logical confirmation of diagnoses in two independent

TABLE 2. Demographic Characteristics of Patients With Dementia With Lewy Bodies and Patients With Alzheimer’s Disease

Characteristic

Clinical Cohort (N=190) Neuropathological Cohort (N=80)

Patients With 
Dementia 
With Lewy 

Bodies
(N=98)

Patients With 
Alzheimer’s 

Disease 
(N=92) Analysis

Patients With 
Dementia 
With Lewy 

Bodies
(N=40)

Patients With
Alzheimer’s 

Disease
(N=40) Analysis

N % N %
χ2

(df=1) p N % N %
χ2

(df=1) p

Female gender 49 50 65 71 7.7 <0.006a 20 50 20 50 —b —

Mean SD Mean SD zc p Mean SD Mean SD zc p

Age (years) 78.6 7.8 82.1 6.3 4.9 <0.001a 79.5 5.4 80.2 4.1 —b —
Score on cognitive section 

of the Cambridge Exami-
nation for Mental Disor-
ders of the Elderly 
(out of 107) 46.2 26.2 49.1 24.4 0.9 0.39 — — — — — —

Score on Mini-Mental State 
examination (out of 30) — — — — — — 13.2 17.9 9.2 7.3 1.6 0.16

Duration of illness at pre-
sentation (years) 2.6 1.9 3.1 2.3 1.4 0.17 3.6 2.4 4.2 1.5 2.4 0.02a

Duration of illness to death 
(years) 4.3 2.3 5.6 1.8 2.7 0.008a

a Statistically significant. b Matched. c Mann-Whitney U test.
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but compatible cohorts with dementia with Lewy
bodies.

The study confirms the high frequency of visual hal-
lucinations (clinical cohort, 72%; neuropathological
cohort, 65%), auditory hallucinations (clinical cohort,
38%; neuropathological cohort, 35%), delusions (clin-
ical cohort, 57%; neuropathological cohort, 60%),
and depression (clinical cohort, 19%; neuropathologi-
cal cohort, 32.5%) at presentation to clinical services
in patients with dementia with Lewy bodies. The rates
are similar between the clinical and neuropathological
cohorts for most symptoms except depression. The last
discrepancy is not surprising given the higher mortality
rates of depressed dementia patients (31).

Visual and auditory hallucinations, delusions, and
depression all occurred at significantly higher rates in
patients with dementia with Lewy bodies than in
Alzheimer’s disease patients. The presence of visual or
auditory hallucinations in patients with Mini-Mental
State examination scores greater than 20 was even
more suggestive of dementia with Lewy bodies, which
may have important implications for early diagnosis.
Patients with hallucinations early in the course of their
dementia are also a key group for intervention studies
aiming to reduce the severity, persistence, and distress
of these symptoms as well as preventing the expedited
institutionalization that often ensues.

When symptom rates across the course of the de-
mentia were calculated, the magnitude of difference
between dementia with Lewy bodies and Alzheimer’s
disease patients diminished. This is supported by previ-
ous work, where the differences in frequency of psychi-
atric symptoms for dementia with Lewy bodies and
Alzheimer’s disease patients are more substantial in
studies evaluating point or 1-month rates (table 1). Al-
though a good psychiatric history is important and will
more accurately identify a particular symptom over the
course of an illness, it is suggested that the differential
diagnosis of dementia with Lewy bodies can be made
more accurately by focusing on symptoms over the
month before presentation. This is particularly true for

delusions, reflecting the tendency of Alzheimer’s disease
patients to experience brief delusional episodes (32).

Alzheimer’s disease patients in the clinical cohort
were older and more likely to be female, whereas
Alzheimer’s disease patients in the neuropathological
cohort had more severe cognitive impairment and a
longer duration of illness. Each of these factors may
have elevated the relative frequency of some psychiat-
ric symptoms, although the confounding effects would
operate in the opposite direction from the current find-
ings. Because patients from the clinical cohort met the
clinical diagnostic criteria for dementia with Lewy
bodies, it is possible that the reported rates of visual
hallucinations may have been elevated by selection bi-
ases. However, the magnitude of difference was similar
in the neuropathologically diagnosed patients.

Both cohorts reported in the current study showed
significantly higher rates of depression with dementia
with Lewy bodies than with Alzheimer’s disease. Five
out of six previous studies have reported higher rates
of depression in patients with dementia with Lewy
bodies (table 1), although many of the study groups
have not been large enough to demonstrate statistically
significant differences. This is consistent with the cur-

TABLE 3. Psychiatric Symptoms at Presentation in Patients With Dementia With Lewy Bodies and Patients With Alzheimer’s Disease

Symptom

Clinical Cohort (N=190) Neuropathological Cohort (N=80)

Patients 
With

Dementia 
With 
Lewy 

Bodies
(N=98)

Patients 
With

Alzheimer’s 
Disease
(N=92) Analysis

Patients 
With

Dementia 
With Lewy 

Bodies
(N=40)

Patients
With

Alzheimer’s 
Disease
(N=40) Analysis

N % N % χ2 (df=1) p N % N % χ2 (df=1) p

Hallucinations
Visual 71 72 15 16 60.4 <0.001a 26 65 10 25 12.9 <0.001a

Auditory 37 38 5 5 28.8 <0.001a 14 35 4 10 7.2 0.007a

Delusions 56 57 28 30 14.5 <0.001a 24 60 12 30 7.3 0.007a

Delusional misidentification 49 50 18 20 19.3 <0.001a 15 38 2 5 14.1 <0.001a

Major depression 19 19 7 8 5.6 0.02a 13 32.5 5 12.5 4.6 0.03a

Anxiety 40 41 30 33 1.4 0.24 15 38 10 25 1.5 0.23
a Statistically significant.

TABLE 4. Psychiatric Symptoms at Any Stage of Dementia in a
Neuropathological Cohort of Patients With Dementia With
Lewy Bodies and Patients With Alzheimer’s Disease

Symptom

Patients 
With

Dementia 
With Lewy 

Bodies
(N=40)

Patients 
With

Alzheimer’s
Disease 
(N=40) Analysis (df=1)

N % N % χ2 p

Hallucinations
Visual 29 73 15 37.5 9.9 0.002a

Auditory 18 45 5 12.5 10.3 0.001a

Depression 19 47.5 7 17.5 8.2 0.004a

Delusions 28 70 27 67.5 0.1 0.81
Delusional mis-

identification 16 40 4 10 9.6 0.002a

a Statistically significant.
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rent study, where the effect size was less substantial
than for psychotic features.

Delusional misidentification and anxiety have re-
ceived little previous attention. Anxiety was common
in both patients with dementia with Lewy bodies and
those with Alzheimer’s disease. However, delusional
misidentification was substantially more common in
patients with dementia with Lewy bodies and may also
be of diagnostic importance.

Given the high frequency of psychiatric symptoms in
patients with dementia with Lewy bodies, developing
safe and effective treatments is a priority but depends
on understanding treatment mechanisms. Perry et al.
(33) identified a strong association between visual hal-
lucinations in patients with dementia with Lewy bod-
ies and the severity of cholinergic depletion in the tem-
poral cortex, a finding supported by parallel work
with Alzheimer’s disease, suggesting that anticholinest-
erase inhibitors may improve psychosis (34).

The mechanisms underlying other psychiatric symp-
toms have received less attention. A pilot study (35)
suggested a link between the severity of parkinsonism
and depression in dementia with Lewy bodies. Given
the established link between depression and Parkin-
son’s disease, the possibility that similar mechanisms
are important merits further study.

For Alzheimer’s disease, Förstl et al. (36) suggested
that relative preservation of the parahippocampal gy-
rus is associated with delusions. The relative sparing of
medial temporal lobe structures in patients with de-
mentia with Lewy bodies (37) may hence predispose
them to delusional phenomena. Further work needs to
focus on the neurochemical correlates of preserved
temporal lobe structures to inform the development of
therapeutic strategies. Förstl et al. (36) suggested that
delusional misidentification may be associated with
more severe neuronal loss in the hippocampus.

While there is already sufficient evidence to merit tri-
als of treatment intervention with cholinesterase inhib-
itors for visual hallucinations, further work is required
to understand the basis of other psychiatric symptoms.

This report confirms a significantly higher frequency
of psychiatric symptoms, especially psychotic features,
in patients with dementia with Lewy bodies. The find-
ing that these differences were especially pronounced
in patients with mild dementia has implications for
early diagnosis and treatment.
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Objective: This investigation was under-
taken to clarify the neuropathological sub-
strates of key psychiatric symptoms in de-
mentia with Lewy bodies.

Method: The authors studied 112 au-
topsy-confirmed cases of dementia with
Lewy bodies in patients who had had an-
nual standardized clinical evaluations
until their death. The relationships of per-
sistent psychiatric symptoms (visual hal-
lucinations, delusions, depression) to
plaques (Consortium to Establish a Regis-
try for Alzheimer’s Disease protocol), tan-
gles (Braak staging), and Lewy bodies
(consensus Lewy body staging) were eval-
uated. In addition, symptom frequency
and persistent symptoms were compared
in the patients with Lewy body dementia
and 90 patients with autopsy-confirmed
Alzheimer’s disease studied prospectively
during life.

Results: The main neuropathological cor-
relate of persistent visual hallucinations
was the presence of less severe tangle pa-

thology, but there was no significant asso-
ciation between tangle pathology and per-
sistent delusions. Lewy body staging was
associated with the presence of persistent
visual hallucinations and persistent delu-
sions. All baseline psychiatric features were
significantly more frequent in dementia
with Lewy bodies than in Alzheimer’s dis-
ease, as were persistent visual hallucina-
tions, but patients who had dementia with
Lewy bodies and severe tangle pathology
had a clinical symptom profile more simi-
lar to that of Alzheimer’s disease patients
and were less likely to have neocortical
Lewy bodies.

Conclusions: The modest proportion of
patients with Lewy body dementia and
more severe tangle pathology resembled
Alzheimer’s disease patients clinically.
Unlike Alzheimer’s disease, dementia with
Lewy bodies showed a significant inverse
association between tangle burden and
psychosis.

(Am J Psychiatry 2004; 161:843–849)

Dementia with Lewy bodies accounts for 15% to 25%
of dementia cases (1–5). The condition is important be-
cause of the difficult clinical management issues pre-
sented by the high frequency of psychiatric symptoms (6–
9) and the risk of severe neuroleptic sensitivity reactions
(10). Visual hallucinations are consistently reported to be
more frequent in dementia with Lewy bodies than in Alz-
heimer’s disease, with most prospective studies indicating
a frequency greater than 50%. Visual hallucinations are
more persistent and appear earlier in the disease (11, 12)
in Lewy body dementia than in Alzheimer’s disease. Delu-
sions are more common in dementia with Lewy bodies
(frequency, 13%–75%) than in Alzheimer’s disease but are
not more persistent (12). The frequency of major depres-
sion is probably greater than 30% in dementia with Lewy
bodies (13, 14) and has been shown in some studies to be
more frequent than in Alzheimer’s disease (8, 9), but it is
not more likely to persist (12).

Patients who have dementia with Lewy bodies show a
spectrum of pathology along the interface between Parkin-
son’s disease and Alzheimer’s disease. Seventy-five percent

of patients with Lewy body dementia have many of the
neuropathological features of Alzheimer’s disease, includ-
ing senile plaques and neurofibrillary tangles (1). Although
typically the density of neocortical plaques is similar to
that in Alzheimer’s disease (1), the burden of tangles is less
than in “pure” Alzheimer’s disease (1, 13). When Lewy bod-
ies occur in conjunction with Alzheimer pathology suffi-
cient to meet the criteria of the Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD) for probable or
definite Alzheimer’s disease (15), neocortical neurofibril-
lary tangles are usually rare or absent, and tangles in the
entorhinal cortex and hippocampus are intermediate be-
tween those of elderly comparison subjects and Alzhei-
mer’s disease patients (1, 13). Fewer than 40% of patients
with Lewy body dementia meet the criteria of Braak and
Braak (16) for stage IV or higher neurofibrillary tangles and
neuropil threads. The occurrence of Lewy bodies varies
from restriction to the brainstem, or brainstem and limbic
area, to widespread neocortical distribution (14, 17).

A number of studies have compared clinical features in
Alzheimer’s disease patients with and without Lewy bod-
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ies (1, 11, 18–23), and they suggest that the presence of
Lewy bodies is associated with visual hallucinations, delu-
sions, and depression. To our knowledge, only one study
has examined the persistence of psychiatric symptoms,
suggesting an association with persistent visual hallucina-
tions (11). The majority of studies have been small case
series, and many have used retrospective evaluation of
clinical symptoms, with some potential for inaccurate
symptom ascertainment and limited statistical power. In
addition, several studies have compared patients with
“pure” cases of Lewy body dementia (variously defined
but usually including cases not meeting the CERAD crite-
ria for probable or definite Alzheimer’s disease) to patients
exhibiting significant Alzheimer’s disease pathology. One
of these investigations focused on neuropsychiatric symp-
toms assessed with standardized scales, comparing 11 pa-
tients with pure cases of Lewy body dementia to 18 pa-
tients who exhibited mixtures of Lewy body dementia and
Alzheimer’s disease pathology and 35 patients with pure
Alzheimer’s disease (13). The patients who had pure Lewy
body dementia showed more hallucinations, delusions,
and parkinsonism, whereas the patients with mixed cases
resembled those with Alzheimer’s disease. In addition, one
recent study examining the association of Lewy bodies
with visual hallucinations across a pathological spectrum
of parkinsonism, which included 29 patients with Lewy
body dementia, showed a significant association between
visual hallucinations and Lewy body density in the inferior
temporal cortex (24). These studies have mainly focused
on Alzheimer’s disease patients with or without Lewy bod-
ies, with little emphasis on the associations of psychiatric
symptoms across the full range of patients with Lewy body
dementia, including those with little Alzheimer’s disease
pathology.

From an overview of this inconclusive literature, there is
some indication that the presence of Lewy bodies in Alz-

heimer’s disease is associated with psychosis and that
there are differences in clinical presentation between pure
cases of dementia with Lewy bodies and those with con-
current Alzheimer’s disease pathology. The present study
is based on an extensive study of prospectively studied pa-
tients who had autopsy-confirmed dementia with Lewy
bodies.

Method

In total, we studied 112 patients with autopsy-confirmed de-
mentia with Lewy bodies who had been prospectively assessed
during life in one of four centers in Newcastle upon Tyne, U.K.
(Newcastle Dementia Case Register, Institute for Ageing and
Health); Oxford, U.K. (Oxford Project to Investigate Memory and
Ageing, University of Oxford); London (Institute of Psychiatry
Case Register); and London, Ont., Canada (Dementia Study
Project, University of Western Ontario). At each center, consecu-
tively assessed dementia patients who agreed to participate were
enrolled. Diagnosis was made at autopsy according to the con-
sensus criteria for a neuropathological diagnosis of dementia
with Lewy bodies (5). All patients meeting these neuropathologi-
cal criteria were included. An additional 90 patients with neuro-
pathologically diagnosed Alzheimer’s disease from the three U.K.
centers were included as a comparison group. They comprised all
prospectively studied patients from these centers with a neuro-
pathological diagnosis of Alzheimer’s disease who had a Mini-
Mental State Examination (25) score higher than 0 at death (spec-
ification made to minimize differences between the two demen-
tia groups at death, as far more of the patients with Lewy body de-
mentia died before “end-stage” dementia). In total, autopsy tissue
was collected from 445 prospectively assessed patients, 333 (75%)
with Alzheimer’s disease and 112 (25%) with Lewy body demen-
tia. At each of the centers, written consent was obtained for clini-
cal evaluation, with written assent from each patient’s nearest rel-
ative after a full explanation of the study. Following death, written
consent for autopsy was obtained from the next of kin in all cases.
The study was approved by the human subjects research ethics
committee in each of the centers.

A standardized psychiatric history (26, 27) and a standardized
assessment of cognitive function (25, 28) were completed; differ-

TABLE 1. Neuropathological Rating Procedures Used at Four Sites to Assess Brain Plaques, Tangles, and Lewy Bodies in
Patients With Lewy Body Dementia or Alzheimer’s Disease

Method
Brain Regions 

(Brodmann’s areas) Stains
Feature 

Evaluated
Range of
Values

Adjustment
for Age

Consortium to Establish a 
Registry for Alzheimer’s 
Disease (CERAD) protocol (15)

Superior temporal (area 21/22), 
prefrontal (area 8/9), inferior 
parietal (area 40)

Bielschowsky,
thioflavin S, 
von Braunmuhl

Neuritic plaques Sparse, moderate, 
or frequent

Yes

Braak and Braak staging (16) Transentorhinal, entorhinal, 
hippocampus, occipital cortex

Gallyas, 
Palmgren, AT8

Neurofibrillary
tangles, europil 
threads

Stages 0–VI

Consensus protocol for 
dementia with Lewy bodies (5)

Transentorhinal (area 28), 
anterior cingulate (area 24), 
superior temporal (area 21/22),
prefrontal (area 8/9), 
inferior parietal (area 40)

Ubiquitin, 
alpha-synuclein

Cortical Lewy 
bodies

Lewy body staging 
(thresholds: 
brainstem, 0–2; 
limbic area, 3–6; 
neocortex, 7–10

Immunohistochemical staining 
by avidin-biotin peroxidase 
complex (ABC) method

— — — —

Ubiquitin stain — — — —
AT8 stain — — — —
Alpha-synuclein stain — — — —
Alz50 monoclonal antibody — — — —
A4 monoclonal antibody — — — —
a Modified according to the method of Nagy et al. (34).
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ent centers used different instruments. To estimate cognitive per-
formance across centers, each patient was given a percentage
score (the percentage of points scored by the patient out of those
available on the schedule used), with a higher percentage indicat-
ing better performance.

A full neuropsychiatric evaluation was completed at each cen-
ter with validated instruments (29–31). The diagnosis of depres-
sion was made by using DSM-III-R criteria but without the organic
exclusion clause when dementia was the only relevant organic
condition. Definitions of the presence and classification of psy-
chotic features were taken from the criteria of Burns et al. (32). At
each center a standardized physical examination included a de-
tailed evaluation of parkinsonism (33). Repeat evaluations were
undertaken at least annually until death. Symptoms were rated
as persistent if they were present for at least 6 months continu-
ously at some stage of the dementia (either present at two or
more consecutive assessments or present for 6 months accord-
ing to the patient’s history at the time of the initial evaluation).
For the individuals who died before any follow-up assessment
was completed, the determination of chronicity was made on the
basis of a history of the continuous presence of the symptom for
at least 6 months before the evaluation. This is the same defini-
tion of chronicity as applied in previous publications from the
Newcastle group.

At each center, the neuropathological diagnosis of Alzheimer’s
disease was made according to the CERAD protocol (15), and the
severity of plaques was determined by using the CERAD guide-
lines (15). The staging method of Braak and Braak (16) was used
to quantify tangle pathology. The presence or absence of Lewy
bodies was assessed in the brainstem and in limbic and neocor-
tical areas as outlined in the consensus criteria for dementia with
Lewy bodies (5). The staging of Lewy body pathology followed
the same consensus guidelines. The neuropathological diagnosis
of dementia with Lewy bodies was hence independent of the se-
verity of Alzheimer’s disease pathology, and patients with suffi-
cient Lewy bodies in the key diagnostic areas were diagnosed as
having dementia with Lewy bodies even in the presence of exten-
sive plaque or tangle pathology. Lewy bodies were not evaluated
in other areas, and so coincidental Lewy bodies in other regions,
such as the amygdala, would not lead to a diagnosis of dementia
with Lewy bodies.

The neuropathological methods and the staining procedures
used at each center are summarized in Table 1.

An additional 90 patients with neuropathologically confirmed
Alzheimer’s disease from the three U.K. centers, who had been
assessed prospectively during life with the same standardized
procedures, were included as a comparison group. For the pa-
tients with Lewy body dementia, the Braak stages, CERAD stages,
and Lewy body dementia stages were correlated in independent
analyses with key symptoms by using the chi-square test. The
numbers of patients with Lewy body dementia and with Alzhei-
mer’s disease who experienced the symptoms of interest at pre-
sentation and the numbers who had them persistently (≥6
months) during the course of the dementia were compared by
using chi-square tests. Correlations between different patholo-
gies were undertaken by means of Spearman’s rank correlation.
The Statistical Package for the Social Sciences was used for all
evaluations (35).

Results

Nearly half of the patients who had dementia with Lewy
bodies were female. Their mean age and duration of de-
mentia are presented in Table 2. The median duration be-
tween the baseline assessment and death was 2 years, and
the median number of clinical assessments for the patients
with Lewy body dementia was three per participant, al-
though 23 (21%) of the patients died before any follow-up
evaluations were completed. There were high frequencies
of visual hallucinations, delusions, and major depression
among the patients with Lewy body dementia (Table 2).

Braak staging was significantly correlated with demen-
tia duration (Table 3), but there was no association be-
tween the number of years of dementia and Lewy body
staging. As anticipated, Braak and CERAD staging were
significantly correlated (rs=0.40, N=112, p<0.0001). The
severity of Lewy body pathology was independent of
plaques (CERAD staging: rs=0.12, N=112, p=0.19), but
there was a significantly lower proportion of patients with
neocortical Lewy bodies among those with Braak stage V
or VI tangle pathology (Table 4).

Within the group who had Lewy body dementia there
was a significant association between lower Braak stage
and higher frequency of persistent visual hallucinations
(Table 5). There was no association between the CERAD
staging and any of the psychiatric symptoms. Significant
associations between higher Lewy body staging and both
persistent delusions and persistent visual hallucinations
were identified. Persistent visual hallucinations were
most frequent in patients with neocortical Lewy bodies.

The characteristics of the groups with Lewy body de-
mentia and Alzheimer’s disease are shown in Table 2.
Compared to those with Alzheimer’s disease, the patients
with Lewy body dementia had significantly higher fre-
quencies of depression, delusions, visual hallucinations,
and parkinsonism at the beginning of the study. Longitu-
dinal data were available for 77 (86%) of the Alzheimer’s
disease patients, of whom 14 (18%) had persistent visual
hallucinations, 24 (31%) had persistent delusions, and 14
(18%) had persistent depression. In comparison with the

Use of Method by Each Research Center

Newcastle, U.K. Oxford, U.K. London, U.K. London, Ont., Canada
Yes Yes Yes Yes

Yes Yesa Yes Yes

Yes Yes Yes Yes

Yes

Yes Yes Yes Yes
Yes Yes Yes
Yes Yes
Yes Yes

Yes
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patients who had Lewy body dementia, the Alzheimer’s
disease patients were significantly less likely to have per-
sistent visual hallucinations (χ2=19.4, df=1, p<0.0001) but
not delusions (χ2=0.48, df=1, p=0.49) or depression (χ2=
0.73, df=1, p=0.39). Patients with Lewy body dementia
who had a higher Braak stage (V or VI) had a frequency of
persistent visual hallucinations (21%) that was more sim-
ilar to that of the patients with Alzheimer’s disease (20%)
than the frequency for patients with Lewy body dementia
who had a Braak stage of 0–II (Table 2, Table 5).

Discussion

This study of patients with autopsy-confirmed Lewy
body dementia elucidates the relationship of pathology to
clinical features in dementia with Lewy bodies. There were

two main findings. First, a low tangle count is the main
correlate of persistent visual hallucinations in dementia
with Lewy bodies, but the presence of neocortical Lewy
bodies also increases the frequency of both visual halluci-
nations and delusions. Second, patients who have Lewy
body dementia with Braak stage V or VI tangle pathology
have a symptom profile more similar to that of Alzheimer’s
disease patients than do other patients with Lewy body
dementia, and they also have significantly fewer neocorti-
cal Lewy bodies. This indicates that patients with Lewy
body dementia with higher tangle counts and fewer neo-
cortical Lewy bodies are a discrete subgroup with different
clinical and neuropathological characteristics. This series
confirms that patients with Lewy body dementia have
high frequencies of visual hallucinations (59%), delusions
(55%), and depression (39%), each of which was present

TABLE 2. Demographic and Clinical Characteristics of Prospectively Followed Patients With Autopsy-Confirmed Lewy Body
Dementia or Alzheimer’s Disease

Characteristic
Dementia With Lewy 

Bodies (N=112)
Alzheimer’s Disease 

(N=90) Analysis
Mean SD Mean SD t df p

Age at first assessment (years) 76.2 7.6 78.3 7.6 — — n.s.
Age at death (years) 79.5 6.8 81.9 7.0 — — n.s.
Duration of dementia from onset to death (years) 7.4 4.3 9.2 7.2 — — n.s.
Score on cognitive test battery (%)a 48 28 31 24 3.4 1 0.0001

N % N % χ2 df p

Female gender 55 49 60 67 6.5 1 0.01
Psychiatric symptoms at first assessment

Depression 44 39 10 11 19.9 1 <0.0001
Delusions 62 55 25 28 16.0 1 <0.0001
Visual hallucinations 66 59 18 20 34.4 1 <0.0001

Parkinsonism 49 44 24 27 6.0 1 0.01
a Either the Mini-Mental State Examination (25) or the Extended Scale for Dementia (28).

TABLE 3. Relation of Demographic and Clinical Characteristics to Brain Plaques, Tangles, and Lewy Bodies in 112 Prospec-
tively Followed Patients With Lewy Body Dementia

Age at First 
Assessment 

(years)
Age at Death 

(years)
Female 
Gender

Total Duration 
of Dementia 

(years)a

Duration 
of Parkinsonism 

(years)b

Neuropathological Rating Mean SD Mean SD N % Mean SD Mean SD
Staging of neurofibrillary tangles and 

neuropil threads by method of Braak 
and Braak (16)
Stage 0 (N=7) 76.1 6.9 78.7 5.1 1 14 5.5 2.8 6.4 6.5
Stage I or II (N=36) 75.8 5.1 80.8 6.1 17 47 6.1 3.3 3.9 6.3
Stage III or IV (N=40) 79.4 5.9 82.1 6.4 18 45 4.2 2.0 2.2 2.3
Stage V or VI (N=29) 72.2 9.3 77.3 8.7 19 66 10.6 4.0 0.1 0.4

Staging of neuritic plaques by protocol 
of Consortium to Establish a Registry 
for Alzheimer’s Disease (CERAD) (15)
No plaques (N=16) 74.1 5.2 78.5 5.9 8 50 8.2 3.5 3.9 5.7
Scarce plaques (N=17) 74.9 9.6 78.7 7.4 4 24 5.9 4.0 3.3 9.2
Moderate plaques (N=31) 77.1 6.7 79.5 7.0 14 45 5.8 3.6 2.9 3.4
Abundant plaques (N=48) 76.7 8.1 80.2 7.0 29 60 8.4 4.8 1.6 3.1

Staging (present/absent) of Lewy bodies 
by consensus protocol (5)
Brainstem (N=19) 78.6 7.0 81.6 6.2 7 37 6.3 4.6 2.1 3.8
Limbic area (N=28) 74.0 9.1 78.5 7.9 15 54 8.6 6.0 3.6 7.3
Neocortex (N=65) 76.4 7.0 79.3 6.5 33 51 7.0 3.1 2.2 3.7

a Significant correlation with Braak staging (rs=0.47, N=112, p<0.0001).
b Significant correlations with Braak staging (rs=–0.34, N=112, p=0.005) and CERAD staging (rs=–0.37, N=112, p=0.002).
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significantly more frequently than in Alzheimer’s disease
patients, and also that visual hallucinations (present for 6
months or more in 50% of the patients with Lewy body de-
mentia), but not other psychiatric features, are signifi-
cantly more persistent.

Patients with Lewy body dementia who had Braak stage
V or VI tangle pathology had a frequency of persistent vi-
sual hallucinations more similar to that of the Alzheimer’s
disease patients than to that of the patients with Lewy
body dementia who had Braak stage 0–IV pathology. This
is important for diagnosis, as a lower proportion of these
patients meet operationalized clinical criteria for demen-
tia with Lewy bodies. Taken together with the lower pro-
portion of patients with neocortical Lewy bodies, this
finding hence provides some justification for considering
this group as having a “Lewy body variant of Alzheimer’s
disease.” This concept has been described previously in
relation to plaque pathology (1) but, on the basis of the
present data, should be focused on patients with Lewy
body dementia who have severe tangle pathology. It will
be important to determine whether “Lewy body variant”
patients experience severe neuroleptic sensitivity reac-
tions and how responsive their neuropsychiatric symp-
toms are to cholinesterase inhibitors.

Visual hallucinations and delusions in patients with
Lewy body dementia have different pathological sub-
strates, a finding that is consistent with results from previ-
ous neurochemical studies (14), and the neuropathologi-
cal associations of psychosis are different in dementia
with Lewy bodies and Alzheimer’s disease. In Alzheimer’s
disease patients there is a significant positive association
between the presence of neurofibrillary tangles in the
neocortex and the occurrence of psychotic symptoms, de-
fined as either visual hallucinations or delusions (36); this
relationship is the opposite of the inverse association be-
tween visual hallucinations and neurofibrillary tangle
staging in the current study. This difference may be due to
the fact that the patients with Lewy body dementia had
more pronounced cholinergic deficits in the medial tem-
poral lobe than did the patients with Alzheimer’s disease,
despite a lower tangle burden (14, 37). The different un-
derlying bases of visual hallucinations and delusions and
the different neuropathological substrates of psychotic
symptoms in dementia with Lewy bodies and Alzheimer’s
disease are crucial for developing a meaningful classifica-
tion of psychiatric syndromes in dementia patients, for
designing clinical trials, and for developing rational treat-
ment approaches. The results of treatment studies focus-

TABLE 4. Relation of Brain Tangles to Lewy Bodies in 112 Patients With Autopsy-Confirmed Lewy Body Dementiaa

Staging of Lewy Bodies 
by Consensus Protocol (5)

Staging of Neurofibrillary Tangles and Neuropil Threads by Method of Braak and Braak (16)

Stage 0 (N=7) Stage I or II (N=36) Stage III or IV (N=40) Stage V or VI (N=29)

N % N % N % N %
Present in brainstem 3 43 3 8 9 23 4 14
Present in limbic area 1 14 9 25 5 13 13 45
Present in neocortexb 3 43 24 67 26 65 12 41
a Nonsignificant correlation between Lewy body and Braak staging (rs=–0.10, N=112, p=0.29).
b Significant difference among Braak stages (χ2=4.6, df=3, p=0.04)

TABLE 5. Relation of Brain Plaques, Tangles, and Lewy Bodies to Persistent Psychiatric Symptoms in 112 Prospectively
Followed Patients With Autopsy-Confirmed Lewy Body Dementiaa

Persistent Depression Persistent Delusionsb
Persistent Visual 
Hallucinationsc

Neuropathological Rating N % N % N %
Staging of neurofibrillary tangles and neuropil threads 

by method of Braak and Braak (16)
Stage 0 (N=7) 2 29 2 29 4 57
Stage I or II (N=36) 10 28 8 22 23 64
Stage III or IV (N=40) 12 30 14 35 23 58
Stage V or VI (N=29) 4 14 6 21 6 21

Staging of neuritic plaques by protocol of Consortium to 
Establish a Registry for Alzheimer’s Disease (CERAD) (15)
No plaques (N=16) 5 31 4 25 8 50
Scarce plaques (N=17) 7 41 1 6 7 41
Moderate plaques (N=31) 9 29 13 42 18 58
Abundant plaques (N=48) 7 15 12 25 23 48

Staging (present/absent) of Lewy bodies by consensus 
protocol (5)
Brainstem (N=19) 6 32 2 11 6 32
Limbic (N=28) 9 32 9 32 11 39
Neocortical (N=65) 13 20 24 37 39 60

a Symptoms were rated as persistent if they were present for at least 6 months continuously at some stage of the dementia (either present at
two or more consecutive assessments or present for 6 months according to the patient’s history at the time of the initial evaluation).

b Significant differences among Lewy body stages (χ2=8.8, df=2, p=0.01).
c Significant differences among Braak stages (χ2=13.8, df=3, p=0.003) and among Lewy body stages (χ2=6.5, df=2, p=0.04).
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ing on psychiatric symptoms in dementia with Lewy bod-
ies hence do not enable us to predict the responsiveness of
these symptoms to the same treatments in Alzheimer’s
disease patients.

The presence of persistent visual hallucinations was sig-
nificantly inversely associated with Braak stage. More
widespread Lewy bodies were also associated with the
persistence of visual hallucinations. Previous work indi-
cates that visual hallucinations in dementia with Lewy
bodies (and also Parkinson’s disease) are related to the se-
verity of cholinergic deficits (14) and probably also to the
extent of cortical Lewy body pathology (11), particularly in
the temporal cortex (24). The present findings are consis-
tent with those of previous studies but also emphasize the
importance of less severe tangles. Delusions were not as-
sociated with plaque or tangle staging in our study, al-
though persistent delusions were associated with Lewy
body distribution. While these findings have important
implications for the classification of cases of dementia
with Lewy bodies and for understanding differences in the
neuropathological basis of psychiatric symptoms in Lewy
body dementia and Alzheimer’s disease, this is only the
first step. Further work needs to evaluate in detail the pat-
tern of associations between plaque, tangle, and Lewy
body pathology in specific regions of interest. Important
smaller studies have been reported; for example, Harding
et al. (24) reported an association between visual halluci-
nations and the density of Lewy bodies in key temporal
lobe regions in 29 patients with Lewy body dementia.
Building on this work in large systematic studies will be
important to develop a more comprehensive understand-
ing of the neuropathological substrates of key symptoms
in dementia with Lewy bodies.

Although frequent, depression in patients with Lewy
body dementia was not associated with plaque, tangle, or
Lewy body pathology. Consistent with this finding was the
association with serotonergic measures in a previous neu-
rochemical study (38).

Lewy bodies were less prevalent in patients with high
Braak staging, consistent with earlier evidence that there
may be a degree of mutual exclusion between Lewy body
and tau pathology. According to Arima et al. (39), the
presence of neurofibrillary tangles or tau-epitopes within
neurons containing Lewy bodies is rare, although in a
more recent study (40) using tau and alpha-synuclein im-
munohistochemistry the coexistence of neurofibrillary
tangles and Lewy bodies in the same neurons in the subic-
ulum was identified. Both of these pathological studies
suggested that alpha-synuclein stimulates the accumula-
tion of phosphorylated tau in terminal axons.

To our knowledge, this is the largest comparison of de-
mentia with Lewy bodies and Alzheimer’s disease. At each
center the patients were diagnosed at autopsy but had
been prospectively assessed during life with standardized
clinical evaluations. We determined the correlations of
initial symptoms and persistent symptoms (of 6 months’

duration) over the course of the illness to neuropathologi-
cal features at death. The first patients to come to autopsy
in longitudinal series usually die of concurrent causes in
the mild to moderate stages of the disease. As a result, the
median duration between first assessment and death was
only 2 years. The longitudinal design has particular advan-
tages for the evaluation of associations with persistent
psychosis.

Assessments were completed with validated staging sys-
tems, although the detailed methodological procedures
differed between the individual centers. The biggest po-
tential disadvantage is the different staining procedures
used for the identification of Lewy bodies. While this may
have been a problem for the detailed quantification of
Lewy body density, it is unlikely to have made a substan-
tial difference to the standard staging procedure. For ex-
ample, in a comparative study, alpha-synuclein staining
improved the identification of Lewy bodies by only 5%
over other methods (18).

In conclusion, in patients with Lewy body dementia, the
major neuropathological characteristic associated with
persistent visual hallucinations is the absence of severe
tangle pathology, indicating a different neuropathological
basis from that previously described for psychotic symp-
toms in patients with Alzheimer’s disease. An important
implication is that treatment response is also likely to be
different, and results of clinical trials cannot easily be gen-
eralized from one patient group to the other.
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Proof of mechanism study to detect cerebral β-amyloid plaques in patients with 
Alzheimer's disease (AD) using BAY 94-9172 and PET  
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Objectives: A broader availability of a PET technique to detect cerebral β-amyloid 
plaques, a histological hallmark in AD, requires radiolabels with adequate half life. BAY 
94-9172 is a new [18F]-labeled polyethyleneglycol stilbene derivative with high affinity to 
synthetic β1-42-amyloid fibrils and post-mortem human AD brain homogenates. This 
tracer is currently tested in a clinical proof of mechanism study with regard to its 
suitability to diagnose AD. 
Methods: We so far included 10 AD patients (age 69±7yrs, MMSE 19±7) and 7 age-
matched healthy controls ((HCs), MMSE≥28). After i.v. administration of 300MBq BAY 
94-9172, the brains of all subjects were scanned on an ECAT EXACT HR+ system. 70-
90 min p.i. image time-frames were scored visually by three blinded experts and 
analyzed voxelwise on a single-case base with a normal database constructed of the 
PET data of the HCs (SPM2). 
Results: In visual analysis, none of the HCs but 9 of the 10 AD patients were scored 
positive (κ for inter-rater agreement = 0.84 - 1.00, p ≤ 0.001). In keeping with that, SPM 
revealed clusters with increased tracer uptake (p < 0.01) mainly in frontal, parietal and 
posterior cingular cortex of 9 AD patients, but in none of the HCs. For all subjects, the 
volume of increased tracer uptake had a non-linear negative relationship with the 
MMSE (r2 = -0.69, p < 0.01). 
Conclusions: From these preliminary data it is concluded that BAY 94-9172-PET has a 
great potential to diagnose AD in the living human brain. Further efforts are currently 
undertaken towards full kinetic modeling of the tracer dynamics. 



For personal use. Only reproduce with permission from The Lancet.

THE LANCET Neurology Vol 2  October 2003    http://neurology.thelancet.com 605

Early diagnosis of Alzheimer’s disease (AD) is needed to
initiate symptomatic treatment with acetylcholinesterase
inhibitors, and will be of even greater significance if drugs
aimed at slowing down the degenerative process, such as
vaccination regimes and �-secretase and �-secretase
inhibitors, prove to affect AD pathology and to have clinical
effect. However, there is no clinical method to determine in
which patients mild cognitive impairment (MCI) will progress
to AD with dementia, and in which patients MCI is benign.
Hence, there is a great clinical need for biomarkers to
identify incipient AD in patients with MCI. The CSF
biomarkers total tau protein, phosphorylated tau protein,
and the 42 amino-acid residue form of amyloid-� may, if put
in the right clinical context, prove to have high enough
diagnostic accuracy to meet this challenge.

Lancet Neurol 2003; 2: 605–13

Mild cognitive impairment (MCI) is an age-related
syndrome that has gained increasing attention in the
research community and also in the general population.
MCI is characterised by memory impairment that can be
verified by objective measures adjusted for age and
education in the absence of dementia.1

MCI is aetiologically heterogeneous, and many patients
with the disorder have incipient Alzheimer’s disease (AD),
whereas others have a benign form of MCI. Cerebrovascular
disease may also contribute to memory impairment but can
be identified by the presence of cerebrovascular risk factors
(eg, hypertension) and findings of vascular pathology (eg,
infarcts, white-matter lesions) by use of brain-imaging
techniques. The definition and pathophysiology of MCI
were recently reviewed in The Lancet Neurology.2

In many cases, MCI is a transition between normal ageing
and AD, with a conversion rate reaching as high as 15% a
year.2 Research efforts have been directed to find methods to
identify in which patients MCI will progress to AD and in
which patients it will not. In this paper, we review the
potential of CSF analyses as diagnostic markers for AD,
specifically their usefulness in the identification of incipient
AD, and their role in the diagnosis of MCI in clinical practice.
We also give suggestions for how to use CSF markers in
clinical practice.

Diagnostic markers
The introduction of effective symptomatic treatment of AD
with acetylcholinesterase inhibitors has highlighted the
importance of early and accurate diagnosis of AD. However,
the most commonly used criteria for the clinical diagnosis of

AD was outlined almost 20 years ago by the National Institute
of Neurological and Disorders and Stroke and the Alzheimer
Disease and Related Disorders (NINCDS–ADRDA) Work
Group.3 These criteria largely depend on the exclusion of
other dementias. Although the NINCDS–ADRDA criteria
have been reported to have a high accuracy rate (80–90%),4,5

studies of the diagnostic accuracy come from specialised
expert research academic centres, and most data are from
patients in later stages of the disease who were studied for
several years before death and autopsy. The clinical diagnostic
accuracy is probably lower in patients in the earlier stages of
AD, especially in those with MCI, when specific symptoms
other than memory disturbances are absent or indistinct.

The increasing knowledge and awareness of possible drug
treatments for AD have made patients seek medical advice at
an earlier stage of the disease. Many patients do not present
with characteristic symptoms of moderate to severe AD, but
have only mild memory disturbances without dementia.
There is no clinical method to determine which patients will
progress to AD with dementia, except for an extended
clinical follow-up. Thus, there is a great clinical need for
biomarkers to identify incipient AD in patients with MCI.
This need will be much larger if new drugs to slow or stop the
degenerative process (eg, vaccination regimes, �-secretase
and �-secretase inhibitors, and �-sheet breakers) prove to
have a beneficial clinical effect. Such compounds are
probably most effective early in the disease course, before
neurodegeneration is too severe and widespread.

State and stage markers for AD
The degenerative process in AD probably starts 20–30 years
before the clinical onset of the disease.6 During this
preclinical phase of AD, plaque and tangle loads increase,
and at a certain threshold the first symptoms appear. There
are no data to suggest that the intensity of the disease process
(ie, the rate of neuronal degeneration and plaque and tangle
formation) changes during the disease process. Diagnostic
markers for AD can be divided into two groups: state
markers and stage markers. 
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State markers
State markers reflect the intensity of the disease process. One
example of a state marker is the total amount of tau protein.
The total concentration of tau protein in the CSF probably
indicates the intensity of the neuronal damage and
degeneration. In acute disorders (such as ischaemic stroke)
there is a transient increase in tau protein concentration in the
CSF that correlates with infarct size measured by CT.7

Furthermore, the degree of increase in tau protein
concentrations in the CSF is highest in disorders with the
most intense neuronal degeneration, such as Creutzfeldt-
Jakob disease,8 whereas a moderate increase is found in AD, in
which the degeneration is less intense, and a normal
concentration is found in patients with depression and no or
limited degeneration.9

Stage markers
Stage markers give a measure of how far the degenerative
process has proceeded. An example of a stage marker is
atrophy of the hippocampus as measured with CT or MRI.
Clinical rating scales (which measure the stage of the
cognitive decline) are also stage markers.

Because the disease process starts several years before the
onset of the first symptoms, both state and stage markers are
probably positive in the early phase of AD. Indeed, patients
with MCI have both high concentrations of tau protein in
their CSF and hippocampal atrophy.10 However, the increase
in tau protein concentrations is larger (210–290%
increase)11–15 than the degree of hippocampal atrophy (9–15%
reduction of hippocampal volume).10 State markers, such as
tau protein, probably have a larger potential than stage
markers, such as hippocampal atrophy on CT or MRI, as
prognostic markers to identify incipient AD in patients with
MCI.

CSF markers for AD
The CSF is in direct contact with the extracellular space of the
brain, and hence biochemical changes in the brain affect the
CSF. Because AD pathology is restricted to the brain, CSF is
an obvious source of biomarkers for AD. Biochemical
markers for AD should reflect the central pathogenetic
processes (ie, the neuronal degeneration, the deposition of
amyloid-� peptide [A�] in plaques, and the
hyperphosphorylation of tau with subsequent formation of
tangles; figure 1). Possible biomarkers for these pathogenetic
processes are the concentrations in the CSF of total tau
protein, the 42 amino acid form of A� (A�1–42), and
phosphorylated tau protein. 

Tau protein
Tau protein is located in the neuronal axons. There are six
different isoforms and numerous phosphorylation sites of
tau protein in the human brain (figure 2). The first report on
tau protein concentration in the CSF as a biomarker for
AD—in which ELISA with a polyclonal antibody was used—
was published in 1993.16 After this, ELISA methods based on
monoclonal antibodies that detect all isoforms of tau
protein, independent of their phosphorylation, have been
developed (figure 2).9,17

The concentration of tau protein in the CSF probably
reflects the intensity of neuronal degeneration in chronic
neurodegenerative disorders.

A�1–42

A� is the major component of plaques.18 It is a proteolytic
cleavage product from the amyloid precursor protein: APP is
cleaved by �-secretase to release a large N-terminal
derivative called �-sAPP, which is cleaved by �-secretase to
release free A�.

Review CSF markers for incipient AD

Phosphorylated tau in tangles

A�1–42 in senile plaques

Total tau in neuronal axons

Figure 1. Schematic drawing of a neuron with an adjacent astrocyte and capillary. The central pathogenetic processes in AD and their corresponding
biochemical markers are depicted. Total concentration of tau protein is a marker of neuronal and axonal degeneration, A�1–42 concentration is a marker
of plaque formation, and concentration of phosphorylated tau is a marker for hyperphosphorylation of tau and formation of tangles.
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The first reports on CSF A� as a biomarker for AD were
disappointing, and results ranged form a slight decrease in
AD to no change.19–21 In these studies total A� in the CSF was
measured. After research showed that there are two major
C-terminal variants of A�, with either 40 (A�1–40) or 42
(A�1–42) amino-acid residues, and that A�1–42 has the highest
tendency for aggregation and is the quickest A� to form
plaques,22,23 ELISA methods were developed with antibodies
specific for this form (figure 3).24,25

The decrease in concentrations of A�1–42 in the CSF was
first thought to be caused by a deposition of the peptide in
plaques.25 However, later studies showed a substantial
decrease in CSF A�1–42 in disorders without A� plaques, such
as Creutzfeldt-Jakob disease,26 amyotrophic lateral sclerosis,27

and multiple system atrophy.28 Although a recent
population-based autopsy study found a strong association
between low concentrations of A�1–42 in the CSF and high
numbers of plaques in the neocortex and hippocampus.29

Therefore, the decrease in CSF A�1–42 in AD may be due, at
least in part, to deposition of A� in plaques.

Phosphorylated tau protein
The most recently discovered biomarker for AD is
phosphorylated tau protein. Several ELISA methods have
been developed for different phosphorylated epitopes of tau
protein—including threonine 181 and 231,9 threonine 181,30

threonine 231 and serine 235,31 serine 199,31 threonine 231,32

and serine 396 and 404.33

The concentration of phosphorylated tau protein in the
CSF probably reflects the phosphorylation state of tau in
the brain. In contrast to the total concentration of tau
protein, there is no change in the concentration of
phosphorylated tau protein after acute stroke.34

Furthermore, despite a very pronounced increase in total
tau protein concentrations in Creutzfeldt-Jakob disease,
there is no increase in the concentration of the
phosphorylated protein.35 These findings suggest that the
concentration of phosphorylated tau protein in the CSF is
not simply a marker for neuronal damage, like total tau
protein, but that it specifically reflects the phosphorylation
state of tau and, thus, the formation of tangles in AD.
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Specificity and sensitivity of CSF markers for AD
Tau protein
An increase in the total concentration of tau protein in the
CSF has been found in many studies of AD; concentrations
are about three times higher in patients with AD than in
control individuals. For the most commonly used method,
the “Innogenetics ELISA”,9 sensitivity and specificity figures
are available from 36 different studies, which include about
2500 AD patients and 1400 controls (figure 4).9,12,24,27,30,33,36–66

The specificity of this assay is 90% and the mean sensitivity
to AD is 81% (figure 4). In the five studies with the “Athena”
assay,17 the mean sensitivity was lower, with similar
specificity (figure 4).17,25,67–69

Importantly, normal total concentrations of tau protein
in the CSF are found in several important differential
diagnoses—including depression, alcoholic dementia, and
chronic neurological disorders, such as Parkinson’s disease
and progressive supranuclear palsy.9,36,40,47,60,61

The specificity for tau protein is not optimum, because
high concentrations are also found in some other dementia

disorders. In vascular dementia, a 
high concentration of tau protein has
been found in a large percentage of
patients in some studies,9,46,61 although
in other studies the concentration of
tau protein was raised in only a few
patients.17,36,52 High total tau protein
concentrations in clinically diagnosed
vascular dementia may be caused 
by the presence of concomitant AD
pathology, which is a common finding
at autopsy.70,71 The same explanation
was also suggested in a CSF study with
longitudinal MRI in patients with

vascular dementia.61 A mild to moderate increase in the total
concentration of tau protein in the CSF has also been found
in frontotemporal dementia in some,9,44 but not in all,30,52

studies.

A�1–42

In patients with AD, a decrease in CSF concentration of A�1–42

to about 50% of that in control individuals has been recorded.
For the most commonly used method,24,72 the “Innogenetics
ELISA”, sensitivity and specificity figures are available from 13
different studies, which include about 600 patients with AD
and 450 control individuals (figure 5).24,26,27,46,47,50,54,57–59,63,72,73 With
specificity at 90%, the mean sensitivity of CSF A�1–42 to
discriminate between AD and normal ageing is 86%. In the
two studies with the “Athena” assay,25 sensitivity and
specificity figures were similar (figure 5).25,68

There are not many data on the ability of CSF A�1–42 to
distinguish AD from other dementias and neurological
disorders. Normal CSF A�1–42 concentrations are found in
psychiatric disorders such as depression and in chronic
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Figure 4. CSF total tau (T-tau) as a diagnostic marker for AD. Bars represent sensitivity figures for the two most commonly used ELISAs, the
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of publication are given for each study.
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neurological disorders such as Parkinson’s disease and
progressive supranuclear palsy.27,28,47,50 However, the
specificity of CSF A�1–42 for AD is not optimum, because low
concentrations are also found in a proportion of cases 
with other dementia disorders. Moderately low
concentrations are also found in Lewy-body dementia,50,72 a
disorder also characterised by senile
plaques, but a mild to moderate
decrease in CSF A�1–42 is also found in
some patients with frontotemporal
and vascular dementias.27,46,47

Phosphorylated tau protein
Six different ELISA methods showed a
high concentration of phosphorylated
tau protein in the CSF of patients with
AD.9,30–33 11 different studies of
sensitivity and specificity have been
published, which include about 800
patients with AD and 370 control
individuals (figure 6). At a specificity
of 92%, the mean sensitivity of
assessment of phosphorylated tau
protein to discriminate between AD
and normal ageing is 80% (figure 6).
Sensitivity varies widely among studies
both with different and the same
ELISA methods. Thus, further studies
are needed to determine if there is a
difference in sensitivity and specificity
figures for the different phos-
phorylated tau protein methods. The
phosphorylated-tau protein epitopes

threonine 181, serine 199, and
threonine 231 have similar diagnostic
results, with sensitivity figures of about
85% (unpublished).

Importantly, the specificity of CSF
phosphorylated tau protein for AD is
higher than for total tau protein and
A�1–42. High concentrations of tau
protein have only been shown in
patients with AD, and normal
concentrations have been found in
patients with psychiatric disorders
such as depression;9,76 in chronic
neurological disorders such as
amyotrophic lateral sclerosis and
Parkinson’s disease,9,27,52 and in
vascular, frontotemporal, and Lewy-
body dementias.27,30,49,52,74,75 Thus,
phosphorylated tau protein will
increase the specificity of CSF
biomarkers in the discrimination
between AD and other dementias.

Use of CSF markers to identify
incipient AD
Several studies have examined the

performance of CSF markers in patients with AD with mild
dementia (Mini-Mental State Examination77 >23; figure 7)
and high concentrations of total and phosphorylated tau
protein, and low concentrations of CSF A�1–42 are present,
with sensitivity figures similar to those found in later stages
of the disease (figure 7).
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Several groups of researchers have examined patients
with MCI who developed AD during a clinical follow-up
period of 1–2 years. All studies have found high total and
phosphorylated tau protein and low CSF concentrations of
A�1–42 already in this early phase of AD, with sensitivity
figures similar to, or slightly lower than, those found in AD
cases with dementia (figure 7).

A pitfall with the studies of CSF markers in patients
with MCI is that because only around 15% of MCI cases
progress to AD each year,2 a very extensive follow-up
period (>5 years) is needed to be certain that patients 
with MCI have stable disorder and do not develop
dementia. In the first study with this approach, a high 
total concentration of tau protein in the CSF was found 
to discriminate patients with MCI that later progressed 
to AD from those that did not progress, with 90%
sensitivity and 100% specificity.79 Another study also 
found high total concentrations of tau protein and low
concentrations of A�1–42 in 90% of patients with MCI 
that later progressed to AD with dementia, compared 
with 10% of patients with stable MCI.82 Similarly, a recent
study also found a substantially higher concentration 
of phosphorylated tau protein in patients with MCI that
progressed to AD than in those with stable MCI.13 Taken
together, these studies suggest that CSF markers are
positive very early in the disease process in AD, and may 
be of clinical value to differentiate MCI cases with 
incipient AD—which will progress to AD—from benign
MCI cases.

Limitations of CSF studies in clinically
diagnosed patients
Almost all data on the diagnostic capacity of CSF markers
come from studies of clinically diagnosed patients. This
introduces a risk of circular evidence—ie, the diagnostic
performance of CSF markers cannot be higher than 
the accuracy of the clinical diagnostic criteria used. 
Some patients who fulfil the NINCDS-ADRDA criteria3

for AD have other disorders. Further, there is an overlap
between AD and other dementias. Neuropathological
studies have shown that a high proportion (40–80%) 
of clinically diagnosed patients with vascular dementia 
have notable concomitant AD pathology,5,71 and that 
there is a large overlap between AD and Lewy-body
dementia.83

Asymptomatic elderly people may have presymptomatic
AD lesions in their brains;84 therefore, extensive follow-up is
needed to account for those individuals who have preclinical
AD. These limitations with clinical CSF studies make it
difficult to judge whether suboptimal sensitivity and specificity
figures are caused by shortcomings of the CSF markers or by
the patients and controls studied. Indeed, although the
differences did not reach statistical significance, AD cases
confirmed by autopsy showed a tendency for lower
concentrations of A�1–42 than clinically diagnosed cases
(170 pg/mL vs 187 pg/mL) and a trend for higher
concentrations of total tau was also found (677 pg/mL vs
559 pg/mL), even after exclusion of five misdiagnosed
patients.85

Review CSF markers for incipient AD

Mild AD MCI with progression MCI without 
progression

T-tau A�1–42 T-tau + A�1–42 P-tau231+235 P-tau181

Ga
la
sk

o 
19

97
(re

f 6
9)

Ku
rz 

 1
99

8
(re

f 5
6)

Ri
em

en
sc

hn
ei
de

r 1
99

6
(re

f 6
4)

An
dr

ea
se

n 
19

99
(re

f 6
1)

An
dr

ea
se

n 
19

99
(re

f 7
2)

Ga
la
sk

o 
19

98
(re

f 6
8)

Hu
ls
ta

er
t 1

99
9

(re
f 4

6)

Go
ttf

rie
s 

20
01

(re
f 1

1)

M
ar

uy
am

a 
20

01
(re

f 1
2)

Ar
ai
 2

00
0

(re
f 7

8)

An
dr

ea
se

n 
20

03
(re

f 1
5)

Ar
ai
 1

99
7

(re
f 7

9)

La
ut

en
sc

hl
ag

er
 2

00
1

(re
f 8

0)

An
dr

ea
se

n 
20

03
(re

f 1
5)

An
dr

ea
se

n 
20

01
(re

f 8
1)

An
dr

ea
se

n 
19

99
(re

f 7
3)

Ri
em

en
sc

hn
ei
de

r 2
00

2
(re

f 8
2)

Ar
ai
 2

00
0

(re
f 7

8)

An
dr

ea
se

n 
20

03
(re

f 1
5)

Ar
ai
 1

99
7

(re
f 7

9)

Ri
em

en
sc

hn
ei
de

r 2
00

2
(re

f 8
2)

S
en

si
tiv

ity
 (

%
)

0

10

20

30

40

50

60

70

80

90

100

S
pecificity (%

)

0

10

20

30

40

50

60

70

80

90

100

Figure 7. Sensitivity figures for CSF markers in the diagnosis of mild AD with mini-mental state examination score77 above 23, MCI with progression to
AD and specificity figures for MCI with progression to AD.
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Another limitation in the interpretation of the
performance of CSF markers is the lack of standardisation of
these CSF assays. Concentrations of the CSF markers have
been found to vary among studies from different centres
with the same ELISA method and among studies with
different methods. For example, in studies with the same
ELISA method,9 there is a 354% variation (from 106 pg/mL66

to 375 pg/mL) variation in total concentrations of tau in the
CSF between the control groups.43 Thus, future availability of
external control CSF samples for standardisation of methods
will be a prerequisite for direct comparisons of results from
different academic centres.

CSF markers in clinical practice
Complications after lumbar puncture
Lumbar puncture is often avoided because of fear of post-
lumbar-puncture headache. However, the incidence of this
headache is strictly age-related and less common in individuals
over 60 years of age than in younger individuals.86 Further-
more, the incidence of post-lumbar-puncture headache is
even lower (<2%) in patients admitted for assessment of
cognitive symptoms, most of whom have only minimal
discomfort.81,87 Thus, a spinal tap in the geriatric populations is
a safe procedure when done by a trained physician.

Analysis and confounding factors
There are several preanalytical and biological confounding
factors (ie, factors that may influence the analytical outcome)
that need to be accounted for before a CSF marker can 
be introduced in clinical routine. The only preanalytical

confounding factor is that both tau protein and A� have a
tendency to stick to the walls of test tubes made of glass and
hard plastic, which results in falsely low measurements.72

Therefore, CSF should be drained into non-absorbent test
tubes made of polypropylene. The CSF sample can be sent to
the laboratory either at room temperature or at 4°C, and
storage for up to 3 days does not influence concentrations of
these proteins. In the laboratory, all CSF samples are frozen
before assay. Reproducibility of ELISA results are confirmed
by use of two internal controls, stored at –80°C, on each ELISA
plate. The analytical variation for these ELISA methods
(10–15%) is acceptable.72

A biological factor that has to be taken into account is
variation in CSF concentrations of biomarkers with disease
progression. Large longitudinal studies on total tau protein
and A�1–42 show no significant change at 1–2 year follow-
up.61,72 Similarly, there is no significant change in
concentrations of either total tau, A�1–42, or threonine-181
phosphorylated tau in longitudinal studies of patients with
MCI that progress to AD with dementia.15,73 In contrast, in a
6 year longitudinal study, phosphorylated tau epitope
threonine 231 concentration decreased linearly with time in
patients with AD,88 and a 1 year longitudinal study of MCI
showed progressive increase in the concentration of this
epitope in patients with MCI at follow-up.89

Clinical routine
Although many studies have assessed the diagnostic potential
of these CSF markers, almost all have been done in research
settings with selected patient samples and CSF analyses run on
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Clinical examination
Medical history
Somatic examination
Neurological examination
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CSF IgG/IgM oligoclonal bands
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Structural brain imaging
Computerised tomography (CT)
Magnetic resonance tomography (MRT)

Final common question
Normal ageing?  Incipient AD?  
Depression?  Alcohol dementia?

Early and incipient AD

High T-tau/P-tau
Low A�1–42

CSF markers
T-tau, P-tau, A�1–42

Benign MCI/normal ageing, depression,alcohol dementia

Normal T-tau, P-tau, and A�1–42

Infarcts, lacunas, WMLs    vascular dementia?
Tumour    secondary dementia?
Dilatated ventricles    normal pressure hydrocephalus?

High S-TSH    hypothyreosis?
Alcohol High S-CDT dementia?
Low vitamin B12    vitamin B12 deficiency?
CSF lymphocytosis, intrathecal IgM production    Borrelia encephalitis?
Blood–brain barrier damage    cerebrovascular damage?

Secondary and non-AD dementias

Falls, focal neurology    subdural hematoma?
Sudden onset, focal neurology    vascular dementia?  
Personality change, disinhibition    frontotemporal dementia?
Very fast progression, dementia  
neurological symptoms    Creutzfeldt-Jakob disease?

Figure 8. Flow chart for the position of CSF markers in the clinical assessment of patients with MCI and early AD. The suggested investigation is
simplified and the secondary and non-AD dementias are only examples, intended to show the position of CSF markers in the clinical investigation.
TSH=thyroid stimulating hormone, CDT=carbohydrate deficient transferrine.



For personal use. Only reproduce with permission from The Lancet.

THE LANCET Neurology Vol 2  October 2003    http://neurology.thelancet.com612

one occasion (ie, under conditions providing figures on the
optimum capability of the markers). Two studies have,
however, been done in prospective patient samples, with
ELISA assays run each week in clinical neurochemical routine.
Also, in these studies the ability of total tau and the
combination of total tau and A�1–42 to differentiate AD from
normal ageing, depression, and Parkinson’s disease was high,
with sensitivity figures similar to, or higher than, other
studies.62,81 However, the specificity against other dementias
was less than optimum.

As in other areas of medicine, CSF markers for AD should
not be used as isolated tests. A possible analogy is myocardial
infarction, for which the clinical diagnosis is based on the
combined information from the clinical examination,
electrocardiogram, and biomarkers (eg, creatine kinase and
troponin T). Likewise, the clinical diagnosis of AD should be
based on cumulative information from the clinical
examination, brain-imaging techniques (eg, single photon
emission CT and MRI), and CSF biochemical markers.

Patients with cognitive disturbances are now seeking
medical advice at a very early stage, in many cases when mild
memory impairment is the only objective symptom. In these
cases there is no clinical method to determine which patients

will progress to AD and which patients will not. Biomarkers
may be included in the assessment of these patients to help
identify incipient AD (figure 8). After the clinical examination
and standard auxiliary investigations, secondary dementias
(eg, hypothyreosis and subdural haematoma) and also
dementias with differing history, symptoms, and findings on
brain imaging (eg, frontotemporal or vascular dementia) can
be identified. A common final question is whether a patient
with MCI has incipient AD or benign MCI. Other possible
differential diagnoses that may be hard to differentiate from
incipient AD are depression and variants thereof, and
alcohol-related cognitive dysfunction. Although more studies
are needed to determine the diagnostic capability of CSF
markers to identify incipient and early AD, we suggest that
CSF markers have a great clinical potential to help to resolve
this diagnostic challenge. Early diagnosis of AD is of
importance to be able to initiate symptomatic treatment with
acetylcholinesterase inhibitors, and ongoing studies will tell us
whether these drugs are also effective in patients with MCI or
incipient AD. Furthermore, identification of incipient AD will
be the basis for initiation of treatment with drugs that might
slow or stop the degenerative process, such as inhibitors of 
�-secretase and �-secretase.
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Search strategy and selection criteria
Data were identified by searches on MEDLINE and references
from relevant articles. The search terms “Alzheimer”, “CSF”, and
either “tau” or “amyloid” were used. CSF markers that have
been assessed in more than ten studies, by independent
research groups using different methods, were considered. Only
studies that include sensitivity and specificity figures, or in which
such figures could be calculated from graphs, were included.
Studies were excluded if they included mixed control groups,
did not report CSF proteins in concentration units (ie, mass or
mole per volume CSF), or included less than ten patients with
AD. Only papers published in English were reviewed.
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BRAAK, H. AND E. BRAAK. Frequency of stages of Alzheimer-related lesions in different age categories. NEUROBIOL AGING
18(4) 351–357, 1997.—Alzheimer’s disease is a relentlessly progressing dementing disorder. Major pathological hallmarks include
extracellular deposits of amyloid protein and intraneuronal neurofibrillary changes. No remissions occur in the course of the disease.
Initial amyloid deposits develop in poorly myelinated areas of the basal neocortex. From there, they spread into adjoining areas and
the hippocampus. Deposits eventually infiltrate all cortical areas, including densely myelinated primary fields of the neocortex (stages
A–C). Intraneuronal lesions develop initially in the transentorhinal region, then spread in a predictable manner across other areas
(stages I–VI). At stages I–II, neurofibrillary changes develop preferentially in the absence of amyloid deposits. A proportion of cases
shows early development of amyloid deposits and/or intraneuronal changes. Advanced age is thus not a prerequisite for the evolution
of the lesions. Alzheimer’s disease is an age-related, not an age-dependent disease. The degree of brain destruction at stages III–IV
frequently leads to the appearance of initial clinical symptoms. The stages V–VI representing fully developed Alzheimer’s disease are
increasingly prevalent with increasing age. The arithmetic means of the stages of both the amyloid-depositing and the neurofibrillary
pathology increase with age. Age is a risk factor for Alzheimer’s disease. © 1997 Elsevier Science Inc.

Alzheimer’s disease Amyloid-protein Neurofibrillary change Aging

THE insidious onset of Alzheimer’s disease (AD) is characterized
by a subtle decline in memory functions. As time passes, changes
in personality, deterioration of language functions, and eventually
motor dysfunction are added to the initial symptoms. The gradual
progress in the clinical picture mirrors the development of AD-
related brain destruction. Major pathological hallmarks include
extracellular deposits of A�-amyloid protein and intraneuronal
neurofibrillary changes. The predictable alteration in the pattern
and severity of the pathology permits the distinction of stages in
amyloid-deposition (A–C) and neurofibrillary changes (I–VI)
(8,10). The possible relationships among the three factors (age,
amyloid-depositing, and neurofibrillary changes) have not been
sufficiently explored. Goal of this study is to partially fill in these
gaps in knowledge through assessment of nonselected autopsy
cases using a staging procedure for AD-related lesions.

MATERIALS AND METHODS

A total of 2,661 brains obtained at autopsy was examined in
this study. The brains were collected between 1986 and 1996 and
were sent by three Departments of Pathology and one Department
of Forensic Pathology belonging to three Universities in Germany.

The material included cases from all the affiliated University
clinics. It did not originate in special gerontopsychiatric institu-
tions and does not correspond to such preselected material as
might have been provided by a Department of Neuropathology. All
cases received by our laboratory during this time period were
examined for AD-related changes. The relatively few cases below
the age of 25 and above the age of 95 were excluded from the
study. The material was checked for, but did not include, cases
with diseases known to be associated with the development of
neurofibrillary changes but different from AD (Down’s syndrome,
type C of Niemann-Pick disease, subacute sclerosing panencepha-
litis, progressive supranuclear palsy, corticobasal degeneration).
Staged cases at our disposal from prospective studies on the
development of Alzheimer’s disease were not included. Age
distribution and the number of cases permit division into age
categories encompassing a range of 5 years. The number of cases
and the male or female predominance in each age category is
displayed in Table 1 and Fig. 1.

Brains were fixed by immersion in a 4% aqueous formaldehyde
solution. Blocks of tissue including anteromedial portions of the
temporal lobe were removed at the mid-uncal level, and portions of

1 Request for reprints should be addressed to Heiko Braak, Department of Anatomy, J. W. Goethe University Theodor Stern Kai 7, D-60590 Frankfurt,
Germany.
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the occipital lobe were cut perpendicular to the calcarine fissure.
The blocks were embedded in polyethylene glykol and cut at
100 �m. Three staining techniques were applied. The aldehyde
fuchsin-Darrow red method was used for topographic orientation
(7,12). Modern silver techniques taking advantage of physical
development of the nucleation sites were applied: a silver-iodide
technique for neurofibrillary changes and argyrophilic grains, and
a silver-pyridine method for amyloid deposits and Lewy bodies
(9,12,15,23). These techniques demonstrate the pathological ma-
terial reliably, even if the tissue has been stored for decades in
formaldehyde. The results obtained by applying the advanced
silver techniques for neurofibrillary changes and amyloid deposits
are nearly identical to those seen in immunostained sections for
A�-protein and abnormally phosphorylated tau protein (9,13,23).
Diagnoses of stages in the development of amyloid deposits and
neurofibrillary changes were performed using published criteria

and were achieved without knowledge of clinical and pathological
data or age and gender of the individuals (8,10).

RESULTS

The proportion of cases exhibiting no amyloid deposits or
neurofibrillary changes decreases with advancing age (Figs. 2 and
3, upper row). Neither amyloid deposits nor neurofibrillary
changes necessarily accompany old age. The evolution of amyloid
deposits is shown in Fig. 2 and Table 2. The subpopulations devoid
of neurofibrillary changes are represented by the blank areas in the
columns in Fig. 2, and the dark areas indicate the subgroups
expressing any degree of neurofibrillary changes. Figure 3 and
Table 3 are similarly designed and display the evolution of
neurofibrillary changes. Here, the blank areas stand for the
subgroups devoid of amyloid deposits and the dark areas represent
the subgroups exhibiting them.

Amyloid Deposits

Cortical deposits of amyloid protein appear gradually, distrib-
uted more or less symmetrically, at specific predilection sites.
Initially, extensive cloud-like formations with ill-defined bound-
aries appear. With advance of the disease, they are replaced by
sharply outlined globular plaques of variable sizes. Intensely
stained plaques occur preferentially in neocortical layers III and
Va. Layers containing a myelinated plexus (IV and Vb) generally
show less dense precipitations. Subpial portions of layer I contain
confluent plaques, and layers II and VI are frequently free of
deposits. Often, band-like precipitations are seen in the outer and
inner pyramidal cell layers of the hippocampal CA1 sector and in
layers pre-� and pre-� of the entorhinal region. The number of
deposits increases until a certain level of density is reached. Even
at maximum density, a notable amount of the gray matter remains
free of deposits. An inverse relationship is observed between the
degree of myelination and the density of amyloid deposition, with
sparsely myelinated cortical areas and/or layers displaying a
denser depositing than those rich in myelin (13).

Stages in the Evolution of the Amyloid Deposits

Three stages can be distinguished in the gradual development
of cortical amyloid deposits (8,10). Typically, the initial patches
are seen in the basal neocortex, most frequently in poorly myelin-
ated temporal areas such as the perirhinal and/or ectorhinal fields
(stage A, Fig. 2, second row). Some individuals develop initial
deposits in young adulthood. The depositions increase in number
and spread into the adjoining neocortical areas and the hippocam-
pal formation (stage B, Fig. 2, third row). At this stage, the
perforant path is decorated with deposits as it pierces the subicu-
lum and travels through the molecular layers of CA1 and the fascia
dentata. Eventually, deposits are found in all areas of the cortex,
including the densely myelinated primary areas of the neocortex
(stage C, Fig. 2, fourth row). The diagrams of stages A to C show
a shift towards higher age-categories (Fig. 2). The prevalence of
stage C cases increases with age. More and more individuals arrive
at a higher stage of amyloid-depositing with advancing age. The
arithmetic means of the relative frequency in the occurrence of
amyloid-stages increase with age (A � 1, B � 2, C � 3; Fig. 4,
upper portion of the right half).

Neurofibrillary Changes of the Alzheimer Type

Neurofibrillary tangles (NFTs), neuropil threads (NTs), and
argyrophilic dystrophic neurites of neuritic plaques (NPs) are
different types of the intraneuronal changes. In general, the first

FIG. 1. Diagram showing the relative frequency of females and males in
each age category. In higher age categories, the predominance of males is
replaced by a gradual increase in the proportion of females.

TABLE 1
RELATIVE FREQUENCY OF FEMALES AND MALES IN THE MATERIAL

EXAMINED

Age Category Female Male
Total

Number

26–30 19 (31%) 42 (69%) 61
31–35 25 (43%) 33 (57%) 58
36–40 36 (43%) 47 (57%) 83
41–45 28 (36%) 50 (64%) 78
46–50 42 (33%) 87 (67%) 129
51–55 61 (37%) 104 (63%) 165
56–60 66 (29%) 158 (71%) 224
61–65 91 (37%) 157 (63%) 248
66–70 147 (49%) 153 (51%) 300
71–75 146 (50%) 144 (50%) 290
76–80 160 (51%) 155 (49%) 315
81–85 234 (58%) 171 (42%) 405
86–90 153 (65%) 82 (35%) 235
91–95 50 (71%) 20 (29%) 70

1258 1403 2661
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FIG. 2. Development of amyloid deposits in 2,661 nonselected autopsy cases. The first line displays the
frequency of cases devoid of changes in relation to the total number of cases in the various age categories. The
second, third, and fourth lines are similarly designed, and show the evolution of the AD-related changes. The
dark areas of the columns refer to subgroups showing the presence of neurofibrillary changes.
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FIG. 3. Development of neurofibrillary changes in 2,661 nonselected autopsy cases. The first line displays
the frequency of cases devoid of changes in relation to the total number of cases in the various age categories.
The second, third, and fourth lines are similarly designed, and show the evolution of the AD-related changes.
The dark areas of the columns represent the subgroups displaying amyloid deposits.
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changes seen in the brain consist of NTs and NFTs; NPs develop
later. The distribution of NPs is patchy and differs from that of
NFTs/NTs and of amyloid precipitations. Only a few of the many
neuronal types in the brain are capable of developing NTs/NFTs
(8,10). Poorly myelinated areas and/or layers display a higher
density of neurofibrillary changes than those rich in myelin (11).
Entangled neurons eventually die. The pathological material is
then converted into a less densely twisted extraneuronal “ghost”
tangle (3,6). Fresh NFTs/NTs and a variable number of “ghost”
tangles usually co-occur; just “ghost” tangles alone were not
observed in the material examined.

Stages in the Evolution of the Neurofibrillary Tangles and
Neuropil Threads

The intraneuronal changes develop at specific predilection
sites. From there, the changes spread in a predictable manner
across the cerebral cortex. Six stages can be distinguished in the
gradual development of NFTs/NTs (8,10). Specific projection cells
in the transentorhinal region (temporal lobe) are the first cortical
neurons to show the changes (stage I). The lesions then extend into
the entorhinal region proper (stage II). These changes develop
preferably in the absence of amyloid deposits (Fig. 3). A signifi-
cant number of cases show early development of stage I/II
pathology (Fig. 3, second row). Proceeding toward higher age
categories, the relative frequency of stage I/II cases increases,
reaches a culmination point, then decreases. Note in separate
illustrations that the culmination point of stage I cases is reached
at a younger age than that of stage II cases (Fig. 4, left half). The
pathological process then proceeds into both the hippocampus and
the temporal proneocortex (stage III), then reaches association
areas of the adjoining neocortex (stage IV). Eventually, the lesions
spread superolaterally (stage V) and extend into the primary areas
of the neocortex (stage VI). This pattern bears a resemblance to the
inverse sequence of cortical myelination (11). The limbic stages
III/IV (Fig. 3, third row) and neocortical stages V/VI (Fig. 3,
fourth row) display only an ascending portion of the age distribu-
tion. The prevalence of stage V/VI cases increases with age. The
arithmetic means of the relative frequency in the occurrence of
NFT/NT-stages increase with age (Fig. 4, lower portion of the
right half).

Combinations between Amyloid- and NFT/NT-Stages in Three
Age Ranges

Sixteen combinations are possible among cases without amy-
loid deposits or neurofibrillary changes, the amyloid stages A, B,
C, and the NFT/NT-stages I�II, III�IV, and V�VI (Table 4).
Some of these occur more frequently than others. The pattern of
the prevailing combinations changes with age. A rough division
into three age categories permits recognition of the major trend.
The frequently encountered combination of absence of both
amyloid deposits and neurofibrillary changes in the younger group
decreases with age, and the combination of amyloid-stage C with
NFT/NT-stages V–VI increases. In general, initial neurofibrillary
changes (stages I–II) develop in the absence of amyloid deposits,
while stages V–VI are associated with amyloid-stage C (Table 4).

DISCUSSION

The clinical diagnosis of AD is fraught with difficulty and
definite diagnoses cannot presently be made. Both false positive
and false negative diagnoses occur in a significant proportion of
cases, underlining the necessity for postmortem evaluation. Epi-
demiological studies often focus on avoiding selection bias, yet
still face the problem of inaccurate diagnoses (1,17,20,22,25,27).
Postmortem assessments offer the advantage of unambiguous
diagnoses, however, they unavoidably fail to be representative of
a living population (21).

The slow progression in the clinical symptoms of AD reflects
the gradual development of the brain changes (4,14,18,19,24).
Most conventional criteria for a postmortem diagnosis permit
recognition of fully developed AD, but fail to correctly distinguish
the broad spectrum of cases with less severe changes. Application
of the staging system takes into consideration the gradual progres-
sion of AD, provides accurate diagnoses in the initial phases, and
even takes note of the brain changes preceding the appearance of
clinical symptoms. The basic assumptions underlying the proce-

TABLE 2
NUMBER OF CASES AT AMYLOID-STAGES A–C OR DEVOID OF

AMYLOID DEPOSITS IN VARIOUS AGE CATEGORIES

Age
Category No Change

Stage
A

Stage
B

Stage
C

Total
Number

26–30 60 (10) 1 (1) 0 (0) 0 (0) 61
31–35 58 (12) 0 (0) 0 (0) 0 (0) 58
36–40 81 (22) 1 (0) 1 (0) 0 (0) 83
41–45 72 (27) 3 (1) 3 (3) 0 (0) 78
46–50 115 (44) 8 (7) 5 (5) 1 (0) 129
51–55 139 (67) 18 (16) 6 (5) 2 (2) 165
56–60 186 (113) 23 (23) 10 (9) 5 (5) 224
61–65 174 (117) 42 (40) 28 (22) 4 (3) 248
66–70 167 (123) 63 (61) 53 (53) 17 (16) 300
71–75 148 (125) 65 (63) 48 (44) 29 (27) 290
76–80 120 (110) 69 (68) 80 (79) 46 (43) 315
81–85 118 (116) 85 (85) 107 (106) 95 (93) 405
86–90 60 (57) 40 (39) 68 (68) 67 (67) 235
91–95 15 (15) 10 (10) 19 (19) 26 (26) 70

1513 428 428 292 2661

Cases displaying presence of neurofibrillary changes in brackets.

TABLE 3
NUMBER OF CASES AT NFT/NT-STAGES I–VI OR DEVOID OF

NEUROFIBRILLARY CHANGES IN VARIOUS AGE CATEGORIES

Age
Category No Change

Stage
I/II

Stage
III/IV

Stage
V/VI

Total
Number

26–30 50 (0) 11 (1) 0 (0) 0 (0) 61
31–35 46 (0) 12 (0) 0 (0) 0 (0) 58
36–40 61 (2) 22 (0) 0 (0) 0 (0) 83
41–45 47 (2) 31 (4) 0 (0) 0 (0) 78
46–50 72 (1) 55 (12) 2 (1) 0 (0) 129
51–55 75 (3) 86 (20) 3 (1) 1 (1) 165
56–60 74 (1) 141 (30) 4 (1) 5 (5) 224
61–65 65 (8) 176 (63) 5 (1) 2 (2) 248
66–70 46 (2) 216 (104) 32 (21) 6 (6) 300
71–75 27 (4) 200 (91) 53 (37) 10 (10) 290
76–80 12 (2) 185 (101) 97 (72) 21 (20) 315
81–85 3 (1) 210 (117) 147 (124) 45 (45) 405
86–90 4 (1) 108 (67) 84 (68) 39 (39) 235
91–95 0 (0) 27 (17) 26 (21) 17 (17) 70

582 1480 453 146 2661

Cases displaying presence of amyloid deposits in brackets.
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dure are corroborated by the finding that early stages occur
preferably in relatively young individuals, and the more advanced
stages appear with increasing age (28). It is important to note that
not a single stage I–VI case showed “ghost” tangles alone; all

demonstrated fresh NFTs/NTs, indicating that the pathological
process was continuing at the time of death. Spontaneous remis-
sion does not occur. Once the destructive process has begun it
immutably progresses.

A small proportion of cases develop amyloid deposits and/or
NFTs/NTs at a surprisingly young age (Figs. 2 and 3). Advanced
age is no prerequisite for the evolution of the changes. Develop-
ment of the changes are frequently attributed to noxious influences
expected to increase in severity in old age (peroxidative stress,
mitochondrial dysfunction, imbalance of glucose metabolism)
(2,5,16,29,30). The fact that initial lesions may develop in a young
and otherwise healthy brain should stimulate studies to determine
whether or not such influences can be demonstrated even in these
very early stages.

As in many other neurodegenerative diseases, the pathological
process underlying AD can be recognized over extended periods of
time before the onset of clinical symptoms. Data on the appearance
of stage I cases are of particular interest, because they provide
information about the actual spread of the disease. To find the first
neurofibrillary changes in a voluminous organ such as the human
brain might seem to be an almost hopeless undertaking. However,
with knowledge of the predilection sites of the initial NFTs/NTs,
the task can be accomplished. Many of the stage I cases die of
causes other than AD, and only a proportion of them live long
enough to arrive at end stages V–VI. In higher age categories, the
relative frequency of stage I/II cases increases, reaches a culmi-
nation point, then decreases. At stages III–IV, severe destruction of
the cortex is already observed; however, it is focused on the
entorhinal region and adjoining areas. Because of the probable

FIG. 4. Left: Relative frequency of cases showing stage I and stage II in the development of NFTs/NTs (same design as in Fig.
3). Initial neurofibrillary changes usually develop in the absence of amyloid deposits. Some individuals develop stage I pathology
early in life. Old age is not a prerequisite for the evolution of the neurofibrillary changes. Note the shift towards higher
age-categories with progress from stage I to stage II. Right: The arithmetic means of stages of amyloid deposits (A � 1, B �
2, C � 3) and neurofibrillary pathology increase with age. Age is a risk factor for AD.

TABLE 4
PERCENTAGE OF THE VARIOUS COMBINATIONS BETWEEN AMYLOID

(0, A, B, C) AND NFT/NT STAGES (0, I–II, III–IV, V–VI) IN THREE
AGE-RANGES

Age (Years) 0 A B C

36–55
0 53.30 1.32 0.44 0.00

I–II 34.70 5.05 2.64 0.22
III–IV 0.40 0.22 0.22 0.22
V–VI 0.00 0.00 0.00 0.22

56–75

0 18.55 0.67 0.85 0.00
I–II 41.80 16.50 9.70 1.13

III–IV 3.20 1.04 2.64 1.98
V–VI 0.00 0.10 0.00 2.07

76–95

0 1.46 0.20 0.20 0.00
I–II 22.20 14.65 12.30 2.54

III–IV 6.73 5.07 12.78 9.95
V–VI 0.10 0.00 1.46 10.34
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presence of initial symptoms and the characteristic brain destruc-
tion, stage III–IV cases are considered to correspond to clinically
incipient AD (4,14,18,24). Stages V/VI correspond to the clinical
picture of fully developed AD. They are increasingly prevalent
with increasing age (Fig. 3, fourth row).
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Abstract

Background: The goal was to forecast the global burden of Alzheimer’s disease
and evaluate the potential impact of interventions that delay disease onset or pro-
gression. Methods: A stochastic multi-state model was used in conjunction with
U.N. worldwide population forecasts and data from epidemiological studies on
risks of Alzheimer’s disease.

Findings: In 2006 the worldwide prevalence of Alzheimer’s disease was 26.6 mil-
lion. By 2050, prevalence will quadruple by which time 1 in 85 persons worldwide
will be living with the disease. We estimate about 43% of prevalent cases need a
high level of care equivalent to that of a nursing home. If interventions could de-
lay both disease onset and progression by a modest 1 year, there would be nearly
9.2 million fewer cases of disease in 2050 with nearly all the decline attributable
to decreases in persons needing high level of care.

Interpretation: We face a looming global epidemic of Alzheimer’s disease as the
world’s population ages. Modest advances in therapeutic and preventive strategies
that lead to even small delays in Alzheimer’s onset and progression can signifi-
cantly reduce the global burden of the disease.
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Abstract 

Background: The goal was to forecast the global burden of Alzheimer’s disease and evaluate the 

potential impact of interventions that delay disease onset or progression. 

Methods: A stochastic multi-state model was used in conjunction with U.N. worldwide 

population forecasts and data from epidemiological studies on risks of Alzheimer’s disease. 

Findings:  In 2006 the worldwide prevalence of Alzheimer’s disease was 26.6 million.  By 2050, 

prevalence will quadruple by which time 1 in 85 persons worldwide will be living with the 

disease. We estimate about 43% of prevalent cases need a high level of care equivalent to that of 

a nursing home.  If interventions could delay both disease onset and progression by a modest 1 

year, there would be nearly 9.2 million fewer cases of disease in 2050 with nearly all the decline 

attributable to decreases in persons needing high level of care. 

Interpretation: We face a looming global epidemic of Alzheimer’s disease as the world’s 

population ages.  Modest advances in therapeutic and preventive strategies that lead to even 

small delays in Alzheimer’s onset and progression can significantly reduce the global burden of 

the disease. 
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 INTRODUCTION 

 As the world population ages, enormous resources will be required to adequately care for 

persons afflicted with Alzheimer’s disease.  Research is actively underway to develop 

interventions to both delay disease onset and slow progression of disease. Effective interventions 

may significantly reduce the prevalence and incidence of Alzheimer’s disease, improve the 

quality of life both of the patients and their caregivers, and reduce the resources needed to 

provide adequate institutional and home health care. Several treatments to help slow disease 

progression, and  prevention strategies including lifestyle changes are being investigated (1).  

 Uncertainty exists in the estimates of the global burden of Alzheimer’s disease and the 

potential impact of interventions. Recently, Alzheimer’s Disease International, an international 

consortium of Alzheimer’s associations, produced estimates of the worldwide prevalence of 

people with dementia (2).   These estimates were based on a Delphi consensus study of 12 

international experts who systematically reviewed published studies.  The consensus method 

involved a qualitative assessment of evidence by each expert, and then those experts were given 

an opportunity to revise their estimates of prevalence after reflecting on the input of their 

colleagues.   The resulting Delphi consensus estimates have been considered some of the best 

currently available estimates of worldwide prevalence.  Yet, because the Delphi approach is not 

based on an underlying quantitative model, the Delphi study cannot be readily used to forecast 

the potential impact of new interventions on health care needs.  Furthermore the study did not 

take into account the severity of disease.  Disease severity is an important consideration for 

assessing the global burden of Alzheimer’s disease because the resources needed to care for 

patients with advanced disease are very different than for patients early in the disease process.     

The objective of this article is to forecast the global burden of Alzheimer’s disease based on a 
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mathematical model that incorporates the aging of the world’s population.  The model is used to 

forecast the world-wide prevalence of Alzheimer’s disease, evaluate the impact of interventions, 

and incorporate disease severity.    

 

METHODS 

The Multi-State Model 

    Our methodology is based on a multi-state probabilistic model for the incidence and 

progression of Alzheimer’s’ disease.  The method extends a single stage disease model used for 

U.S. projections (3) by including early and late stages of disease.  According to the model, 

healthy persons have an annual probability of onset of Alzheimer’s disease which begins in an 

early stage and ultimately progresses to late stage disease.  Persons with early stage disease have 

an annual probability of progressing to late stage disease.  The definitions of early and late stage 

disease including the mean durations are discussed below.  Persons are at risk of death during 

each state.  The model is illustrated schematically in figure 1. The transition probabilities 

between states are the probabilities of moving from one state to the next.  We allow some of 

these transition probabilities to depend not only on age but also calendar year to account both for 

birth cohort effects (e.g.  death rates change over time) and the impact of new interventions that 

could potentially delay disease onset and progression.  The model is implemented as a discrete 

time stochastic model in which transitions occur only at the beginning of a calendar year, and it 

is possible that persons may have multiple transitions in a year (e.g. disease onset  followed by 

death could occur in the same year).  

 We derived formulas for the age-specific prevalence rates of early stage and late stage 

disease in terms of the model in figure 1.  The transition probabilities are inputs into these 
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formulas.   We performed a number of analyses and systematic reviews of published literature, to 

estimate the transition probabilities (described below.)  Then, we forecast disease prevalence by 

multiplying the formulas for age–specific prevalence rates by demographic population 

projections.  We used the United Nations worldwide population projections (4).  Those 

projections are in terms of 5 year age groups which we interpolated to obtain projections by 

single year of age. We performed analyses separately by gender, and for each of six regions of 

the world.  Then, we evaluated the potential effects of interventions that delay disease onset, 

delay disease progression or both by modifying the transition probabilities under different 

scenarios. We multiplied the transition probabilities by various factors (relative risks) to model 

the potential effects of the interventions.  We translated these relative risks into average delays in 

disease onset and progression (in the absence of competing causes of death) as an alternative 

way to express the efficacy of intervention programs.  We considered the impact of interventions 

that begin in the year 2010.  The technical details including the formulas for the age specific 

prevalence rates and computing software are available from the authors  at 

www.biostat.jhsph.edu/project/globalAD/index.htm. 

 

Transition Probabilities 

 In this section, we discuss inputs for each of the transition probabilities of figure 1. 

Incidence rates 

 We estimated age-specific probabilities of disease onset by performing a systematic 

review of published Alzheimer’s disease incidence rates.  Jorm and colleagues (5) reviewed the 

worldwide literature on Alzheimer’s disease incidence rates.  We updated the Jorm review to 

include additional recent studies reporting age-specific incidence rates of Alzheimer’s disease.  
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We fit a linear regression equation to the log of the age-specific incidence rate for each of 27 

studies in our review because incidence rates appeared to grow exponentially with age. We then 

averaged the rates from the fitted regression lines to obtain an equation for the age-specific 

incidence rate. We found that the annual age-specific incidence of Alzheimer’s disease at age t 

expressed in per cent per year (for t greater than 60) is given by:     

                           Incidence rate (% per year)  = ( ).121 60.132e t− .        (1) 

 Equation 1 implies that incidence grows exponentially with a doubling time of about 5.7 years.  

We found no significant geographic differences in the doubling times of Alzheimer’s incidence 

(p=.3), suggesting that any geographic variation may be due to different criteria and thresholds 

for diagnosis.  We used equation 1 for the incidence rates (rt,y  in figure 1) in our analyses.  We 

accounted for uncertainty in equation 1 by performing a sensitivity analysis that used a range 

based on the upper and lower 10th percentiles of the distribution of fitted incidence rates from all 

the studies. This range spanned from about half to double the incidence estimates from equation 

1.  For example, the predicted annual incidence at age 80 is 1.48 % per year with range of 0.67% 

to 3.41%.  The ranges we cite in the results section account for this uncertainty in incidence 

rates. We also performed sensitivity analyses to the assumption that incidence continues to grow 

exponentially at the oldest ages by holding incidence rates   constant after age 90. 

Disease Progression 

 Alzheimer’s disease is a progressive disease and persons who have the disease longer 

often require a higher level of care.  Considerable variability exists in the world’s literature on 

the rate of Alzheimer’s disease progression which results from differences in definitions of 

severe disease among studies, and heterogeneity in the disease course among patients. The 

Consortium to Establish a Registry for Alzheimer’s disease suggested that 6 years is the mean 
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time from mild to severe disease using the Clinical Dementia Rating scale (5).  Similarly, a study 

examining the time for patients needing care equivalent to placement in a health related facility, 

such as a nursing home,  also obtained an estimate of about 6 years (7).  We defined late stage 

disease to refer to the period when patients need such a high level of care. We used an annual 

transition probability from early to late stage disease of .167 in our model which corresponds to a 

mean duration of early stage disease of approximately 6 years.  The model accounts for 

variability in the duration of early disease course (the 25th, 50th and 75th percentiles of the 

distribution of durations of early stage disease are approximately 1.7, 4.2 and 8.3 years 

respectively).  We performed sensitivity analyses to the underlying disease progression rate (γ) 

We recognize that the rate of disease progression could depend on age or gender; however, we 

do not believe at this time the epidemiological data is sufficient to more precisely characterize 

rates of disease progression.                                     

Death rates 

 We assumed that the effect of Alzheimer’s disease was to increase the background 

mortality rates (dty).   We modeled this excess mortality by an additive model for the death rates 

whereby the death rates for patients with late stage disease (d*) are:  

         *
ty tyd d k= +           (2) 

where d are the background mortality rates, and k is the excess mortality associated with 

Alzheimer’s disease (the subscripts indicate that the model accounts for age (t) and calendar year 

(y)). Then, we calibrated the parameter k to published studies on Alzheimer’s survival using least 

squares and obtained k =.11.  For example, the  model  predicted that the median survival times 

for males diagnosed with Alzheimer’s at  ages 65, 75 and 85  were  7.9, 5.7 and 3.3 years, 

respectively; the predicted median survival times for females diagnosed at ages 65, 75 and 85 
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were  9.1, 7.2 and 4.3 years respectively. These model predictions are in good agreement with 

published studies on Alzheimer’s disease (8-10), and in fact were within 6 months of empirical 

findings (10). The interpretation of this model is that the effect of Alzheimer’s disease on 

mortality is to add 11% per year to the background mortality rates once the disease has 

progressed to late stage. We also performed sensitivity analyses to evaluate the effect of excess 

mortality over background during both early and late stage disease.  

 We assembled U.S. death rates by gender and age from 1959 to the present as a basis for 

the background death rates (dty) (11).  We recognize that variation is considerable in background 

mortality rates throughout the world.  Accordingly, we performed sensitivity analyses of our 

results to these background mortality rates.  Forecasts of disease prevalence also require 

assumptions about the background mortality rates into the future.  We extrapolated recent past 

trends in mortality to obtain predictions of future mortality rates. We fit regression models to the 

mortality rates over a 15 year period (between 1988 and 2002) for each year of age, to obtain 

estimates of the annual percent change in mortality rates that were then used to predict future 

background mortality.   

. 

 

RESULTS 

 In 2006, there were 26.6 million cases of Alzheimer’s disease in the world (range 11.4-

59.4).  We predict that by the year 2050 the worldwide prevalence of Alzheimer’s will grow 

fourfold to 106.8 million (range 47.2-221.2).  Table 1 shows the geographic distribution of the 

burden of disease.  We estimate that 48% of the worldwide cases are in Asia and that percentage 

will grow to 59% by 2050.   
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 Figure 2 shows the 2006 age-specific prevalence rates of Alzheimer’s derived from our 

model.  For example, the prevalence rates at ages 65, 75 and 85 were 0.9%, 4.2% and 14.7% 

respectively.  Figure 2 also shows the age-specific prevalence rate by stage of disease from 

which one can calculate the percent of cases with late stage disease.   For example, the model 

predicts the percentage of 65 year old cases with late stage disease is 34% and increases to 45% 

among 85 year old cases.  Overall, we estimate about 11.6 (43%) of the 26.6 million worldwide 

cases living today have late stage disease (table 1).  Figure 3 shows the growth in the prevalence 

of Alzheimer’s disease cases through 2050 by stage of disease and by gender. We estimate that 

about 62% of worldwide cases are female reflecting the lower background mortality rates among 

women. 

 We evaluated the potential effects of interventions that could either delay disease onset or 

disease progression under 6 scenarios.  Prevention programs that could delay onset by 1 or 2 

years correspond to a relative risk (i.e., the multiplier of the transition probability) of .88 and .77 

respectively.  Therapeutic treatment interventions that delay disease progression by 1 and 2 years 

correspond to relative risks of .85 and .75 respectively.  Table 2 shows the effects that such 

interventions could have on the global burden of Alzheimer’s disease by the year 2050.   

Delaying disease onset by an average of 2 years would decrease worldwide prevalence of 

Alzheimer’s by 22.8 million cases (scenario A).  Even a modest one year delay in disease onset 

would result in 11.8 million fewer cases worldwide (scenario B).  A therapeutic intervention that 

delays disease progression by an average of 2 years with no effect on disease onset would 

actually result in a net increase in global prevalence of 5.2 million cases because of a rise in the 

number of early stage cases (scenario C).  However, under scenario C, there would also be a 

decrease of nearly 7 million late stage cases.  Interventions even modestly delaying both disease 

 9
Hosted by The Berkeley Electronic Press



onset and progression can significantly decrease the global burden of disease.  For example, if 

both disease onset and disease progression  are delayed by 1 year (scenario F) , there would be 

nearly 9.2 million fewer cases of disease and nearly all of that decline is attributed to decreases 

in the numbers of cases with late stage disease. 

 The sensitivity of our results were evaluated with respect to a number of model 

assumptions.   Equation 1 assumes that the age-specific incidence rate continues to grow 

exponentially even in the oldest ages.  If however, incidence rates plateau and remain constant 

after age 90 instead of continuing to raise exponentially, then a modest 4% decline is observed 

for the 2050 estimate of the worldwide prevalence of Alzheimer’s disease.  We find that 

estimates of worldwide prevalence are not especially sensitive to the shape of the incidence 

curve at the oldest ages because the oldest ages represent a relatively small segment of the 

population. 

 Sensitivity of our results to the background death rates was also examined.  Surprisingly, 

when the background mortality rates were inflated by 20%, the absolute age-specific prevalence 

rates in figure 2 decreased very slightly, in fact by at most 3 per 1000.  While surprising that the 

model for the age specific prevalence rates is not sensitive to the  background mortality rates, the 

reason is that the age-specific prevalence rate is the ratio of persons with disease to persons alive, 

and if the background death rates increase, then both the numerator and denominator decrease, 

and the net effect is that the ratio itself does not change much.  

 We also considered the sensitivity of our results to our model for Alzheimer’s mortality.  

Initially, we had assumed that excess mortality from Alzheimer’s occurred only during late stage 

disease.  If excess mortality also occurs during early stage of disease which was say, half the 

excess of that in late stage disease (i.e., we added k/2 to the background death rates in early 
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stage) , our estimate of worldwide prevalence in 2006 would decline by about 14%, and the 

percentage of cases classified as late stage would slightly increase from 43% to 46%.  

 We considered the sensitivity of our results to the progression rate from early to late stage 

disease.  If the average duration of early stage disease was in fact greater than the 6 years we 

assumed, then the percentage of prevalent cases that have late stage disease should be smaller 

than estimated.  That phenomenon reflects the epidemiological concept that prevalence increases 

with duration.  For example, if the mean durations of early stage disease were 4, 6, and 8 years, 

then with all other factors fixed)   the estimated worldwide prevalence in 2006 of late stage 

Alzheimer’s disease would be 13.9, 11.6 and 9.8 million cases respectively; and the percentages 

of prevalent cases that are classified as late stage would be 56%, 43% and 35% respectively.  

 

DISCUSSION  

 Our model indicates that 26.6 million persons worldwide are currently living with 

Alzheimer’s disease (range 11.4 to 59.4). We project that by the year 2050 worldwide prevalence 

will quadruple to 106.2 million with 1 in 85 persons living with Alzheimer’s disease.  The 

increase is a result of the aging of the world’s population.  The United Nations Population 

Division projects that the number of persons at least 80 years of age will increase by a factor of 

about 3.7 by the year 2050.  The Alzheimer’s Disease International study concluded there were 

24.3 million persons with dementia in the world using a Delphi consensus methodology (2).  

Wimo and colleagues (12) estimated 25.5 million cases of dementia worldwide in 2000 by 

multiplying age-specific prevalence rates derived from epidemiological surveys by population 

estimates.  Our estimates, which refer specifically to Alzheimer’s disease cases rather than 
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dementia more generally, are broadly consistent with these estimates which were obtained using 

different methodologies. 

 An advantage of the modeling methodology used in this paper is that the effects of 

interventions may be evaluated.  We find that the impact of interventions depend on whether the 

interventions delay onset of disease, delay progression of disease, or a combination of both.  

Interventions can differentially affect the stage-specific prevalence depending on which stage of 

the disease natural history is targeted.  We find that interventions that both delay disease onset 

and delay progression by even a modest amount would result in significant reductions in the 

global burden of disease.  In related work, Sloane and colleagues (13) evaluated the impact of 

therapeutic advances in the United States. They found, as did we, that therapies that only delayed 

disease progression would lead to a decrease in advanced disease.  But they also found no overall 

increase in Alzheimer’s prevalence which was in contrast to our finding of a net increase 

(scenario C in table 2).  We find that therapeutic advances that delay disease progression would 

lead to an increase in overall disease prevalence but on average the prevalent cases would have 

less severe disease.   

 There are important sources of uncertainty in our results.  Main sources of uncertainty are 

the age-specific Alzheimer’s disease incidence rates, which are reflected in the wide ranges of 

our forecasts. Data was not sufficient to obtain separate incidence rates for each geographic 

region, and we used equation 1 for all regions.  The majority of published studies on age specific 

incidence rates of Alzheimer’s disease are derived from populations in developed countries, and 

there is a critical need for additional studies in developing countries.  We cannot say whether 

geographic variation in Alzheimer’s incidence rates result from real differences in underlying 

incidence or rather differences in methodology and diagnostic criteria of the epidemiological 

 12
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studies.  Our wide ranges on our estimates account for this uncertainty.  However, we did not 

find any significant geographic differences in the doubling times of the age specific incidence 

rates. Accordingly, our finding about the proportionate increase in Alzheimer’s disease, namely 

a quadrupling in prevalence by 2050, is reasonably precise, even if the absolute number of cases 

is more uncertain.  Indeed, we conclude Alzheimer’s disease prevalence will quadruple by 2050 

regardless of whether we use the lower or upper limits of our range of disease incidence rates.  

That conclusion does however depend on the accuracy of the U.N demographic projections of 

the aging of the world population. 

 The resources needed to care for an Alzheimer’s patient depends on stage of disease. 

Adult day care programs may be adequate in the early stages, while a high level of care, 

equivalent to that of nursing homes, will be needed in the late stages.  Assessments of the global 

burden of disease should account for disease stage. We recognize that currently there is no single 

staging system that is accurate, reproducible and routinely used worldwide.  Nevertheless, we 

believe the two stage model of disease progression used here, produces useful estimates of the 

numbers of patients requiring a high level of care roughly equivalent to that provided by a health 

care facility such as a nursing home.  Epidemiological surveys of the percentage of cases with 

severe disease have ranged between 2% to over 50% (14-16).  Such wide variation could result 

either from differences in survey methodology and diagnostic criteria, or sampling enrollment 

biases.  Our modeling approach produces estimates in the upper end of the range.  As more 

information becomes available about disease progression rates the multi-state model can be used 

with updated input parameters for the transition probabilities.  A web site that allows users to 

input their own transition probabilities and population data, and then implements the multi-state 
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model to obtain forecasts of the global burden of Alzheimer’s disease is available from the 

authors. 

 As the world’s population ages, we will face a looming epidemic of Alzheimer’s disease. 

Health care systems will be challenged to meet the needs of patients and their caregivers.  The 

worldwide costs will be huge (17).  Prevention of Alzheimer’s is an ambitious goal (1, 18) that 

may not be fully achievable in the near term, although delaying disability may be achievable.  

We find that modest advances in therapeutic and preventive strategies resulting in even small 

delays in Alzheimer’s disease onset and progression can significantly reduce the global burden 

of the disease.   
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 Table   1:  

Projections of Alzheimer’s disease prevalence (in millions) in 2006 and 2050 by regions and stage of disease 

 Prevalence (in millions) 
 2006 2050 
 Overall Early 

Stage 
Late  
Stage 

Overall Early 
Stage 

Late  
Stage 

Africa 
 

1.33 0.76 0.57 6.33 3.58 2.75 

Asia 
 

12.65 7.19 5.56 62.85 34.84 28.01 

Europe 
 

7.21 4.04 3.17 16.51 9.04 7.47 

Latin Am. / Caribbean 
 

2.03 1.14 0.89 10.85 5.99 4.86 

North America 
 

3.10 1.73 1.37 8.85 4.84 4.01 

Oceania 
 

0.23 0.13 0.10 0.84 0.46 0.38 

Total 26.55 14.99 11.56 106.23 58.75 47.48 
 

Note: Regions defined according to the United Nations Population Division (4):Oceania includes Australia, New

Zealand, Melanesia, Micronesia, and Polynesia. 
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Table   2:   

Impact of interventions on world-wide prevalence of Alzheimer’s disease. Table shows change in prevalence in 

2050 associated with  interventions begun in 2010 compared to baseline scenario of no intervention. 

Mean Delay  
(in years) 

Change in Worldwide Prevalence  
(in millions) 

 
Intervention 

Scenario Onset Progression Overall Early Stage Late Stage 
A 
 

2 0 - 22.76 - 12.28 - 10.48 

B 
 

1 0 - 11.76 -  6.32 -  5.44 

C 
 

0 2 +  5.23 + 12.14 -  6.91 

D 
 

0 1 +  2.84 +  6.54 -  3.70 

E 
 
 

2 2 - 18.48 -  2.66 - 15.82 

F 1 1 -  9.19 -  0.48 -  8.71 
 

 

Note: These estimates refer to the changes in prevalence compared to the baseline scenario of no 

intervention.  Under the baseline scenario of no intervention, in 2050 there will be  106.23 

million cases worldwide of which 58.75 and 47.48 million cases have early and late stage disease 

respectively (from Table 1). 

 

. 
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Figure 1:   Multi-state model of progression of Alzheimer’s disease. The transition probabilities   

 shown are the disease incidence rates (r), disease progression rates (γ) and death 

 rates (d) .which can depend on age (t) and calendar year (y). 

Figure 2: Age-specific prevalence rates for Alzheimer’s disease derived from multi-state 

 model. 

Figure 3: World-wide Projections of Alzheimer’s prevalence (in millions), 2006-2050 by stage 

 of disease: (a) males ((b) females. 
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Research criteria for the diagnosis of Alzheimer’s disease: 
revising the NINCDS–ADRDA criteria
Bruno Dubois*, Howard H Feldman*, Claudia Jacova, Steven T DeKosky, Pascale Barberger-Gateau, Jeff rey Cummings, André Delacourte, 
Douglas Galasko, Serge Gauthier, Gregory Jicha, Kenichi Meguro, John O’Brien, Florence Pasquier, Philippe Robert, Martin Rossor, Steven Salloway, 
Yaakov Stern, Pieter J Visser, Philip Scheltens

The NINCDS–ADRDA and the DSM-IV-TR criteria for Alzheimer’s disease (AD) are the prevailing diagnostic 
standards in research; however, they have now fallen behind the unprecedented growth of scientifi c knowledge. 
Distinctive and reliable biomarkers of AD are now available through structural MRI, molecular neuroimaging with 
PET, and cerebrospinal fl uid analyses. This progress provides the impetus for our proposal of revised diagnostic 
criteria for AD. Our framework was developed to capture both the earliest stages, before full-blown dementia, as well 
as the full spectrum of the illness. These new criteria are centred on a clinical core of early and signifi cant episodic 
memory impairment. They stipulate that there must also be at least one or more abnormal biomarkers among 
structural neuroimaging with MRI, molecular neuroimaging with PET, and cerebrospinal fl uid analysis of amyloid β 
or tau proteins. The timeliness of these criteria is highlighted by the many drugs in development that are directed at 
changing pathogenesis, particularly at the production and clearance of amyloid β as well as at the hyperphosphorylation 
state of tau. Validation studies in existing and prospective cohorts are needed to advance these criteria and optimise 
their sensitivity, specifi city, and accuracy. 

Background
For research purposes, the diagnosis of Alzheimer’s 
disease (AD) is based on the criteria of the Diagnostic 
and Statistical Manual of Mental Disorders, fourth 
edition (DSM-IV-TR)1 and the National Institute of 
Neurological Disorders and Stroke–Alzheimer Disease 
and Related Disorders (NINCDS–ADRDA) working 
group.2 These accepted criteria are fulfi lled in a two-
step diagnostic process where there is initial 
identifi cation of a dementia syndrome and then the 
application of criteria based on the clinical features of 
the AD phenotype. The DSM-IV-TR criteria require the 
presence of both a memory disorder and impairment in 
at least one additional cognitive domain, both of which 
interfere with social function or activities of daily living 
(ADL).1 ADL impairment has come to defi ne the 
threshold for the diagnosis of dementia beyond 
the identifi cation of a cognitive abnormality. The 
NINCDS–ADRDA clinical criteria of probable AD do 
not require evidence of interference with social or 
occupational functioning but they include the 
specifi cation that the onset of AD is insidious and that 
there is a lack of other systemic or brain diseases that 
may account for the progressive memory and other 
cognitive defi cits. The currently accepted criteria 
support a probabilistic diagnosis of AD within a clinical 
context where there is no defi nitive diagnostic 
biomarker. A defi nite diagnosis of AD is only made 
according to the NINCDS–ADRDA criteria when 
there is histopathological confi rmation of the clinical 
diagnosis. 2

Since the publication of the NINCDS–ADRDA criteria 
in 1984, the elucidation of the biological basis of AD has 
advanced greatly, allowing an unprecedented under-
standing of the disease process. The clinical phenotype 
of AD is no longer described in exclusionary terms, but 

can be characterised more defi nitively on a phenotypic 
basis. Distinctive markers of the disease are now 
recognised including structural brain changes visible on 
MRI with early and extensive involvement of the medial 
temporal lobe (MTL), molecular neuroimaging changes 
seen with PET with hypometabolism or hypoperfusion 
in temporoparietal areas, and changes in cerebrospinal 
fl uid biomarkers. A driving force behind this emerging 
identity of AD has been the intense research interest in 
characterising the earliest stages of AD that predate the 
crossing of the dementia threshold, defi ned by functional 
disability. Prodromal AD (see glossary, panel 1) must be 
distinguished within the broad and heterogeneous state 
of cognitive functioning that falls outside normal ageing.3 
This state has been described by a wide range of 
nosological terms including age-associated memory 
impairment, age-related cognitive decline, age-associated 
cognitive decline, mild cognitive disorder, mild 
neurocognitive disorder, cognitively impaired not 
demented, and mild cognitive impairment.4–9 Mild 
cognitive impairment (panel 1) is the most widely used 
diagnostic term for the disorder in individuals who have 
subjective memory or cognitive symptoms, objective 
memory or cognitive impairment, and whose activities 
of daily living are generally normal. Progression to 
clinically diagnosable dementia occurs at a higher rate 
from mild cognitive impairment than from an 
unimpaired state, but is clearly not the invariable clinical 
outcome at follow-up.10 A more refi ned defi nition of AD 
is still needed to reliably identify the disease at its earliest 
stages.

The case for revising the research criteria for AD 
diagnosis
There are several factors that highlight the need to update 
the current research criteria for AD.
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Insuffi  cient diagnostic specifi city
The DSM-IV-TR and NINCDS–ADRDA criteria have 
been validated against neuropathological gold standards 
with diagnostic accuracy ranging from 65–96%.11–14 
However, the specifi city of these diagnostic criteria 
against other dementias is only 23–88%.13,14 The accuracy 
of these estimates is diffi  cult to assess, given that the 
neuropathological standard is not the same in all studies. 
Nevertheless, the low specifi city must be addressed 
through both revised AD and accurate non-AD dementia 
diagnostic criteria.

Improved recognition of non-AD dementia
Since the publication of the NINCDS–ADRDA criteria, 
operational defi nition and characterisation of non-AD 
dementias has improved. Entities for which there are 
diagnostic criteria include the frontotemporal lobar 
degenerations (frontotemporal dementia frontal variant, 
semantic dementia, progressive non-fl uent aphasia),15–17 
corticobasal degeneration,18,19 posterior cortical atrophy,20 
dementia with Lewy bodies,21 and vascular dementia.22,23 
Varma and colleagues13 showed that many of these 
disorders can fulfi l the NINCDS–ADRDA criteria and it 
is likely that they have been included in AD research 
studies. Meanwhile, for each of these disorders, criteria 
have been developed that aim for high specifi city. 

The development of disease-specifi c criteria that are 
applicable in some cases before dementia is fully 
manifested has enabled the criteria to be used without 
going through the two-step process of dementia 
recognition (the syndrome) followed by the specifi c 
disease (the aetiology). For example, the identifi cation of 
a dementia syndrome is not required for the diagnosis of 
primary progressive aphasia, corticobasal degeneration, 
or posterior cortical atrophy even though a dementia as 
currently defi ned will occur during or at the end of the 
course of these diseases.3 The histopathological diagnosis 
of the non-AD dementias has also advanced. In the 
example of frontotemporal lobar degeneration, the 
identifi cation of ubiquitin-immunoreactive cytoplasmic 
and intranuclear inclusions as an important pathology 
in patients has reduced the neuropathological diagnostic 
prevalence of dementia lacking distinctive histopathology 
from 40% to 10% in autopsy series.24–26 There is no 
doubt that progress in the clinical defi nition of non-AD 
dementia improves the sensitivity of the currently 
accepted diagnostic criteria for AD by reducing the level 
of uncertainty.

Improved identifi cation of AD phenotype
When the NINCDS–ADRDA criteria were fi rst published, 
the authors noted that they were not yet fully operational 
because of insuffi  cient knowledge about the disease.2 
Since then, the clinical phenotype of AD has been much 
more clearly elucidated. In most patients with AD 
(86–94%), there is a progressive amnestic core that 
appears as an impairment of episodic memory.27–29 The 
pathological pathway of Alzheimer’s related changes has 
been fully described30,31 and involves the medial temporal 
structures (eg, entorhinal cortex, hippocampal formation, 
parahippocampal gyrus) early in the course of the disease. 
Moreover, the episodic memory disorder of AD correlates 
well with the distribution of neurofi brillary tangles 
within the MTL32 and with MRI volumetric loss of the 
hippocampus,33 structures known to be critical for 
episodic memory. The availability of neuroimaging 
techniques that can reliably measure the MTL have 
further supported this vital cliniconeuroanatomic 
correlation.

Need to test early intervention
The rapid growth of knowledge about the potential 
pathogenic mechanisms of AD including the 
amyloidopathy and tauopathy has spawned numerous 
experimental therapeutic approaches to enter into 
clinical trials. There is accruing evidence that, years 
before the onset of clinical symptoms, there is an AD 
process evolving along a predictable pattern of 
progression in the brain.30,31 The neurobiological 
advantage of earlier intervention within this cascade is 
clear. Earlier intervention with disease-modifying 
therapies34 is likely to be more eff ective when there is a 
lower burden of amyloid and hyperphosphorylated tau 
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Panel 1: Glossary of terms

Mild cognitive impairment
Variably defi ned but includes subjective memory or cognitive 
symptoms or both, objective memory or cognitive 
impairment or both, and generally unaff ected activities of 
daily living; aff ected people do not meet currently accepted 
dementia or AD diagnostic criteria

Amnestic mild cognitive impairment
A more specifi ed term describing a subtype of mild cognitive 
impairment, in which there are subjective memory symptoms 
and objective memory impairment; other cognitive domains 
and activities of daily living are generally unaff ected; aff ected 
people do not meet currently accepted dementia or AD 
diagnostic criteria 

Preclinical AD
The long asymptomatic period between the fi rst brain lesions 
and the fi rst appearance of symptoms and which concerns 
normal individuals that later fulfi l AD diagnostic criteria

Prodromal AD
The symptomatic predementia phase of AD, generally 
included in the mild cognitive impairment category; this 
phase is characterised by symptoms not severe enough to 
meet currently accepted diagnostic criteria for AD 

AD dementia
The phase of AD where symptoms are suffi  ciently severe to 
meet currently accepted dementia and AD diagnostic criteria
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and may truncate the ill eff ects of secondary events due 
to infl ammatory, oxidation, excitotoxicity, and apoptosis. 
Early intervention may also be directly targeted against 
these events because they may play an important part in 
early phases of AD. By the time there is clear functional 
disability, the disease process is signifi cantly advanced 
and even defi nitive interventions are likely to be 
suboptimal. Revised research criteria would allow 
diagnosis when symptoms fi rst appear, before full-blown 
dementia, thus supporting earlier intervention at the 
prodromal stage (fi gure).

Problems with defi nition of mild cognitive impairment
One of the proposed advantages of mild cognitive 
impairment has been its potential usefulness for 
clinical trials directed at delaying the time to onset of 
AD. A series of large randomised controlled trials with 
both non-steroidal anti-infl ammatory drugs and acetyl-
cholinesterase inhibitors have sought to establish the 
usefulness of these drugs in delaying the conversion of 
mild cognitive impairment to AD. However, the lessons 
learned have highlighted the problems of mild cognitive 
impairment within this type of randomised controlled 
trial. With only small variations in the inclusion criteria 
for mild cognitive impairment, four trials (ADCS-MIS, 
InDDEx, Gal-Int 11, and Rofecoxib) have had a very wide 
range of annual rates of progression to AD dementia 
(panel 1, 4·8–16%).35–38 The intention in these trials on 
mild cognitive impairment was to include many 
individuals with prodromal AD (ie, individuals with 
symptoms not suffi  ciently severe to meet currently 
accepted diagnostic criteria) that later progress to meet 
these criteria. When the mild cognitive impairment 
inclusion criteria of these trials were applied to a cohort 
of memory clinic patients in an observational study, they 
had diagnostic sensitivities of 46–88% and specifi cities 
of 37–90% in identifying prodromal AD.39 Given these 
numbers, these trials have clearly treated many patients 
who do not have AD or are not going to progress to AD 
for a long time. This has diluted the potential for a 

signifi cant treatment eff ect and may have contributed to 
the negative outcomes where none of these drugs were 
successful at delaying the time to diagnosis of AD.37–38 
These trials have also incurred signifi cant costs where 
sample sizes of 750 to 1000 have been called for with 
durations of 3–4 years. Increasing the severity of mild 
cognitive impairment needed for inclusion in trials 
might improve sensitivity, specifi city, and predictive 
values. However, participants would then be much 
closer to the current dementia threshold and would have 
a greater pathological burden, making the clinical gain 
marginal and disease modifi cation diffi  cult.

Neuropathological fi ndings in mild cognitive 
impairment have also reinforced the heterogeneity of the 
clinical disorders subsumed under the defi nition mild 
cognitive impairment. To address the recognised clinical 
and pathological heterogeneity, it has been proposed that 
subtyping of mild cognitive impairment might be 
useful.40,41 The term amnestic mild cognitive impairment 
(panel 1) has been proposed to include individuals with 
subjective memory symptoms, objective memory 
impairment, and with other cognitive domains and 
activities of daily living generally assessed as being 
normal.9 However, only 70% of a selected cohort of 
people with amnestic mild cognitive impairment 
clinically identifi ed to have progressed to dementia 
actually met neuropathological criteria for AD.42 This 
fi nding indicates that applying the criteria for this subtype 
of mild cognitive impairment clinically, without other 
objective evidence such as neuroimaging or results of 
cerebrospinal fl uid analyses, will lack specifi city for 
predicting the future development of AD since at least 
30% of these will have non-AD pathology. If 30% of cases 
enrolled in a study that assesses drugs targeting amyloid 
or neurofi brillary tangles were to have non-AD pathology, 
there would be a substantial loss of power and possibly a 
conclusion that a medication was not eff ective. If all cases 
could be ascertained as having AD, a positive outcome 
might result. Thus, the most accurate determination that 
an individual has prodromal AD is critical.

In the planning of trials of disease-modifying treatment, 
special care will be needed to limit not only the exposure 
of potentially toxic therapies to those with prodromal 
AD but also to reliably exclude those who are destined 
to develop non-AD dementia. Our proposal for multi-
dimensionally established identifi cation of AD would 
have potential superiority to the intrinsically hetero-
geneous state of mild cognitive impairment and would 
advance the concept of mild cognitive impairment to its 
natural next level of more desirably identifying 
prodromal AD.

Unclear distinction between mild cognitive impairment 
and AD
The transition from mild cognitive impairment to AD has 
been an a priori primary endpoint in several randomised 
controlled trials.37,38,43 There is an inherent arbitrariness in 

Dementia
threshold

Early stages

Dementia AD VD FTD PPA DLB

Figure: Alzheimer’s disease starts and should be identifi ed before the occurrence of full-blown dementia (as 
for other dementing conditions)
 AD=Alzheimer’s disease; VD=vascular dementia; FTD=frontotemporal dementia; PPA=primary progressive 
aphasia; DLB=dementia with Lewy bodies.
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determining a binary outcome, that is, conversion or no 
conversion, when the underlying disease is a continuous 
process. Individual clinicians’ experience in dementia 
diagnosis and the quality of the information they receive 
on the cognitive and functional status of patients will 
aff ect the threshold of detection of the transition to AD.27 
Our revised research criteria will eliminate the mild 
cognitive impairment construct, thus bypassing the 
binary outcome in the clinical categorisation process 
associated with it as well as problems with reliability.

New biomarkers for AD
Over the past two decades since the NINCDS–ADRDA 
criteria were published, great progress has been made in 
identifying the AD-associated structural and molecular 
changes in the brain and their biochemical footprints. 
MRI enables detailed visualisation of MTL structures 
implicated in the core diagnostic feature of AD.44 PET 
with fl uorodeoxyglucose (FDG) has been approved in the 
USA for diagnostic purposes and is sensitive and specifi c 
in detecting AD in its early stages.45 Cerebrospinal fl uid 
biomarkers for detecting the key molecular pathological 
features of AD in vivo are available and can be assessed 
reliably.46 Their diagnostic predictability has been extended 
to mild cognitive impairment.47 In vivo imaging of 
pathology-specifi c proteins (Pittsburgh compound B 
[PiB], FDDNP)48,49 are advancing in their development and 
potentially in our ability to accurately identify prodromal 
and even preclinical AD (panel 1). The growing body of 
evidence about AD biomarkers allows us to incorporate 
these into our new diagnostic research criteria for AD.

Objectives 
An international working group was convened in 2005 
to discuss the opportunity for developing a diagnostic 
framework for AD that would include the prodromal 
stages and the integration of biomarkers and to 
defi ne the future goals and steps for the validation of 
such a framework. This paper provides the consensus 
recommendations of the working group and sets out the 
framework for revised research criteria for AD that would 
apply both in the early stages and across the full spectrum 
of the illness. 

Methods
15 international dementia experts were invited by two of 
the authors (Dubois and Scheltens) to attend a satellite 
workshop at the Second Congress of the International 
Society for Vascular Behavioural and Cognitive Disorders 
(Vas-Cog) in Florence on June 9, 2005. The participants 
were each asked to present the evidence base of published 
literature around a range of topics including clinical, 
functional, neuropsychiatric and behavioural, cognitive, 
neuroimaging, neuropathology, and laboratory markers 
pertinent to the early stages of AD, and to provide 
expert opinion where there was no published evidence. A 
draft document outlining revised diagnostic criteria was 

subsequently developed by the lead authors (Dubois, 
Feldman, and Scheltens) and then refi ned in further 
correspondence with conference participants. Additional 
members were then recruited into the working group 
to broaden the perspective before the fi nalisation and 
submission of the current proposed AD research criteria 
for publication. 

Proposed diagnostic criteria for probable AD
The proposed framework for revised criteria for probable 
AD retains the designation of probable AD. It does not 
include a designation of possible AD because of the 
incompatibility of this defi nition with diagnostic criteria 
that are highly specifi c for AD. The framework addresses 
the disease presentation that is typical for AD. We exclude 
atypical presentations including focal cortical syndromes 
(primary progressive aphasia, visuospatial dysfunction) 
where an antemortem diagnosis would at best receive 
the designation of possible AD from the framework. 
This may change in the future as work on diagnostic 
biomarkers advances and reliance on a well characterised 
clinical phenotype is lessened. In the absence of 
completely specifi c biomarkers, the clinical diagnosis of 
AD can still be only probabilistic, even in the case of 
typical AD. To meet criteria for probable AD, an aff ected 
individual must fulfi l criterion A (the core clinical 
criterion) and at least one or more of the supportive 
biomarker criteria: B, C, D, or E (panel 2).

Core diagnostic criterion: early episodic memory 
impairment (A) 
1. Gradual and progressive change in memory function at 
disease onset reported by patients or informants for a period 
greater than 6 months
The reporting of subjective memory complaints is a 
common symptom in an ageing population,50 at a 
prevalence that far exceeds the risk of being classifi ed as 
having AD. Subjective memory complaints in elderly 
people may result from normal ageing or various medical 
disorders, and they are commonly associated with 
depression.51–53 However, such self-reported symptoms are 
associated with a high risk of future development of AD54,55 
and, therefore, should be carefully taken into account. The 
perceptions of patients’ symptoms from an informant 
or proxy are perhaps more signifi cant as they are more 
strongly related to objective memory performance51 and 
are predictive of progression to AD.52 To satisfy criterion A, 
memory symptoms must start gradually and show 
progressive decline over at least 6 months. Particular 
attention should be paid to intraindividual decline, which 
improves the identifi cation of those individuals with 
prodromal AD.56

2. Objective evidence of signifi cantly impaired episodic memory 
on testing
A diagnosis of AD requires an objective defi cit on 
memory testing (recall defi cit with intrusions). Tests of 
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delayed recall discriminate very mild AD from normal 
healthy controls with high accuracy (>90%).57 Such tests 
also predict prodromal AD better than other memory or 
non-memory measures, with accuracy greater than 
80%.57–63 Delayed recall is a reliable predictor of AD in 
individuals with mild cognitive impairment.64,65 A meta-
analysis of 47 studies calculated pooled eff ect sizes 
between incident AD and control groups. Episodic 
memory yielded the largest pooled eff ect sizes (>1 SD), 
along with executive functioning and perceptual speed.66 
Within episodic memory, delayed recall testing showed a 
larger eff ect size than immediate recall testing.

Impaired delayed recall is not itself evidence of an AD-
related memory disorder. Genuine defi cits in encoding 
and storage processes that are characteristic for AD must 
be distinguished from non-AD defi cits that can also 
aff ect delayed recall, including attentional diffi  culties that 
may be present in depression,67 or ineffi  cient retrieval 
strategies associated with normal ageing,68 frontotemporal 
dementia,69 or subcortical-frontal dementias.70 The 
accurate diagnosis of the episodic memory defi cit of AD 
can be improved by use of test paradigms that provide 
encoding specifi city.71 Within such paradigms, test 
materials are encoded along with specifi c cues—for 
example, semantic cues, which are used to control for an 
eff ective encoding and are subsequently presented to 
maximise retrieval. Coordinated encoding and retrieval 
paradigms of this type include the free and cued 
recall test71 or similar cued recall paradigms.72,73 Within 
these neuropsychological test paradigms, measures 
of sensitivity to semantic cueing can successfully 
diff erentiate patients with AD from healthy controls, 
even when patients are equated to controls on mini-
mental state examination scores or when disease severity 
is very mild.72,74,75 Buschke and co-workers derived 
sensitivity and specifi city estimates of 93% and 99%, 
respectively, for the discrimination of patients with 
mild AD from healthy people with such a strategy.72 
Patients with non-AD disorders including progressive 
supranuclear palsy and Parkinson’s and Huntington’s 
diseases do almost as well as control individuals under 
encoding specifi city conditions whereas patients with 
AD do not normalise their recall defi cit.70 Patients with 
very mild AD also have a measurable reduction in 
sensitivity to cueing.75 Reduced benefi t from cueing at 
recall reliably identifi es prodromal AD.73

3. The episodic memory impairment can be isolated or associated 
with other cognitive changes at onset of AD or as AD advances
In most cases, even at the earliest stages of the disease, 
the memory disorder is associated with other cognitive 
changes. As AD advances, these changes become notable 
and can involve the following domains: executive function 
(conceptualisation with impaired abstract thinking; 
working memory with decreased digit span or mental 
ordering; activation of mental set with decreased verbal 
fl uencies); language (naming diffi  culties and impaired 

Panel 2: Diagnostic criteria for AD

Probable AD: A plus one or more supportive features B, C, D, or E 

Core diagnostic criteria 
A. Presence of an early and signifi cant episodic memory impairment that includes the 
following features: 
 1. Gradual and progressive change in memory function reported by patients or 

informants over more than 6 months
 2. Objective evidence of signifi cantly impaired episodic memory on testing: this 

generally consists of recall defi cit that does not improve signifi cantly or does not 
normalise with cueing or recognition testing and after eff ective encoding of 
information has been previously controlled

 3. The episodic memory impairment can be isolated or associated with other cognitive 
changes at the onset of AD or as AD advances

Supportive features 
B. Presence of medial temporal lobe atrophy 

•  Volume loss of hippocampi, entorhinal cortex, amygdala evidenced on MRI with 
qualitative ratings using visual scoring (referenced to well characterised population 
with age norms) or quantitative volumetry of regions of interest (referenced to well 
characterised population with age norms)

C. Abnormal cerebrospinal fl uid biomarker
•  Low amyloid β1–42 concentrations, increased total tau concentrations, or increased 

phospho-tau concentrations, or combinations of the three
•  Other well validated markers to be discovered in the future

D. Specifi c pattern on functional neuroimaging with PET
•  Reduced glucose metabolism in bilateral temporal parietal regions 
•  Other well validated ligands, including those that foreseeably will emerge such as 

Pittsburg compound B or FDDNP 
E. Proven AD autosomal dominant mutation within the immediate family 

Exclusion criteria 
History 

•  Sudden onset
•  Early occurrence of the following symptoms: gait disturbances, seizures, 

behavioural changes
Clinical features 

•  Focal neurological features including hemiparesis, sensory loss, visual fi eld 
defi cits

•  Early extrapyramidal signs
Other medical disorders severe enough to account for memory and related symptoms 

•  Non-AD dementia
•  Major depression
•  Cerebrovascular disease
•  Toxic and metabolic abnormalities, all of which may require specifi c 

investigations 
•  MRI FLAIR or T2 signal abnormalities in the medial temporal lobe that are 

consistent with infectious or vascular insults

Criteria for defi nite AD
AD is considered defi nite if the following are present:

• Both clinical and histopathological (brain biopsy or autopsy) evidence of the 
disease, as required by the NIA-Reagan criteria for the post-mortem diagnosis of 
AD; criteria must both be present139

•  Both clinical and genetic evidence (mutation on chromosome 1, 14, or 21) of AD; 
criteria must both be present
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comprehension); praxis (impaired imitation, production, 
or recognition of gestures); and complex visual processing 
and gnosis (impaired recognition of objects or faces). 
The emergence of neuropsychiatric symptoms, including 
apathy or delusions, also constitutes a clinical marker of 
disease.76,77 Neuropsychiatric symptoms cannot be a core 
diagnostic feature because they are less specifi c and 
generally occur at a high prevalence later in the course of 
the disease. When there is evidence of impairment in 
multiple cognitive domains, functional disability, and 
neuropsychiatric symptoms, a more widespread diff usion 
of neuronal lesions in cortical and subcortical structures 
can be established.30 However, even in these more 
advanced cases, there should be evidence of an early 
and previous episodic memory defi cit as a mandatory 
requirement for the diagnosis of AD.

Supportive features
Atrophy of medial temporal structures on MRI (B)
Atrophy of the MTL on MRI seems to be common in AD 
(71–96%, depending on disease severity), frequent in 
mild cognitive impairment (59–78%), but less frequent 
in normal ageing (29%).78,79 MTL atrophy is related to the 
presence of AD neuro pathological and its severity, both 
in terms of fulfi lment of AD neuropathological criteria 
and Braak stages.44,80 MRI measurements of MTL 
structures include qualitative ratings of the atrophy in 
the hippocampal formation81 or quantitative techniques 
with tissue segmentation and digital computation of 
volume.82 Both techniques can reliably separate AD group 
data from normal age-matched control group data, with 
sensitivities and specifi cities greater than 85%.83–85 
Hippocampal volumes can distinguish AD equally at 
younger (≤70 years) and old ages (>70 years).86 Qualitative 
measures have been useful in distinguishing patients 
with AD from those with non-AD dementia including 
vascular, frontotemporal, and dementia of unspecifi ed 
cause, with combined mini-mental state examination 
and MTL atrophy ratings yielding sensitivity and 
specifi city greater than 85%.87

In studies of mild cognitive impairment, the accuracy 
of MTL atrophy measures in identifying prodromal AD 
has been generally lower, possibly because individuals 
who did not meet currently accepted AD diagnostic 
criteria at study completion included some cases that 
would have done so at a later time. Qualitative MTL 
ratings can identify prodromal AD; however the 
sensitivities and specifi cities, respectively, of 51–70% and 
68–69%88–91 at present limit their usefulness. The 
predictive usefulness of quantitative measures of 
hippocampal volume in identifying prodromal AD is 
inconsistent.88,89,92–94 Measures of hippocampal subfi elds 
might be more useful than measures of the entire 
structure.95,96 Other structures or combinations of 
structures within and beyond the MTL may prove to be 
more sensitive to early AD pathology. For example, 
entorhinal cortex volume identifi es prodromal AD more 

accurately than hippocampal volume, with a sensitivity 
of 83% and specifi city of 73%.97 There are, however, 
technical diffi  culties in measuring this region that must 
be resolved.98,99 Combinations of MTL volumes and lateral 
temporal lobe or anterior cingulate volumes also detect 
prodromal AD with variable success (sensitivity 68–93%, 
specifi city 48–96%).100,101

There is a strong correlation between MTL volumes 
and episodic memory performance.33,102 In turn, there is a 
potential incremental value of MTL measurement beyond 
the episodic memory impairment in the identifi cation 
of prodromal AD. In several studies, MTL measures 
(quantitative and qualitative) contributed independently 
of memory scores to the identifi cation of prodromal 
AD.90,93 The reported accuracy of identifying prodromal 
AD increased from 74% to 81%89 and from 88% to 96%88 
when MTL measures were added to age and memory 
scores, respectively.

Inclusion of MTL atrophy as a diagnostic criterion of 
AD, irrespective of the age at onset,86 mandates exclusion 
of other causes of MTL structural abnormality including 
bilateral ischaemia, bilateral hippocampal sclerosis, 
herpes simplex encephalitis, and temporal lobe epilepsy. 
T2 weighted MRI, coupled to history and examination, 
and potentially adjunctive directed tests such as cerebro-
spinal fl uid analysis and EEG should facilitate this 
discrimination.103,104

Abnormal cerebrospinal fl uid biomarkers (C)
In the NINCDS–ADRDA guidelines, cerebrospinal fl uid 
examination was recommended as an exclusion 
procedure for non-AD dementia, due to infl ammatory 
disease, vasculitis, or demyelination.2 Since then, there 
has been a lot of research into the usefulness of 
AD-specifi c biomarkers that are refl ective of the 
central pathogenic processes of amyloid β aggregation 
and hyperphosphorylation of tau protein. These markers 
have included amyloid β1–42 (Aβ42), total tau (t-tau), and 
phospho-tau (p-tau).105–107 In AD, the concentration of 
Aβ42 in cerebrospinal fl uid is low and that of t-tau is 
high compared with those in healthy controls.105,106 
Concentrations of diff erent phosphorylated tau epitopes 
may also be high.108,109 Aβ42 concentration in the 
cerebrospinal fl uid is normal in patients with depression 
and decreased in dementia with Lewy bodies, fronto-
temporal lobar degeneration, and vascular dementia.110 
This lack of specifi city is not fully explained, but may 
relate to the lack of histopathological verifi cation or the 
presence of comorbid AD. T-tau concentration is normal 
in depression, may be slightly raised in dementia with 
Lewy bodies and frontotemporal lobal degeneration, and 
is very high in Creutzfeldt-Jakob disease.110,111 Measurement 
of the concentration of p-tau, notably p-tau 231, increases 
the specifi city for AD, especially in contrast to fronto-
temporal lobar degeneration.109 The pooled sensitivity 
and specifi city for Aβ42 in AD versus controls from 
13 studies involving 600 patients and 450 controls were 
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86% and 90%, respectively.110 For t-tau, the sensitivity was 
81% and the specifi city 90%, pooled from 36 studies with 
2500 patients and 1400 controls.110 Across 11 studies with 
a total of 800 patients and 370 controls, p-tau had a mean 
sensitivity of 80% when specifi city was set at 92%, but 
sensitivities varied widely among studies using diff erent 
methods.110 By use of a combination of concentrations of 
Aβ42 and t-tau for AD versus controls, high sensitivities 
(85–94%) and specifi cities (83–100%) can be reached.110

Several recent studies have specifi cally addressed the 
value of cerebrospinal fl uid biomarkers in identifying 
prodromal AD. Combinations of abnormal markers (low 
Aβ42, high t-tau, high p-tau 181) reached a hazard ratio of 
17 to 20 for predicting AD in a follow-up of 4–6 years.47 
Sensitivities and specifi cities in this study were >90% 
and >85%, respectively, which agreed with those in a 
similar one with much shorter follow-up (1 year).47,112 This 
high diagnostic usefulness of cerebrospinal fl uid markers 
in the mild cognitive impairment stage supports their 
incremental value over memory impairment in the 
diagnostic scheme and justifi es their inclusion as a 
diagnostic criterion. 

Using an adapted spinal needle (Sprotte 24 g), lumbar 
puncture can be done with a very low rate of clinically 
signifi cant adverse events and with a good acceptability 
in cognitively impaired people and healthy adults of all 
ages.113

Specifi c metabolic pattern evidenced with molecular 
neuroimaging methods (D)
PET and single photon emission computed tomography 
(SPECT) are in vivo nuclear radioisotopic scans that can 
measure blood fl ow (99mTc-HMPAO or 133Xe), glucose 
metabolism (18F-FDG PET), and, more recently, protein 
aggregates of amyloid and tau. Within an AD diagnostic 
framework their ideal role is to increase the specifi city of 
clinical criteria.

A reduction of glucose metabolism as seen on PET in 
bilateral temporal parietal regions and in the posterior 
cingulate is the most commonly described diagnostic 
criterion for AD.114 A recent meta-analysis of nine studies 
reported that for the discrimination of patients with AD 
from healthy controls, pooled sensitivities and specifi cities 
were 86% for temporoparietal hypometabolism. There is 
a wide range for both sensitivities and specifi cities, 
without clear explanation of this variability.115 When 
histopathological examination has been used as the 
gold standard, sensitivity is 88–95% and specifi city is 
62–74%.114,115 Because of cognitive reserve, the reduction 
in temporoparietal glucose metabolism diagnostic for 
AD might vary with educational attainment or IQ at any 
level of clinical severity.116

PET has been successful in distinguishing dementia 
with Lewy bodies from AD, with sensitivity of 86–92% 
and specifi city of 80–81% when visual-association cortex 
was considered.117,118 Discrimination from frontotemporal 
dementia has also been achieved, with sensitivity and 

specifi city of 78% and 71%.119 There has been limited 
accuracy in diff erentiating AD from vascular dementia 
(sensitivity 75–88%, specifi city 18–53%).120,121 

The usefulness of FDG-PET in the detection of 
prodromal AD has only just begun to be addressed in 
studies with small samples of patients with mild cognitive 
impairment and limited follow-up (≤3 years). Metabolic 
reductions in the anterior cingulate, posterior cingulate, 
and temporal, parietal, and medial temporal cortices 
detected prodromal AD, with accuracy estimates ranging 
from 75% to 84%.122–124 The potential incremental value 
of PET over other diagnostic markers in identifying 
prodromal AD is poorly defi ned. PET may be more 
accurate when delayed recall scores are severely impaired 
(sensitivity and specifi city >90%).125

There are promising PET techniques that provide 
in-vivo visualisation of amyloid and potentially 
neurofi brillary tangles. Studies using PiB (N-methyl-
[11C]2-(4Ľ-methyl aminophenyl)-6-hydroxybenzothiazole) 
and FDDNP (2-(1-[6-[(2-[18F]fl uoroethyl](methyl)amino]-2-
naphthyl]ethylidene)malononitrile) have shown a pattern 
of increased radioligand retention in patients with AD 
compared with control individuals that is consistent with 
AD pathology.48,49,126 Furthermore, positive cortical PiB 
binding has been associated with low cerebrospinal fl uid 
Aβ42 concentrations in AD.127 These protein visualisation 
techniques clearly have the potential of increasing the 
usefulness of PET in AD within the diagnostic framework, 
but their diagnostic accuracy, in particular their specifi city 
for AD, requires further investigation as there is evidence 
of high AD-like PiB retention in some healthy people 
and some people with mild cognitive impairment.127–129 
AD-like PiB retention in healthy people might signal a 
preclinical AD state in asymptomatic individuals who 
later meet currently accepted dementia and AD diagnostic 
criteria, whereas in mild cognitive impairment it might 
reveal prodromal AD. Longitudinal follow-up is essential 
for the verifi cation of the presumption that these are 
indeed preclinical and prodromal AD cases and not false 
positives.128

Because SPECT is more widely available and cheaper 
than PET, it has received much attention as an alternative 
to PET. However, at present, the technique is not included 
in these proposed criteria as the diagnostic accuracy 
estimates for this modality generally fall below the 
requisite 80% levels specifi ed by the Reagan Biomarker 
Working Group.130 99M Tc-HMPAO SPECT identifi es 
diagnosed AD with moderate sensitivity (77–80%) and 
specifi city (65–93%). A pattern of bilateral temporal 
parietal hypoperfusion increases diagnostic certainty 
over clinical diagnosis alone.131 

According to a recent meta-analysis SPECT 
distinguished AD from non-AD in studies including 
healthy controls with pooled weighted sensitivities 
ranging from 65% to 71%, with a specifi city of 79%.132 
There are few SPECT studies that have adequately 
addressed the comparison between AD and non-AD 
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dementias. The few that did provided a pooled weighted 
sensitivity and specifi city for AD versus frontotemporal 
dementia of 71% and 78%, respectively, and for AD 
versus vascular dementia of 71% and 75%, respectively.132 
More specifi c ligand methods, for example dopamine 
SPECT scanning with fl uoropropyl-CIT, may have 
particular utility in distinguishing dementia with Lewy 
bodies and Parkinson’s disease dementia from AD 
(sensitivity 88%, specifi city 85%).133–135

Two small retrospective SPECT studies of mild 
cognitive impairment suggest that hypoperfusion in 
parietal and temporal lobe regions, and in the precuneus, 
may be brain functional patterns occurring very early in 
AD. In both studies, patterns of regional blood fl ow on 
SPECT distinguished prodromal AD with accuracy 
greater than 80%.135,136 These studies require replication 
with larger samples and prospective methodology before 
the technique can become a recommended criterion. The 
thiofl avin derivative IMPY (6-iodo-2-(4Ľ-dimethylamino-) 
phenyl-imidazo[1,2-a]pyridine), which targets amyloid 
plaques for in vivo imaging in SPECT has not yet been 
investigated in living patients with either AD or mild 
cognitive impairment, but this ligand might help 
measure amyloid plaque burden in the future, thus 
providing an additional new approach and usefulness for 
functional imaging.137

Familial genetic mutations (E)
Three autosomal dominant mutations that cause AD 
have been identifi ed on chromosomes 21 (amyloid 
precursor protein), 14 (presenilin 1), and 1 (presenilin 
2).138 The presence of a proband with genetic-testing 
evidence of one of these mutations can be considered as 
strongly supportive for the diagnosis of AD for aff ected 
individuals within the immediate family who did not 
themselves have a genetic test for this mutation. If 
individuals with a positive mutation history of the 
described type present with the core amnestic criterion 
A, they will be considered to meet criteria for AD within 
the revised diagnostic framework. The gold standard for 
defi nite diagnosis of AD in this setting would of course 
be genetic testing and verifi cation of a genetic mutation 
in these individuals.

Exclusion criteria
Probable AD diagnosis cannot be established if the illness 
begins with a sudden onset, has focal neurological 
fi ndings including hemiparesis, sensory loss, visual fi eld 
defi cits, or where there are seizures, gait disturbances, or 
extrapyramidal signs at the onset or very early in the 
course of the illness. Other medical, neurological, or 
psychiatric disorders that could otherwise account for the 
deterioration in memory and related symptoms must 
be excluded. The diagnosis should be questioned in 
case of the following red fl ags: early behavioural 
disturbances (particularly disinhibition, euphoria, or 
psychosis), early extrapyramidal symptoms, early visual 

hallucinations, early visuospatial impairment, marked 
fl uctuations in cognition and REM sleep behavioural 
disorders. The presence of cerebrovascular lesions, 
particularly white-matter lesions and lacunar infarctions 
both symptomatic and asymptomatic, are common with 
ageing. To establish probable AD, cerebrovascular disease 
that is suffi  ciently severe to account for the cognitive and 
functional defi cits must be excluded. Probable AD cannot 
be diagnosed if the symptom profi le suggestive of 
dementia with Lewy bodies (pronounced fl uctuations in 
attention and cognition, recurrent prominent visual 
hallucinations, and motor parkinsonism) or if any other 
non-AD dementia is present. The presence of a delirium 
or toxic metabolic cause for the cognitive disorder 
precludes a diagnosis of probable AD (at least until the 
delirium has cleared) as does an unexplained altered state 
of consciousness. 

Discussion
This working group has identifi ed, by consensus, that 
new research criteria are timely, realistic, and feasible. 
Our proposed AD diagnostic framework (panel 2)139 is 
anchored around a core clinical phenotype supported 
by brain-structure abnormalities, molecular imaging 
impairment, biochemical changes, or genetic mutations 
associated with AD. The timeliness of these criteria is 
underscored by the many drugs in development that are 
directed at changing the disease pathogenesis through 
amyloid immunotherapy, gamma or beta secretase 
inhibitors and modulators, alpha secretase activators, tau 
kinase inhibitors, and nerve growth factors. Further new 
approaches directed at tau and tangles are foreseen. 
There is a neurobiological imperative to identify 
AD before the point of disease where irreversible 
pathological injury would prevent eff ective intervention.140 
The proposed criteria should allow an earlier and more 
specifi c AD diagnosis than their predecessor, the 
NINCDS–ADRDA criteria. 

These proposed criteria move away from the traditional 
two-step approach of fi rst identifying dementia according 
to degree of functional disability, and then specifying its 
cause. Rather, they aim to defi ne the clinical, biochemical, 
structural, and metabolic presence of AD. The cornerstone 
clinical criterion A specifi es that there is an episodic 
memory defi cit within test conditions of encoding 
specifi city. This criterion should allow 86–94% of cases to 
be included.28,29 Beyond this core criterion, the presence 
of at least one biological footprint of the disease, either by 
criterion B (structural imaging), criterion C (cerebrospinal 
fl uid), criterion D (molecular imaging), or criterion E 
(dominant mutation within the immediate family) is also 
needed to establish a positive diagnosis. The requirement, 
for diagnosis, of a clinical phenotype in combination 
with any one of the supportive features currently 
represents the most balanced approach because the 
clinical phenotype of AD is better known than its 
biological phenotype. We have no empirical basis at this 
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time for assigning diff erent weightings to the supportive 
features or recommending combinations of features or, 
alternatively, requiring the presence of all. However, as 
new evidence accrues on biological markers for AD, 
especially those detecting AD-pathology specifi c markers 
such as amyloid imaging, the weighting of the supportive 
features may change. Other combinations may prove to 
have greater diagnostic accuracy or new features may be 
introduced. This will evolve as data sets gathered with all 
modalities are assessed. 

We recognise that these criteria represent a cultural 
shift requiring more biologically focused work-up than 
previous approaches; however, this seems to be the best 
way to integrate the profound advances into the clinical 
arena. When eff ective disease-modifying medications 
are available, the argument for such biologically based 
studies will be even more compelling. Some research 
needs will be better addressed with a more stringent 
approach requiring that each diagnostic criterion be met. 
For example, proof-of-principle studies may benefi t from 
the most highly selected AD study samples where the 
presence of all supportive features might be specifi ed. 
This could maximise specifi city for AD, but impose a 
substantial loss of sensitivity that would need to be 
re-addressed in later stages of development.

There are important diff erential diagnostic challenges 
that can be anticipated with the application of the 
proposed criteria. Of primary concern are non-AD 
amnestic disorders that can be associated with MTL 
damage including bilateral ischaemic injury, hippocampal 
sclerosis, limbic encephalitis, and temporal lobe epilepsy. 
Non-AD neurodegenerative disorders including tangle-
only pathological changes and argyrophilic grain disease 
may also involve the MTL and limbic system.42 Depression 
can present with episodic memory impairment and MRI 
changes in hippocampal volume.141 These disorders could 
potentially satisfy criteria A and B, and in turn, where 
possible, must be ruled out in each instance. Careful 
clinical assessment with the use of specifi c memory tests, 
careful attention to T2 signal abnormalities within the 
MTL, and other investigations as clinically indicated will 
be called for to establish the AD diagnosis. We also 
cannot exclude that the non-AD dementias including 
frontotemporal lobar degeneration, vascular dementia, 
and dementia with Lewy bodies may in some cases have 
the core clinical amnestic presentation specifi ed in this 
framework. These non-AD dementias may also have 
positive molecular imaging or cerebrospinal fl uid 
fi ndings as has been shown in the reviewed evidence. If a 
non-AD cause is suspected, it must be ruled out carefully 
on a case-by-case basis by applying in parallel the 
diagnostic criteria for the other disorders.

We have specifi cally not addressed the issue of mixed 
disease for two reasons. First, in many instances mixed 
stands for comorbid disease being present but not 
being the principal cause of the dementia syndrome. As 
such, nothing has changed over current practice. 

Second, by narrowing the defi nition to a strict memory 
presentation with additional evidence for underlying 
AD pathological change, the chance of a patient 
fulfi lling more than one set of criteria, as was the case 
with the NINCDS–ADRDA criteria, has actually been 
reduced. Even when a patient has abundant white-
matter changes on MRI, thought to be of vascular 
origin, the presence of criterion A and the absence of 
overt dementia in the sense of the NINDS–AIREN 
criteria (ie, involvement of other cognitive domains), 
renders the patient more likely to have AD (with 
concomitant vascular disease) than vascular dementia. 
The MRI changes may still be used to guide therapy 
towards secondary prevention. 

Moreover, the proposed criteria depict typical AD. 
There are also atypical forms of neuropathologically 
confi rmed AD.28,29 These forms clearly deviate from 
the described amnestic presentation and include focal 
cortical syndromes, particularly posterior cortical 
degeneration where there is visual or visuospatial 
impairment, or frontal forms with prominent behavioural 
symptoms. The non-memory clinical phenotype might 
be infl uenced by the apolipoprotein genotype.142 Estimates 
of the relative prevalence of these atypical presentations 
have ranged from 6% to 14%.28,29 These presentations will 
still clearly elude diagnosis according to the revised 
criteria as they did in the NINCDS–ADRDA criteria. 
Their inclusion in research protocols remains too 
uncertain to be made with suffi  cient reliability and for 
this reason we have excluded them from the present 
diagnostic framework. 

The strength of these proposed research criteria is the 
introduction of neurobiological measures on to the 
clinically based criteria. There are, however, many 
limitations and steps still needed. In their current 
formulation, these proposed diagnostic criteria still 
require decisions around how they are to be put into 
practice. For example, for the core criterion of signifi cant 
episodic memory impairment, we have identifi ed the 
memory test paradigms that can distinguish AD-
associated defi cits from other memory diffi  culties, but 
we have not defi ned a magnitude of defi cit or the 
comparative norms that should be used. In structural 
imaging, we have not presented a specifi c best test or 
method for MTL atrophy. There remains uncertainty as 
to the most eff ective method of assessment, qualitative 
or quantitative, and for the latter, the specifi c region 
within the MTL for measurement. There is no 
specifi cation of the amount of atrophy that is optimally 
diagnostic of AD. Within molecular neuro imaging, there 
are similar open questions with regard to which regions 
are optimally diagnostic, whether a qualitative versus 
quantitative approach should be taken, and what degree 
of hypometabolism is diagnostic. Finally, we have 
not specifi ed which cerebrospinal fl uid marker or 
combination of markers should be used to support a 
positive diagnosis. Concentrations of cerebrospinal fl uid 
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markers vary substantially with diff erent assays but also 
with the same assay done in diff erent centres,110 raising 
important questions about measurements and sources 
of error. Although most of these questions will receive 
empirical answers in the future, this will not entirely 
resolve an issue that is also philosophical, around 
whether an approach primarily based on applied clinical 
judgment or one based on fully operational defi nitions 
will work better for the research diagnosis of AD. At this 
point we favour the former approach of clinical judgment 
being applied to the determination of each criterion. 

Validation studies of the proposed diagnostic criteria 
will clearly be needed because, inherent in this new 
defi nition of AD is the assumption that they indicate the 
presence of the neurodegenerative process of AD, 
including those cases presenting very early in the course 
of the disease. Their validity will need to be established 
for diff erent types of discrimination and at diff erent time 
points in the disease course, including discrimination of 
early AD from normal ageing, and AD from non-AD 
dementias. Two major strategies can be used for the 
validation of the proposed criteria. First, the criteria can 
be applied retrospectively to existing cohorts that have 
detailed investigations including neuropsychology, MRI, 
cerebrospinal fl uid analysis, and PET. The current large 
cohort studies of the European Alzheimer Disease 
Consortium (EADC), the Alzheimer Disease Cooperative 
Study (ADCS), the Alzheimer Disease Neuroimaging 
Initiative (ADNI), and other ongoing studies88,143 will 
provide ideal sources within which to validate the 
diagnostic criteria of probable AD. Because these are all 
multicentre studies, they will also allow the assessment of 
measurement reliability across centres as a step towards 
standardising measurements and putting our proposed 
criteria into practice. Second, new prospective cohorts 
should be acquired that are followed to post-mortem. This 
prospective validation approach will need to focus on 
non-demented individuals with and without cognitive 
complaints. At their initial study visit, individuals should 
be assessed in parallel with the newly proposed criteria 
for AD and with the criteria for mild cognitive impairment. 
In subsequent visits, the stability of the diagnosis under 
these proposed criteria should be determined. In addition, 
the standard NINCDS–ADRDA criteria for AD should be 
applied. The fi rst validation measure will be the sensitivity 
and specifi city of our proposed criteria, obtained at 
baseline, for predicting cognitive decline as well as 
eventually meeting the existing AD criteria. In addition, 
the present criteria should be compared with the 
NINCDS–ADRDA criteria to verify whether we achieve 
the goal of increasing the specifi city for diagnosis. 
Ultimately, the sensitivity and specifi city for the 
pathological diagnosis of AD and other dementias will 
need to be assessed. In all future studies using these 
criteria, the supportive features used and the number of 
patients that have a positive MRI, or cerebrospinal fl uid 
test, or PET or SPECT should be specifi ed. Validation 

studies will necessarily begin with selected samples—for 
example those accrued in the ADCS, EADC, and ADNI—
but validation will eventually need to be extended to 
unselected heterogeneous community samples. The most 
informative studies are those that will use the four criteria 
on patients at diff erent stages of the disease, including 
the prodromal stage, with a long-term follow-up including 
post-mortem examination.

We recognise that the proposed research criteria require 
signifi cant expertise, technical skills, and fi nancial 
resources to allow the comprehensive assessment of MRI, 
PET, and cerebrospinal fl uid. MRI will be contraindicated 
in some patients or not easily available in some countries, 
as may be the case for cerebrospinal fl uid biomarkers or 
molecular neuroimaging with PET or SPECT. The 
multidisciplinary approach that is required for our 
diagnostic framework may not yet be feasible in all 
memory clinics and certainly not in most epidemiological 
studies. The validation studies being proposed will need 
to take place within highly specialised AD centres, and if 
successful, the research criteria will need to be adapted 
for use in standard clinical settings. We foresee that 
technically less demanding criteria for clinical settings 
might develop from the more technically challenging 
research criteria once these are validated.

Finally, these proposed criteria acknowledge the 
progress that has been made in the past two decades 
in refi ning our understanding of the neurobiology and 
clinical phenomenology of AD. Their usefulness will 
be determined in the future as investigators apply the 
criteria in a variety of research studies and as key issues 
in their application are resolved.
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The FAB
A frontal assessment battery at bedside
B. Dubois, MD; A. Slachevsky, MD; I. Litvan, MD; and B. Pillon, PhD

Article abstract—Objective: To devise a short bedside cognitive and behavioral battery to assess frontal lobe functions.
Methods: The designed battery consists of six subtests exploring the following: conceptualization, mental flexibility, motor
programming, sensitivity to interference, inhibitory control, and environmental autonomy. It takes approximately 10
minutes to administer. The authors studied 42 normal subjects and 121 patients with various degrees of frontal lobe
dysfunction (PD, n � 24; multiple system atrophy, n � 6; corticobasal degeneration, n � 21; progressive supranuclear
palsy, n � 47; frontotemporal dementia, n � 23). Results: The Frontal Assessment Battery scores correlated with the
Mattis Dementia Rating Scale scores (rho � 0.82, p � 0.01) and with the number of criteria (rho � 0.77, p � 0.01) and
perseverative errors (rho � 0.68, p � 0.01) of the Wisconsin Card Sorting Test. These variables accounted for 79% of the
variance in a stepwise multiple regression, whereas age or Mini-Mental State Examination scores had no significant
influence. There was good interrater reliability (� � 0.87, p � 0.001), internal consistency (Cronbach’s coefficient alpha �
0.78), and discriminant validity (89.1% of cases correctly identified in a discriminant analysis of patients and controls).
Conclusion: The Frontal Assessment Battery is easy to administer at bedside and is sensitive to frontal lobe dysfunction.

NEUROLOGY 2000;55:1621–1626

Assessing frontal lobe function and thus being able
to identify a dysexecutive syndrome are helpful for
the diagnosis and prognosis of brain diseases such as
frontotemporal dementias1 and for evaluation of the
severity of brain injuries. It can also help to identify
vascular dementias2 and parkinsonian disorders,
particularly progressive supranuclear palsy (PSP), in
which the presence of frontal lobe dysfunction sup-
ports the diagnosis.3 It may also be useful for differ-
entiating between degenerative disorders involving
subcortical structures and for evaluating the pro-
gression of these disorders over time.4

The functions of the frontal lobes are difficult to
assess clinically. There is no test that reliably identi-
fies a dysexecutive syndrome.5 In practice, extensive
neuropsychological batteries are needed to assess the
frontal lobe processes.6,7 Given the modular func-
tional organization of the frontal lobes,8,9 searching
for a possible dysexecutive syndrome requires time-
consuming tests exploring functions associated with
different frontal areas. Therefore, there is a need for a
brief tool exploring different domains of executive func-
tion that are impaired in several neurologic diseases.

We devised a bedside battery to assess the pres-
ence and severity of a dysexecutive syndrome affect-
ing both cognition and motor behavior, and to
evaluate it for 1) content and concurrent validity, 2)
discriminant validity, comparing normal controls

and patients with various degrees of executive dys-
function, and 3) interrater reliability.

Methods. Description of the Frontal Assessment Battery
(FAB). According to current theories, the frontal lobes
control conceptualization and abstract reasoning, mental
flexibility, motor programming and executive control of ac-
tion, resistance to interference, self-regulation, inhibitory
control, and environmental autonomy.6,10-14 Each of these
processes is needed for elaborating appropriate goal-
directed behaviors and for adapting the subject’s response
to new or challenging situations—functions that are medi-
ated by the prefrontal cortex. For that reason, the designed
battery consists of six subtests, each exploring one of the
aforementioned functions related to the frontal lobes.
Moreover, these subtests were chosen because the score of
each of them significantly correlated with frontal metabo-
lism, as measured in terms of the regional distribution of
18-fluorodeoxyglucose in a PET study of patients with
frontal lobe damage of various etiologies.9 The processes
studied and the corresponding subtests of the FAB are
presented below. The content, instructions and scoring of
each subtest are provided in the Appendix. The total scores
are calculated by adding the notes of the six subtests. The
overall duration of the battery is approximately 10
minutes.

1. Conceptualization: Abstract reasoning is impaired in
frontal lobe lesions.11 This function is currently investi-

See also pages 1601, 1609, and 1613
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gated by card-sorting tasks, proverb interpretation, or
similarities.15 The last task is easier for bedside assess-
ment and scoring. Subjects have to conceptualize the
links between two objects from the same category (e.g.,
an apple and a banana). Patients with frontal lobe dys-
function may be unable to establish an abstract link
between the items (i.e., fruit), adhering to the concrete
aspects of objects (i.e., both are yellow), or may be un-
able to establish a link of similarity (i.e., one is round
but the other is elongated).

2. Mental flexibility: Patients with frontal lobe lesions are
specifically disturbed in nonroutine situations in which
self-organized cognitive strategies have to be built
up.16,17 Literal fluency tasks are unusual, require self-
organized retrieval from semantic memory, and are
easy to score. Frontal lesions, regardless of side, tend to
decrease verbal fluency, with left frontal lesions result-
ing in lower word production than right frontal le-
sions.18 In this task, subjects need to recall as many
words as they can beginning with a given letter in a
1-minute trial.

3. Motor programming: Patients with frontal lobe lesions
are also impaired in tasks requiring temporal organiza-
tion, maintenance, and execution of successive ac-
tions.12,13,19 In Luria’s motor series, such as “fist–palm–
edge,” less severely impaired patients are unable to
execute the series in correct order, whereas the most
severely affected are unable to learn the series. Simpli-
fication of the task (two gestures instead of three) and
perseveration (inappropriate repetition of the same ges-
tures) may be observed.

Sensitivity to interference: Deficits in behavioral self-
regulation may be observed in tasks in which verbal
commands conflict with sensory information. This oc-
curs in the Stroop test, in which the subject must name
the colors of words while inhibiting the natural ten-
dency to read the words. This also occurs in the case of
conflicting instructions, in which subjects must provide
an opposite response to the examiner’s alternating sig-
nal, e.g., tapping once when the examiner taps twice.
Thus, subjects should obey verbal commands and re-
frain following what they see.20 Patients with a frontal
lobe lesion usually fail to obey the verbal command and

tend to execute echopractic movements, imitating the
examiner.14

Inhibitory control: Withholding a response may be
difficult for patients with damage to the ventral part of
the frontal lobes.21 In tasks anticipated to elicit a false-
alarm motor response, these patients are often unable
to inhibit inappropriate responses.22 This difficulty in
controlling impulsiveness can be assessed with the
go–no go paradigm,23 in which the subjects must inhibit
a response that was previously given to the same stim-
ulus, e.g., not tapping when the examiner taps twice.

Environmental autonomy: Patients with frontal lobe
lesions are excessively dependent on environmental
cues.24 Sensory stimuli can activate patterns of re-
sponses that are normally inhibited in normal controls.
For example, the patient conceives the sight of a move-
ment as an order to imitate (imitation behavior); the
sight of an object implies the order to use it (utilization
behavior); and the sight or sensory perception of the
examiner’s hands compels the patient to take them
(prehension behavior). In some cases, the patients can
elicit these behaviors even if they have been explicitly
told not to do so. These abnormal behaviors (the sponta-
neous tendency to adhere to the environment) express
the lack of inhibition normally exerted by the prefrontal
cortex on the activation of patterns of behavior trig-
gered by sensory stimulations.

Subjects. Subjects gave informed written consent to
participate. Forty-two normal control subjects (mean �
SD; age, 58 � 14.4 years), without any neurologic or psy-
chiatric history, were included (table). All control subjects
had a Mattis Dementia Rating Scale (DRS)25 score �136 or
a Mini-Mental State Examination (MMSE)26 score �27.

To evaluate the discriminative power of the FAB, 121
patients with mild (PD, n � 24; multiple system atrophy
[MSA], n � 6), moderate (corticobasal degeneration [CBD],
n � 21), or severe (frontotemporal dementia [FTD], n � 23;
progressive supranuclear palsy [PSP], n � 47) frontal lobe
dysfunction27,28 were included (see table). All patients un-
derwent an extensive clinical evaluation to confirm their
diagnosis and all met currently accepted diagnostic crite-
ria. The diagnostic criteria for PD were based on the pres-

Table Study group characteristics

Population n Age, y MMSE Mattis DRS FAB

Controls 42 58.0 � 14.4a 28.9 � 0.8a 141 � 2.4a 17.3 � 0.8a

Patients 121 64.4 � 9.3a 25.5 � 4.8a 118.0 � 19.1a 10.3 � 4.7a

PD 24 59.4 � 12.9c,g 28.0 � 1.9i,j 134.0 � 15.2c,g,i 15.9 � 3.8c,g,i

MSA 6 65.0 � 10.5 25.7 � 3.9j 127.0 � 16.2e 13.5 � 4.0e,f

CBD 21 67.4 � 8.1b,c 26.4 � 3.8b 123.7 � 15.0b,c 11.0 � 3.7b,c,d

PSP 47 66.9 � 7.0g,h 26.2 � 3.7h 117.7 � 15.2g,h 8.5 � 3.4d,f,g

FTD 23 60.3 � 8.5b,h 20.7 � 6.3b,h,i 101.5 � 20.0b,e,h,i 7.7 � 4.2b,e,i

Values are presented as mean � SD. Significantly different at p � 0.05 for: acontrols and patients; bfrontotemporal dementia (FTD) and
corticobasal degeneration (CBD) patients; cPD and CBD patients; dprogressive supranuclear palsy (PSP) and CBD patients; eFTD and
multiple system atrophy (MSA) patients; fPSP and MSA patients; gPD and PSP patients; hFTD and PSP patients; iPD and FTD pa-
tients; jPD and MSA patients.

MMSE � Mini-Mental State Examination; DRS � Dementia Rating Scale; FAB � Frontal Assessment Battery.
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ence of a parkinsonian syndrome with unilateral onset
characterized by a resting tremor or an akinetorigid syn-
drome, a good response to levodopa that persisted at the
time of evaluation, and the absence of exclusion criteria
(e.g., supranuclear gaze palsy).29,30 The diagnostic criteria
for MSA included the presence of an extrapyramidal syn-
drome poorly responsive to levodopa, associated with an
autonomic or urinary dysfunction in the absence of exclu-
sion criteria.31 The diagnostic criteria for CBD included a
slowly progressive asymmetric akinetorigid syndrome and
one or more of the following signs of cortical involvement:
ideomotor apraxia, myoclonus, cortical sensory deficit, or
alien limb syndrome.32 The criteria for PSP included the
presence of a gradually progressive disorder with an age at
onset of 40 years or later; a supranuclear limitation of
vertical gaze; a prominent postural instability, with falls
occurring in the first year of symptom onset; and no evi-
dence of another disease that could explain the symptoms;
in the absence of exclusion criteria.33 The diagnosis of FTD
was based on a progressive onset of behavioral changes
fulfilling the Lund and Manchester criteria,1 a severe dys-
executive syndrome on neuropsychological evaluation, and
the absence of any other neurologic disorder sufficient to
explain the frontotemporal cortical deficit.1 The neuropsy-
chological evaluation of patients consisted of the MMSE26

and Mattis DRS for all patients,25 and the Wisconsin Card
Sorting Test (CST)34 for 86 patients. The MMSE ranges
were 30 to 24 for patients with PD, 30 to 21 for patients
with MSA, 30 to 13 for patients with CBD, 30 to 17 for
patients with PSP, and 30 to 6 for patients with FTD.

Technical properties of the battery. Validation. Con-
current validity. The validity of the FAB, i.e. how well
the battery evaluates the existence of a frontal lobe syn-
drome,35 was analyzed by correlating the FAB total score
with the patient’s performance on 1) the Wisconsin CST, a
test considered to be sensitive to executive dysfunction36; and
2) the Mattis DRS, a global scale reported to be correlated
with the degree of executive dysfunction in neurodegenera-
tive diseases.4,25 For the Wisconsin CST, the number of crite-
ria achieved and the number of perseverative errors were
considered because both have been shown to be sensitive to
frontal lobe dysfunction.34 We performed a correlational va-
lidity study because there is no “gold standard” that deter-
mines the existence and severity of a frontal lobe syndrome.35

Discriminant validity. We determined the ability of
the FAB to discriminate between normal control subjects
and patients with cognitive impairment according to the
Mattis DRS scale. Patients without cognitive impairment
were excluded for this analysis. Only 95 patients with a
Mattis DRS score below 136 were included.

The ability of the FAB to differentiate the frontal dys-
function of patients with cortical and subcortical lesions
was studied by using a stepwise discriminant analysis in
two groups of patients with frontal lobe dysfunction of
different origins—subcortical (47 patients with PSP) and
cortical (23 patients with FTD).

Reliability. Interrater reliability was determined by
comparing the scores of two independent raters who were
present during the administration of the FAB by one of
them. Each rater was blind to the ratings made by the
other. Interrater reliability was conducted in 17 patients
and determined by calculating the kappa value.

We studied the internal consistency of the battery, i.e.,

the extent to which the six items of the FAB reflect the
same underlying construct, by calculating the Cronbach’s
coefficient of alpha.37

Results. Technical properties of the battery. Validation.
Concurrent validity. A correlation was found between the
FAB scores and the Mattis DRS performance in 121 pa-
tients (r � 0.82, p � 0.001). Similarly, the FAB scores
correlated with the number of criteria (r � 0.77, p � 0.001)
and perseverative errors (rho � 0.68, p � 0.001) achieved
in the Wisconsin CST. A stepwise multiple regression was
used to evaluate the influence on the FAB performance of
the following independent variables: age of patient, MMSE
and Mattis DRS scores, and the number of criteria and
perseverative errors in the Wisconsin CST. The Mattis
DRS score and number of criteria achieved in the Wiscon-
sin CST accounted for 79% of variance in the FAB (F [2,82]
� 152.9; p � 0.001; r2 � 0.79). Interestingly, age and
MMSE scores had no significant influence.

Discriminant validity. The FAB discriminated be-
tween controls and patients after adjusting for age as a
covariate (analysis of covariance: F[1,131] � 17. 24; p �
0.001). The performance on the FAB correctly identified
89.1% of the cases (Wilke’s lambda � 0.43, F[1,135] �
176.2; p � 0.001). A stepwise discriminant analysis in pa-
tients with FTD and PSP using the six FAB subscores as
independent variables showed that similarities and pre-
hension behavior correctly classified 69.7% of the patients
(Wilke’s lambda � 0.865; �2 [ddl � 2] � 10.6; p � 0.005).

Reliability. Two raters independently evaluating a
subset of 17 patients with the FAB achieved an optimal
interrater reliability (� � 0.87, p � 0.001). The Cronbach’s
coefficient alpha between the items of the FAB of 121
patients was 0.78, suggesting good internal consistency.

Discussion. In order to provide a simple tool for
assessing frontal lobe function that could be applied
by any practitioner, we designed a short assessment
battery, the FAB, based on our experience with focal
frontal lobe lesions24 and movement disorders associ-
ated with striatofrontal dysfunction.4 Other tools
have already been designed to evaluate frontal lobe
function at the bedside.38-41 A brief assessment of
frontal and subcortical functions was proposed for
patients with suspected subcortical pathology, but
patients with AD scored significantly lower on this
scale than those with Huntington’s disease or PD.38

The EXIT 25, an executive interview, correlates not
only with tests sensitive to frontal lobe dysfunction
but also with the MMSE (r � �0.85). This suggests
that the EXIT 25 is also sensitive to functions that
are not executive.39 Another brief tool sensitive to
executive control, the CLOX (a clock drawing test),40

has been proposed, but only investigates one domain
of cognitive function: drawing. Lastly, Ettlin and
Kischka41 proposed the “frontal lobe score,” which is,
however, not convenient for bedside assessment be-
cause it includes tasks such as the Trail-Making
Test and takes up to 40 minutes to complete. The
FAB is an easy test to administer, requires less than
10 minutes to complete, and is well accepted by pa-
tients. The six FAB subtests explore both cognitive
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and behavioral domains under the control of the
frontal lobes, each of them having been shown to be
significantly correlated with frontal lobe metabolic
activity measured by 18-fluorodeoxyglucose using
PET scan.9 Moreover, each subtest is associated with
specific areas of the frontal lobes on the basis of
neuropsychological, electrophysiologic, and func-
tional arguments: conceptualization with dorsolat-
eral areas,42,43 word generation with medial areas,44,45

and inhibitory control with orbital or medial frontal
areas.46,47 Therefore, performance on the six subtests
of the FAB can give a composite global score, which
evaluates the severity of the dysexecutive syndrome
and may suggest a descriptive pattern of executive
dysfunction in a given patient.

The FAB presents good metric properties. The
study demonstrated good internal consistency (Cron-
bach’s alpha was 0.78),37 optimal interrater reliabil-
ity (� � 0.87), and concurrent validity. Indeed, the
FAB score was strongly associated with the perfor-
mance of patients on the Mattis DRS (rho � 0.82)
and Wisconsin CST (rho � 0.77 for the number of
criteria), both of which evaluate different cognitive
functions under frontal lobe control. These functions
include initiation, conceptualization, and attention
for the Mattis DRS scale25 and conceptualization and
cognitive flexibility for the Wisconsin CST. Several
recent studies have demonstrated that performance
in the Wisconsin CST is related to functional activity
in the prefrontal cortex.42,48-50 In contrast, the FAB
score is correlated neither with the MMSE score, a
measure of more general cognitive function, nor with
age (see the results of the stepwise multiple regres-
sion). The battery also presents good discriminant
validity, allowing differentiation to be made between
control subjects and patients with frontal or subcor-
ticofrontal cognitive impairment. However, the FAB
global score does not allow discrimination between
patients with predominantly subcortical (PSP) or
cortical (FTD) dysfunction. Only two subtests dis-
criminated between these patients to some extent—
prehension behavior (more severely impaired in
patients with PSP) and similarities (more severely
impaired in patients with FTD). This result is not
unexpected because patients with frontal and sub-
corticofrontal lesions usually present similar cogni-
tive deficits and share only subtle neuropsychological
differences.51-53

Some points should be stressed, however. Test–
retest reliability was not assessed. The anatomic cor-
relation of the different subtests of the battery was
derived from data obtained with similar tests, but
not from the subtests themselves. Finally, although
highly significant correlations were shown between
the FAB and tests sensitive to frontal lobe functions,
but not between the FAB and MMSE, it would be
necessary to demonstrate that patients with non–
frontal lobe injuries perform at a higher level than
that observed for patients with frontal lobe injuries,
to definitively consider the FAB as a measure of
frontal lobe dysfunction.

Appendix
Content, instructions, and scoring of the FAB

1. Similarities (conceptualization)
“In what way are they alike?”
A banana and an orange (In the event of total failure: “they are

not alike” or partial failure: “both have peel,” help the patient by
saying: “both a banana and an orange are...”; but credit 0 for the
item; do not help the patient for the two following items)

A table and a chair
A tulip, a rose and a daisy
Score (only category responses [fruits, furniture, flowers] are

considered correct)
Three correct: 3
Two correct: 2
One correct: 1
None correct: 0

2. Lexical fluency (mental flexibility)
“Say as many words as you can beginning with the letter ‘S,’

any words except surnames or proper nouns.”
If the patient gives no response during the first 5 seconds, say:

“for instance, snake.” If the patient pauses 10 seconds, stimulate
him by saying: “any word beginning with the letter ‘S.’ The time
allowed is 60 seconds.

Score (word repetitions or variations [shoe, shoemaker], sur-
names, or proper nouns are not counted as correct responses)

More than nine words: 3
Six to nine words: 2
Three to five words: 1
Less than three words: 0

3. Motor series (programming)
“Look carefully at what I’m doing.”
The examiner, seated in front of the patient, performs alone

three times with his left hand the series of Luria “fist–edge–
palm.” “Now, with your right hand do the same series, first with
me, then alone.” The examiner performs the series three times
with the patient, then says to him/her: “Now, do it on your own.”

Score
Patient performs six correct consecutive series alone: 3
Patient performs at least three correct consecutive series alone: 2
Patient fails alone, but performs three correct consecutive se-

ries with the examiner: 1
Patient cannot perform three correct consecutive series even

with the examiner: 0
4. Conflicting instructions (sensitivity to interference)

“Tap twice when I tap once.”
To be sure that the patient has understood the instruction, a

series of three trials is run: 1-1-1. “Tap once when I tap twice.” To
be sure that the patient has understood the instruction, a series of
three trials is run: 2-2-2. The examiner performs the following
series: 1-1-2-1-2-2-2-1-1-2.

Score
No error: 3
One or two errors: 2
More than two errors: 1
Patient taps like the examiner at least four consecutive times: 0

5. Go–No Go (inhibitory control)
“Tap once when I tap once.”
To be sure that the patient has understood the instruction, a

series of three trials is run: 1-1-1. “Do not tap when I tap twice.”
To be sure that the patient has understood the instruction, a
series of three trials is run: 2-2-2. The examiner performs the
following series: 1-1-2-1-2-2-2-1-1-2.

Score
No error: 3
One or two errors: 2
More than two errors: 1
Patient taps like the examiner at least four consecutive times: 0

6. Prehension behavior (environmental autonomy)
“Do not take my hands.”
The examiner is seated in front of the patient. Place the pa-

tient’s hands palm up on his/her knees. Without saying anything
or looking at the patient, the examiner brings his/her hands close
to the patient’s hands and touches the palms of both the patient’s
hands, to see if he/she will spontaneously take them. If the patient
takes the hands, the examiner will try again after asking him/her:
“Now, do not take my hands.”
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Score
Patient does not take the examiner’s hands: 3
Patient hesitates and asks what he/she has to do: 2
Patient takes the hands without hesitation: 1
Patient takes the examiner’s hand even after he/she has been

told not to do so: 0

References
1. Brun A, Englund B, Gustafson L, et al. Clinical and neuro-

pathological criteria for frontotemporal dementia. The Lund
and Manchester Groups. J Neurol Neurosurg Psychiatry 1994;
57:416–418.

2. Desmond D, Erkinjuntti T, Sano M, et al. The cognitive syn-
drome of vascular dementia: implications for clinical. Alzhei-
mer Dis Assoc Disord 1999;13:21–29.

3. Litvan I, Agid Y, Jankovic J, et al. Accuracy of clinical criteria
for the diagnosis of progressive supranuclear palsy (Steele–
Richardson–Olszewski syndrome). Neurology 1996;46:922–
930.

4. Pillon B, Dubois B, Agid Y. Testing cognition may contribute
to the diagnosis of movement disorders. Neurology 1996;46:
329–334.

5. Phillips LH. Do “frontal tests” measure executive function?
Issues of assessment and evidence from fluency tests. In: Rab-
bit P, ed. Methodology of frontal and executive function. Hove:
Psychology Press, 1997:191–214.

6. Stuss DT, Eskes GA, Foster JK. Experimental neuropsycho-
logical studies of frontal lobe functions. In: Boller F, Grafman
J, eds. Handbook of neuropsychology. Amsterdam, the Nether-
lands: Elsevier Science BV, 1994:149–185.

7. Tranel D, Anderson S, Benton A. Development of the concept
of ‘executive function’ and its relationship to the frontal lobes.
In: Boller F, Grafman J, eds. Handbook of neuropsychology.
Amsterdam, the Netherlands: Elsevier Science BV, 1994:125–
148.

8. Cummings JL. Frontal–subcortical circuits and human behav-
ior. Arch Neurol 1993;50:873–880.

9. Sarazin M, Pillon B, Giannakopoulos P, Rancurel G, Samson
Y, Dubois B. Clinicometabolic dissociation of cognitive func-
tions and social behavior in frontal lobe lesions. Neurology
1998;51:142–148.

10. Grafman J. Alternative frameworks for the conceptualization of
prefrontal lobe functions. In: Boller F, Grafman J, eds. Hand-
book of neuropsychology: Elsevier Science BV, 1994:187–201.

11. Lhermitte F, Derouesné J, Signoret JL. Neuropsychological
analysis of the frontal syndrome. Rev Neurol (Paris) 1972;127:
415–440.

12. Luria A. Higher cortical functions in man. New York, NY:
Basic Books Inc Publishers, 1966.

13. Milner B, Petrides M. Behavioral effects of frontal-lobe lesions
in man. Trends Neurosci 1984;7:403–407.

14. Stuss DT, Benson DF. The frontal lobes. New York, NY:
Raven Press, 1986.

15. Lezak MD. Neuropsychological assessment. Oxford, UK: Ox-
ford University Press, 1995.

16. Shallice T. From neuropsychology to mental structure. Cam-
bridge, UK: Cambridge University Press, 1988.

17. Vérin M, Partiot A, Pillon B, Malapani C, Agid Y, Dubois B.
Delayed response tasks and prefrontal lesions in man—
evidence for self generated patterns of behaviour with poor
environmental modulation. Neuropsychologia 1993;31:1379–
1396.

18. Benton A. Differential behavior effects in frontal lobe disease.
Neuropsychologia 1968;6:53–60.

19. Jason GW. Performance of manual copying tasks after focal
cortical lesions. Neuropsychologia 1986;24:181–191.

20. Christensen A. Luria’s neuropsychological investigation.
Copenhagen, Norway: Munksgaard, 1979.

21. Rolls ET, Hornak J, Wade D, McGrath J. Emotion-related
learning in patients with social and emotional changes associ-
ated with frontal lobe damage. J Neurol Neurosurg Psychiatry
1994;57:1518–1524.

22. Kimberg DY, D’Esposito M, Farah M. Frontal lobes: cognitive
neuropsychological aspects. In: Feinberg TE, Farah M, eds.
Behavioral neurology and neuropsychology. New York, NY:
McGraw–Hill, 1997:409–418.

23. Drewe EA. Go–no go learning after frontal lobe lesions in
humans. Cortex 1975;11:8–16.

24. Lhermitte F, Pillon B, Serdaru M. Human autonomy and the
frontal lobes. Part I. Imitation and utilization behavior: a
neuropsychological study of 75 patients. Ann Neurol 1986;19:
326–334.

25. Mattis S. Dementia Rating Scale. Odessa, FL: Psychological
Assessment Resources Inc, 1988.

26. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state.” A
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 1975;12:189–198.

27. Pillon B, Dubois B, Lhermitte F, Agid Y. Heterogeneity of
cognitive impairment in progressive supranuclear palsy, Par-
kinson’s disease, and Alzheimer’s disease. Neurology 1986;36:
1179–1185.

28. Pillon B, Blin J, Vidailhet M, et al. The neuropsychological
pattern of corticobasal degeneration: comparison with pro-
gressive supranuclear palsy and Alzheimer’s disease. Neurol-
ogy 1995;45:1477–1483.

29. Hughes AJ, Daniel SE, Kilford L, Lees AJ. The accuracy of
clinical diagnosis of idiopathic Parkinson’s disease: a clinico-
pathological study. J Neurol Neurosurg Psychiatry 1992;55:
181–184.

30. Lang AE, Lozano A. Parkinson’s disease. First of two parts.
N Engl J Med 1998;339:1044–1053.

31. Gilman S, Low PA, Quinn N, et al. Consensus statement on
the diagnosis of multiple system atrophy [see comments].
J Neurol Sci 1999;163:94–98.

32. Soliveri P, Monza D, Paridi D, et al. Cognitive and magnetic
resonance imaging aspects of corticobasal degeneration and
progressive supranuclear palsy. Neurology 1999;53:502–507.

33. Litvan I, Agid Y, Calne D, et al. Clinical research criteria for
the diagnosis of progressive supranuclear palsy (Steele–
Richardson–Olszewski syndrome): report of the NINDS–SPSP
international workshop. Neurology 1996;47:1–9.

34. Nelson HE. A modified card sorting test sensitive to frontal
lobe defects. Cortex 1976;12:313–324.

35. Mc Dowell I, Newel C. Measuring health: a guide to rating
scales and questionnaires. Oxford, UK: Oxford University
Press, 1996.

36. Milner B. Some effects of frontal lobectomy in man. In: War-
ren JM, Akert K, eds. The frontal granular cortex and behav-
ior. New York, NY: McGraw Hill, 1964:313–334.

37. Gifford DR, Cummings JL. Evaluating dementia screening
tests. Methodological standard to rate their performance.
Neurology 1999;52:224–227.

38. Rothlind JC, Brandt J. A brief assessment of frontal and sub-
cortical functions in dementia. J Neuropsychiatry Clin Neuro-
sci 1993;5:73–77.

39. Royall DR, Mahurin RK, Gray KF. Bedside assessment of
executive cognitive impairment: the executive interview [see
comments]. J Am Geriatr Soc 1992;40:1221–1226.

40. Royall DR, Cordes JA, Polk M. CLOX: an executive clock draw-
ing task. J Neurol Neurosurg Psychiatry 1998;64:588–594.

41. Ettlin T, Kischka U. Bedside frontal lobe testing. The “frontal
lobe score.” In: Miller BL, Cummings JL, eds. The human frontal
lobes. New York, NY: The Guilford Press, 1999:233–246.

42. Nagahama Y, Fukuyama H, Yamauchi H, et al. Cerebral acti-
vation during performance of a card sorting test. Brain 1996;
119:1667–1675.

43. Berman KF, Ostrem JL, Randolph C, et al. Physiological acti-
vation of a cortical network during performance of the Wiscon-
sin Card Sorting Test: a positron emission tomography study.
Neuropsychologia 1995;33:1027–1046.

44. Warburton E, Wise RJ, Price CJ, et al. Noun and verb re-
trieval by normal subjects. Studies with PET. Brain 1996;119:
159–179.

45. Crosson B, Sadek JR, Bobholz JA, et al. Activity in the parac-
ingulate and cingulate sulci during word generation: an fMRI
study of functional anatomy. Cereb Cortex 1999;9:307–316.

46. Rolls ET, Critchley HD, Mason R, Wakeman EA. Orbitofron-
tal cortex neurons: role in olfactory and visual association
learning. J Neurophysiol 1996;75:1970–1981.

47. Konishi S, Nakajima K, Uchida I, Kikyo H, Kameyama M,
Miyashita Y. Common inhibitory mechanism in human infe-
rior prefrontal cortex revealed by event-related functional
MRI. Brain 1999;122:981–991.

December (1 of 2) 2000 NEUROLOGY 55 1625
 at Schering AG--Berlin on July 28, 2008 www.neurology.orgDownloaded from 



48. Lombardi WJ, Andreason PJ, Sirocco KY, et al. Wisconsin
Card Sorting Test performance following head injury: dorso-
lateral fronto-striatal circuit activity predicts perseveration.
J Clin Exp Neuropsychol 1999;21:2–16.

49. Konishi S, Nakajima K, Uchida I, et al. Transient activation
of inferior prefrontal cortex during cognitive set shifting. Nat
Neurosci 1998;1:80–84.

50. Konishi S, Kawazu M, Uchida I, Kikyo H, Asakura I, Miyashita
Y. Contribution of working memory to transient activation in
human inferior prefrontal cortex during performance of the Wis-
consin Card Sorting Test. Cereb Cortex 1999;9:745–753.

51. Rogers RD, Sahakian BJ, Hodges JR, Polkey CE, Kennard C,
Robbins TW. Dissociating executive mechanisms of task con-
trol following frontal lobe damage and Parkinson’s disease.
Brain 1998;121:815–842.

52. Owen AM. Cognitive planning in humans: neuropsychological,
neuroanatomical and neuropharmacological perspectives.
Prog Neurobiol 1997;53:431–450.

53. Dimitrov M, Grafman J, Soares AH, Clark K. Concept forma-
tion and concept shifting in frontal lesion and Parkinson’s
disease patients assessed with the California Card Sorting
Test. Neuropsychology 1999;13:135–143.

Hippocampal and cortical atrophy predict
dementia in subcortical ischemic

vascular disease
G. Fein, PhD; V. Di Sclafani, MPH; J. Tanabe, MD; V. Cardenas, PhD; M.W. Weiner, MD; W.J. Jagust, MD;

B.R. Reed, PhD; D. Norman, MD; N. Schuff, PhD; L. Kusdra; T. Greenfield; and H. Chui, MD

Article abstract—Background: The cause of dementia in subcortical ischemic vascular disease (SIVD) is controversial.
Objectives: To determine whether cognitive impairment in SIVD 1) correlates with measures of ischemic brain injury or
brain atrophy, and/or 2) is due to concomitant AD. Methods: Volumetric MRI of the brain was performed in 1) elderly
subjects with lacunes (L) and a spectrum of cognitive impairment—normal cognition (NC	L, n � 32), mild cognitive
impairment (CI	L, n � 26), and dementia (D	L, n � 29); 2) a comparison group with probable AD (n � 28); and 3) a
control group with normal cognition and no lacunes (NC). The authors examined the relationship between the severity of
cognitive impairment and 1) volume, number, and location of lacunes; 2) volume of white matter signal hyperintensities
(WMSH); and 3) measures of brain atrophy (i.e., hippocampal, cortical gray matter, and CSF volumes). Results: Among the
three lacune groups, severity of cognitive impairment correlated with atrophy of the hippocampus and cortical gray
matter, but not with any lacune measure. Although hippocampal atrophy was the best predictor of severity of cognitive
impairment, there was evidence for a second, partially independent, atrophic process associated with ventricular dilation,
cortical gray matter atrophy, and increase in WMSH. Eight autopsied SIVD cases showed variable severity of ischemic
and neurofibrillary degeneration in the hippocampus, but no significant AD pathology in neocortex. The probable AD
group gave evidence of only one atrophic process, reflected in the severity of hippocampal atrophy. Comparison of regional
neocortical gray matter volumes showed sparing of the primary motor and visual cortices in the probable AD group, but
relatively uniform atrophy in the D	L group. Conclusions: Dementia in SIVD, as in AD, correlates best with hippocampal
and cortical atrophy, rather than any measure of lacunes. In SIVD, unlike AD, there is evidence for partial independence
between these two atrophic processes. Hippocampal atrophy may result from a mixture of ischemic and degenerative
pathologies. The cause of diffuse cortical atrophy is not known, but may be partially indexed by the severity of WMSH.

NEUROLOGY 2000;55:1626–1635

Subcortical ischemic vascular disease (SIVD) is char-
acterized by lacunar infarcts and deep white matter
changes. The proportion of vascular dementia (VaD)
attributed to SIVD ranges from 36 to 50%, with
higher rates noted among African Americans1 and
Asian Americans2 than whites.3,4 A few studies re-

port risk of dementia to be higher among subjects
with lacunar infarcts versus other subtypes of
stroke,4 and among patients with AD with concomi-
tant lacunar versus large-artery infarcts.5 Thus,
SIVD is an important subtype of VaD either alone or
in combination with AD.
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INTRODUCTION 

EXAMINATION of the mental state is essential in evaluating psychiatric patients.1 Many 
investigators have added quantitative assessment of cognitive performance to the standard 
examination, and have documented reliability and validity of the several “clinical tests of 

the sensorium”.2*3 The available batteries are lengthy. For example, WITHERS and HINTON’S 

test includes 33 questions and requires about 30 min to administer and score. The standard 
WAIS requires even more time. However, elderly patients, particularly those with delirium 

or dementia syndromes, cooperate well only for short periods.4 
Therefore, we devised a simplified, scored form of the cognitive mental status examination, 

the “Mini-Mental State” (MMS) which includes eleven questions, requires only 5-10 min 
to administer, and is therefore practical to use serially and routinely. It is “mini” because 
it concentrates only on the cognitive aspects of mental functions, and excludes questions 
concerning mood, abnormal mental experiences and the form of thinking. But within the 
cognitive realm it is thorough. 

We have documented the validity and reliability of the MMS when given to 206 patients 
with dementia syndromes, affective disorder, affective disorder with cognitive impairment 
“pseudodementia”5T6), mania, schizophrenia, personality disorders, and in 63 normal 
subjects. 

DESCRIPTION OF THE MMS 

The MMS is shown in the appendix. Questions are asked in the order listed and scored 
immediately. The tester (psychiatric resident, nurse, or volunteer) is instructed first to 
make the patient comfortable, to establish rapport, to praise successes, and to avoid 

*Reprint request to M.F.F. now at Department of Psychiatry and Behavioral Science, Johns Hopkins 
Hospital, Baltimore, Md. 21205. 
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pressing on items which the patient finds difficult. In this setting most patients cooperate, 
and catastrophic reactions are avoided. 

The MMS is divided into two sections, the first of which requires vocal responses only 
and covers orientation, memory, and attention; the maximum score is 21. The second 
part tests ability to name, follow verbal and written commands, write a sentence spon- 
taneously, and copy a complex polygon similar to a Bender-Gestalt Figure; the maximum 
score is nine. Because of the reading and writing involved in Part II, patients with severely 
impaired vision may have some extra difficulty that can usually be eased by large writing 
and allowed for in the scoring. Maximum total score is 30. The test is not timed. Detailed 
instructions for administration are given in the appendix. 

METHODS 

The MMS was given to two groups of people that we will refer to as Samples A and B. 
In Sample A (Table 1) are 69 patients chosen specifically as clear examples of clinical 
conditions (29 with dementia syndromes due to a variety of brain diseases, 10 with affective 
disorder, depressed type with clinically recognizeable cognitive impairment, 30 with 
uncomplicated affective disorder, depressed type) and 63 normal, elderly persons similar 
in age to the patients. All the patients were tested shortly after admission to the New York 
Hospital Westchester Division, a private psychiatric hospital and the normal subjects 
were tested at a Senior Citizens Center and at a retirement apartment complex. Thirty-three 
of the 69 patients in Sample A were retested after treatment. The patients with dementia 
were treated according to their clinical conditions. They occasionally received tricyclic 
antidepressants or phenothiazines as well as treatment for medical illnesses. The patients 
with depression were treated with antidepressants and/or ECT. They also may have 
received medical treatments. 

Sample B (Table 2) is a patient group formed by taking consecutive admissions to the 
hospital and giving them the MMS shortly after admission. It was intended to be a stand- 
ardization sample and came eventually to consist of 137 patients (9 patients with dementia, 
31 patients with affective disorder, depressed type, 14 patients with affective disorder, 
manic type, 24 with schizophrenia, 32 with personality disorder with drug abuse, and 27 
with neurosis). These diagnoses were made by M.F. on review of the hospital chart em- 
ploying the diagnostic criteria described below and without knowledge of the MMS scores. 
Subsets of patients from both Samples A and B were extracted for age-matched studies 
(Table 1B) concurrent validity (Table 3) and test-retest reliability (Table 4). 

The following diagnostic criteria were used for both Sample A and B: 
Dementia. A global deterioration of intellect in clear consciousness. 
Affective disorder, depressed type, with cognitive impairment. A sustained feeling of 

depression with an attitude of hopelessness, worthlessness or guilt accompanied by dis- 
turbances in orientation and memory which occurred after the onset of the depression. 

Affective disorder, depressed type, uncomplicated. A sustained feeling of depression with 
an attitude of hopelessness, worthlessness or guilt and with no notable cognitive defect. 

Afictive disorder, manic type. A sustained feeling of elevated mood with an attitude of 
overconfidence or exaggerated self-importance. 

Schizophrenia. Either Schneider’s first rank symptoms in the absence of affective symp- 
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TABLE 1. 
Sample A 

A "ini Mental State Scores on Admission 

Sex MMS Mann-Whitney 

__ Diagnosis N Age M/F 7 S.D. Rans U P 

Dementia 29 80.8 1207 9.6 5.8 O-22 
45 <.OOl 

Depresslo" 
with cognitive 10 74.5 713 19.0 6.6 9-27 
Impairment 65.8 < ,001 

Affective Dis., 30 49.8 9/21 25.1 5.4 8-30 
Depressed 1178 

(Z=6) 
<.OOl 

Normal 63 73.9 27/36 27.6 1.7 24-X 

L Mini Mental Scores O" Admission: Aoe-Matched Sample 

Age Sex MMS Mann-Whitney 

Diawvxis N Age Range M/F x S.D. Range U P 

Dementia 8 76 75-79 2/6 6.9 4.7 1-14 
4 < ,001 

Depression 
with cognitive 8 76 70.86 513 18.4 5.7 9-27 
Impairment 8.5 < ,006 

Affective Dis., 8 74 69-79 I/7 26.1 4.4 17-30 

Depressed 

C. Mini Heental State Scores of Patients Tested Before and After Treatment 

S&K MMS MMS i days Wllcoxon 

Diagnosis N Age M/F i -i S.D. Range P 

Dementia 14 81.4 6/8 10.5 6.6 n-22 11.1 5.7 l-19 23 20 NS 

Depression 
with cognitive 7 75.0 512 18.3 5.0 13-27 23.4 2.4 21-26 36 1.0 (.025 
Impairment 

Affective Dis.. 12 58.9 3/g 25.5 5.0 14-30 27.2 3.7 16-30 51 10.5 
Depressed 

<.025 

____- 

TABLE 2. 

Smnle 0 

SW MMS 
Diagnosis 11 A"? M/F __ x S.D. Ran&_ 

Dementia 3 ;:.4 3/G 12.2 6.7 l-12 

Depression 31 50.7 16/:5 25.1 C.2 9-33 

Mania 14 39.5 G/8 26.6 3.5 21-30 

Schizophrenia 24 44.6 14/10 24.6 6.6 l-30 

Personality 32 34.3 17/15 26.8 2.5 19-30 
Disorder with 
Drug Abuse 

Neurosis 27 25.6 15/I? 27.G 2.4 71-30 

toms or the presence of a personality deterioration associated with thought disorder and 
emotional incongruence without first rank symptoms. 



192 MARSHAL F. FOLSTEIN, SUSAN E. FOUTEIN and PAUL R. MCHUGH 

Personality disorder with drug abuse. Absence of all above symptoms with a history of 
drug abuse, including alcohol. 

Neuroses. Presence of psychological symptoms appearing to arise from the combination 
of a particular life situation and vulnerable character but with the specific absence of 
symptoms characteristic of the other syndromes. 

TABLE 3. 

Sample for MNS - IQ Correlation 

Sex 
Di agnw 5 N Age I:/!_ 

Dementia 7 78 314 

Depression 

with cognitive 8 76 6/2 
Impairment 

Depression 8 55 3/s 

Schizophrenia 2 68 l/l 

Neurosis 1 22 O/l 

TILE 4. 

Tes:-Retest Rcliablllty -.-__ 

Type of Sample 
X days Irilcoxon 

MMS 1 K,S 2 between T P Pearson 
Reliability aposition N Aqe Sex i S.D. Ranqe itS.0. Range tests (2 tail) I‘ P 

24 hr. 
hi/l 

various types 
retest of depressive 22 41.2 3/19 24.2 7.1 Z-30 
(1 tester) 

25.3 7.0 l-30 1 45 NS 
symptoms 

0.887 <.OOOl 

24 hr. various types 
retest of depressive 19 45.6 7112 23.9 4.7 13-30 25.2 5.1 13-30 1 22 NS 
(2 testers) symptoms 

0.827 <.OOOl 

28 day dementia, 
retest depression, 

clinically schizophrenia 23 74.1 6/17 19.3 10.0 l-30 10.2 9.2 1-29 27.7 42 NS 0.988 stable <.OOOl 

patients 

Validity 
RESULTS 

The MMS separated the three diagnostic groups in Sample A from one another and 
from the normal group. Of a total possible score of 30, the mean score for patients with 
dementia was 9.7, depression with cognitive impairment 19.0, and uncomplicated affective 
disorder, depressed 25.1. The mean score for normals was 27.6. Thus, the MMS scores 
agreed with the clinical opinion of the presence of cognitive difficulty and as the cognitive 
difficulty is usually less in depression than in dementia the scores dispersed in a fashion 
agreeing with the severity of the difficulty. 

To be sure that these scores were not due to age effects and unrelated to clinical con- 
ditions an age-matched group was drawn from Sample A and showed an identical dispersal 
of scores according to diagnosis (Table lb). Mean initial Mini-Mental Status score for 



MINI-MENTAL STATE 193 

patients with depression under 60 yr-of-age was 24.5 and for patients over 60 was 25.1. 
These scores were not significantly different. 

Thirty-three patients in Sample A were tested prior to and after treatment appropriate 
to their conditions. Patients with dementia most of whom have uncorrectable brain disease 
could be expected to show little change in a valid test of cognitive state, whereas those 
with depression and an associated cognitive difficulty (pseudo dementia) should show a 
considerable gain with treatment. These expectations are borne out in the results. There is 
no significant change in the MMS of dementia, a small but significant increase in the 
depressed patients, and a large and significant increase in those depressed patients with 
symptoms of cognitive difficulty. 

Graphs charting the change-over time in the Mini-Mental State in three patients with 

improving cognitive states illustrate its usefulness serially and are further examples of how 
the MMS changes with the clinical state. The examples include a patient recovering from 
a head injury (Fig. l), a patient recovering from a metabolic delerium (Fig. 2), and a 
patient recovering spontaneously over 2t_ months from a depression accompanied by 
severe cognitive impairment (Fig. 3). 

Sample B was drawn in order to improve the impression of validity by standardizing the 
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FIG. 1. Serial Mini-Mental State Scores of a patient recovering from a head injury. 
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FIG. 2. Serial Mini-Mental State Scores of a patient recovering from a metabolic delerium. 
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FIG. 3. Serial Mini-Mental State Scores of a patient recovering spontaneously from a 
depression accompanied by severe cognitive impairment. 

MMS in a consecutive series of admission. One hundred and thirty-seven consecutive 
admissions were examined. Their mean MMS scores were: dementia 12.2; affective disorder, 
depressed 25.9; mania 26.6; schizophrenia 24.6; personality disorder with drug abuse 
268; and neuroses 27.6. The minor differences in mean scores between Sample A and B 
for dementia and depression are not significant. In Sample B the means are similar for all 
diagnostic groups except dementia. However, amongst the groups with similar means those 
with depression and schizophrenia had a much wider range of scores than the other diag- 
nostic groups or normal subjects in Sample A. Scores below 20 were found only in functional 
psychosis or dementia with but one exception; a score of 19 in a patient who had a history 
of drug abuse. 

Concurrent validity was determined by correlating MMS scores with the Wechsler Adult 
Intelligence Scale, Verbal and Performance scores in a group of patients selected from 
Sample A and B because they had both a MMS and WAIS Performance in the same week. 
See Table 3 for the diagnostic and age distribution of this group. For Mini-Mental Status 
vs Verbal IQ, Pearson r was 0.776 (p < O*OOOl). For Mini-Mental Status vs Performance 
IQ, Pearson r was 0.660 (p < O*OOl). 

Reliability 
The MMS is reliable on 24 hr or 28 day retest by single or multiple examiners. When 

the Mini-Mental Status was given twice, 24 hr apart by the same tester on both occasions, 
the correlation by a Pearson coefficient was 0.887. Scores were not significantly different 
using a Wilcoxon T. To note examiner effect on 24 hr test retest reliability the MMS was 
given twice, 24 hr apart by two examiners. The Pearson r remained high at 0.827. The 
scores did not change; Wilcoxon T was not significant (Table 4). Thus the scores seem 
stable even when multiple examiners are used, the practice effect is small. 

When elderly depressed and demented patients chosen for their clinical stability were 
given the Mini-Mental Status twice, an average of 28 days apart, there was no sigticant 
difference in these scores by the Wilcoxon T and the product moment correlation for 
test 1 vs test 2 was O-98. (See Table 4.) 
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DISCUSSION 

The MMS is a valid test of cognitive function. It separates patients with cognitive 
disturbance from those without such disturbance. Its scores follow the changes in cognitive 
state when and if patients recover. Its scores correlate with a standard test of cognition, 
the Wechsler Adult Intelligence Scale (WAIS). 

Before considering its uses, it is an elementary but important point that as with any 
examination of cognitive performance, the MMS cannot be expected to replace a complete 
clinical appraisal in reaching a final diagnosis of any individual patient. Cognitive diffi- 
culties arise in a number of different clinical conditions. This is demonstrated by the over- 
lapping of scores on the MMS in several categories here. Accurate diagnosis, including 
appraisal of the significance of cognitive disabilities documented in the MMS, depends 
on evidence developed from the psychiatric history, the full mental status examination, 
the physical status and pertinent laboratory data. 

But the MMS does have a number of valuable features for clinical practice even though 
it cannot carry alone the diagnostic responsibility. As it is a quantified assessment of 
cognitive state of demonstrable reliability and validity, it makes more objective what is 
commonly a vague and subjective impression of cognitive disability during an assessment 
of a patient. It can provide this quantification easily requiring only a few minutes to com- 
plete. It can be repeated during an illness and shows little practice effect. Thus it is ideal 
for initial and for serial measurements of this important aspect of mental functioning and 
can demonstrate worsening or improvement of this feature over time and with treatment. 

As with any other quantified assessment of cognitive function such as the WAIS with 
which it correlates so well, the MMS permits comparisons to be drawn between intellectual 
changes and other aspects of mental functioning. We have found it particularly useful in 
documenting the cognitive disability found in some patients with affective disorder (Post’s 
pseudodementia) and the improvement of this symptom with appropriate therapy for the 
mood disorder. Other applications that demand a quantitative assessment of cognitive 

function might be expected. 
The MMS as it is extracted from the clinical examination has an advantage in assessment 

of patients and clinical problems not so obvious in tests such as the WAIS that are designed 
for other purposes such as prediction of school or occupational performance. Thus failures 
in the MMS on orientation, memory, reading and writing have much clearer implications 
than do failures in digit symbol, picture completion or vocabulary subtests of the WAIS in 
terms of a patients capacity to care for himself. These implications from the MMS score are 
easily appreciated by other professionals such as lawyers, judges and social workers con- 
cerned with such issues as the patient’s competency to manage his daily affairs. It can 
therefore aid in bringing to the patient the social supports that he needs. 

Finally we have found the MMS useful in teaching psychiatric residents to become skilful 
in the evaluation of the cognitive aspects of the mental status. It provides them with a 
standard set of questions replacing what is often a bewildering variety of individual ap- 
proaches. Those questions that it employs have obvious clinical pertinence and cover most 
of the categories of cognitive disability. Since it can be done quickly and gives a score it 
draws the resident’s attention to global improvements or declines in cognitive state. It also 
though because special attention is focused on memory and language functions will reveal 
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the partial cognitive disabilities seen in the aphasic and the amnestic syndromes. As it 

becomes a routine, we have found an increase in resident interest and competence in 

assessing and managing the conditions that affect cognitive functioning such as dementia 

and delerium. 
SUMMARY 

A short, standardized form was devised for the serial testing of the cognitive mental 

state in patients on a neurogeriatric ward, as well as for consecutive admission to a hospital. 

It was found to be quick, easy to use, and acceptable to patients and testers. 

When given to 69 patients with dementia, depression with cognitive impairment, and 

depression (Sample A), the test proved to be valid and reliable. It was able to separate the 

three diagnostic groups, it reflected clinical cognitive change, it did not change in patients 

thought to be cognitively stable, and it was correlated with the WAIS scores. Standard- 

ization of the test by administration to 63 normal elderly subjects and 137 patients (Sample 

B) indicated that the score of 20 or less was found essentially only in patients with dementia, 

delerium, schizophrenia or affective disorder and not in normal elderly people or in patients 

with a primary diagnosis of neurosis and personality disorder. The Mini-Mental Status 

was useful in quantitatively estimating the severity of cognitive impairment, in serially 

documenting cognitive change, and in teaching residents a method of cognitive assessment. 
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APPENDIX 
Patient. . . . . . . . . . . . . . . . . . . . . . . . 
Examiner . . . . . . . . . 
Date . . . . . . . . . . . . , . . . . . 

“MINI-MENTAL STATE” 
Maximum 

Score Score 
ORIENTATION 

5 ( ) What is the (year) (season) (date) (day) (month)? 
5 ( ) Where are we: (state) (county) (town) (hospital) (floor). 

REGISTRATION 

3 ( ) Name 3 objects: 1 second to say each. Then ask the patient all 3 after you have said them. 
Give 1 point for each correct answer. Then repeat them until he learns 
all 3. Count trials and record. 

Trials 
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ATTENTION AND CALCULATION 

5 ( ) Serial 7’s. 1 point for each correct. Stop after 5 answers. Alternatively spell “world” 
backwards. 

RECALL 

3 ( ) Ask for the 3 objects repeated above. Give 1 point for each correct. 

LANGUAGE 

9 ( ) Name a pencil, and watch (2 points) 
Repeat the following “No ifs, ands or buts.” (1 point) 

Follow a 3-stage command: 

“Take a paper in your right hand, fold it in half, and put it on the floor” 
(3 points) 

Read and obey the following: 

CLOSE YOUR EYES (1 point) 

Write a sentence (1 point) 

Copy design (1 point) 

Total score 

ASSESS level of consciousness along a continuum 
Alert Drowsy Stupor Coma 

INSTRUCTIONS FOR ADMINISTRATION OF 
MINI-MENTAL STATE EXAMINATION 

ORIENTATION 

(1) Ask for the date. Then ask specifically for parts omitted, e.g., “Can you also tell me what season 
it is?” One point for each correct. 

(2) Ask in turn “Can you tell me the name of this hospital?” (town, county, etc.). One point for each 
correct. 

REGISTRATION 

Ask the patient if you may test his memory. Then say the names of 3 unrelated objects, clearly and slowly, 
about one second for each. After you have said all 3, ask him to repeat them. This first repetition determines 
his score (O-3) but keep saying them until he can repeat all 3, up to 6 trials. If he does not eventually learn 
all 3, recall cannot be meaningfully tested. 

ATTENTION AND CALCULATION 

Ask the patient to begin with 100 and count backwards by 7. Stop after 5 subtractions (93, 86,79,72,65). 
Score the total number of correct answers. 

If the patient cannot or will not perform this task, ask him to spell the word “world” backwards. The 
score is the number of letters in correct order. E.g. dlrow = 5, dlorw = 3. 

RECALL 

Ask the patient if he can recall the 3 words you previously asked him to remember. Score O-3. 

LANGUAGE 

Naming: Show the patient a wrist watch and ask him what it is. Repeat for pencil. Score O-2. 

Repetition: Ask the patient to repeat the sentence after you. Allow only one trial. Score 0 or 1. 

3-Stage command: Give the patient a piece of plain blank paper and repeat the command. Score 1 point 
for each part correctly executed. 
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Reading: On a blank piece of paper print the sentence “Close your eyes”, in letters large enough for 
the patient to see clearly. Ask him to read it and do what it says. Score 1 point only if he actually closes 
his eyes. 

Writing: Give the patient a blank piece of paper and ask him to write a sentence for you. Do not dictate 
a sentence, it is to be written spontaneously. It must contain a subject and verb and be sensible. Correct 
grammar and punctuation are not necessary. 

Copying: On a clean piece of paper, draw intersecting pentagons, each side about 1 in., and ask him to 
copy it exactly as it is. All 10 angles must be present and 2 must intersect to score 1 point. Tremor and 
rotation are ignored. 

Estimate the patient’s level of sensorium along a continuum, from alert on the left to coma on the right. 
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Abstract

It is of great clinical value to identify subjects at a high risk of developing AD. We previously found that the amyloid positron emission
tomography (PET) tracer PIB showed a robust difference in retention in the brain between AD patients and healthy controls (HC). Twenty-one
patients diagnosed with MCI (mean age 63.3 ± 7.8 (S.D.) years) underwent PET studies with 11C-PIB, and 18F-fluoro-deoxy-glucose (FDG)
to measure cerebral glucose metabolism, as well as assessment of cognitive function and CSF sampling. Reference group data from 27 AD
patients and 6 healthy controls, respectively, were used for comparison. The mean cortical PIB retention for the MCI patients was intermediate
compared to HC and AD. Seven MCI patients that later at clinical follow-up converted to AD (8.1 ± 6.0 (S.D.) months) showed significant
higher PIB retention compared to non-converting MCI patients and HC, respectively (ps < 0.01). The PIB retention in MCI converters was
comparable to AD patients (p > 0.01). Correlations were observed in the MCI patients between PIB retention and CSF A�1-42, total Tau and
episodic memory, respectively.
© 2007 Published by Elsevier Inc.

Keywords: Mild cognitive impairment; Converters; Amyloid; PET; PIB; FDG; CSF biomarkers

1. Introduction

Mild cognitive impairment (MCI) represents a transitional
phase between normal ageing and dementia disorders, espe-
cially Alzheimer’s disease (AD). Patients with MCI have an
increased risk of developing AD (Petersen et al., 1999). At
present there is great interest in finding diagnostic tools for
detection of an increased risk of developing AD. The diag-
nostic accuracy of current and commonly used MCI criteria

∗ Corresponding author at: Karolinska Institutet, Department of
Neurobiology, Care Sciences and Society, Division of Molecular Neurophar-
macology, Karolinska University Hospital Huddinge, Novum 5th Floor,
S-141 86 Stockholm, Sweden. Tel.: +46 8 58585467; fax: +46 8 58585470.

E-mail address: Agneta.K.Nordberg@ki.se (A. Nordberg).

is low to moderate (Visser et al., 2005). Both structural and
functional neuroimaging have shown promising results in
improving MCI diagnosis. Results suggest that changes in
glucose metabolism, measured by means of [18F]-2-deoxy-d-
glucose (FDG) positron emission tomography (PET), might
have a predictive value in the detection of MCI patients at
a high risk of developing AD (Arnaiz et al., 2001; Chetelat
et al., 2003; Drzezga et al., 2003). Similarly, magnetic reso-
nance imaging (MRI) used in the assessment of brain atrophy
and deterioration in the hippocampus, and entorhinal and
temporal neocortical volumes, has been used to discriminate
MCI patients at a risk of developing AD (Chetelat and Baron,
2003; Kordower et al., 2001). Cerebrospinal fluid (CSF)
A�1-42 and Tau have been studied as potential biomarkers
in MCI. They have shown prognostic value in discriminating

0197-4580/$ – see front matter © 2007 Published by Elsevier Inc.
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MCI patients that will develop AD (Blennow and Hampel,
2003; Buerger et al., 2005; Hansson et al., 2006; Herukka et
al., 2005). Longitudinal studies involving MRI and CSF mea-
surements might provide synergistic and improved sensitivity
and specificity in prognostic studies of conversion from MCI
to AD (de Leon et al., 2006). Recently, various PET ligands
used in amyloid imaging in vivo have been developed (Klunk
et al., 2001; Shoghi-Jadid et al., 2002; Verhoeff et al., 2004).
Promising results have been obtained with N-methyl [11C]
2-(4′-methylaminophenyl)-6-hydroxy-benzothiazole (PIB),
which was found to discriminate successfully between AD
patients and age-matched healthy controls (Klunk et al.,
2004). Since then several studies have been performed study-
ing AD patients with PIB-PET. We have evaluated the
longitudinal changes of PIB retention and found PIB showing
quite stable PIB binding in AD patients despite progression
in cerebral glucose metabolism and cognition (Engler et al.,
2006). The use of voxel-based methods for studying amy-
loid depositions has also been implemented complementing
earlier region of interest based analysis (Kemppainen et al.,
2006; Ziolko et al., 2006). One recent study showed an inter-
action between the PIB binding and the rate of grey matter
atrophy (Archer et al., 2006). The link between PIB binding,
glucose metabolism and cognitive status has been studied
previously (Edison et al., 2006; Engler et al., 2006; Klunk et
al., 2004). Amyloid imaging in healthy elderly subjects using
PIB showed high PIB in 4 out of 41 non-demented subjects
(Mintun et al., 2006). Recently, Small et al. using the amy-
loid ligand FDDNP presented a study of MCI patients that
showed intermediate levels of binding compared to healthy
volunteers and AD patients (Small et al., 2006). The sepa-
ration of healthy versus demented subjects measured with
FDDNP seems to be somewhat lower than with PIB (Small
et al., 2006), although future studies comparing these tracers
would be advisable.

The aim of this study was to measure (by PET) PIB reten-
tion in the brains of MCI patients and analyse its relationship
with cerebral glucose metabolism, cognitive function and
CSF biomarkers and conversion to AD.

2. Methods

2.1. MCI patients

Twenty-one MCI patients (mean age 63.3 ± 7.8 (S.D.)
years) were recruited from the Department of Geriatric
Medicine, Karolinska University Hospital Huddinge, Stock-
holm, Sweden. The patients had been referred from the
primary care centres in the community for investigation of
suspected dementia development. All patients were exam-
ined at the clinic according to the same comprehensive
procedure, which included physical examination, evalua-
tion of neurological and psychiatric status, blood (including
apolipoprotein E (ApoE) genotyping), serum and urine anal-
ysis, electroencephalography (EEG), MRI, single photon

computed tomography (SPECT), cerebrospinal fluid (CSF)
analysis, mini-mental-state examination (MMSE) and neu-
ropsychological assessment performed by an experienced
neuropsychologist. All subjects lived independently in the
community and a majority of the subjects below 65 years
of age had still a professional job. In most cases a close
informant was interviewed in order to obtain information
about the functional status. The diagnosis for MCI followed
clinical criteria defined by Petersen et al. (Petersen et al.,
1999; Winblad et al., 2004). The criteria were used during
a consensus meeting where a clinically experienced geriatri-
cian, neurologist, neuropsychologist and nurse met to discuss
the outcome of the assessments of the patient and make the
established diagnosis. For the diagnosis of MCI the patients
met the following criteria: memory complaint, preferable
corroborated by a close informant, objective memory impair-
ment, normal general cognitive function, intact daily living,
not fulfilling the DSM-IV criteria for dementia (American
Psychiatric Association, 1994). All patients enrolled in the
study gave written consent to participate. The Ethics Com-
mittees of the Karolinska Institute, Stockholm and Uppsala
University, Uppsala, and the Isotope Committee at the Upp-
sala Academic Hospital, Uppsala, Sweden, approved the
study.

After the PET studies were performed the MCI patients
have been clinically followed includig neuropsychological
examination. Some MCI patients have experienced cognitive
decline and after clinical examinations have been considered
to fulfil the diagnosis of AD. The analysis of MCI converters
and non-converters will be described below.

2.2. Alzheimer patients and healthy subjects

As reference group’s data from 27 AD patients (13 males
and 14 females; mean age 66.2 ± 9.2 (S.D.) (range 51–80)
years; MMSE 22.4 ± 5.2 (S.D.); 17/27 ApoE �4 carriers)
and 6 healthy controls (HCs) 67.3 ± 8.8 (S.D.) (range 57–77)
were utilized for comparison. The AD patients were recruited
from the Department of Geriatric Medicine, Karolinska Uni-
versity Hospital Huddinge, Stockholm, Sweden. They had
underwent a comprehensive clinical examination including
medical history, neurological and psychiatric examination,
electroencephalography, computed tomography or magnetic
resonance imaging, single photon emission computed tomog-
raphy scan, cerebrospinal fluid analysis, blood analysis
including ApoE genotyping and neuropsychological test-
ing. All fulfilled the diagnosis of probable AD according
to the criteria of the National Institute of Neurologi-
cal and Communication Disorders, Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA)
(McKhann et al., 1984). The HCs were spouses to AD
patients and were evaluated with neuropsychological and
clinical assessments that assured their status as healthy
controls.
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2.3. Neuropsychological assessments

The neuropsychological tests that routinely are used in
the assessment of the patients with memory problems at
the Department of Geriatric Medicine and used in the
present study covered seven domains, namely: (1) intelli-
gence (global cognitive function) (MMSE), (2) language
(vocabulary, similarities, FAS word fluency), (3) spatial (rea-
soning, block design, Rey Osterrieth copy), (4) immediate
memory (digit span, Corsi Block span), (5) episodic memory
(RAVL learning, RAVL retention, Rey Osterrieth retention),
(6) attention/cognitive speed (digit symbol, Trail making test
A), (7) executive function (Trail making test B). Twelve out
of 21 MCI patients showed neuropsychological test results
that were below −1.5 S.D. in episodic memory, four patients
showed poor memory compared to what would be expected
due to age and education but the test results were not below
−1.5 S.D. in any test. Five MCI patients showed test results
below −1.5 S.D. in some test(s) but not in memory. Accord-
ing to these results 12 out of 21 MCI patients were considered
as amnestic MCI.

The time between neuropsychological tests and PET scans
was 3.1 ± 2.8 (S.D.) months. For comparison with the PET
data mini-mental-state examination (MMSE) (Folstein et al.,
1975) was used as a measurements of global cognitive status
and three tests of episodic memory were used: Rey Audi-
tory Verbal Learning and Retention as well as Rey Osterrieth
retention (Lezak, 1995). Z-scores were generated for each
episodic memory test, based on the raw scores, by compar-
ing the data to a reference data set, comprised of reference
material in a data base used at Karolinska University Hospital
Huddinge, Stockholm (Bergman et al., 2007). The mean Z-
score of the three episodic memory tests was then calculated
and used for statistical analysis. MMSE data was available
for all 21 MCI patients and all 27 AD patients. A mean Z-
score of episodic memory performance was available for all
21 MCI patients.

2.4. Cerebrospinal fluid measurements

Cerebrospinal fluid was obtained by lumbar puncture from
18 of the 21 MCI patients (2 patients preferred to abstain from
CSF sampling and in one MCI subject lumbar puncture was
contraindicated due to anti-coagulant treatment). The lum-
bar puncture was performed in non-fasting subjects normally
between 8 and 11 a.m. Ten milliliter was collected where the
first 0.5 ml was discarded and the rest of the sample cen-
trifuged at 1500 × g (3000–4000 rpm) at +4 ◦C for 10 min.
The CSF samples were frozen and stored at −80 ◦C in por-
tions of 1 ml until analyses were performed. Measurement
of total Tau (tTau) was performed using a sandwich enzyme-
linked immunosorbent assay (ELISA) (Blennow et al., 1995).
Phosphorylated Tau (pTau; P-Thr181) was assayed by sand-
wich ELISA, with monoclonal antibody (MAb) HT7 as
capturing antibody and biotinylated MAb AT270 as detection
antibody (Vanmechelen et al., 2000). Amyloid-�1-42 (A�1-42)

was analysed using a sandwich ELISA specific for A�1-42,
as described in detail elsewhere (Andreasen et al., 1999). For
the MCI patients, CSF A�1-42 values were obtained from 16
subjects, pTau values from 15 subjects and tTau values from
18 subjects. Based on comparison with clinical reference val-
ues used in assessment of dementia at Karolinska University
Hospital Huddinge, the levels of CSF analyses are considered
pathological at the following thresholds: A�1-42 < 450 pg/ml,
tTau > 400 pg/ml and pTau > 60 pg/ml.

2.5. Positron emission tomography (PET)

The patients underwent two PET examinations, which
were normally performed at the same day. The PET exami-
nations with PIB and FDG were performed at Uppsala PET
centre/Uppsala Imanet AB in Uppsala, Sweden. Production
of FDG and PIB was carried out according to good manufac-
turing standards at Uppsala Imanet, and the synthesis of PIB
was performed using a method previously described (Klunk
et al., 2004; Mathis et al., 2003). The PIB and FDG exami-
nations were performed using Siemens ECAT EXACT HR+
scanners (CTI PET-systems Inc.), with an axial field of view
of 155 mm, providing 63 contiguous 2.46 mm slices with a
5.6 mm transaxial and a 5.4 mm axial resolution. The patients
were scanned after fasting for 4 h under resting conditions in
a dimmed room. The orbito-meatal line was used to centre
the heads of the subjects, and the data were acquired in three-
dimensional mode. The tracer doses of PIB and FDG, and
the scanner protocol for transmissions, emissions and recon-
structions has been described in detail previously (Klunk et
al., 2004).

The set of regions of interest (ROIs) used in statistical
analysis has previously been described in detail (Engler et al.,
2003; Klunk et al., 2004). Based on previous results in AD
patients (Engler et al., 2006; Klunk et al., 2004) the follow-
ing areas were included in the analysis: the frontal, parietal
and temporal cortices, posterior cingulum, subcortical white
matter. The reference region for calculating the late scan ratio
of the PIB data was drawn as follows. An early summation
image was created. This image gave a good anatomical rep-
resentation of the cortical areas due to the fact that the early
frames show the flow component of the tracer. On top of the
early summation image a late summation image was placed
showing the non-specific binding in whiter matter. The ref-
erence region was then drawn in the cortical area outside the
whiter matter seen in the late summation image.

A computerized reorientation procedure was used to align
consecutive PET data for accurate intra-individual compar-
isons (Andersson and Thurfjell, 1997). For each patient the
PIB images were realigned to the respective FDG image,
using the FDG images as templates.

For the FDG examinations, parametric maps of cerebral
glucose metabolism (CMRglc) were generated by means
of the Patlak method using the time course of the tracer
from arterialized-venous plasma samples as an input func-
tion (Patlak et al., 1983). The frames from 20 to 60 min and
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Table 1
Demographic and clinical data of the 21 MCI patients as a total group and divided into MCI converters and non-converters

MCI total MCI converters MCI non-converters

N 21 7 14
Age (years) 63.3 ± 7.8 63.4 ± 7.9 62.6 ± 8.4
Gender M/F 8/13 1/6 7/7
Education (years) 12.7 ± 3.8 13.0 ± 3.7 12.0 ± 4.2
APOE �4 carriers 14 6 8
MMSE 28.2 ± 1.4 27.0 ± 1.3** 28.9 ± 0.9
EpMem −0.60 ± 0.92 −1.52 ± 0.48*** −0.13 ± 0.72
A�1-42 (pg/ml) 551 ± 180 447 ± 56* 614 ± 201
tTau (pg/ml) 382 ± 200 488 ± 183 329 ± 193
pTau (pg/ml) 65 ± 31 76 ± 32 58 ± 29

Data shown as mean ± S.D.; MMSE, mini-mental-state examination; EpMem, episodic memory (mean Z-score); A�1-42, amyloid-�1-42; tTau, total Tau protein;
pTau, phosphorylated Tau protein. Significant difference between MCI converters and MCI non-converters (*p < 0.05, **p < 0.01, ***p < 0.001), Student’s t-test,
two-tailed, unequal variance.

a lumped constant of 0.418 were used to generate the para-
metric maps of CMRglc. To account for global differences
between patients the CMRglc data was normalized to the pons
(ROI/ref). The data on glucose metabolism will be referred
to as rCMRglc. No data on glucose metabolism was available
for one of the patients as a result of technical problems.

For PIB the mean uptake values of the ROIs obtained
in a late time interval (40–60 min) were normalized to the
corresponding uptake in a reference region (ROI/ref). These
late reference ratio data on PIB retention will be referred
to as late scan ratio. The choice of method was based on
previous results indicating that the late scan reference ratio
renders stable and reliable data (Lopresti et al., 2005). The
cerebellar cortex was chosen as reference region because of
its previously reported lack of Congo red- and thioflavin-
S-positive plaques (Mirra et al., 1994; Yamaguchi et al.,
1989).

2.6. Statistical analysis

The statistical analysis used to compare the MCI patients
with the reference groups (healthy controls and AD patients)
were performed by using two-sample, unequal variance,
two-tailed Student’s t-tests. Based on the sub-division of
converted MCI patients and non-converted MCI patients
the groups were compared using two-sample, unequal vari-
ance, two-tailed Student’s t-tests. The data was controlled
for multiple comparisons using Bonferroni correction yield-
ing a significance level of 0.01 (0.05/5 (number of regions
analysed)).

The analysis of correlation between PIB retention, CSF
data, rCMRglc, MMSE, Z-score of episodic memory, was
conducted using Spearman rank order correlation coefficient
R. The correlations between PIB-PET data and CSF data
was corrected for multiple comparisons using Bonferroni
correction yielding a significance level of 0.0042 (0.05/12
(number of correlations performed)). No statistical correc-
tions for multiple comparisons were performed for additional
correlation analysis due to the explorative nature of the study.
This implies some caution when evaluating these results.

3. Results

3.1. MCI patients

The demographic information regarding the MCI patients
is seen in Table 1. During clinical follow-up of the MCI
patients after the performed PET scans seven of the MCI
patients converted to AD after 8.1 ± 6.0 months (S.D.) after
their respective PET scans. The diagnosis of AD was based
on comprehensive clinical examination as mentioned in Sec-
tion 2 and according to the criteria of NINCDS-ADRDA
(McKhann et al., 1984). These seven MCI patients will
below be considered as MCI converters and the remaining
14 MCI patients will be considered as MCI non-converters.
It is important to observe that the seven MCI converters
did not fulfil the criteria for AD when they underwent the
PET studies. As shown in Table 1 there was no significant
difference in age between the MCI converters compared to
non-converters. There were a higher proportion of ApoE �4
carriers in the MCI converter group (85%) compared to the
non-converter MCI group (57%). The MMSE test score was
significant lower in converters compared to non-converters.
The MCI converters showed impaired cognitive function
compared to MCI non-converters, which reached statisti-
cal significance for the mean Z-score of episodic memory
(p < 0.001) (Table 1).

Mean levels of CSF A�1-42, tTau and pTau in the MCI
patients are shown in Table 1. As regards A�1-42 and tTau
no difference from normal was observed in the total MCI
group, while the mean level of pTau was above the patholog-
ical threshold in total MCI group. The MCI group showed
significantly higher levels of A�1-42 and significantly lower
level of tTau compared to AD (ps < 0.01). Three MCI patients
showed pathological levels of A�1-42 and seven showed
increased tTau and six pathological pTau values, respectively.
The MCI converters showed significantly lower levels of
CSF A�1-42 compared with the MCI non-converters group
(p < 0.05) (Table 1). Within the group of seven MCI patients
that converted to AD, three subjects had pathological levels of
A�1-42 and four showed pathological levels of tTau and pTau
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Fig. 1. PIB retention (ROI/ref) in posterior cingulum in MCI patients com-
pared with healthy controls (HCs) (n = 6) and AD patients (n = 27). Long
horizontal lines indicate mean, short horizontal lines indicate standard devi-
ation (S.D.). Filled circles indicate MCI patients that later after the PET scans
converted to AD. The small letters indicate the patients shown in Fig. 2: a,
HC; b, MCI converter; c, MCI non-converter; d, AD. One healthy control
77 years of age with normal cognitive function had high PIB retention as
earlier reported at baseline and 2 year follow-up studies (Klunk et al., 2004;
Engler et al., 2006).

(data was available for six of the MCI subjects that converted
to AD).

3.2. PIB retention

The individual data of PIB retention in the posterior cin-
gulum for the MCI patients AD patients and healthy controls
are presented in Fig. 1. The mean value for the MCI patients
is between the corresponding PIB retention for the HC and
AD groups. The PIB retention data for the seven MCI patients

that later have converted to AD are all above the mean value
(filled circles). The MCI patient in Fig. 1 with highest PIB
retention is still a MCI patient after 25 months follow-up but
has strong hereditary dispostion for dementia. Example of
images from one MCI converter and one MCI non-converter
is shown in Fig. 2, together with 1 healthy control and one
AD patient. The mean values and statistical analysis between
the groups are shown in Table 2. Statistical analysis revealed
significantly lower PIB retention in the MCI patients in
the frontal, parietal and temporal cortices and the posterior
cingulum compared with that in the AD group (p < 0.01).
The total MCI group showed no significant difference com-
pared to the HCs (p > 0.01). Analysis of PIB retention in the
subgroup MCI converters revealed high retention in corti-
cal brain regions in all seven subjects. Compared with the
HC group, the MCI converters showed significantly higher
PIB retention in the frontal, parietal and temporal cortices
(p < 0.01). There were no significant difference between the
MCI converters and the AD patients in any region (p > 0.01).
The MCI converters revealed significantly higher PIB reten-
tion in the posterior cingulum (p < 0.01) compared with the
non-converters. There was no significant difference between
HC and MCI non-converters (p > 0.01) in any cortical brain
region. The MCI non-converters had significantly lower PIB
retention in cortical brain regions compared to the AD group
(p < 0.01).

3.3. Cerebral glucose metabolism

The results from statistical analysis of rCMRglc are shown
in Table 3. There was no significant difference in rCMRglc
between MCI patients and healthy controls in any cortical
brain region (p > 0.01). The MCI patients, in comparison to

Fig. 2. PIB retention in one MCI converter, one MCI non-converter, one AD patient, and one healthy control. The PET scans show PIB retention at a sagittal
and longitudinal section at the level of the basal ganglia. Red indicates high, yellow medium and blue low PIB retention. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of the article.)
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Table 2
PIB retention in AD patients, MCI patients and the two subgroups MCI non-converters (MCI-nc) and MCI converter (MCI-c) and healthy controls (HC)

Fr ctx Par ctx Tmp ctx Cing post WhM

AD 2.3 ± 0.5 2.2 ± 0.4 1.8 ± 0.3 2.2 ± 0.4 1.8 ± 0.2
MCI 1.6 ± 0.6* 1.7 ± 0.5* 1.5 ± 0.3* 1.7 ± 0.6* 1.8 ± 0.3
MCI-c 2.0 ± 0.4# 2.0 ± 0.4# 1.6 ± 0.2# 2.2 ± 0.3¥ 1.8 ± 0.3
MCI-nc 1.4 ± 0.5* 1.6 ± 0.6* 1.4 ± 0.3* 1.5 ± 0.6* 1.8 ± 0.3
HC 1.3 ± 0.3 1.3 ± 0.3 1.3 ± 0.1 1.4 ± 0.5 1.9 ± 0.1

Fr, frontal; Par, parietal; Tmp, temporal; Cing post, posterior cingulum; WhM, subcortical white matter.
* Statistical significance between MCI and MCI non-converters compared to AD patients (p < 0.01).
# Statistical significance between MCI converters compared to healthy controls (p < 0.01).
¥ Statistical significance between MCI converters compared to MCI non-converters (p < 0.01). Analysis performed with Student’s t-test, two-tailed, unequal

variance and corrected for multiple comparisons with Bonferroni correction.

Table 3
rCMRglc values in AD patients, MCI patients and the two subgroups MCI non-converters (MCI-nc)and MCI converters (MCI-c) and healthy controls (HC)

Fr ctx Par ctx Tmp ctx Cing post WhM

AD 1.4 ± 0.2 1.1 ± 0.2 1.1 ± 0.1 1.1 ± 0.2 0.8 ± 0.2
MCI 1.7 ± 0.2* 1.7 ± 0.3* 1.3 ± 0.2* 1.7 ± 0.3* 0.9 ± 0.2
MCI-c 1.6 ± 0.3 1.5 ± 0.5 1.2 ± 0.2 1.5 ± 0.5 0.9 ± 0.2
MCI-nc 1.8 ± 0.2* 1.7 ± 0.2* 1.3 ± 0.1* 1.7 ± 0.2* 0.9 ± 0.2
HC 1.5 ± 0.3 1.5 ± 03 1.2 ± 0.3 1.5 ± 0.3 0.8 ± 0.1

Fr, frontal; Par, parietal; Tmp, temporal; Cing post, posterior cingulum; WhM, subcortical white matter. Values are normalized to the pons (ROI/ref)
* Statistical significance between MCI and MCI non-converters compared to AD patients (p < 0.01, corrected for multiple comparisons with Bonferroni

correction), Student’s t-test, two-tailed, unequal variance.

AD patients, showed significantly higher rCMRglc in the
cortical brain areas studied (p < 0.01). Neither the MCI con-
verters nor the MCI non-converters did show any significant
difference in rCMRglc compared to the healthy controls. The
MCI non-converters showed significantly higher rCMRglc
in the cortical areas compared to the AD patients (p < 0.01),
while the MCI converters did not show any significant dif-
ference compared to AD (p > 0.01).

3.4. Correlation analysis

Significant correlations were observed between CSF
A�1-42 versus PIB retention in the frontal cortex and pos-
terior cingulum (Table 4) (p < 0.0042, corrected for multiple
comparisons). Correlations were also observed between cor-
tical PIB retention versus tTau (Table 4), but they did not
survive threshold after correction for multiple comparisons.
Correlations between PIB retention in the posterior cingulum
and CSF biomarkers are presented in Fig. 3A–C.

A significant negative correlation was observed between
mean Z-score of episodic memory and PIB retention in

the posterior cingulum (p = 0.043), frontal cortex (p = 0.034)
and temporal cortex (p = 0.0064) (not corrected for multi-
ple comparisons). Correlations between episodic memory
and PIB retention in the posterior cingulum is presented
in Fig. 3D. There were no significant correlations between
glucose metabolism and PIB retention in any of the brain
regions analysed (data not shown; p > 0.05), and no correla-
tion between mean Z-score of episodic memory and glucose
metabolism in any of the brain regions analysed (data not
shown; ps > 0.05).

4. Discussion

MCI is considered as a transitional stage between nor-
mal aging and dementia, especially early AD. There are
problems and limitations of the clinical diagnosis of MCI.
In this study we describe the measurement of PIB reten-
tion by means of PET imaging in a group of MCI patients
from an academic medical centre where the subjects were
recruited among clinical patients referred to the geriatric

Table 4
Correlation between PIB vs. A�1-42, tTau and pTau in MCI patients showing Spearman rank order correlation R A�1-42: n = 16; tTau: n = 18; pTau: n = 15)

ROI PIB vs. A�1-42 PIB vs. tTau PIB vs. pTau

Fr ctx −0.74* 0.64# 0.52
Par ctx −0.64# 0.61# 0.52
Tmp ctx −0.66# 0.51 0.48
Cing post −0.70* 0.52 0.48

n, number of subjects; ROI, region of interest; rCMRglc, relative cerebral metabolic rate of glucose; A�1-42, amyloid-A�1-42; tTau, total Tau protein; pTau,
phosphorylated Tau protein; Fr, frontal; Par, parietal; Tmp, temporal; Cing post, posterior cingulum; Statistical significance indicated as.

* p < 0.0042, corrected for multiple comparisons with Bonferroni correction.
# p < 0.01, not corrected for multiple comparisons.
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Fig. 3. (A–D) Correlation between PIB retention in posterior cingulum and A�1-42 (A), respectively, total Tau (tTau) (B), phosphorylated Tau (pTau) (C) and
episodic memory (mean Z-score (D). MCI patients who converted to AD are indicated with filled circles, non-converted MCI patients are indicated as open
circles. Pathological CSF levels of A�1-42 is <450 pg/ml, tTau is >400 pg/ml, and pTau is >60 pg/ml. R = Spearman rank order correlation R.

department by primary care physicians in the Stockholm
area. It is known that MCI may have a multitude of causes,
including AD and other forms of dementia as well as depres-
sion and various physical disorders. Since MCI is a common
syndrome there is a great need to establish methods for pre-
dicting progression to AD (Galvin et al., 2005; Morris et al.,
2001; Petersen, 2004; Storandt et al., 2002). This is of spe-
cial interest when new treatment strategies are established
where a prerequisite for successful treatment will be early
detection of the disease. The MCI patients in this study
were fairly young (mean age 63.3 ± 7.8) compared with
those in an earlier report from our clinic where, in which
133 subjects (mean age 69.5 ± 5.8) from Karolinska Uni-
versity Hospital Huddinge were compared with 170 subjects
(mean age 78.5 ± 8.4) from the Mayo Clinic (Arnaiz et al.,
2004). The global cognitive function was in the very mild
range.

The results in the present study show higher mean PIB
retention among the MCI patients than in age-matched
healthy controls, but lower mean PIB retention than in AD

patients. Seven of the 21 MCI patients converted at later
clinical follow-ups to AD during 2–16 months after their
respective PET scan (8.1 ± 6.0 S.D. months). These seven
converting MCI patients differed as a group significantly from
the non-converts with respect to higher proportion of ApoE �4
carriers, impairment in episodic memory, lower CSF A�1-42
and higher PIB retention. It is quite apparent from what is
presented in Fig. 1 that MCI patients can show high or low
PIB retention as also recently reported (Lopresti et al., 2005).
In the present study 11 out of 21 the MCI patients showed
high retention in the frontal, parietal, and temporal cortices,
comparable to data in a previous study on AD patients (Klunk
et al., 2004). Nine of the MCI patients with high PIB reten-
tion were considered of amnestic type (Winblad et al., 2004).
Three of the MCI patients with low PIB retention compared
to HC were considered of amnestic type. The seven MCI
patients with high PIB retention who converted to AD at
follow-up retention were all MCI of amnestic type. Since
the neuropathological feature of AD is probably present very
early (Morris et al., 2001) the high PIB retention in a subgroup
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underline the heterogeneity and difficulty in an accurate diag-
nosis but highlights also the possibility to discriminate early
by amyloid imaging.

Heterogeneity in changes of cerebral glucose metabolism
has been suggested in MCI patients (Anchisi et al., 2005).
However, in this study we did not detect generally a decreased
glucose metabolism in cortical brain areas as earlier reported
in MCI patients (Anchisi et al., 2005; Chetelat and Baron,
2003; Drzezga et al., 2003). Nevertheless, in some individual
MCI patients, decreased rCMRglc was found in areas, such
as the parietal and temporal cortices. More interestingly is
that higher cerebral glucose metabolism in the MCI group
compared to AD patients and controls might be a sign for
possible ongoing compensatory mechanisms. There might be
deterioration of rCMRglc at an early stage in the progression
to AD although the amyloid deposition is probably an earlier
event in the AD pathology than changes in cerebral glucose
metabolism. The negative correlation between rCMRglc and
PIB retention that we earlier observed in patients with mild
AD (Klunk et al., 2004) was not present in the MCI group.
This finding suggests that there is a difference in the time
courses of amyloid deposition and deterioration of rCMRglc
in MCI. The observation is supported by the results of our
recent study, in which AD patients were rescanned with PIB
and FDG after 2 years. The retention of PIB was found to be
unchanged at 2-year follow-up while rCMRglc and cognition
had deteriorated (Engler et al., 2006).

A relatively large inter-individual variation was revealed
in cognitive function between the MCI patients where the
seven patients that later converted to AD showed a decrease in
episodic memory as MCI patients. We also observed a nega-
tive correlation between episodic memory and PIB in the MCI
patients in contrast to the lack of correlation between global
cognitive function and PIB retention. These results were not
corrected for multiple comparisons due to the exploratory
nature of the study implicating caution in interpreting the
results. The strongest correlation was found between episodic
memory and PIB retention in temporal cortex, a part of the
brain known to be involved in memory processes (R = − 0.58;
p = 0.006). The lack of correlation between rCMRglc and the
analysed cognitive tests are somewhat surprising due to the
fact that several studies show decrease in glucose metabolism
already in MCI patients (Chetelat et al., 2003; Drzezga et al.,
2003). One plausible explanation is the heterogeneity of the
MCI group.

Cerebrospinal fluid biomarkers, such as A�1-42, tTau and
pTau might be useful when identifying MCI patients at risk
of developing AD (Blennow and Hampel, 2003; Buerger et
al., 2005; Herukka et al., 2005). In a recent 4-year follow-
up study it was shown that a combination of A�1-42 and
tTau yielded a sensitivity of 95% and a specificity of 83%
in detecting MCI patients that developed AD (Hansson et
al., 2006). Interestingly, we detected significant correlations
between CSF A�1-42 and tTau versus PIB retention in the
brain for the 18 patients in which CSF was available. It can
be observed from Fig. 3A that 11 MCI patients showed high

PIB retention (1 S.D. above the mean for HC) but only 5 of
these patients showed pathological levels of A�1-42, 7 showed
pathological levels of tTau and 6 showed pathological levels
of pTau. All seven of the MCI patients that converted to AD
showed high PIB retention and from the CSF data (available
from six of the patients) pathological levels of A�1-42 was
observed in three patients and pathological levels of pTau in
four patients. It thus seems as if PIB imaging might be more
effective than CSF biomarkers in the discrimination of pro-
dromal AD patients. A larger study of MCI patients with PIB
scans and CSF measurements is needed. An inverse rela-
tionship between PIB retention and A�1-42 in humans was
recently suggested by Fagan et al. (2006), while they found
no correlation between PIB retention versus tTau or pTau
(Fagan et al., 2006). A possible explanation for the lack of
correlation might be the low number of AD patients (Fagan
et al., 2006). Although our findings in the present study with
PIB are promising, further studies are needed to evaluate the
predictive value of PIB-PET studies in a larger population of
MCI patients.

In this study we demonstrate that PIB retention in MCI
patients is intermediate between healthy controls and AD
patients. There are MCI patients with high or low PIB
retention. The seven MCI patients that later, at follow-up,
converted to AD all showed significant high levels of amy-
loid in the brain compared to MCI non-converters and healthy
controls. Interestingly in this clinical material of MCI patients
there is a subgroup of patients with PIB retention in the range
of healthy controls. A significant correlation was observed
between PIB retention and CSF A�1-42, tTau and episodic
memory, respectively. Amyloid neuroimaging might be a
promising diagnostic tool for detection of subjects at risk of
developing AD, as well as for evaluating new anti-amyloid
therapy.

Conflicts of interest

A.W., A.R., B.L. are employed by Uppsala Imanet GE
HealthCare, Uppsala, Sweden. The dementia program within
Imanet which this manuscript is a part of has been driven since
the start as an academic program and the employees have no
financial benefit of the work. None of the other authors have
any conflict of interest.

Acknowledgements

Financial support from the Swedish Research Coun-
cil (project 05817, A.N.), the foundation for Old Servants
(A.N.), Stohne’s foundation (A.N.), the KI foundations
(A.N.), the Alzheimer Foundation in Sweden (A.N.),
Swedish Brain Power (A.N., B.L.), the EC-FP5-projec
tNCI-MCI and the EC-FP6-project DiMI, LSHB-CT-
2005-512146, QLK6-CT-2000-00502 (A.N.) is gratefully
acknowledged.



1464 A. Forsberg et al. / Neurobiology of Aging 29 (2008) 1456–1465

References

American Psychiatric Association, 1994. Diagnostic and Statistical Man-
ual of Mental Disorders, forth ed. American Psychiatric Association,
Washington, DC.

Anchisi, D., Borroni, B., Franceschi, M., Kerrouche, N., Kalbe, E., Beuthien-
Beumann, B., Cappa, S., Lenz, O., Ludecke, S., Marcone, A., Mielke, R.,
Ortelli, P., Padovani, A., Pelati, O., Pupi, A., Scarpini, E., Weisenbach,
S., Herholz, K., Salmon, E., Holthoff, V., Sorbi, S., Fazio, F., Perani,
D., 2005. Heterogeneity of brain glucose metabolism in mild cognitive
impairment and clinical progression to Alzheimer disease. Arch. Neurol.
62 (11), 1728–1733.

Andersson, J.L., Thurfjell, L., 1997. Implementation and validation of a fully
automatic system for intra- and interindividual registration of PET brain
scans. J. Comput. Assist. Tomogr. 21 (1), 136–144.

Andreasen, N., Hesse, C., Davidsson, P., Minthon, L., Wallin, A., Winblad,
B., Vanderstichele, H., Vanmechelen, E., Blennow, K., 1999. Cere-
brospinal fluid beta-amyloid(1-42) in Alzheimer disease: differences
between early- and late-onset Alzheimer disease and stability during
the course of disease. Arch. Neurol. 56 (6), 673–680.

Archer, H.A., Edison, P., Brooks, D.J., Barnes, J., Frost, C., Yeatman, T.,
Fox, N.C., Rossor, M.N., 2006. Amyloid load and cerebral atrophy in
Alzheimer’s disease: an 11C-PIB positron emission tomography study.
Ann. Neurol. 60 (1), 145–147.

Arnaiz, E., Almkvist, O., Ivnik, R.J., Tangalos, E.G., Wahlund, L.O.,
Winblad, B., Petersen, R.C., 2004. Mild cognitive impairment: a
cross-national comparison. J. Neurol. Neurosurg. Psychiatry 75 (9),
1275–1280.

Arnaiz, E., Jelic, V., Almkvist, O., Wahlund, L.O., Winblad, B., Valind,
S., Nordberg, A., 2001. Impaired cerebral glucose metabolism and cog-
nitive functioning predict deterioration in mild cognitive impairment.
Neuroreport 12 (4), 851–855.

Bergman, I., Blomberg, M., Almkvist, O., 2007. The importance of impaired
physical health and age in normal cognitive aging. Scand. J. Psychol. 48,
115–125.

Blennow, K., Hampel, H., 2003. CSF markers for incipient Alzheimer’s
disease. Lancet Neurol. 2 (10), 605–613.

Blennow, K., Wallin, A., Agren, H., Spenger, C., Siegfried, J., Vanmechelen,
E., 1995. Tau protein in cerebrospinal fluid: a biochemical marker for
axonal degeneration in Alzheimer disease? Mol. Chem. Neuropathol. 26
(3), 231–245.

Buerger, K., Teipel, S.J., Zinkowski, R., Sunderland, T., Andreasen, N.,
Blennow, K., Ewers, M., Debernardis, J., Shen, Y., Kerkman, D., Du,
Y., Hampel, H., 2005. Increased levels of CSF phosphorylated tau in
apolipoprotein E varepsilon4 carriers with mild cognitive impairment.
Neurosci. Lett..

Chetelat, G., Baron, J.C., 2003. Early diagnosis of Alzheimer’s disease:
contribution of structural neuroimaging. Neuroimage 18 (2), 525–541.

Chetelat, G., Desgranges, B., De La Sayette, V., Viader, F., Eustache, F.,
Baron, J.C., 2003. Mild cognitive impairment: can FDG-PET predict
who is to rapidly convert to Alzheimer’s disease? Neurology 60 (8),
1374–1377.

de Leon, M.J., DeSanti, S., Zinkowski, R., Mehta, P.D., Pratico, D., Segal, S.,
Rusinek, H., Li, J., Tsui, W., Saint Louis, L.A., Clark, C.M., Tarshish, C.,
Li, Y., Lair, L., Javier, E., Rich, K., Lesbre, P., Mosconi, L., Reisberg, B.,
Sadowski, M., DeBernadis, J.F., Kerkman, D.J., Hampel, H., Wahlund,
L.O., Davies, P., 2006. Longitudinal CSF and MRI biomarkers improve
the diagnosis of mild cognitive impairment. Neurobiol. Aging 27 (3),
394–401.

Drzezga, A., Lautenschlager, N., Siebner, H., Riemenschneider, M., Willoch,
F., Minoshima, S., Schwaiger, M., Kurz, A., 2003. Cerebral metabolic
changes accompanying conversion of mild cognitive impairment into
Alzheimer’s disease: a PET follow-up study. Eur. J. Nucl. Med. Mol.
Imaging 30 (8), 1104–1113.

Edison, P., Archer, H.A., Hinz, R., Hammers, A., Pavese, N., Tai, Y.F., Hot-
ton, G., Cutler, D., Fox, N., Kennedy, A., Rossor, M., Brooks, D.J.,

2006. Amyloid hypometabolism, and cognition in Alzheimer disease.
An [11C]PIB and [18F]FDGPET study. Neurology.

Engler, H., Forsberg, A., Almkvist, O., Blomquist, G., Larsson, E., Sav-
itcheva, I., Wall, A., Ringheim, A., Langstrom, B., Nordberg, A., 2006.
Two-year follow-up of amyloid deposition in patients with Alzheimer’s
disease. Brain 129 (Pt. 11), 2856–2866.

Engler, H., Lundberg, P.O., Ekbom, K., Nennesmo, I., Nilsson, A.,
Bergstrom, M., Tsukada, H., Hartvig, P., Langstrom, B., 2003. Multi-
tracer study with positron emission tomography in Creutzfeldt-Jakob
disease. Eur. J. Nucl. Med. Mol. Imaging 30 (1), 85–95.

Fagan, A.M., Mintun, M.A., Mach, R.H., Lee, S.Y., Dence, C.S., Shah, A.R.,
Larossa, G.N., Spinner, M.L., Klunk, W.E., Mathis, C.A., Dekosky, S.T.,
Morris, J.C., Holtzman, D.M., 2006. Inverse relation between in vivo
amyloid imaging load and cerebrospinal fluid Abeta(42) in humans. Ann.
Neurol. 59 (3), 512–519.

Folstein, M.F., Folstein, S.E., McHugh, P.R., 1975. Mini-mental state. A
practical method for grading the cognitive state of patients for the clini-
cian. J. Psychiatry Res. 12 (3), 189–198.

Galvin, J.E., Powlishta, K.K., Wilkins, K., McKeel Jr., D.W., Xiong, C.,
Grant, E., Storandt, M., Morris, J.C., 2005. Predictors of preclinical
Alzheimer disease and dementia: a clinicopathologic study. Arch. Neu-
rol. 62 (5), 758–765.

Hansson, O., Zetterberg, H., Buchhave, P., Londos, E., Blennow, K.,
Minthon, L., 2006. Association between CSF biomarkers and incipi-
ent Alzheimer’s disease in patients with mild cognitive impairment: a
follow-up study. Lancet Neurol. 5 (3), 228–234.

Herukka, S.K., Hallikainen, M., Soininen, H., Pirttila, T., 2005. CSF Abeta42
and tau or phosphorylated tau and prediction of progressive mild cogni-
tive impairment. Neurology 64 (7), 1294–1297.

Kemppainen, N.M., Aalto, S., Wilson, I.A., Nagren, K., Helin, S., Bruck,
A., Oikonen, V., Kailajarvi, M., Scheinin, M., Viitanen, M., Parkkola, R.,
Rinne, J.O., 2006. Voxel-based analysis of PET amyloid ligand [11C]PIB
uptake in Alzheimer disease. Neurology 67 (9), 1575–1580.

Klunk, W.E., Engler, H., Nordberg, A., Wang, Y., Blomqvist, G., Holt, D.P.,
Bergstrom, M., Savitcheva, I., Huang, G.F., Estrada, S., Ausen, B., Deb-
nath, M.L., Barletta, J., Price, J.C., Sandell, J., Lopresti, B.J., Wall, A.,
Koivisto, P., Antoni, G., Mathis, C.A., Langstrom, B., 2004. Imaging
brain amyloid in Alzheimer’s disease with Pittsburgh Compound-B. Ann
Neurol. 55 (3), 306–319.

Klunk, W.E., Wang, Y., Huang, G.F., Debnath, M.L., Holt, D.P., Mathis,
C.A., 2001. Uncharged thioflavin-T derivatives bind to amyloid-beta
protein with high affinity and readily enter the brain. Life Sci. 69 (13),
1471–1484.

Kordower, J.H., Chu, Y., Stebbins, G.T., DeKosky, S.T., Cochran, E.J., Ben-
nett, D., Mufson, E.J., 2001. Loss and atrophy of layer II entorhinal
cortex neurons in elderly people with mild cognitive impairment. Ann.
Neurol. 49 (2), 202–213.

Lezak, M.D., 1995. Neuropsychological Assessment, third ed. Oxford Univ.
Press, New York, pp. 1026.

Lopresti, B.J., Klunk, W.E., Mathis, C.A., Hoge, J.A., Ziolko, S.K., Lu,
X., Meltzer, C.C., Schimmel, K., Tsopelas, N.D., Dekosky, S.T., Price,
J.C., 2005. Simplified quantification of Pittsburgh compound B amyloid
imaging PET studies: a comparative analysis. J. Nucl. Med. 46 (12),
1959–1972.

Mathis, C.A., Wang, Y., Holt, D.P., Huang, G.F., Debnath, M.L., Klunk,
W.E., 2003. Synthesis and evaluation of 11C-labeled 6-substituted 2-
arylbenzothiazoles as amyloid imaging agents. J. Med. Chem. 46 (13),
2740–2754.

McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price, D., Stad-
lan, E.M., 1984. Clinical diagnosis of Alzheimer’s disease: report of
the NINCDS-ADRDA Work Group under the auspices of Department
of Health and Human Services Task Force on Alzheimer’s Disease.
Neurology 34 (7), 939–944.

Mintun, M.A., Larossa, G.N., Sheline, Y.I., Dence, C.S., Lee, S.Y., Mach,
R.H., Klunk, W.E., Mathis, C.A., DeKosky, S.T., Morris, J.C., 2006.
[11C]PIB in a nondemented population: potential antecedent marker of
Alzheimer disease. Neurology 67 (3), 446–452.



A. Forsberg et al. / Neurobiology of Aging 29 (2008) 1456–1465 1465

Mirra, S.S., Gearing, M., McKeel Jr., D.W., Crain, B.J., Hughes, J.P., van
Belle, G., Heyman, A., 1994. Interlaboratory comparison of neuropathol-
ogy assessments in Alzheimer’s disease: a study of the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD). J. Neuropathol.
Exp. Neurol. 53 (3), 303–315.

Morris, J.C., Storandt, M., Miller, J.P., McKeel, D.W., Price, J.L., Rubin,
E.H., Berg, L., 2001. Mild cognitive impairment represents early-stage
Alzheimer disease. Arch. Neurol. 58 (3), 397–405.

Patlak, C.S., Blasberg, R.G., Fenstermacher, J.D., 1983. Graphical evalua-
tion of blood-to-brain transfer constants from multiple-time uptake data.
J. Cereb. Blood Flow Metab. 3 (1), 1–7.

Petersen, R.C., 2004. Mild cognitive impairment as a diagnostic entity. J.
Intern. Med. 256 (3), 183–194.

Petersen, R.C., Smith, G.E., Waring, S.C., Ivnik, R.J., Tangalos, E.G., Kok-
men, E., 1999. Mild cognitive impairment: clinical characterization and
outcome. Arch. Neurol. 56 (3), 303–308.

Shoghi-Jadid, K., Small, G.W., Agdeppa, E.D., Kepe, V., Ercoli, L.M., Sid-
darth, P., Read, S., Satyamurthy, N., Petric, A., Huang, S.C., Barrio, J.R.,
2002. Localization of neurofibrillary tangles and beta-amyloid plaques
in the brains of living patients with Alzheimer disease. Am. J. Geriatr.
Psychiatry 10 (1), 24–35.

Small, G.W., Kepe, V., Ercoli, L.M., Siddarth, P., Bookheimer, S.Y., Miller,
K.J., Lavretsky, H., Burggren, A.C., Cole, G.M., Vinters, H.V., Thomp-
son, P.M., Huang, S.C., Satyamurthy, N., Phelps, M.E., Barrio, J.R.,
2006. PET of brain amyloid and tau in mild cognitive impairment. N.
Engl. J. Med. 355 (25), 2652–2663.

Storandt, M., Grant, E.A., Miller, J.P., Morris, J.C., 2002. Rates of pro-
gression in mild cognitive impairment and early Alzheimer’s disease.
Neurology 59 (7), 1034–1041.

Vanmechelen, E., Vanderstichele, H., Davidsson, P., Van Kerschaver, E.,
Van Der Perre, B., Sjogren, M., Andreasen, N., Blennow, K., 2000.
Quantification of tau phosphorylated at threonine 181 in human cere-
brospinal fluid: a sandwich ELISA with a synthetic phosphopeptide for
standardization. Neurosci. Lett. 285 (1), 49–52.

Verhoeff, N.P., Wilson, A.A., Takeshita, S., Trop, L., Hussey, D., Singh, K.,
Kung, H.F., Kung, M.P., Houle, S., 2004. In-vivo imaging of Alzheimer
disease beta-amyloid with [11C]SB-13 PET. Am. J. Geriatr. Psychiatry
12 (6), 584–595.

Visser, P.J., Scheltens, P., Verhey, F.R., 2005. Do MCI criteria in drug trials
accurately identify subjects with predementia Alzheimer’s disease? J.
Neurol. Neurosurg. Psychiatry 76 (10), 1348–1354.

Winblad, B., Palmer, K., Kivipelto, M., Jelic, V., Fratiglioni, L., Wahlund,
L.O., Nordberg, A., Backman, L., Albert, M., Almkvist, O., Arai, H.,
Basun, H., Blennow, K., de Leon, M., DeCarli, C., Erkinjuntti, T., Gia-
cobini, E., Graff, C., Hardy, J., Jack, C., Jorm, A., Ritchie, K., van Duijn,
C., Visser, P., Petersen, R.C., 2004. Mild cognitive impairment-bey ond
controversies, towards a consensus: report of the International Work-
ing Group on Mild Cognitive Impairment. J. Intern. Med. 256 (3), 240–
246.

Yamaguchi, H., Hirai, S., Morimatsu, M., Shoji, M., Nakazato, Y., 1989. Dif-
fuse type of senile plaques in the cerebellum of Alzheimer-type dementia
demonstrated by beta protein immunostain. Acta Neuropathol. (Berl.) 77
(3), 314–319.

Ziolko, S.K., Weissfeld, L.A., Klunk, W.E., Mathis, C.A., Hoge, J.A.,
Lopresti, B.J., DeKosky, S.T., Price, J.C., 2006. Evaluation of voxel-
based methods for the statistical analysis of PIB PET amyloid
imaging studies in Alzheimer’s disease. Neuroimage 33 (1), 94–
102.

















































 2001;56;950-956 Neurology
Smith and N. Borys 

W. Jagust, R. Thisted, M.D. Devous, Sr., R. Van Heertum, H. Mayberg, K. Jobst, A.D.
 clinical-pathologic study

SPECT perfusion imaging in the diagnosis of Alzheimer’s disease: A

This information is current as of May 14, 2008 

 http://www.neurology.org/cgi/content/full/56/7/950
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

All rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X. 
since 1951, it is now a weekly with 48 issues per year. Copyright © 2001 by AAN Enterprises, Inc. 

® is the official journal of the American Academy of Neurology. Published continuouslyNeurology

 at Schering AG--Berlin on May 14, 2008 www.neurology.orgDownloaded from 

http://www.neurology.org/cgi/content/full/56/7/950
http://www.neurology.org


29. Zilles K. Cortex. In: Paxinos G, ed. The human nervous sys-
tem. San Diego: Academic Press, 1990:757–803.

30. Price CJ. The functional anatomy of word comprehension and
production. Trends Cogn Sci 1998;2:281–288.

31. Mesulam M-M, Mufson EJ. The insula of Reil in man and
monkey. Architectonics, connectivity, and function. In: Peters
A, Jones EG, eds. Cerebral cortex. New York: Plenum Press,
1985:179–226.

32. Vogt BA, Pandya DN. Cingulate cortex of the rhesus monkey.
II. Cortical afferents. J Comp Neurol 1987;262:271–289.

33. Burton MW, Small SL, Blumstein SE. The role of segmenta-
tion in phonological processing: An fMRI investigation. J Cogn
Neurosci 2000;12:679–690.

34. Mesulam MM. Large-scale neurocognitive networks and dis-
tributed processing for attention, language and memory. Ann
Neurol 1990;28:597–613.

35. Price BH, Gurvit H, Weintraub S, et al. Neuropsychologicalpat-
terns and language deficits in 20 consecutive cases of autopsy-
confirmed Alzheimer’s disease. Arch Neurol 1993;50:931–937.

36. Gloor P. The temporal lobe and limbic system. New York, NY:
Oxford University Press, 1997.

37. Mummery CJ, Patterson K, Price CJ, et al. A voxel based
morphometry study of semantic dementia: the relationship
between temporal lobe atrophy and semantic dementia. Ann
Neurol 2000;47:36–45.

38. Mummery CJ, Patterson K, Wise RJS, et al. Disrupted tempo-
ral lobe connections in semantic dementia. Brain 1999;122:61–73.

39. Murray EA, Bussey TJ. Perceptual-mnemonic functions of the
perirhinal cortex. Trends Cogn Sci 1999;3:142–151.

40. Simons JS, Graham KS, Hodges JR. What does semantic de-
mentia reveal about the functional role of the perirhinal cor-
tex? Trends Cogn Sci 1999;3:248–249.

SPECT perfusion imaging in the
diagnosis of Alzheimer’s disease

A clinical-pathologic study
W. Jagust, MD; R. Thisted, PhD; M.D. Devous, Sr., PhD; R. Van Heertum, MD; H. Mayberg, MD;

K. Jobst, MD; A.D. Smith, DPhil; and N. Borys, MD

Article abstract—Objective: Numerous studies have suggested that temporoparietal hypoperfusion seen on brain imag-
ing with SPECT may be useful in diagnosing AD during life. However, these studies have often been limited by lack of
pathologic validation and unrepresentative samples. The authors performed this study to determine whether SPECT
imaging provides diagnostically useful information in addition to that obtained from a clinical examination. Methods:
Clinical data and SPECT images were collected prospectively, and patients were followed to autopsy. Clinical history,
pathologic findings, and SPECT images were each evaluated by raters blind to other features, and clinical and SPECT
diagnoses were compared with pathologic diagnoses. The study population consisted of 70 patients with dementia,
followed to autopsy; 14 controls followed to autopsy; and 71 controls (no autopsy performed). The primary outcome was the
likelihood of a pathologic diagnosis of AD given a positive clinical diagnosis, a positive SPECT diagnosis, and both.
Results: When all participants (patients and controls) were included in the analysis, the clinical diagnosis of “probable” AD
was associated with an 84% likelihood of pathologic AD. A positive SPECT scan raised the likelihood of AD to 92%,
whereas a negative SPECT scan lowered the likelihood to 70%. SPECT was more useful when the clinical diagnosis was
“possible” AD, with the likelihood of 67% without SPECT, 84% with a positive SPECT, and 52% with a negative SPECT.
Similar results were found when only patients with dementia were included in the analysis. Conclusions: In the evalua-
tion of dementia, SPECT imaging can provide clinically useful information indicating the presence of AD in addition to the
information that is obtained from clinical evaluation.

NEUROLOGY 2001;56:950–956

Despite intense efforts aimed at developing labora-
tory markers for specific dementing illnesses, estab-
lishing the cause of dementia during life remains a
clinical process. Because clinical diagnostic criteria
for AD1 generally perform with high positive predic-
tive value relative to the current pathologic “gold

standard” in research settings,2 laboratory diagnostic
tests need to meet a relatively high standard to be
accepted. Functional brain imaging using SPECT to
evaluate cerebral perfusion is a laboratory investiga-
tion that has been proposed as useful in the diagno-
sis of dementia. Although many studies have found
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that the pattern of temporal and parietal hypoperfu-
sion has high sensitivity, specificity, and positive and
negative predictive value for discriminating patients
with AD from healthy older subjects,3-5 most studies
have suffered to varying extent from lack of patho-
logic validation or highly selected and screened pa-
tients, limiting the validity and generalizability of
the findings.

In 1988, the Oxford Project to Investigate Memory
and Aging (OPTIMA) began a longitudinal prospec-
tive study, enrolling a cohort of patients with demen-
tia who underwent clinical evaluation, SPECT
perfusion imaging, annual reevaluation, and, ulti-
mately, autopsy. The results of applying a specific
set of SPECT diagnostic criteria were originally re-
ported in the first 105 cases to come to postmortem.6

We now report the results of an independent, blinded
evaluation of SPECT imaging that includes some of
this cohort of subjects with dementia, all of whom
had neuropathologic verification of the cause of de-
mentia, in addition to a group of control subjects,
some of whom also had neuropathologic evaluation
at autopsy. The study was designed to determine the
accuracy of the premortem diagnosis of AD using
SPECT perfusion imaging, and also to determine the
additional benefit, over and above a clinical evalua-
tion, that SPECT may confer.

Methods. Patient selection. A total of 158 subjects
meeting inclusion and exclusion criteria were imaged with
SPECT during the time period of this project. Although
recruitment for the OPTIMA study began in 1988, in No-
vember 1992 SPECT instrumentation was upgraded. Be-
cause of the superior quality of SPECT images obtained
after this upgrade, and to ensure comparability of scans
and high quality of images, only subjects who were
scanned on this instrument were included in this study.
Subjects were included in this series if they were scanned
on this instrument between November 1992 and the con-
clusion of the project in 1996 and also had pathologic post-
mortem examination of the brain. For the purposes of this
study, initial evaluation was taken as the time of the first
SPECT scan on this scanner.

Patients were referred to the study from both commu-
nity and institutional settings by health care practitioners
who were aware of the ongoing research project. Referrals
were obtained from a host of different medical specialists
(geriatric psychiatrists, neurologists, general practitioners,
and geriatricians), along with community organizations,
social service agencies, and local advertisements. Subjects
were included if they had documented cognitive loss as
determined using the Cambridge Mental Disorders of the
Elderly Examination (CAMDEX),7 had a reliable infor-
mant, could tolerate small doses of benzodiazepines for
sedation (if necessary), and were willing to participate in
all aspects of the longitudinal study. Exclusionary criteria
included only the presence of very late stage dementia.
Specific dementia diagnoses were neither inclusion nor ex-
clusion criteria, nor were specific psychiatric diagnoses
(e.g., depression). Subjects were permitted to take any ad-
ditional medications at the time of enrollment or during
the study, including those that might have CNS effects. At

the time of the study, cholinergic therapy was generally
unavailable in the United Kingdom and was not used in
any of the subjects enrolled in this series. All medication
use was recorded.

Control subjects were volunteers from the community,
including spouses of patients with dementia and those re-
cruited through advertisement or word of mouth. Identical
exclusion and inclusion criteria were applied to the control
subjects, except that they had no evidence of cognitive
dysfunction or memory complaints. Procedures for obtain-
ing informed consent from both patients and controls were
approved by both the Central Oxford Research and Psychi-
atric Sector Research Ethics Committees.

Clinical evaluation and follow-up. At the time of en-
rollment, all patients and controls underwent an extensive
evaluation that included the CAMDEX, history and physi-
cal examination, routine blood tests, lumbar puncture, and
CT and SPECT brain imaging. At the conclusion of the
evaluation, a clinical diagnosis was established and pa-
tients were enrolled for follow-up. The evaluation was re-
peated annually, unless a patient died, withdrew from the
study, or was too ill to undergo the evaluations. Autopsy
consent was often requested in life and reconfirmed at
death using a carefully constructed protocol as previously
reported.8

SPECT imaging. SPECT imaging was performed us-
ing single-headed rotating scanner (General Electric
400XCT) and the perfusion radiotracer 99mTc exametazime
(Ceretec, Amersham International, Amersham, UK). Each
subject was prepared with a 22-gauge IV catheter, and 500
MBq was injected IV, followed by a 5-mL saline flush while
the subject sat in a quiet waiting area with subdued light.
SPECT imaging began approximately 30 minutes follow-
ing tracer injection. Data were acquired as 64 images over
360°, with each image having an acquisition time of 20
seconds and a 64 3 64 matrix. At the time of the studies,
patients and controls with behavioral difficulties or anxi-
ety were rarely given low doses of diazepam after the up-
take period of the tracer.

Neuropathology. Within 24 to 48 hours of death, the
brain was removed and suspended in buffered neutral for-
malin for at least 6 weeks. Histologic sections were taken
from the frontal, temporal, and parietal neocortex, hip-
pocampus, cerebellum, midbrain, and pons. The sections
were stained with hematoxylin and eosin, congo red, Luxol
fast blue, and cresyl violet, and with methenamine silver
and Cross’s modification of the Palmgren stain to demon-
strate argyrophilic plaques and neurofibrillary tangles.
Neuropathologic reports were prepared describing the den-
sity and distribution of neurofibrillary tangles and neuritic
plaques. Specific neuropathologic criteria included those
described by Khachaturian9 and those proposed by the
Consortium to Establish a Registry for AD (CERAD).10

Other causes of dementia were diagnosed according to
standard neuropathologic criteria available at the time.

Clinical, pathologic, and imaging interpretation. To
ensure that clinical and imaging diagnoses were arrived at
independently, separate raters evaluated both aspects of
the study. A single individual (W.J.J.) reviewed all clinical
protocols, which consisted of clinical history, physical ex-
amination, and cognitive tests, and arrived at a clinical
diagnosis using standard criteria for probable or possible
AD.1 Other diagnostic choices included multi-infarct de-
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mentia, cerebrovascular disease without dementia, fronto-
temporal dementia, dementia with Lewy bodies, and
Binswanger’s syndrome. The clinical diagnostic evaluation
was accompanied by a statement of the degree of certainty
in the diagnosis, using a four-point scale. This individual
was blinded to all imaging and neuropathologic results.

The same individual reviewed the neuropathologic re-
port at a different time, blinded to all clinical and imaging
data. The neuropathologic report included a description of
the gross and microscopic histology and a pathologic diag-
nosis made by a senior neuropathologist. Although the
pathologic diagnosis was thus usually obvious from the
report, at times interpretation was required. The diagnos-
tic options were AD, multi-infarct dementia, frontotempo-
ral dementia, stroke, dementia with Lewy bodies, and
Binswanger’s syndrome. In addition, the rater could grade
Alzheimer’s pathology as present, but not diagnostic. All
data were entered at the time of interpretation using a
laptop computer that did not permit alterations after a
case was recorded.

Digital data from the SPECT images were transferred
to a single laboratory where they were uniformly format-
ted and processed (University of Texas Southwestern Med-
ical Center, Dallas), and then forwarded to a separate
laboratory (Bio Imaging Technologies, Trenton, NJ) where
they were interpreted. The data were evaluated for compli-
ance with the imaging protocol and technical adequacy.
Images were presented on a video monitor in sagittal, coro-
nal, and axial formats. Ratings were performed indepen-
dently by three raters (H.M., M.D., and R.V.), each of
whom was blind to all clinical and pathologic data and
each of whom was experienced in the interpretation of
clinical SPECT imaging. Individual scans were presented
to each rater in a random order, and all interpretations
were recorded directly into a computer that did not permit
subsequent alteration of the entry. Coronal, sagittal, and
transverse SPECT projection data were displayed at one
time. Two high-resolution monitors were used for image
display. The reader adjusted image brightness and con-
trast, magnification and panning, and cine display to per-
sonal satisfaction. Readers had the option of evaluating
the images in black and white or standard color schemes.

During an initial training session on a separate set of
images, readers reached consensus on how to interpret
images and judge artifacts and positioning. Raters evalu-
ated each image for a number of different features. First,
each image was assessed for technical quality. Next, the
images were read as normal or abnormal, and brain re-
gions were independently rated as hyperperfused: normal,
mildly, or moderately hypoperfused (a single category), or
severely hypoperfused. These ratings were performed for
each lobar region, cerebellum, and the subcortical struc-
tures in each hemisphere. The last stage of image interpre-

tation included a final diagnosis, for which the choices
were AD, multi-infarct dementia, frontotemporal demen-
tia, and ischemia or vascular disease. Multiple diagnoses
were permitted. Criteria for the presence of AD were pre-
viously agreed on to include either bilateral or asymmetric
temporal or parietal lobe hypoperfusion or both. Readers
indicated their personal degree of confidence in the diagno-
sis on a four-point scale.

Statistical analysis. Two different methods were used
to assess the utility of SPECT. The primary analysis of
interest was the incremental diagnostic value of SPECT
after taking clinical diagnosis into account. To do this,
clinical diagnosis (obtained by review as described above)
and SPECT diagnosis were entered into a multivariate
logistic regression model to predict the presence or absence
of Alzheimer pathology. Alzheimer pathology was consid-
ered present if the neuropathology assessment was “AD”
but not present if Alzheimer’s changes were graded as
present but not diagnostic. SPECT scans were considered
positive for AD if at least two reviewers identified AD as
the principal diagnosis with a moderate to high confidence.
Statistical significance of SPECT diagnosis was assessed
using models that first control for the clinical diagnosis.
Two separate models were evaluated, one using all sub-
jects and another using only patients with dementia. In
the first case, it was assumed that all controls, whether
they had been autopsied or not, were free of Alzheimer
pathology. This method of analysis permitted the determi-
nation of what pathology to expect for individual subjects
with specific combinations of imaging and clinical diag-
noses drawn from a specified population.

In addition to this logistic regression analysis, a sepa-
rate analysis evaluated the diagnostic performance of
SPECT. In this analysis, sensitivity, specificity, positive
predictive value, negative predictive value, accuracy, and
positive likelihood ratio were calculated. This analysis,
therefore, simply evaluated SPECT as a diagnostic test, so
that a “positive SPECT scan” for AD was evaluated in
relationship to the presence or absence of AD neuropathol-
ogy. The identical evaluation was performed for clinical
diagnosis, in which case the diagnosis of “probable AD” or
“probable or possible AD” was considered as a positive test
for AD. This method of analysis permits the comparison of
different types of diagnostic tests (clinical or imaging) in
different populations.

Analysis of variance and x2 tests were used to assess
baseline differences between groups for continuous and
categorical variables. Two-sided p values are reported.

Results. During the initial image evaluation and quality
control process, three studies were deemed technically in-
adequate, leaving a total of 155 studies for analysis. Of
these, 70 were in patients with dementia and 14 were in

Table 1 Subject characteristics

Group n
Age, y,

mean (SD) Sex, M/F
MMSE score,

mean (SD)
Time from SPECT to
death, mo, mean (SD)

Patients 70 77.1 (8) 35/35 13.2 (8.5) 29.3 (15)

Autopsied controls 14 80.4 (8) 9/5 27.9 (2.0) 22.9 (18.6)

Nonautopsied controls 71 73.3 (11) 28/43 28.8 (1.3) NA

MMSE 5 Mini-Mental State Examination; NA 5 not applicable.
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control subjects for whom autopsy was performed later. An
additional 71 control subjects were studied with SPECT,
but autopsy was not performed on them. Demographic
characteristics of these subjects, including the time from
SPECT imaging to death, are provided in table 1. No sig-
nificant differences were seen between groups for sex and
time from SPECT to death. Patients with dementia and
autopsied control patients did not differ in age; however,
living controls were younger on average than either of the
other two groups (p 5 0.003).

Of the 70 patients with dementia, 32 (46%) were clini-
cally diagnosed as having probable AD and 24 (34%) were
diagnosed as having possible AD. These diagnoses were
established solely by review of the clinical information in
the protocols. The remaining 14 patients (20%) were given
clinical diagnoses of multi-infarct dementia (7), frontotem-
poral dementia (2), Lewy body (1), and other (4). None of
the controls, either living or having had autopsy per-
formed, were clinically diagnosed as having AD or any
non-AD dementia. In contrast, 35 patients (50%) were di-
agnosed by SPECT imaging as showing evidence of AD.
SPECT scans from two control subjects (one living and one
autopsied) were interpreted as positive for AD.

Table 2 provides measures of true positive, true nega-
tive, false-positive, and false-negative findings for clinical
diagnosis vs neuropathology and SPECT imaging versus
neuropathology. The tables assume that control subjects
without autopsies were truly negative for AD pathology.
These tables also show the actual pathology when either
diagnostic criterion produced a false-negative or false-
positive finding. For both techniques, false-negative findings
were often related to combined pathology, with AD plus an
additional pathologic process. False-positive findings in-
cluded a number of different pathologic conditions, including
PD and frontotemporal dementia.

Sensitivity, specificity, positive predictive value, nega-
tive predictive value, accuracy, and positive likelihood ra-
tios for clinical and SPECT diagnoses relative to pathology
are provided in table 3.

The logistic regression model was fit using clinical diag-
nosis alone, SPECT diagnosis alone, and the combination
of clinical and SPECT diagnoses. The reference groups
used for these analyses were subjects who did not have
clinical diagnoses of AD (when the clinical diagnosis model
was evaluated), or who did not have SPECT diagnoses of
AD (when the SPECT diagnosis model was evaluated).
These models demonstrated that the clinical diagnosis of
probable or possible AD is a highly significant predictor of
Alzheimer pathology, increasing the odds of having AD
over patients without these diagnoses 172 times for a diag-
nosis of probable AD and 64 times for possible AD. The
SPECT image interpretation of AD alone is also a signifi-
cant predictor of Alzheimer pathology, increasing the odds
of having AD over subjects with a negative SPECT scan by
a factor of 22. When SPECT and clinical diagnoses are
considered together, a positive SPECT interpretation in-
creases the odds of having AD by an additional factor of
five (compared with those with a negative SPECT image),
after taking into account any increase in odds associated
with the clinical diagnosis. This incremental predictive
value of SPECT is significant (p 5 0.018).

These data are presented clinically in table 4. The clin-
ical diagnosis of probable AD has an 84% likelihood of
being associated with AD pathology. In the presence of a
negative SPECT scan, this likelihood decreases to 70%,
whereas a positive SPECT scan increases the likelihood to
92%. For the clinical diagnosis of possible AD, a similar
result was obtained (67% without SPECT, 84% with a pos-
itive SPECT, and 52% with a negative SPECT). When this
analysis was repeated excluding all control subjects, both
the clinical diagnosis of AD, the SPECT diagnosis of AD,
and the combined clinical and SPECT diagnoses remained
significant predictors of neuropathologic AD.

Because varying delays occurred between SPECT imag-
ing and autopsy, we also evaluated whether the time be-
tween the SPECT scan and death was a factor in
determining the value of the scan. Positive and negative
predictive values for SPECT vs autopsy in patients who
died ,1 year, between 1 and 2 years, 2 to 3 years, 3 to 4
years, or .4 years after SPECT scanning did not signifi-
cantly differ.

Discussion. SPECT brain perfusion imaging has
been widely reported to differentiate patients with
AD from both control subjects and other dementing
illnesses in a variety of studies.5,11-14 A recent review
of the data on SPECT imaging in dementia by the
American Academy of Neurology Therapeutics and
Technology Assessment Subcommittee suggested
that SPECT was an established technique for sup-
porting the clinical diagnosis of AD.15 Dementia prac-
tice parameters16 list SPECT as an optional part of
the dementia evaluation. Despite this enthusiasm,
the data supporting the clinical utility of SPECT im-
aging have had several limitations. The first is that
the use of clinical diagnoses as opposed to neuro-
pathologic ones as the “gold standard” for SPECT
imaging may be inaccurate. Secondly, the true utility

Table 2 Pathologic diagnoses vs SPECT and clinical diagnoses
in 70 demented patients and 85 controls

Diagnosis

Neuropathology assessment

AD absent AD present Total

Clinical

AD Absent 96 3* 99

Probable or possible AD 13† 43 56

Total 109 46 155

SPECT

AD absent 101 17‡ 118

AD present 8§ 29 37

Total 109 46 155

* Neuropathologic diagnoses for false negatives were AD 1
Huntington’s, AD 1 ischemic/vascular disease, and AD only.

† Neuropathologic diagnoses for false positives were nonspecific
changes/unknown (3), frontotemporal lobar degeneration (4),
ischemia/vascular disease (2), PD (3), and progressive supranu-
clear palsy (1).

‡ Neuropathologic diagnoses for false negatives were AD (9),
AD 1 cerebrovascular disease (5), AD 1 Lewy bodies (2), AD 1
PD (1).

§ Neuropathologic diagnoses for false positives were PD (4), fron-
totemporal lobar degeneration (2), cerebrovascular disease (1),
and normal (1).
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of a test is best evaluated by defining the additional
information contributed by the test over and above
that obtained in the standard clinical evaluation.
When the clinical evaluation is used as the final
determination of validity, this is impossible. Finally,
another frequent shortcoming of many reports is
that the most typical cases of AD are chosen for
study, and very clear-cut comparison diagnoses (e.g.,
normal older subjects) are chosen as controls. Al-
though this improves confidence in the clinical stan-
dard of validation, it limits the utility of the results.
For example, differentiation of typical AD from
healthy older individuals is usually not a clinically
useful finding.

This report eliminates many of the shortcomings
of prior studies. The use of neuropathologic diag-
noses provides the highest standard of validation for
a study of this sort. The sample of subjects includes
patients with a variety of dementias, and, although
not necessarily typical of a general practice, does
reflect a broad spectrum of cognitive disorders likely
to be referred for a specialized evaluation. Most im-
portantly, the experimental procedure permitted the
separate evaluation of clinical and SPECT diagnostic

accuracy, allowing the determination of the addi-
tional value of SPECT imaging over accuracy of clin-
ical diagnosis.

In this study, the case record reviews resulted in
clinical diagnoses that were highly predictive of the
presence of AD on pathology. This is consistent with
previous reports that clinical criteria are reasonably
valid.17 Clear differences were seen in sensitivity and
specificity, depending on whether probable or possi-
ble AD was diagnosed, with the inclusion of possible
AD raising sensitivity but lowering specificity. Not
surprisingly, when only patients with dementia were
included, clinical diagnoses were far less specific but
not less sensitive, because no control subjects were
falsely diagnosed as demented. For the same reason,
a similar picture emerged for SPECT diagnoses, with
reduction in specificity when only subjects with de-
mentia were evaluated. Interestingly, the sensitivity,
specificity, and predictive values of SPECT alone
were generally comparable to the clinical diagnosis
of probable AD. The addition of possible AD cases
clearly increased the sensitivity of clinical diagnoses.
However, as has been shown in other autopsy stud-
ies2 this increase in sensitivity when possible AD

Table 3 Sensitivities, specifities predictive values, accuracy, and positive likelihood ratios for clinical- and SPECT-based diagnosis
rules, based on different clinical populations

Population Sensitivity/specificity PPV/NPV Accuracy LR-Pos

Clinical diagnosis rule

All subjects

Probable AD 59/95 84/85 85 12.8

Possible or probable AD 93/88 77/97 90 7.8

SPECT 63/93 78/86 84 8.6

SPECT 1 probable AD 41/98 90/80 81 22.5

SPECT 1 possible or probable AD 61/96 88/85 86 16.6

SPECT or possible or probable AD 96/84 72/98 88 6.1

Autopsied subjects only

Probable AD 59/87 84/63 71 4.5

Possible or probable AD 93/66 77/89 81 2.7

SPECT 63/82 81/65 71 3.4

SPECT 1 probable AD 41/95 90/57 65 7.8

SPECT 1 possible or probable AD 61/89 88/65 74 5.8

SPECT or possible or probable AD 96/58 73/92 79 2.3

Patients with dementia only

Probable AD 60/80 84/53 67 3.0

Possible or probable AD 96/48 77/86 79 1.8

SPECT 64/76 83/54 69 2.7

SPECT 1 probable AD 42/92 90/47 60 5.3

SPECT 1 possible or probable AD 62/84 88/55 70 3.9

SPECT or possible or probable AD 98/40 75/91 77 1.6

Sensitivity: true positives/(true positives 1 false negatives); specificity: true negatives/(true negatives 1 false positives); PPV: true posi-
tives/(true positives 1 false positives); NPV: true negatives/(true negatives 1 false negatives); accuracy: (true positives 1 true nega-
tives)/total; LR-pos: sensitivity/(1-specificity).

PPV 5 positive predictive value; NPV 5 negative predictive value; LR-Pos 5 positive likelihood ratio.
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cases are included comes at the price of reduced
specificity, which is considerable when only the de-
mentia group is included. Finally, it is worth noting
that the addition of SPECT imaging to clinical diag-
nosis resulted in lower overall accuracy than the use
of either technique alone. This is because the re-
quirement of both a positive clinical diagnosis and a
positive SPECT diagnosis is more stringent than re-
quiring only one positive test, resulting in lower sen-
sitivity. However, requiring two positive diagnostic
tests increases specificity so that the positive likeli-
hood ratio increases. The positive likelihood ratio is a
useful clinical metric because it provides an index of
the incremental value of a test by defining the post-
test probability for a given pretest probability. Posi-
tive likelihood ratios greater than 10 generate large,
usually clinically relevant changes in probability of a
diagnosis; values between 5 and 10 generate modest
changes in probability; and values below 5 generate
relatively small but sometimes useful changes.18 For
these data likelihood ratios depended to a consider-
able extent on the population sampled, with rela-
tively small to modest effects seen when only
patients with dementia were evaluated.

In the clinical situation where diagnoses have im-
perfect predictive power, SPECT can play a role.
Thus, even with the high likelihood of pathologic AD
conferred by a clinical diagnosis of probable AD,
SPECT significantly improves diagnostic accuracy,
with the likelihood of AD pathology increasing by 7
to 8% to a value above 90% if the SPECT scan is
positive. The increased probability of AD is twice as
great if a SPECT scan is positive when the clinical
diagnosis is possible AD. That is, a clinical diagnosis
of possible AD with a positive SPECT scan is as
likely to be associated with AD pathology as a clini-
cal diagnosis of probable AD alone. These results
thus indicate a demonstrable incremental value in

both a positive and negative SPECT scan in addition
to the clinical diagnosis, and that this incremental
value is greater in atypical or uncertain cases.

Another study evaluated the ability of SPECT to
predict histopathology in dementia, finding a sensi-
tivity of 86, specificity of 73, positive predictive value
of 92, and negative predictive value of 57 for a study
of 54 patients with dementia and no controls.19 These
figures are comparable to our results in the
dementia-only analysis, although the sensitivity we
report is lower. The lower sensitivity could reflect
the fact that we did not exclude cases with extensive
cerebrovascular disease, and mixed dementia pro-
duced a substantial number of false-negative find-
ings in our report. Two other SPECT studies have
shown very high correspondence between imaging
and pathologic diagnoses,20,21 but these studies have
involved relatively small numbers of highly selected
patients.

Although these data clearly demonstrate general
clinical utility of SPECT imaging in dementia, a
number of questions about the specific situations in
which SPECT imaging may be useful remain unan-
swered. The subjects in this report were moderately
to severely demented, as evidenced by a mean Mini-
Mental State Examination score of 13. Whether
SPECT would have greater or lesser utility in less
severe cases is unknown. The degree of clinical un-
certainty in the diagnosis might also be expected to
influence the clinical utility of SPECT. Although we
did not find that SPECT was more useful in situa-
tions in which the clinical certainty was low (perhaps
because clinical certainty did not relate to the accu-
racy of the diagnosis), our sample size was small for
this analysis. Similarly, specific differential diag-
noses might be presumed to be more or less useful. A
number of reports have suggested that SPECT is
most useful in differentiating AD from frontotempo-
ral dementias14,22,23 and least useful in differentiating
AD from PD and vascular dementia.5,24 However, the
sample of non-Alzheimer dementias was inadequate
to evaluate the utility of specific differential diag-
noses. Finally, the utility of SPECT in comparison to
other diagnostic tests was not evaluated. For exam-
ple, previous studies have shown that both CT and
MRI may provide useful diagnostic information in
the evaluation of patients with dementia.25,26 It is not
clear how SPECT performs in relation to clinical di-
agnosis when CT and MRI are included in the evalu-
ation process.

The correct diagnosis of the cause of dementia is
increasingly recognized as important because of bet-
ter understanding of genetic risks and disease mech-
anisms. Some potential therapeutic options (e.g.,
antiamyloid agents, vaccination, or neural trans-
plantation) might be associated with high risks, ne-
cessitating accurate diagnoses. The addition of
SPECT in this situation could increase the likelihood
of a correct diagnosis. Furthermore, the availability
of treatment for AD has shifted the strategy for the
diagnosis of AD from a traditional approach of ex-

Table 4 Results of logistic regression models showing the fraction
of all subjects who actually have Alzheimer neuropathologic
findings for three levels of clinical diagnosis (AD absent, possible
AD, and probable AD) without SPECT, with a negative SPECT
scan, and with a positive SPECT scan

Subjects

Clinical diagnosis

AD
absent

Possible
AD

Probable
AD

All

If SPECT not done 0.03 0.67 0.84

SPECT negative for AD 0.02 0.52 0.70

SPECT positive for AD 0.11 0.84 0.92

Demented patients only

If SPECT not done 0.14 0.67 0.84

SPECT negative for AD 0.10 0.54 0.72

SPECT positive for AD 0.30 0.82 0.91

Results are presented for all subjects (70 demented patients and
85 controls) and for dementia patients only.
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cluding a host of diseases, to an approach that seeks
typical signs and symptoms with confirmatory tests
done to support a positive diagnosis in some situa-
tions. SPECT perfusion imaging is clearly a tech-
nique that may provide other valuable information
in addition to the clinical diagnosis.
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Imaging Brain Amyloid in Alzheimer’s
Disease with Pittsburgh Compound-B

William E. Klunk, MD, PhD,1 Henry Engler, MD,2 Agneta Nordberg, MD, PhD,3,4 Yanming Wang, PhD,5

Gunnar Blomqvist, PhD,2 Daniel P. Holt, BS,5 Mats Bergström, PhD,2 Irina Savitcheva, MD,2

Guo-feng Huang, PhD,5 Sergio Estrada, PhD,2 Birgitta Ausén, MSCI,4 Manik L. Debnath, MS,1

Julien Barletta, BS,6 Julie C. Price, PhD,5 Johan Sandell, PhD,2 Brian J. Lopresti, BS,5 Anders Wall, PhD,2

Pernilla Koivisto, PhD,2 Gunnar Antoni, PhD,2 Chester A. Mathis, PhD,5 and Bengt Långström, PhD2,6

This report describes the first human study of a novel amyloid-imaging positron emission tomography (PET) tracer,
termed Pittsburgh Compound-B (PIB), in 16 patients with diagnosed mild AD and 9 controls. Compared with controls,
AD patients typically showed marked retention of PIB in areas of association cortex known to contain large amounts of
amyloid deposits in AD. In the AD patient group, PIB retention was increased most prominently in frontal cortex
(1.94-fold, p � 0.0001). Large increases also were observed in parietal (1.71-fold, p � 0.0002), temporal (1.52-fold, p �
0.002), and occipital (1.54-fold, p � 0.002) cortex and the striatum (1.76-fold, p � 0.0001). PIB retention was equiv-
alent in AD patients and controls in areas known to be relatively unaffected by amyloid deposition (such as subcortical
white matter, pons, and cerebellum). Studies in three young (21 years) and six older healthy controls (69.5 � 11 years)
showed low PIB retention in cortical areas and no significant group differences between young and older controls. In
cortical areas, PIB retention correlated inversely with cerebral glucose metabolism determined with 18F-
fluorodeoxyglucose. This relationship was most robust in the parietal cortex (r � �0.72; p � 0.0001). The results
suggest that PET imaging with the novel tracer, PIB, can provide quantitative information on amyloid deposits in living
subjects.

Ann Neurol 2004;55:306–319

We and others have worked to develop in vivo
amyloid-imaging agents for use with a variety of brain
imaging techniques.1–8 Modification of the amyloid-
binding histological dye, thioflavin-T, led to the find-
ing that neutral benzothiazoles bound to amyloid with
high affinity and crossed the blood–brain barrier very
well.5 The basic properties of the prototypical benzo-
thiazole amyloid binding agent 2-(4�methylamino-
phenyl)benzothiazole (termed BTA-1) and related de-
rivatives have been described in detail.8–10 These
studies showed that these compounds could bind to
amyloid with low nanomolar affinity, enter brain in
amounts sufficient for imaging with positron emission
tomography (PET), and clear rapidly from normal
brain tissue. At the low nanomolar concentrations typ-
ically used in PET studies, the binding of BTA-1 to
postmortem human brain was shown to be a good in-
dication of A� amyloid deposition but did not appear
to detect the presence of neurofibrillary tangles.11 The
exact form of the amyloid target of BTA-1 binding

have not yet been identified with certainty. In vitro
studies11 suggest that BTA-1 binds to aggregated,
fibrillar A� deposits such as those found in the cortex
and striatum, but not to the amorphous A� deposits
such as those that predominate in cerebellum. The
binding of BTA-1 and related derivatives to oligomeric
A� has not yet been studied.

A structure-activity study of a series of benzothia-
zoles suggested that a hydroxylated BTA-1 derivative
had brain clearance properties typical of many useful
PET radiotracers.10 Therefore, this hydroxybenzothia-
zole was chosen as the lead compound for the first hu-
man trial of benzothiazole amyloid-imaging agents. For
simplicity, the compound, N-methyl-[11C]2-(4�-
methylaminophenyl)-6-hydroxybenzothiazole, was given
the Uppsala University PET Centre code of “Pittsburgh
Compound-B” or, simply, PIB. Preclinical studies
showed that PIB bound to Alzheimer’s disease (AD)
brain with a Kd of 1 to 2nM, entered the brain rapidly
(approximately 7%ID/g 2 minutes after intravenous in-
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jection in mice), and cleared rapidly from normal mouse
brain (clearance t1/2 approximately 8 minutes).10 Using
real-time in vivo multiphoton microscopy, researchers
have shown that PIB and other benzothiazole amyloid-
imaging agents label individual amyloid plaques in trans-
genic mouse models of AD within 3 minutes after in-
travenous injection and clear rapidly from normal brain
parenchyma.8,12 This study describes the first results
from PIB PET imaging of 16 mild AD patients and 9
healthy control (HC) subjects.

Subjects and Methods
Preclinical development of the benzothiazole class of com-
pounds and PIB was completed at the University of Pitts-
burgh,10 recruitment and evaluation of AD patients subjects
and older controls were performed at the Department of Ge-
riatric Medicine, Huddinge University Hospital, and good
manufacturing process evaluation of PIB and human PET
studies were performed at Uppsala University.

PET-Microdosing Toxicology
The human use of PIB was preceded by a toxicity assessment
using the PET-microdosing concept.13 Toxicological studies
included genotoxicity (chromosomal aberration, mouse lym-
phoma mutagenesis, bacterial reverse mutation assay, and
mouse micronucleus assay), single dose toxicity in rats, and
cardiopulmonary physiology in the rhesus monkey. No toxic
effects of PIB were observed.

Radiotracers
18F-fluorodeoxyglucose (18FDG) and PIB were produced ac-
cording to the standard good manufacturing process at the
Uppsala University PET Centre. PIB, N-methyl-[11C]2-(4�-
methylaminophenyl)-6-hydroxybenzothiazole, was prepared
(Fig 1) by the method described previously,10 with several
modifications including the use of NaH as base and di-
methyl formamide as the reaction solvent. A solution of PIB
consisting of normal saline (2ml), propyleneglycol (2ml),
ethanol (0.7ml), and HCl (0.3mM) was filtered (Dynagard
ME, 0.22�m), yielding a solution that was sterile and apy-
rogenic. Addition of 5ml sterile phosphate-buffered saline to
the solution adjusted the pH to between 6.0 and 7.0. The
radiochemical yield was in the range of 10 to 15% based on
[11C]methyl iodide, and the specific radioactivity was on av-
erage 25GBq/�mol (range, 6–74) at end of synthesis. Rou-
tine quality control of the solutions for human injection con-
sisted of a pH measurement and high-performance liquid
chromatography analysis to determine radiochemical and
chemical purity. The radiochemical purity was greater than
95%. In addition, the following analyses were performed on

selected batches: sterility and endotoxin test, radiochemical
and chemical stability test including column recovery deter-
mination, and verification of the identity of the radiolabeled
compound with liquid chromatography mass spectrometry.

Autoradiography
Fresh-frozen pieces (2 � 2cm) of frontal cortex from post-
mortem brain of Alzheimer’s patients and from age-matched
control brain were used for the autoradiographic binding
studies. Tissue was obtained from the University of Pitts-
burgh Alzheimer Disease Research Center Brain Bank and
was collected as previously described.11 Frozen sections
(25�m) were preincubated in phosphate-buffered saline, pH
7.0, complemented with 2% bovine serum albumin, for 8 to
10 minutes. Subsequently, the sections were incubated in
10nM PIB, with or without 10�M BTA-1 (unlabeled com-
pound) for 30 minutes, in the same buffer. After that, the
slices were washed 2 � 2 minutes in the same buffer with an
additional 2 � 2–minute wash step in buffer without bovine
serum albumin. Finally, the slides were dried under an air
stream, at 37°C, for 8 to 10 minutes, before being exposed
to �-sensitive phosphor imager plates (Molecular Dynamics,
Sunnyvale, CA) for at least 40 minutes. The exposed plates
were scanned in a PhosphorImager, model 400S (Molecular
Dynamics) and the obtained digital images were displayed
and analyzed by the software ImageQuant 5.1 (Molecular
Dynamics).

Human Subjects
HEALTHY VOLUNTEERS. Nine subjects volunteered as
HCs for the PIB study and for regional cerebral glucose met-
abolic rate (rCMRglc) by 18FDG. Six older controls (OCs)
ranging in age from 59 to 77 years old, and three young
controls (YCs) all 21 years old were examined. The three
YCs were studied under a separate Human Ethics Commit-
tee Protocol, which included an arterial line for the purpose
of collecting samples for metabolite analysis and input func-
tion determination. Arterial sampling was not included in
the initial AD patient protocol but subsequently was ob-
tained from three AD patients and two older controls under
a modified protocol (see below). In addition to the arterial
sampling, the YC subjects also were included because of the
near certainty that these young subjects would represent true
plaque-negative controls. None of the HC subjects had a his-
tory of a medical or neurological disease or substance abuse,
and all scored normally on neuropsychological testing.

ALZHEIMER’S DISEASE PATIENTS. Sixteen AD patients
(Tables 1 and 2) ranging in age from 51 to 81 years old were

Fig 1. Reaction scheme for the radiochemical synthesis of PIB.
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recruited at the department of Geriatric Medicine, Huddinge
University Hospital, Karolinska Institute. The AD patients
had diagnoses of probable AD according to National Insti-
tute of Neurological and Communication Disorders Alzhei-
mer’s Disease and Related Disorders Association criteria.14

Before diagnosis, subjects underwent a comprehensive clini-
cal examination including medical history with close infor-
mant, neurological and psychiatric examination, routine
blood analysis, cerebrospinal fluid analysis for A�(1-42) and
tau, electrocardiogram, magnetic resonance imaging/com-

puted tomography scans, single-photon emission computed
tomography blood flow scans, electroencephalography, apo-
lipoprotein E (ApoE) genotyping, and a comprehensive neu-
ropsychological examination. The degree of dementia, as
evaluated by the Mini-Mental State Examination (MMSE),
varied from mild to very mild, ranging from 18 to 29.
Eleven of the AD patients had been on cholinesterase inhib-
itor treatment for 2 to 4 years (five rivastigmine and six ga-
lantamine). Five recently diagnosed AD patients had never
received treatment before the study. There was no significant

Table 1. Clinical Data of Individual AD Patients

IDa
Duration

(yr)
MMSE at
Diagnosis

Time Since
Diagnosis (yr)

MMSE
at Study ChEI

Years Taking
ChEIb

AD1c 4 28 0.5 26 No 0
AD2 6 27d 4 25 Yes 3
AD3 2 18 0.2 18 No 0
AD4e 5 29 4 28 Yes 4
AD5 6 25 4 22 Yes 4
AD6 7 25 6 21 Yes 4
AD7 5 29 4 18 Yes 4
AD8 1 25 0.3 25 No 0
AD9 3 27 0.3 25 No 0
AD10 4 27 2 25 Yes 2
AD11 5 28 3 27 Yes 2
AD12e 5 28 3 28 Yes 2
AD13 4 29 2 27 Yes 2
AD14e 4 28 2 29 Yes 2
AD15 4 23f 3 27 Yes 3
AD16 4 27 0 27 No 0
Mean 4.3 26.6 2.4 24.9 11 Yes 2.9
SD 1.5 2.9 1.8 3.4 5 No 0.9

aAD patient identification code.
bMean treatment time refers to only those receiving ChEI treatment.
cAD patient AD1 was not included in standardized uptake value analyses for the reason listed in Results.
dThe first available MMSE score is from 2 years before the study.
eAD4, AD12, and AD14 showed PIB retention typical of that seen in controls.
fThe first available MMSE score is from 1 year before the study.

AD � Alzheimer’s disease; MMSE � Mini-Mental State Examination; ChEI � cholinesterase inhibitor therapy.

Table 2. Group Mean Clinical Data

Parameter AD OC YC

Age (yr) 65.9 � 10.7 69.0 � 7.2 21 � 0
Female 5 3 3
Male 11 3 0
Education (yr) 12.3 � 3.7 12.7 � 4.0 n/aa

ApoE 3/3 8 nd nd
ApoE 2/4 1 nd nd
ApoE 3/4 1 nd nd
ApoE 4/4 6 nd nd
CSF A�42 �450pg/mlb 11 of 16 nd nd

Mean CSF A�42 372 � 129 nd nd
CSF tau �400pg/mlb 10 of 16 nd nd

Mean CSF tau 639 � 283 nd nd

aBecause these young volunteers had not yet reached their full educational potential.
bIndicates the number of patients with a level outside of the normal range.

AD � Alzheimer’s disease; OC � older control; YC � younger control; n/a � not applicable; ApoE � apolipoprotein E; nd � not deter-
mined; CSF � cerebrospinal fluid.
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difference in age or education level between the AD patients
and the OC subjects (see Table 2).

All AD patients and their next of kin and all HC subjects
gave informed consent to participate in the study. The study
was approved by the Ethics Committee of Uppsala Univer-
sity and Karolinska Institute, Stockholm, the Isotope Com-
mittee, Uppsala University Hospital, Uppsala, Sweden, and
the Institutional Review Board of the University of Pitts-
burgh.

Positron Emission Tomography
Patients and healthy volunteers were examined after fasting
for at least 6 hours before PET. Electrocardiography, pulse
and blood pressure were measured throughout the PIB study.
PET was performed in either of two Siemens ECAT HR	
cameras with an axial field of view of 155mm, providing 63
contiguous 2.46mm slices with a 5.6mm transaxial and a
5.4mm axial resolution. The orbitomeatal line was used to
center the head of the subjects. The data were acquired in
three-dimensional mode. The patients and healthy volunteers
were given an intravenous injection of approximately
300MBq of PIB. PET measured the time-dependent uptake
of radioactivity in the brain according to a predetermined set
of measurements (frames 2 � 60, 3 � 120, 4 � 180, 4 �
300, and 2 � 600 seconds) for 1 hour.

Subjects were given 200 to 300MBq of 18FDG intrave-
nously and PET measured the radioactivity in the brain for
5 � 60, 5 � 180, 5 � 300, and 1 � 600 seconds frames for
55 minutes. The plasma glucose concentration was measured
three times, once before and twice after the 18FDG injection.
All 18FDG scans of AD patients were obtained within 30
days of the PIB scan.

Attenuation correction was based on a 10-minute win-
dowed transmission scan with rotating 68Ge rod sources be-
fore administration of the radioactivity. The emission data
were normalized, corrected for random coincidences and
dead time, and corrected for scatter using a method by
Watson and colleagues.15 Images were reconstructed with the
standard software supplied with the scanner (ECAT 7.1;
CTI PET Systems, Knoxville, TN), using Fourier rebinning
followed by two-dimensional filtered back-projection apply-
ing a 4mm Hanning filter. A computerized reorientation
procedure was used to align consecutive PET studies for ac-
curate intra- and interindividual comparisons.16

Metabolite Analysis
Arterialized-venous blood samples were obtained from 13
AD patients and 4 OC subjects. Radial artery blood samples
were obtained in 2 of the 3 YC subjects, 2 of the 6 OC
subjects, and 3 of the 16 AD patients (AD12, AD13, and
AD14). Whole-blood samples were centrifuged and an equal
volume of acetonitrile was added to the plasma fraction to
precipitate the proteins. The supernatant was analyzed by
high-performance liquid chromatography. Separation of me-
tabolites and tracer was performed on a Genesis C18 column
with a mobile phase consisting of acetonitrile 50mM ammo-
nium formate, pH 3.5 (55:45, vol/vol). The metabolite and
tracer fractions were collected and the radioactivity was mea-
sured in a well-type scintillation counter.

Regions of Interest
All PET investigations were analyzed using identical stan-
dardized regions of interest (ROI) in the brain.17 Cortical
ROI (1 � 3cm) were placed in the frontal (three slices) and
parietal (four slices) cortices. ROI for the striatum were
placed at the level with highest uptake. Other cortical ROI
were placed in the occipital and cerebellar cortices at the
level of highest radioactivity uptake and in the temporal cor-
tices (five coronal slices). Two ROI (1.5cm in diameter) were
located in the pons and linked, and the subcortical white
matter was defined with a traced ROI at the location of cen-
trum semiovale. The parietal, temporal, frontal, and occipital
ROI were linked to form volumes of interest.

Image Quantitation
Arterial plasma data were available for 7 of the 25 subjects,
but 2 of the AD patients were among the 3 outliers that did
not show PIB retention (see below). Therefore, arterial data
were available for only one subject who showed significant
PIB accumulation (AD13). This precluded conventional
compartmental analysis on the subject group as a whole. Ref-
erence tissue modeling using the cerebellum then was ex-
plored. The cerebellum was chosen as a reference region be-
cause of its previously reported lack of Congo red and
thioflavin-S–positive plaques.18,19 Over the 60-minute time
frame that the data were collected, the tissue-to-reference ra-
tio did not plateau over a sufficient number of points to
validly apply steady state–based modeling methods (eg, Lo-
gan graphical analysis20,21). Future studies with extended pe-
riods of data acquisition of at least 90 minutes should allow
for definitive determination of whether or not steady state–
based methods can be applied. Models which assume irre-
versible binding (eg, Gjedde22 and Patlak and colleagues23,24)
also were applied to the data, but difficulties were observed
in brain areas with very low accumulation, such as the cor-
tical regions of HC subjects. There was some indication that
this may be caused by a small but significant net accumula-
tion of tracer in the cerebellum, perhaps because of nonspe-
cific retention in the white matter which contaminates this
reference ROI. Efforts are under way to analyze the data
with a modified Patlak method that corrects for this accu-
mulation in the reference region. The details of this analysis
will be presented separately elsewhere (G. Blomqvist, in
preparation). Currently, expressing the data in terms of stan-
dardized uptake value (SUV) appears preferable because it
does not introduce assumptions about the kinetics which
have not yet been adequately explored. SUV was obtained by
normalizing tissue concentration (nCi/ml) by injected dose
(nCi) and body mass (in units of ml, making the approxi-
mation that 1gm equals 1ml). Note that, although not yet
optimized, preliminary modeling approaches produced re-
sults that were entirely consistent with the SUV results.

18F-fluorodeoxyglucose Analysis
Parametric maps of glucose metabolic rate (rCMRglc) were
generated by the Patlak technique using the time course of
the tracer in arterialized-venous plasma as the input func-
tion.22,23 Taking advantage of the 20-minute half-life of car-
bon 11, 18FDG scans could be performed 120 minutes after
the injection of PIB.
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Statstical Analyses
Statistical comparisons utilized a two-sample, unequal vari-
ance, two-tailed Student’s t test. Linear regression analyses
were conducted to yield the Pearson product moment corre-
lation coefficient, r. Because of the multiple comparisons in
eight brain areas, a Bonferroni correction was applied to set
statistical significance to p value of 0.05/8 (ie, p � 0.006) to
declare a significant difference to be present between two
groups.

Results
Characterization of PIB Binding to
Postmortem Tissue
In sections of fresh-frozen postmortem tissue, PIB
showed little binding to the amyloid-free frontal cortex
of a cognitively normal elderly control brain (Fig 2A,
B). In contrast, PIB bound specifically to the amyloid-
laden frontal cortex of an age-matched AD brain in a
manner that could be blocked by an excess of the
structural analog, BTA-1 (see Fig 2C, D). The nonspe-
cific retention of PIB in white matter was overshad-
owed by the cortical binding in AD brain but predom-
inated in control brain (see Fig 2). Note that Figure 2
represents fresh-frozen tissue sections that have not
been treated to mask white matter binding (ie, the tis-
sue was not defatted and washings were performed us-
ing phosphate-buffered saline without ethanol).

Plasma Metabolism of PIB
The plasma concentration of PIB was studied in the
nine HC subjects and 16 AD patients. All PIB metab-
olites were very polar. No substantial differences in the
metabolism of PIB were seen between the AD patients
and the HC subjects. The amount of unchanged PIB
decreased rapidly and was 65.5 � 8.7% in HC sub-
jects and 68.1 � 12.9% in AD patients after 5 min-
utes, 30.7 � 7.3% (HC) and 33.5 � 8.9% (AD) after
12 minutes, and 7.2 � 3.6% (HC) and 9.8 � 3.0%
(AD) after 60 minutes. Furthermore, no differences be-
tween the time course of labeled metabolites in arterial
and/or venous plasma could be seen. Of note, in vivo
mouse studies using PIB showed similarly rapid pe-
ripheral metabolism, whereas greater than 95% of the
radioactivity in brain could be recovered as unchanged
parent compound.10 Studies in other species are ongo-
ing.

Time-Activity Data
The six OC subjects showed a brain entry and clear-
ance pattern very similar to that found in the YC sub-
jects, and there was no statistically significant differ-
ence between the two healthy control (HC) groups.
Therefore, young and older control groups were com-
bined to form the HC group for comparison with the
AD patients. All statistically significant findings re-
ported below remained significant (p � 0.006) in a

separate analysis comparing AD patients to only the six
OC subjects. The data from 1 of the 16 AD patients
(AD1) were excluded from the SUV analyses because
of low radioactivity values in all brain areas (including
cerebellum and white matter), possibly caused by ex-
travasation of an unknown portion of the injected
dose.

As a group, the HC subjects showed rapid entry and
clearance of PIB in all cortical and subcortical gray
matter areas, including cerebellar cortex (Fig 3A, C,
D). Cerebellum, an area lacking fibrillar amyloid
plaques, showed nearly identical uptake and clearance
of PIB in the HC and AD groups (see Fig 3A). Sub-
cortical white matter showed relatively lower entry and
slower clearance in both HC subjects and AD patients,
but PIB retention did not differ significantly between
the two groups (see Fig 3B). In contrast, the AD pa-
tients showed a marked retention of PIB compared
with HC subjects in areas of the brain known to con-
tain large amounts of amyloid deposits in AD, such as
parietal and frontal cortices25,26 (see Fig 3C, D, E).
The SUV values over the late time points (40–60 min-
utes) were averaged to calculate the SUV values shown
in the group comparisons and to generate the images
shown below.

Fig 2. Specific and displaceable PIB binding occurs in the
cortex of postmortem Alzheimer’s disease (AD) brain, but not
in white matter or control brain cortex. Autoradiograms show-
ing the binding of PIB to fresh-frozen, post-mortem control
(A, B) and AD brain sections (C, D). All sections were incu-
bated with 10nM PIB. Excess nonradioactive BTA-1(10�M)
was added in B and D to demonstrate displaceable binding.
Arrows indicate the location of white matter and cortex (gray
matter area is circled in A, C). Cortex is barely visible on
control sections because of lack of binding.
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Standardized Uptake Value Images
As the time-activity data would predict, the topograph-
ical pattern of PIB retention was clearly different in
AD patients compared with the HC subjects (Fig 4).
PIB accumulation in AD patients as a group was most
prominent in cortical association areas and lower in
white matter areas. This pattern is very consistent with
that described in postmortem studies of amyloid dep-
osition in AD brain.25,26 PIB images from HC subjects
showed little or no PIB retention in cortical areas, leav-
ing the subcortical white matter regions highest in rel-
ative terms. Note that, in absolute terms, the accumu-
lation of PIB in white matter was essentially the same
in AD patients and HC subjects (see Figs 3B, 6B).

A series of axial and sagittal images give a better
three-dimensional sense of the topography of PIB re-
tention (Fig 5). The marked difference between PIB
retention in the AD patient and the HC subject is ap-
parent throughout most of the forebrain. Frontal cor-
tex was widely affected in the AD patient, but intense
PIB retention also was observed in temporal and pari-
etal cortices, portions of occipital cortex, and in the
striatum. Lateral temporal cortex appeared to have
greater PIB accumulation than medial temporal areas.
Cerebellar cortex (see Fig 5) showed little PIB reten-
tion and was similar in AD patients and HC subjects.

Quantitative Comparisons of Alzheimer’s Disease and
Healthy Control Group Data
In cortical areas, the mean PIB SUV value of AD pa-
tients was significantly greater than the mean PIB SUV
value of control subjects (Fig 6A; Table 3). This indi-
cates increased retention of PIB in areas known to have
extensive amyloid deposition in AD.

Three patients diagnosed with AD (AD4, AD12,
and AD14) had high MMSE scores (28–29) and

Fig 3. PIB is differentially retained only in amyloid-laden cortical areas of AD brain. Standardized uptake values (SUVs) demon-
strating brain entry and clearance of PIB. A to C represent averaged SUV values for all HC subjects (open, black symbols; n �
9) and all AD patients (filled, red symbols; n � 15) in cerebellum, subcortical white matter, and frontal cortex. D and E show
brain entry and clearance in cerebellum (triangles), subcortical white matter (diamonds), frontal cortex (squares), and parietal
cortex (circles) for an older control subject (D) and an AD patient (E). Error bars represent one standard deviation (SD) and are
too small to be seen in some of the HC subject data in A to C. Asterisks (e.g., in C) indicate a significant difference between AD
and HC values (p � 0.006). Shaded areas highlight the 40 to 60-minute time period used for the summed SUV data displayed in
Figures 4 to 7.

Fig 4. PIB standardized uptake value (SUV) images demon-
strate a marked difference between PIB retention in Alzhei-
mer’s disease (AD) patients and healthy control (HC) subjects.
PET images of a 67-year-old HC subject (left) and a 79-year-
old AD patient (AD6; MMSE � 21; right). (top) SUV PIB
images summed over 40 to 60 minutes; (bottom) 18FDG
rCMRglc images (�mol/min/100ml). The left column shows
lack of PIB retention in the entire gray matter of the HC
subject (top left) and normal 18FDG uptake (bottom left).
Nonspecific PIB retention is seen in the white matter (top
left). The right column shows high PIB retention in the fron-
tal and temporoparietal cortices of the AD patient (top right)
and a typical pattern of 18FDG hypometabolism present in the
temporoparietal cortex (arrows; bottom right) along with pre-
served metabolic rate in the frontal cortex. PIB and 18FDG
scans were obtained within 3 days of each other.
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showed no significant deterioration over the 2 to
4-year follow-up period (see Table 1). These subjects
had levels of PIB retention in cortical regions typical of
controls (see open triangles in Fig 6). They also had
rCMRglc values similar to controls in the brain areas
presented in Figure 6. These three subjects were re-
tained in the AD group for all analyses. In the OC
group, the oldest subject consistently showed the high-

est cortical PIB retention and the lowest cortical
rCMRglc (see boxed circles in Fig 6). This subject had
not expressed any subjective memory complaints and
performed within the reference range on the neuropsy-
chological test battery except for difficulty copying a
complex cube.

The average PIB SUV values in the HC subjects
were low and similar to each other in all cortical and

Fig 5. Serial planes demonstrate the topography of PIB retention. Axial (top two rows) and sagittal (bottom two rows) standardized
uptake value (SUV) PIB images of the subjects shown in Figure 4. The healthy control subject data are shown in rows 1 and 3.
The Alzheimer’s disease patient data are shown in rows 2 and 4. The reference region, the cerebellum, can best be appreciated in
the images at the far right. The cerebellar peduncles (white matter) show some nonspecific retention, but the cerebellar cortex shows
negligible retention. Scale bar indicates relative levels of PIB SUV values.
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subcortical gray matter areas. In HC subjects and AD
patients, the retention also was similar in the cerebel-
lar gray matter (see Table 3), a cortical area that lacks
fibrillar amyloid plaques.18 This indicates the lack of
PIB retention in control cortex and in the cerebellum
of both AD and controls, brain areas which would
not be expected to have significant amyloid deposi-
tion.

In HC subjects, the PIB SUV values in pons and
subcortical white matter (see Fig 6B) were higher than

in cortical areas and very similar to the SUV values
found in pons and subcortical white matter of AD pa-
tients (see Table 3). This suggests higher, nonspecific
retention of PIB in white matter than in gray matter
areas.

We found the striatum, consistent with previous re-
ports of extensive amyloid deposition in the striatum of
virtually all AD patients,27–30 to have significantly
higher PIB retention in AD patients than in HC sub-
jects (see Table 3).

Fig 6. The differences in PIB retention between Alzheimer’s disease (AD) patients and healthy control (HC) subjects can be quanti-
fied and are statistically significant. Shown is the accumulation of PIB and rCMRglc in selected regions. Average PIB standardized
uptake value (SUV) values were summed over 40 to 60 minutes in cortical areas (A) or white matter areas (B) and compared
with cerebellum. Values for 18FDG uptake were calculated with the Gjedde-Patlak method in cortical areas (C) or white matter
areas (D) and compared with cerebellum. The mean and one SD are indicated with the error bars beside the individual points.
HC subjects: circles; n � 9; filled circles represent the three young HC subjects; boxed circle represents the outlier in the HC
group (oldest subject). AD patients: triangles; n � 15 (SUV) or n � 16 (FDG); open triangles represent the three outliers in the
AD group. AD mean and SD values include all 15 (SUV) or 16 (18FDG) AD subjects; p � 0.01 (*); p � 0.002 (**); p �
0.0002 (***).
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Comparison of PIB Retention to
Cerebral Metabolic Rate
The rCMRglc in cortical areas was lower in the AD
patients compared with HC subjects in most regions
(Table 4) as has been established in many previous
studies.31–34 The largest and only significant differ-
ence ( p � 0.006) in rCMRglc was observed in parietal
cortex (see Fig 6C; Table 4). The relative differences
in rCMRglc between AD patients and HC subjects
were in general smaller (eg, 41% in parietal cortex;
see Table 4) than the relative differences in PIB re-
tention (eg, 94% in frontal cortex; see Table 3). The
correlation between PIB retention and rCMRglc in all
subjects and in AD patients alone is shown in Table
4. When all HC subjects and AD patients were com-
bined, a significant negative correlation ( p � 0.006)
was observed only in the parietal cortex (Fig 7). Clear
negative trends were observed in all cortical areas, but
not in white matter areas. These correlations did not
remain significant at the p value 0.006 level (see Sub-
jects and Methods) when only AD patients were in-

cluded, although the negative trend remained obvious
in the parietal cortex (see Table 4, Fig 7).

The relative changes in PIB and rCMRglc for each
individual patient also can be appreciated from the
data in Figure 7. For this purpose, low rCMRglc val-
ues were defined as those more than one SD below
the mean rCMRglc of the HC subjects (ie, rCMRglc

�34.6�mol/min/100ml) and high PIB SUV values
were defined as those more than one SD above the
mean PIB SUV of the HC subjects (ie, PIB SUV
�1.03). These areas are indicated in Figure 7, and it
can be seen that all AD patients with abnormally low
parietal rCMRglc values also had abnormally high pa-
rietal PIB SUV values. Interestingly, all three AD pa-
tients (MMSE 28 –29) with parietal PIB SUV values
less than 1.03 also had normal parietal rCMRglc val-
ues (see open triangles in Fig 7). However, one AD
patient with a normal rCMRglc had a high PIB SUV
value (see double asterisks in Fig 7). None of the HC
subjects with PIB SUV values less than 1.03 showed
low rCMRglc values. The one HC subject (the

Table 3. PIB Retention in Various Brain Areas (SUV)

Fr Par Temp Occ Striatum Pons SWM Cb

AD mean (n � 15) 1.56 1.45 1.26 1.24 1.47 1.31 1.22 0.86
AD SD 0.53 0.43 0.39 0.43 0.41 0.22 0.21 0.17

HC mean (n � 9) 0.80 0.85 0.83 0.80 0.84 1.21 1.19 0.74
HC SD 0.21 0.18 0.15 0.13 0.19 0.26 0.22 0.07

AD vs HC (p) 0.0001 0.0001 0.0011 0.0017 0.00004 0.3563 0.7238 0.0205
AD:HC ratio 1.94 1.71 1.52 1.54 1.76 1.08 1.03 1.17

Statistically significant results (p � 0.006) are boldface and underlined.

SUV � standardized uptake value; AD � Alzheimer’s disease; HC � healthy control; SD � standard deviation.

Table 4. rCMRglc and Correlation to PIB Retention

Fr Par Temp Occ Striatum Pons SWM Cb

rCMRglc (�mol/min/100 ml)
AD mean (n � 16) 34.8 30.6 28.9 38.5 47.8 25.2 19.0 34.9

AD SD 7.2 7.6 4.9 6.6 6.8 3.9 5.1 6.0
HC mean (n � 9) 45.0 43.2 33.6 49.3 55.5 26.7 21.6 39.6

HC SD 9.7 8.6 6.4 10.3 11.4 3.6 4.9 8.7
(AD vs HC) (p) 0.0163 0.0024 0.0801 0.0149 0.0914 0.3304 0.2255 0.1716

AD:HC ratio 0.77 0.71 0.86 0.78 0.86 0.94 0.88 0.88
Correlation of rCMRglc to PIB SUV

All Subjects (n � 24)
r 
0.43 
0.72 
0.31 
0.48 
0.26 0.28 
0.08 
0.19
p 0.037 0.0001 0.187 0.017 0.323 0.266 0.99 0.776

AD only (n � 15)
r 
0.03 
0.61 
0.15 
0.34 
0.03 0.34 0.27 
0.32
p 0.99 0.015 0.99 0.258 0.99 0.257 0.438 0.305

Statistically significant results (p � 0.006) are boldface and underlined.

rCMRglc � regional cerebral glucose metabolic rate; AD � Alzheimer’s disease; SD � standard deviation; HC � healthy control; SUV �
standardized uptake value.
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oldest) with a slightly low rCMRglc value also had
an increased PIB SUV value (see single asterisk in
Fig 7).

Correlations between PIB Retention and Clinical/
Biochemical Variables
There was a trend in all brain areas for higher PIB
SUV values to be observed in AD patients having
lower MMSE scores, but none of these correlations
reached statistical significance. There was no significant
correlation of PIB retention with age in either the AD
or HC groups. However, the oldest HC subject
showed consistently higher PIB retention than the
other controls (see Fig 6).

In the AD patient group, there was no significant
correlation in any brain area studied between PIB SUV
values and duration of illness (from either onset or
time of diagnosis) or number of years on cholinesterase
inhibitors. Comparing AD patient subtypes, treatment
with cholinesterase inhibitors and sex showed no sig-
nificant effect on PIB values in any brain area. ApoE
genotype had no effect on PIB SUV values in any
brain area of AD patients. Furthermore, there was no
trend toward increased PIB SUV values in the 4/4 AD

patients (n � 6) compared with the 3/3 AD patients
(n � 8).

Discussion
In autoradiographic studies of postmortem brain tis-
sue, PIB showed specific and displaceable binding to
AD cortical areas containing amyloid deposits, but
not to control cortex. These studies are consistent
with several previous studies which support the spec-
ificity of benzothiazole, thioflavin-T derivatives for
amyloid deposits.8,10 –12 Plasma metabolism of PIB
was rapid and all metabolites were polar, suggesting
that blood metabolites are not likely to enter the
brain. This is consistent with metabolic data in
mice.10 Further studies are under way in other species
and with human tissue in vitro to determine whether
radioactive metabolites could be present in human
brain. Determination of the optimal pharmacokinetic
modeling method will be ongoing as more arterial
data are collected and scan time is increased to 90
minutes. Until this issue can be clarified, we prefer to
express the data in terms of SUV.

In this study, both imaging and time-activity
curves showed that the retention of PIB provided a
quantifiable discrimination between most mild AD
patients and HC subjects. In HC subjects, there was
very little retention of PIB in cortical regions. In con-
trast, frontal and temporoparietal cortical areas,
known to contain amyloid deposits in AD, showed
preferential retention of PIB. The absolute level of
PIB retention was approximately the same in the cer-
ebellum and white matter of AD patients and HC
subjects, brain areas known to lack substantial depos-
its of fibrillar amyloid. Time-activity curves demon-
strated that the absolute amount of PIB retained in
the frontal cortex of AD patients was greater than
90% higher than that retained in control frontal cor-
tex or cerebellum of either controls or AD patients.

In general, this pattern of PIB retention is consis-
tent with the pattern of amyloid plaque deposition
described in postmortem studies of AD brain.25,26

These postmortem studies showed that, from the ear-
liest stages, amyloid plaque deposition was distributed
fairly evenly across neocortical association cortices in
AD. In contrast, mesial temporal lobe areas (includ-
ing hippocampus) showed relatively low plaque bur-
dens.26 Unlike plaque deposition, the topographical
development of neurofibrillary tangles begins focally
in the transentorhinal cortex and progresses predict-
ably through limbic areas to the neocortex.35 PIB re-
tention typically predominated in frontal cortex, but
note that frontal cortex did not always show the high-
est PIB retention in a given subject and mean levels
of frontal PIB retention exceed parietal levels by less
than 10%. Postmortem studies using silver stains, an-
tibodies to A�, or thioflavin-S do identify frontal cor-

Fig 7. PIB retention is inversely correlated with rCMRglc. Cor-
relation of rCMRglc in parietal cortex versus parietal PIB
standardized uptake value (SUV) values. Correlations were
performed separately on all subjects (n � 24, R2 � 0.511; p
� 0.0001; solid line) and only Alzheimer’s disease (AD) pa-
tients (n � 15, R2 � 0.377; p � 0.015; dotted line). AD
patients are represented by triangles (outliers are open trian-
gles) and HC subjects are represented by circles (young con-
trols are filled circles). Also indicated is a horizontal line that
represents one SD above the HC mean PIB SUV value (at
1.03 SUV) and a vertical line that represents one SD below
the HC mean rCMRglc (at 34.6�mol/min/100ml). See text
for further details.
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tex as a brain area very high in amyloid deposition
but have not identified it as the site of greatest dep-
osition.25,26 This raises the question of whether the
observation of highest PIB retention in the frontal
cortex is real or an artefact. There is evidence that the
nature of amyloid deposits varies across the neocor-
tex.36 It also is possible that there are additional re-
gional variations in amyloid processing and fibrillo-
genesis that can be detected in vivo but cannot be
detected in postmortem tissue, particularly after fixa-
tion. Another possible reason for the greater PIB SUV
values in frontal cortex compared with temporal and
parietal cortex could be the fact that, in AD, regional
cerebral blood flow (rCBF) to the frontal cortex is
relatively preserved compared with the well-described
decreases in temporal and parietal cortex.37 Currently,
the presence or absence of a rCBF effect on PIB mea-
sures has not yet been determined, and careful studies
exploring the relationship between changes in rCBF
and PIB retention will be needed to fully address this
issue. Whether or not SUV measures of PIB retention
are found to be affected by rCBF differences, com-
partment models will be applied to PIB data in the
future and the optimal PIB retention measures de-
rived from these models would be expected to be
much less influenced by rCBF differences than those
derived from SUV-type analyses.

Extensive amyloid deposition has been reported to
occur in the striatum of virtually all AD pa-
tients,28 –30 and we observed substantial PIB retention
in the striatum of AD patients in this study. Striatal
plaque deposition appears to occur early in the pro-
gression of AD pathology and coincides with neocor-
tical pathology and cognitive changes.27 Although
neuritic elements have been described in ventral stri-
atum,29 most striatal A� deposits are not associated
with dystrophic neurites.28,29 Despite this poorly un-
derstood absence of neuritic changes in the striatum,
striatal plaques appear to be fibrillar as evidenced by
the fact that they are stained well by the fibril-specific
Congo red derivative, X-34.38 PIB and related benzo-
thiazoles also stain striatal amyloid deposits in post-
mortem AD brain (W.E. Klunk, unpublished data) in
a manner similar to the staining of cortical deposits
by other benzothiazole derivatives.11 Therefore, the
observation of significant PIB retention in the stria-
tum is not surprising.

Three patients with very mild AD (AD4, AD12, and
AD14) had cortical PIB retention similar to the HC
subjects. Note that these three patients had MMSE
scores between 28 and 29 after 2 to 4 years of follow-
up. At the time of the PIB study, AD4, AD12, and
AD14 all had temporal and parietal rCMRglc values
that were not typical of AD patients and more closely
resembled the HC subjects. Other mild AD patients
with similar clinical profiles showed typical AD-like

changes in PIB retention and rCMRglc. For example
AD11, AD13, and AD15 all had an MMSE score of
27 at the time of study but had increased PIB reten-
tion and decreased rCMRglc. Treatment with cholines-
terase inhibitors was not related to the differences ob-
served. Therefore, it is unclear whether this amyloid
imaging technique was simply insensitive to the
amount of amyloid deposits in the brains of AD4,
AD12, and AD14 or whether PIB imaging has cor-
rectly identified subjects without amyloid deposits in
whom the clinical diagnosis would not be confirmed
by postmortem evaluation.

Conversely, the oldest control in this study showed
PIB retention typical of AD patients and could be de-
scribed as an asymptomatic amyloid-positive case. This
type of case brings up issues of specificity versus early
detection. One possibility could be that a high PIB sig-
nal was obtained in the absence of amyloid deposits (ie,
a false-positive). However, if this finding does represent
the true presence of amyloid in an asymptomatic indi-
vidual, the question becomes whether substantial amy-
loid deposition can be found as part of the normal ag-
ing process in subjects who will never develop AD39 or
is increased amyloid deposition always a sign of pre-
clinical AD40–42? The ability to longitudinally follow
PIB retention as an in vivo measure of amyloid depo-
sition now gives us a tool through which we may be
able to answer this question in a manner that postmor-
tem studies can not.

Note that this initial proof-of-concept study was not
designed to determine the sensitivity and specificity of
amyloid imaging with PIB for the diagnosis of AD.
Many very mild cases (MMSE �25 in 12 of 16 cases)
were included, and the accuracy of the clinical diagno-
sis of AD is not clearly defined at this stage. Therefore,
we cannot assess the utility of PIB for the diagnosis of
AD from this study. Further studies that include only
more typical, moderately impaired AD patients will be
needed to address sensitivity issues and more controls
and patients with non-AD dementias must be studied
to define specificity issues.

The coupling between increased PIB retention and
decreased 18FDG metabolism was not an unexpected
finding, given the well-known decrease in temporopa-
rietal metabolism in AD patients31 and the presence of
extensive amyloid deposition in these same areas.25,26

PET with 18FDG and PIB might be considered as
complementary methods, one looking directly at amy-
loid pathology and the other looking at metabolic dys-
function at the synapse that may or may not be related
to the local pathology. Thus far, we have studied only
mild AD patients with PIB, but 18FDG imaging has
been shown to be sensitive enough to demonstrate
metabolic changes before the onset of clinical symp-
toms in subjects at risk for AD due to the presence of
the ApoE4 allele43,44 or the presence of chromosome
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21 or 14 mutations.45,46 Inevitably, a comparison of
the relative “sensitivities” of imaging with PIB and
18FDG for detecting changes in the brains of AD pa-
tients will be necessitated. Our data showed that the
largest mean difference between AD patients and HC
subjects in rCMRglc was approximately 40% in the
parietal cortex (or approximately 1.5 SD from the
control mean), whereas the largest mean difference in
PIB retention was greater than 90% in frontal cortex
(or approximately 3.6 SD from the control mean). All
AD patients with low parietal rCMRglc also had high
PIB retention, but one AD subject (AD16) with nor-
mal parietal rCMRglc had elevated PIB retention.

No significant correlation was observed between PIB
accumulation and MMSE scores in this sample of AD
patients, but this may be because 12 of the 16 AD
patients fell into the narrow range of 25 to 29 on
MMSE score. In this initial study, the reported associ-
ation between ApoE4 genotype and increased postmor-
tem cortical amyloid load was not reflected by in-
creased PIB retention in AD patients having an ApoE4
allele.47,48 However, the relationship between ApoE4
and postmortem amyloid load is complex and not al-
ways observed.49

Although this “proof-of-concept” study represents
the first evaluation of a benzothiazole compound as
an in vivo radiotracer for imaging amyloid deposition
in human brain, two previous attempts have been
made to image amyloid deposition in living AD pa-
tients using other tracers. The first attempt used
single-photon emission computed tomography and a
99mTc-labeled antibody to A�, but there was no evi-
dence of cerebral uptake of the antibody.50 The sec-
ond in vivo human amyloid-imaging study used the
tracer 18F-FDDNP to quantify amyloid in nine AD
patients and seven controls.51 The time-activity data
from an AD patient included in that study indicated
that, at late time points (90 –120 minutes), the abso-
lute retention of 18F-FDDNP in neocortical areas ex-
ceeded that in the reference region, the pons, by 10
to 15%. The area of highest retention at late time
points was the hippocampus/amygdala/entorhinal cor-
tex region, an area that exceeded the reference region
by approximately 30%.

As the technology of amyloid imaging moves for-
ward, it will be important to avoid the circular reason-
ing inherent in the association of amyloid deposition
with both the diagnosis and the cause of AD. There-
fore, at the outset, it may be best to not equate amy-
loid deposition to clinical diagnosis. Rather than as a
method of diagnosis, it might be best to first think of
PIB retention more fundamentally as a method to de-
tect and quantify brain �-amyloidosis, a term first used
in reference to AD by Glenner.52 Several basic, unbi-
ased questions then can be asked regarding (1) the cor-
relation of �-amyloidosis with clinical diagnosis; (2)

the natural history of �-amyloidosis and its onset rela-
tive to clinical symptoms of dementia; and (3) the abil-
ity of �-amyloidosis to serve as a surrogate marker of
efficacy for antiamyloid therapeutics.

The relationship of brain �-amyloidosis to clinical
AD and the natural history of that relationship can be
determined only by large and careful longitudinal hu-
man studies. We have so far investigated only mild
AD patients. To sort out the relationship between
brain �-amyloidosis and AD, it will be important to
perform further studies in subjects with mild cogni-
tive impairment, carriers of familial AD mutations
and other types of increased genetic risk, and in larger
groups of AD patients and HC subjects. Another po-
tential use of in vivo amyloid imaging could be as an
aid to the development of a variety of antiamyloid ther-
apeutic candidates. Such antiamyloid drug studies may
provide new knowledge concerning the relevance of
�-amyloidosis to the clinical symptoms of AD. Al-
though these and other issues are yet to be fully resolved,
this study strongly suggests that PIB retention may be a
good indicator of amyloid deposition in vivo.
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Article abstract—Objective: To update the 1994 practice parameter for the diagnosis of dementia in the elderly.  
Background: The AAN previously published a practice parameter on dementia in 1994. New research and clinical 
developments warrant an update of some aspects of diagnosis. Methods: Studies published in English from 1985 through 
1999 were identified that addressed four questions: 1) Are the current criteria for the diagnosis of dementia reliable? 2) 
Are the current diagnostic criteria able to establish a diagnosis for the prevalent dementias in the elderly? 3) Do laboratory 
tests improve the accuracy of the clinical diagnosis of dementing illness? 4) What comorbidities should be evaluated in 
elderly patients undergoing an initial assessment for dementia? Recommendations: Based on evidence in the literature, the 
following recommendations are made. 1) The DSM-III-R definition of dementia is reliable and should be used 
(Guideline). 2) The National Institute of Neurologic, Communicative Disorders and Stroke–AD and Related Disorders 
Association (NINCDS-ADRDA) or the Diagnostic and Statistical Manual, 3rd edition, revised (DSM-IIIR) diagnostic 
criteria for AD and clinical criteria for Creutzfeldt–Jakob disease (CJD) have sufficient reliability and validity and should 
be used (Guideline). Diagnostic criteria for vascular dementia, dementia with Lewy bodies, and frontotemporal dementia 
may be of use in clinical practice (Option) but have imperfect reliability and validity. 3) Structural neuroimaging with 
either a noncontrast CT or MR scan in the initial evaluation of patients with dementia is appropriate. Because of 
insufficient data on validity, no other imaging procedure is recommended (Guideline). There are currently no genetic 
markers recommended for routine diagnostic purposes (Guideline). The CSF 14-3-3 protein is useful for confirming or 
rejecting the diagnosis of CJD (Guideline). 4) Screening for depression, B12 deficiency, and hypothyroidism should be 
performed (Guideline). Screening for syphilis in patients with dementia is not justified unless clinical suspicion for 
neurosyphilis is present (Guideline). Conclusions: Diagnostic criteria for dementia have improved since the 1994 practice 
parameter. Further research is needed to improve clinical definitions of dementia and its subtypes, as well as to determine 
the utility of various instruments of neuroimaging, biomarkers, and genetic testing in increasing diagnostic accuracy.  
NEUROLOGY 2001;56:1143-1153 
 
Introduction.  Mission statement.  The Quality Standards Subcommittee of the American Academy of Neurology (AAN) 
is charged with developing practice parameters for physicians. This evidence-based review addresses major issues in the 
diagnosis of dementia.  

Background and justification.  Dementia is a common disorder in the elderly, involving as many as 10% of those 
over 65 years of age. The AAN previously published a practice parameter on dementia in 1994,1 and since that time many 
new clinical and research developments have occurred. The purpose of the current practice parameter is to highlight and 
to update major areas of current interest and investigation in the diagnosis of dementia in the elderly. It is not intended to 
serve as a comprehensive review of the differential diagnosis of dementia.  

                                                           
The appointment of authors for this guideline was done in cooperation with the Alzheimer’s Association and overlaps significantly with the membership 
of the Medical and Scientific Advisory Council and the Board of Directors of the association. The Alzheimer’s Association agrees with the content of 
this paper in all important regards.  
This guideline has been endorsed by the American Association of Neuroscience Nurses and the American Geriatrics Society.  
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University of California at San Diego; Department of Neurology and Neuroscience (Dr. Relkin), New York Presbyterian–Weill Cornell Medical 
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Clinical question statement.  The Diagnosis of Dementia Committee reviewed the issues, problems, and challenges 
related to the diagnosis of dementia. Based on work that has been published since 1994, the Committee formulated four 
questions to be addressed in the practice parameter:  
1. Are the current criteria for the diagnosis of dementia reliable?  
2. Are current diagnostic criteria sufficiently accurate to establish a diagnosis for the prevalent dementias in the elderly?  
3. Do laboratory tests improve the accuracy of the clinical diagnosis of dementing illness?  
4. What comorbidities should be evaluated in elderly patients undergoing an initial assessment for dementia?  
 
Process.  Panel selection.  A group of clinicians from various disciplines with extensive experience in diagnosing and 
caring for patients with dementia was assembled. The group was charged with focusing on the diagnosis of dementia. 
Committee members disclosed any real or potential conflicts of interest. Other work groups formulated practice 
parameters on the detection of dementia1 and the management of dementia.2  

Literature review process.  A literature search was conducted using MEDLINE, Excerpta Medica, and BIOSIS. The 
search included articles published from January 1985 through November 1999. The search strategy sought only studies 
published in English and studies on human disease. The principal search term was dementia. Other terms entered into the 
search included neuroimaging, diagnostic techniques, diagnostic imaging, biologic markers, CSF, diagnostic errors, 
differential diagnosis, and neuropsychologic tests. The original search yielded 1,175 articles of which approximately 300 
articles were identified as relevant to our search questions. For articles on AD, we included only those based on more than 
25 patients. For the less common dementias there was no minimal sample size. An additional 300 articles not identified 
by the literature search strategy, including ones published after the initial search was conducted, were submitted by 
committee members or obtained from bibliographies of articles identified in the search.  

Each article was classified based on the quality of evidence (Class I through IV, table 1). After review of the 
evidence, recommendations were drafted, reviewed by all committee members, and identified as a Practice Standard, 
Guideline, or Option (table 2). When appropriate, data on specificity, sensitivity, and other numerical measures of 
diagnostic precision were extracted from the articles and placed in tables. Final inclusion of articles in this Practice 
Parameter was based on consensus of the Committee that they were relevant and informative in consideration of the four 
questions.  

In addition to the review and final approval by the Quality Standards Subcommittee and the Practice Committee of 
the AAN, this Practice Parameter was reviewed by AAN members who had identified themselves as interested reviewers, 
by the Geriatric and Behavioral Neurology Sections of the AAN, by representatives of the American Geriatrics Society, 
and by representatives of the Alzheimer’s Association.  
 
Analysis of the evidence.  Are the current criteria for the diagnosis of dementia reliable?  The diagnostic formulations of 
dementia that are the most widely used in North America are based on definitions contained in the National Institute of 
Neurologic, Communicative Disorders and Stroke–AD and Related Disorders Association (NINCDS-ADRDA) Work 
Group,2 the Diagnostic and Statistical Manual, 3rd edition, revised (DSM-IIIR),3 and the Diagnostic and Statistical 
Manual, 4th edition (DSM-IV).4 The DSM-IIIR states:  

 
 The essential feature of Dementia is impairment in short- and long-term memory, associated with impairment in 

abstract thinking, impaired judgment, other disturbances of higher cortical function, or personality change. The 
disturbance is severe enough to interfere significantly with work or usual social activities or relationships with 
others. The diagnosis of Dementia is not made if these symptoms occur. . .in Delirium. . .3 
 

The DSM-IIIR definition of dementia has good to very good reliability (kappa’s ranging from 0.5 to 0.9).5-7 The 
closely related NINCDS-ADRDA and DSM-IV definitions of dementia have not been subjected to assessment of 
reliability.  

 
Practice recommendations.   

The DSM-IIIR definition of dementia, which is identical to the DSM-IV definition, is reliable and should be used 
routinely (Guideline).  
 
Are current diagnostic criteria able to establish a diagnosis for the prevalent dementias? 

Alzheimer’s disease.  The reliability of the diagnosis of AD is moderate (generalized kappa’s in the 0.51 to 0.73 
range) in Class II studies.8-10 When standardized clinical diagnostic criteria are used, interrater reliability6 and consistency 
of diagnosis between the initial visit and 1-year follow-up is high (95% in Forette11).  

There are 13 studies, 3 Class I12-14 and 10 Class II,9,15-22 that have addressed the diagnostic accuracy of the clinical 
diagnosis of AD using neuropathologic confirmation as the "gold standard." Both the DSM-IIIR "Dementia of the  
Alzheimer type" (DAT) and the NINCDS-ADRDA "probable" AD definitions achieved either good sensitivity (average 
across cited studies = 81%, range 49 to 100%) for AD at the expense of specificity (average across cited studies = 70%, 
range 47 to 100%) or vice versa in the majority of the cited studies. A diagnosis of "possible" AD achieved very high 

 
 at Schering AG--Berlin on November 2, 2007 www.neurology.orgDownloaded from 

http://www.neurology.org


Diagnosis of Dementia  Page 3 

Table 1 Classification of evidence 
Class Description 
I Evidence provided by a well designed prospective study in a broad spectrum of persons with the suspected condition, using a “gold 

standard” for case definition, in which test is applied in a blinded evaluation, and enabling the assessment of appropriate tests of 
diagnostic accuracy. 

II Evidence provided by a well designed prospective study of a narrow spectrum of persons with the suspected condition, or a well 
designed retrospective study of a broad spectrum of persons with an established condition (by “gold standard”) compared with a 
broad spectrum of controls, in which test is applied in blinded evaluation, and enabling the assessment of appropriate tests of 
diagnostic accuracy. 

III Evidence provided by a retrospective study in which either persons with the established condition or controls are of a narrow spectrum, 
and in which test is applied in a blinded evaluation. 

IV Any design in which test is not applied in blinded evaluation OR evidence provided by expert opinion alone or in descriptive case series 
(without controls). 

 
Table 2 Definitions for practice recommendations based on classification of evidence 
Recommendation Description 
Standard Principle for patient management that reflects a high degree of clinical certainty (usually this requires Class I evidence that 

directly addresses the clinical question, or overwhelming Class II evidence when circumstances preclude randomized 
clinical trials). 

Guideline Recommendation for patient management that reflects moderate clinical certainty (usually this requires Class II evidence or 
a strong consensus of Class III evidence). 

Practice Option Strategy for patient management for which the clinical utility is uncertain (inconclusive or conflicting evidence or opinion). 
Practice Advisory Practice recommendation for emerging and/or newly approved therapies or technologies based on evidence from at least 

one Class I study. The evidence may demonstrate only a modest statistical effect or limited (partial) clinical response, or 
significant cost-benefit questions may exist. Substantial (or potential) disagreement among practitioners or between 
payers and practitioners may exist. 

sensitivity (average across 4 studies = 93%, range 85 to 96%) but at the price of specificity (average across 4 studies = 
48%, range 32 to 61%),13,14,17,22 reflecting the many features that non-AD dementias share with AD.  

 Vascular dementia (VAD).  Four criteria for vascular dementia that are currently used include the State of California 
AD Diagnostic and Treatment Centers criteria (the "California" criteria),23 the National Institute of Neurologic Disorders 
and Stroke and the Association Internationale pour la Recherche et l’Enseignement en Neurosciences (NINDS-AIREN) 
criteria,24 the Hachinski Ischemic Score (HIS) as modified by Rosen,25,26 and those found in DSM-IV.4 In studies that 
compared clinical diagnoses and neuropathologic findings, the NINDS-AIREN and the California criteria (as well as 
DSM-IIIR) had very low sensitivity but higher specificity. Only one Class I study12 reported the sensitivity (43%) and 
specificity (95%) of a published criteria, NINDS-AIREN, for VAD. Four Class II studies with patient samples drawn 
from referral cohorts15-17,27,28 reported sensitivity and specificity of the diagnosis of vascular dementia with any criteria. 
With one exception, their results had the same diagnostic accuracy as the population-based studies, with low sensitivity 
(average across 5 studies = 50%, range 20 to 89%) but higher specificity (average across 5 studies = 87%, range 64 to 
98%) for the HIS, DSM-IIIR, NINDS-AIREN, or California clinical criteria. A retrospective (Class II) study27 in which 
the HIS showed better sensitivity and specificity (both 89%) was the one analysis of six in which the diagnosis of 
vascular dementia appeared both sensitive and specific.  

Recent neuropathologic analyses12,14 offer a perspective on the difficulty in correctly diagnosing cerebrovascular 
pathology in dementia. Rather than considering vascular dementia as simply present or absent, these studies distinguished 
between "some or any" vascular lesions versus "pure" vascular pathology, i.e., the circumstance in which vascular 
pathology was both sufficient to account for cognitive symptoms and unaccompanied by other pathology. Some vascular 
pathology exists in 29 to 41% of dementia cases coming to autopsy in population-based cohorts, even though pure 
vascular pathology accounted for dementia in only 9 to 10%.12,14 The Hachinski Ischemic Score, while lacking 
neuroimaging criteria, may be more suitable for identifying the majority of dementia patients with vascular dementia, i.e., 
those with at least some cerebrovascular pathology,27 because of the low sensitivity of the NINDS-AIREN and California 
criteria.12,15-17,28  

Dementia with Lewy bodies (DLB).  DLB has been defined clinically by the presence of dementia, gait/balance 
disorder, prominent hallucinations and delusions, sensitivity to traditional antipsychotics, and fluctuations in alertness.29 
Two Class II studies evaluated the interrater reliability of the diagnosis of DLB based on the Consortium for DLB 
diagnostic criteria29 and found it to be relatively low.10,30  

One Class I study12 investigated the diagnostic accuracy of DLB criteria against neuropathologic findings and found 
that sensitivity was low (22%) but specificity (100%) was high. Five Class II studies also showed low sensitivities 
(average across 5 studies = 58%, range 34 to 75%) but higher specificities (average across 5 studies = 87%, range 71 to 
94%) for the diagnostic criteria of Consortium for DLB.10,30-33 In a prospective clinical study based on a DLB case 
registry with neuropathologically confirmed cases, hallucinations, depression, delusions, and delusional misidentification 
were all significantly higher in patients with DLB than AD.34 However, all of these features occurred in patients with AD 
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as well. The presence of visual hallucinations and delusional misidentification as early symptoms showed sensitivities and 
specificities of >50% but <75%. In another study, the clinical diagnosis of DLB was confirmed in only 5 of 10 cases at 
postmortem examination.35 The lack of specificity of the DLB clinical diagnosis appeared attributable to an equivalent 
amount of spontaneous extrapyramidal disturbance between the five cases with DLB at autopsy and the five without DLB 
at autopsy (four with AD, one with progressive supranuclear palsy).35  

Prominent deficits in attention, profound deficits in visuo-constructional skills, and relative sparing of memory are 
the neuropsychologic features of DLB.36,37 However, neuropsychologic tests do not reliably differentiate DLB from either 
AD or VAD.37 Similarly, even though patients with DLB show less temporal lobe atrophy on MRI than do patients with 
AD38 and more hypoperfusion in the occipital lobes,39 neuroimaging has not proven successful in differentiating DLB 
from AD.  

Frontotemporal dementia (FTD).  FTD is less common than AD, VAD, or DLB,14,17,40 particularly in very elderly 
dementia cohorts. An autopsy-based Class II study (using retrospective clinical diagnoses determined from review of 
medical records) showed that most patients with FTD fulfill diagnostic criteria for AD.41 In contrast, a Class II study 
without autopsy confirmation42 found that the Lund-Manchester criteria43 (an earlier version of the Consensus diagnostic 
criteria for FTD44) differentiated 100% of FTD and AD patients. Early loss of personal awareness, early loss of social 
awareness, hyperorality, and stereotyped, perseverative behavior were somewhat sensitive (63 to 73%) and highly 
specific (97 to 100%) for differentiating the two conditions.42  

Neuropsychologic test profiles of patients with FTD typically reveal deficits on frontal systems tasks, including 
verbal fluency, abstraction, and executive function.45 Using discriminant analysis, one study found that the FAS word 
fluency test was the instrument that best differentiated FTD from AD.46 Although it has been suggested that tests of 
constructional ability differ significantly between FTD and AD,43 this is not always the case.46 Some patients with AD 
demonstrate substantial executive deficits;47 hence neither the clinical nor neuropsychologic profile of the frontotemporal 
syndrome is specific for FTD. There are no clinical features that are useful for establishing either the histologic subtype of 
FTD or linkage to tau mutations.  

Prion diseases.  Until recently, diagnosis of Creutzfeldt–Jakob disease (CJD) disease rested on clinical symptoms, 
the characteristic electroencephalographic pattern of periodic sharp wave complexes and the pathologic examination of 
brain tissue. The diagnostic criteria for CJD were tested in a prospective, Class I study48 in which 188 autopsy-confirmed 
cases (97%) were identified of 193 cases diagnosed with "probable" CJD based on criteria of Masters et al.49 In this same 
cohort, among 54 cases diagnosed with "possible" CJD, the diagnosis was confirmed in 44 (81%). Only 2 pathologically 
diagnosed CJD cases were found among 111 patients who had been given other clinical diagnoses. Brown et al.50 
proposed a simplified diagnostic scheme that has not been subjected to prospective study but is very similar to that used 
by Poser et al.48  

Conclusions. The criteria of probable AD has good sensitivity for neuropathologic AD but less optimal specificity. 
The clinical phenotypes embodied in the diagnostic criteria for VAD, DLB, and FTD do not map precisely onto 
neuropathologic phenotypes. Although there are strong clinical-pathologic relationships for these disorders in the majority 
of patients, there are many patients with atypical or nonspecific clinical presentations. The clinical phenotype of CJD is 
more tightly linked to its expected CJD pathology.  

 
Practice recommendations. 
• The NINCDS-ADRDA for the diagnosis of probable AD or DSM-IIIR criteria for DAT should be routinely used 

(Guideline).  
• The Hachinski Ischemic Index criteria may be of use in the diagnosis of cerebrovascular disease in dementia 

(Option).  
• The Consortium for DLB diagnostic criteria may be of use in clinical practice (Option).  
• The Consensus diagnostic criteria for FTD may be of use in clinical practice (Option).  
• Clinical criteria for CJD should be used in rapidly progressive dementia syndromes (Guideline).  
 
Do laboratory tests improve the accuracy of clinical diagnosis of dementing illness? 

Structural neuroimaging for differential diagnosis.  Since the previous practice parameter on dementia,1 one 
additional Class II study51 has addressed structural imaging in the diagnostic evaluation of patients with dementia. The 
study51 found that 5% of patients had a clinically significant structural lesion but no features in the history or examination 
that would have predicted the lesions. Other Class II studies that have examined the decision to order a brain imaging 
study on clinical history and examination alone have shown imperfect precision, although specificity and sensitivity may 
be approximately 90%.52,53 Given the goal of minimal undetected structural lesions, the data supports the use of a 
neuroimaging examination—either a noncontrast CT or MR scan—under most circumstances at the time of the initial 
dementia assessment to identify pathology such as brain neoplasms or subdural hematomas. A third condition, normal 
pressure hydrocephalus, which might be detected by CT or MR and might be responsive to treatment is very rare.54  
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Quantitative imaging to diagnose AD.  Only one prospective (Class I) study of quantitative computed tomographic 
imaging was found that used autopsy-confirmed diagnosis as the diagnostic standard.55 Among 86 autopsied cases, a 
minimum width of the medial temporal lobe falling below the 5th percentile was 95% sensitive but only 40% specific for 
AD.  

Several Class II studies without neuropathologic confirmation of the diagnosis have reported the utility of medial 
temporal lobe atrophy, particularly hippocampal or entorhinal atrophy, for the clinical diagnosis of AD.56,57 In 
differentiating clinically diagnosed AD (NINCDS-ADRDA criteria) from elderly normal controls, the sensitivity of 
various medial temporal atrophy measures on CT58 or MRI59-62 ranged from 77 to 92%, with specificities ranging from 49 
to 95%. Automated volumetric techniques with MRI were most reliable but are currently labor-intensive and not widely 
available. There are no studies that have determined the added value of measurements of hippocampal or entorhinal 
volume once a clinical diagnosis of AD has been made. The range of estimates suggests that measurement of 
hippocampal atrophy by MRI may not be useful in clinical practice because of its low precision.  

Combining medial temporal measures with other potentially informative markers, such as functional neuroimaging58 
or apolipoprotein E genotyping, may improve diagnostic accuracy.63 Determination of the rate of change of hippocampal 
atrophy64 may also be of value diagnostically but is unlikely to be of use in clinical practice. Prediction of subsequent AD 
in individuals without dementia has also been attempted with MRI of the hippocampus and entorhinal cortex,65,66 but that 
is beyond the scope of this parameter.  

Functional neuroimaging.  SPECT and AD.  Based on Class II studies, the sensitivity of SPECT was lower than that 
of the clinical diagnosis.58,67 In a single prospective study, when specificity was set at 89% overall sensitivity was 43%.67 
Sensitivity increased as the severity of dementia worsened, but the pretest probability of AD also became higher.68,69 The 
added value of SPECT was greatest for a positive test among patients with mild dementia in whom there was substantial 
doubt about the diagnosis of AD (e.g., prior probability between 30 and 50%).68 In this situation, a positive SPECT would 
have increased the posttest probability of AD by 30%, whereas a negative test result would have increased the likelihood 
of no AD by only 10%. Higher sensitivity (77 to 86%) and specificity (90 to 94%) have been reported using automated 
and quantitative methods for SPECT analysis.70,71  

To assess the value of SPECT in the differential diagnosis of dementia, we identified two SPECT studies (Class I) 
with autopsy-confirmed diagnoses in a large number of subjects.55,72 For the differentiation of AD versus non-AD 
dementia, hypoperfusion in the temporal–parietal lobe(s) was reported to be 86 to 95% sensitive and 42 to 73% specific. 
Although encouraging, these figures are not consistently better than those obtained by diagnosis with established clinical 
criteria.  

PET and AD.  The largest series of dementia cases who underwent PET scans and also had autopsy confirmation was 
reported in a Class II study73 that included 22 patients with various types of dementia (64% AD). In this study, visual 
interpretations of PET scans, which have high interrater reliability,74 yielded a sensitivity of 93% and a specificity of 63%.  

A direct comparison (Class II) of FDG-PET and HMPAO-SPECT in their ability to differentiate AD from vascular 
dementia indicated higher diagnostic accuracy for PET regardless of dementia severity.75 Using receiver–operator 
characteristic curves, SPECT diagnostic accuracy was 62.9% for Mini-Mental State Examination (MMSE) score >20 and 
81.2% for MMSE score <20. For PET, diagnostic accuracy was 87.2% for MMSE score >20 and 100% for MMSE score 
<20. Other Class II studies confirmed a lower sensitivity for high-resolution SPECT compared with PET.76 FDG-PET 
appears superior to MRI measures of hippocampal atrophy because changes in cerebral glucose metabolism antedate the 
onset of memory decline whereas the MRI hippocampal changes do not.77  

PET scanning appears to have promise for use as an adjunct to clinical diagnosis, but further prospective studies with 
PET are needed to establish the value that it brings to diagnosis over and above a competent clinical diagnosis.  

SPECT, PET, and FTD.  SPECT and PET may be helpful in distinguishing FTD from AD. Many patients with FTD 
show hypoperfusion of anterior cerebral cortex with relative sparing of posterior cortex with SPECT78-80 and PET.81 In 
these four Class II studies, the highly selected study participant pool makes it difficult to generalize on the reported 
specificities and sensitivities. In patients with cognitive or behavioral deficits suggestive of FTD, no studies addressed 
what additional value a SPECT or PET scan provides.  

Genetic biomarkers.  No studies have addressed the value of genetic counseling for patients with dementia or their 
families when autosomal dominant disease is suspected. Because the genetics of dementing illnesses is a very young field, 
expertise in genetic counseling for the dementias of the elderly is likely to be found only in specialized dementia research 
centers. Advances in the identification of genetic markers for AD and other dementias have raised awareness of the 
familial nature of the dementias, even when autosomal dominant transmission is not evident.  

AD and genetic risks.  In a large neuropathologically confirmed cohort of patients with dementia, the use of 
apolipoprotein E4 slightly increased the positive predictive value of the AD diagnosis (Class II).18 These authors showed 
that relative to the neuropathologic diagnosis of AD, the sensitivity of the clinical diagnosis of AD was 92%, whereas 
sensitivity of having at least one APOE E4 allele was only 65%. However, in patients with clinical diagnoses of AD, the 
addition of APOE testing increased the positive predictive value (using the prevalence of AD in this dementia autopsy 
series) of a diagnosis of AD by approximately 4% (from 90 to 94%) if an APOE E4 allele was present. In patients with a 
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clinical diagnosis of non-AD, the absence of an APOE E4 allele increased the negative predictive value by 8% (from 64 
to 72%).  

FTD and genetic risks.  A relatively high prevalence of tau mutations was found in a Dutch population (17.8% of all 
FTD cases and 40.3% of all familial FTD cases).82 In contrast, no tau mutations were found in a large U.S. clinical non-
AD dementia sample.83 The yield of diagnostic and prognostic information from screening of sporadic cases of suspected 
FTD for the known mutations of the tau gene is likely to be very low.  

DLB and genetic risks.  There are no clinically relevant associations between any genetic markers and DLB.  
CJD and genetic risks.  Although familial CJD has been linked to a number of different mutations in the prion gene,84 

and a polymorphism at one codon has been shown to be more common in sporadic CJD,85,86 there is no evidence currently 
that genetic analysis of the prion gene is of value in the diagnosis of suspected CJD.  

CSF markers.  Since the publication of the previous practice parameter, we encountered no new published studies 
that addressed the issue of routine versus selective CSF analysis in the evaluation of a patient with dementia. However, 
since 1994, there has been intense interest in developing markers related to the neuropathology of AD in CSF.  

CSF ß-amyloid1-42.  Reduced levels of ß-amyloid1-42 in CSF of patients with AD compared with normal elderly 
controls have been observed repeatedly in Class II and III studies.87-90 Using post-hoc cut-points, moderate sensitivities 
(78 to 92%) and specificities (81 to 83%) have been achieved in distinguishing patients with AD from normal elderly 
controls.87-89 It is unclear whether CSF levels of ß-amyloid1-42 retain diagnostic usefulness in patients with very mild 
AD.91  

CSF tau.  CSF tau level was shown to be significantly elevated in patients with AD compared with normal controls in 
Class II and III studies.92-95 CSF tau distinguished AD from normal controls with 80 to 97% sensitivity and 86 to 95% 
specificity. However, elevated CSF tau level has also been detected in patients with other neurodegenerative diseases.92 
CSF tau levels may be useful in supporting a diagnosis of AD early in the course of dementia.93,95 Although sensitivity 
and specificity of CSF tau measurements appear very good, there are no studies that determine the benefits of CSF tau 
over a good clinical diagnosis.  

CSF ß-amyloid1-42 and tau.  The diagnostic yield may be improved by the simultaneous measurement of CSF ß-
amyloid1-42 and tau. In Class II and III studies, sensitivities of 85% and specificities of 87% have been reported.88-90 
Additional studies are needed to establish the value that the combined use of these markers brings to diagnosis over and 
above a competent clinical diagnosis.  

CSF AD7C-NTP.  Although specificities of 89 and 94% have been cited for CSF AD7C protein in early AD and 
possible or probable AD versus demented controls, patient selection and characterization in the studies96-98 lacked 
scientific rigor. A recent Class II study with better methodology99 showed that CSF AD7C-NTP had a specificity of 87% 
and a sensitivity of 70%.  

CSF 14-3-3 protein and neuron-specific enolase.  An immunoassay for the detection of the 14-3-3 protein in CSF has 
been described100 that had a specificity of 99% and a sensitivity of 96% for the diagnosis of CJD among patients with 
dementia who had not had a stroke within one month of testing. A large German national surveillance study (Class I) of 
CJD also reported a sensitivity of 94%, specificity of 93%, and positive predictive value of 95% for 14-3-3 CSF assay.101 
In this same population, the CSF 14-3-3 protein assay was superior to EEG or MR in identifying cases of CJD.48 
However, other acute neurologic conditions such as stroke, viral encephalitis, and paraneoplastic neurologic disorders can 
provide false positive results.100-103 A negative 14-3-3 immunoassay does not rule out CJD.104 The additional use of 
neuron-specific enolase does not appear to substantially improve diagnostic accuracy.105  

Other biomarkers.  No other biomarkers that had been extensively studied and had promising detection abilities for 
AD or other dementias were uncovered in the literature search.  
 
Conclusions.  The CSF 14-3-3 protein assay is useful for confirming the diagnosis of CJD. In contrast, no laboratory tests 
have yet emerged that are appropriate for routine use in the clinical evaluation of patients with suspected AD. Several 
promising avenues—genotyping, imaging and biomarkers—are being pursued, but proof that a laboratory test has value is 
arduous. Ultimately, the putative diagnostic test must be administered to a representative sample of patients with 
dementia who eventually have pathologic confirmation of their diagnoses. A valuable test will be one that increases 
diagnostic accuracy over and above a competent clinical diagnosis.  
 
Practice recommendations. 
• Structural neuroimaging with either a noncontrast CT or MR scan in the routine initial evaluation of patients with 

dementia is appropriate (Guideline).  
• Linear or volumetric MR or CT measurement strategies for the diagnosis of AD and are not recommended for routine 

use at this time (Guideline).  
• For patients with suspected dementia, SPECT cannot be recommended for routine use in either initial or differential 

diagnosis as it has not demonstrated superiority to clinical criteria (Guideline).  
• PET imaging is not recommended for routine use in the diagnostic evaluation of dementia at this time (Guideline).  
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• Genetic testing of patients with suspected DLB and CJD is not recommended (Guideline).  
• Routine use of APOE genotyping in patients with suspected AD is not recommended at this time (Guideline).  
• There are no other genetic markers recommended for routine use in the diagnosis of AD (Guideline).  
• Testing for tau mutations or AD gene mutations is not recommended for routine evaluation in patients with FTD at 

this time (Guideline).  
• There are no CSF or other biomarkers recommended for routine use in determining the diagnosis of AD at this time 

(Guideline).  
• The CSF 14-3-3 protein is recommended for confirming or rejecting the diagnosis of CJD in clinically appropriate 

circumstances (Guideline).  
 
What comorbidities should be screened for in elderly patients undergoing an initial assessment for dementia?  The 
prior Practice parameter1 recommended a number of laboratory tests (including complete blood count, serum electrolytes, 
glucose, blood urea nitrogen/creatinine, folate, B12, thyroid function, and syphilis serology) as routine assessment in 
patients undergoing assessment for dementia. Since that time, no studies were identified that evaluated these 
recommendations. However, since 1994, several studies have been published that specifically addressed the diagnostic 
value of vitamin B12 levels, thyroid function analysis, and syphilis screening. No studies were identified that addressed 
the utility of such tests as 24-hour urine collection for heavy metals or serum toxicology screens.  

Depression.  Prospective studies show that individuals with depression and coexistent cognitive impairment are 
highly likely to have an underlying dementia on longitudinal follow-up.106-111 In one of the studies,110 nearly 12% of 
patients with dementia were also depressed. Validated instruments for screening for depression exist, such as the Geriatric 
Depression Scale, short form,112 the Centers for Epidemiologic Studies Depression scale,113 and the Hamilton Depression 
Scale.114  

Vitamin B12.  Vitamin B12 deficiency is common in the elderly.115 Reports of improvement in cognitively impaired 
individuals with B12 deficiency are equivocal.116-119 Patients with B12 deficiency have had slightly lower cognitive 
performance than nondeficient subjects,120 but low vitamin B12 levels in nondemented subjects carried no risk for the 
subsequent development of dementia.121 The number of patients with dementia caused by B12 deficiency states has been 
very small in prevalence studies122 or meta-analyses of clinic samples.123,124 Diagnostic algorithms for refined diagnoses 
of vitamin B12 deficiencies have been published.125  

Thyroid functions.  Hypothyroidism is common in the elderly.126-128 Nondemented patients with hypothyroidism had 
lower mental status test scores, word fluency, visuospatial abilities, and learning than euthyroid controls,129 but two other 
studies128,130 found no relationship between TSH and cognitive function. The vast majority of patients with clinically 
significant hypothyroidism in these studies128-130 lacked dementia. On the other hand, elevated TSH levels carried an 
increased risk for dementia in a population-based study.131 In dementia prevalence studies122 and clinic sample meta-
analyses,123,132 there were only a very small number of patients with dementia attributable to hypothyroidism, which was 
either partially or completely reversed with treatment of hypothyroidism.  

Other common metabolic abnormalities possibly associated with dementia.  Other metabolic disturbances are also 
sometimes included in the differential diagnosis of dementia. In the series of Clarfield123 and Weytingh,124 
hypoparathyroidism and hepatic encephalopathy were mentioned as illnesses that with treatment resulted in complete 
resolution of dementia.  

Tests for syphilis.  There are only a few areas in the United States, mainly in the southern tier of the country and in 
some regions of the Midwest, with high numbers of syphilis cases.133 Thirty-one U.S. counties account for 50% of all 
reported cases of primary and secondary syphilis.133 Within the last 20 years, there have been no reported cases of tertiary 
syphilis in any of the incidence134-138 or prevalence122,135,139-145 studies conducted in North America. Except in these high-
incidence regions, screening for the disorder in patients with dementia without an increased pretest probability would 
appear to be ill-supported because positive serum Venereal Disease Research Laboratory, rapid plasma reagin, and 
fluorescent treponemal antibody tests are nonspecific.146,147  
 
Conclusions.  Depression, B12 deficiency, and hypothyroidism are comorbidities that are likely to appear in the elderly 
and in patients with suspected dementia in particular. Although treatment of these disorders may not completely reverse 
cognitive dysfunction, they should be recognized and treated. No new evidence has appeared since 1994 to support or 
refute the recommendation to perform "routine" blood tests in patients being evaluated for dementia.  
 
Practice recommendations. 
• Depression is a common, treatable comorbidity in patients with dementia and should be screened for (Guideline).  
• B12 deficiency is common in the elderly, and B12 levels should be included in routine assessments of the elderly 

(Guideline).  
• Because of its frequency, hypothyroidism should be screened for in elderly patients (Guideline).  
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• Unless the patient has some specific risk factor or evidence of prior syphilitic infection, or resides in one of the few 
areas in the United States with high numbers of syphilis cases, screening for the disorder in patients with dementia is 
not justified (Guideline).  
 

Recommendations for future research.  Although the DSM-IIIR definitions of dementia are reliable, clarification of the 
cognitive domains of dementia in the definitions would allow diseases such as some forms of VAD, as well as DLB and 
FTD, to be better integrated. Memory disorders are not necessarily part of the initial presentation of these disorders. 
Therefore, memory disorder should not be a required part of the definition of dementia. In addition, the definitions of the 
specific, common diseases that cause dementia—AD, VAD, DLB, and FTD—should be refined to minimize 
incompatibilities and confusing overlap between categories. Explicit recognition of the pathologic overlap of AD, VAD, 
and DLB in the diagnostic criteria might lead to a more realistic approach to clinical diagnosis. Further work must be 
done to improve the precision of the diagnoses of VAD and DLB in particular. The diagnosis of mild cognitive 
impairment (see Practice Parameter on Early Detection of Dementia) also should be integrated with the definition of 
dementia as well as the definitions of specific diseases. As we move into an era of earlier recognition of cognitive 
impairment, clarification of the distinctions between no cognitive impairment, mild cognitive impairment, and early 
dementia is needed.  

Biomarkers for AD and other dementias are critically needed, and the validation of these markers will require cross-
sectional studies and longitudinal, population-based studies with diagnosis confirmation at autopsy. If a goal of therapy 
for patients with dementia is to intervene before the disease has diminished cognitive function, imaging techniques or 
biomarkers must be capable of detecting AD pathology in asymptomatic individuals. The same consideration applies to 
DLB and FTD pathology. Even if a biomarker does not substantially enhance diagnostic precision in symptomatic 
patients, a biomarker with high sensitivity and specificity for a particular dementing disorder in symptomatic patients is 
one that could be of use in presymptomatic detection. The genomic identification of specific dementias and risk of their 
development offer prospects for future research.  
 
Disclaimer.  This statement is provided as an educational service of the American Academy of Neurology. It is based on 
an assessment of current scientific and clinical information. It is not intended to include all possible proper methods of 
care for a particular neurologic problem or all legitimate criteria for choosing to use specific procedures. Neither is it 
intended to exclude any reasonable alternative methodologies. The AAN recognizes that specific patient care decisions 
are the prerogative of the patient and the physician caring for the patient, based on all the circumstances involved.  
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Survival after Initial Diagnosis of Alzheimer Disease 
Eric B. Larson. MD. MPH; Marie-Florence Shadlen. MD; Li Wang. MS; Wayne C. McCormick, MD. MPH; James D. Bowen. MD; Linda Teri, 
PhD; and Walter A. Kukull. PhD 

Background: Alzheimer disease is an increasingly common con- expectancy of the U.S. population. Predictors of mortality based 
dition in older people. Knowledge of life expectancy after the on proportional hazards models induded a baseline Mini-Mental 
diagnosis of Alzheimer disease and of assodations of patient State Examination score of 17 or less, baseline Blessed Dementia 
characteristics with survival may help planning for future care. Rating Scale score of 5.0 or greater, presence of frontal lobe 

release signs, presence of extrapyramidal signs, gait disturbance, 
Objective: To investigate the course of Alzheimer disease after history of falls, mngative healt failure, ischemic heart disease, 
initial diagnosis and examine associations hypothesized to cone- and diabetes at baseline. 
late with survival among community-dwelling patients with Alz- 
heimer disease. 

Design: Prospective observational study. 

Setting: An Alzheimer disease patient registry from a base pop- 
ulation of 23 000 persons age 60 years and older in the Croup 
Health Cooperative, Seattle, Washington. 

Patients: 521 newly recognized persons with Alzheimer disease 
enrolled from 1987 to 1996 in an Alzheimer disease patient reg- 
istry. 

Measurements: Baseline measurements induded patient demo- 
graphic features, Mini-Mental State Examination score, Blessed 
Dementia Rating Scale score, duration since reported onset of 
symptoms, associated symptoms, comorbid conditions, and 
selected signs. Survival was the outcome of interest. 

Limitations: The base population, although typical of the sur- 
rounding Seattle community, may not be representative of other, 
more diverse populations. 

Conclusions: In this sample of community-dwelling elderly per- 
sons who received a diagnosis of Alzheimer disease, survival 
duration was shorter than predicted on the basis of U.S. popula- 
tion data, especially for persons with onset at relatively younger 
ages. Features significantly associated with reduced survival at 
diagnosis were increased severity of cognitive impairment, 
decreased functional level, history of falls, physical examination 
findings of frontal release signs, and abnormal gait. The variables 
most strongly associated with survival were measures of disease 
severity at the time of diagnosis. These results should be useful to 
patients and families experiencing Alzheimer disease, other care- 
givers, clinicians, and policymakers when planning for future care 

Results: The median survival from initial diagnosis was 4.2 years needs. 

for men and 5.7 years for women with Alzheimer disease. Men AnnlnternMed. 2m;140:501-509. 
had poorer survival across all age groups compared with females. For author affiliations, see end of text. 
Survival was decreased in all age groups compared with the life See editorial comment on pp 573-574. 

A lzheimer disease is one of the leading causes of death 
in older people (1). One recent study suggests that 

7.1% of all deaths in 1995 were attributable to Alzheimer 
disease, placing it on a par with cerebrovascular disease as 
the third leading cause of death (2). Estimates of predicted 
survival of persons who have received a diagnosis of Alz- 
heimer disease should be useful for patients, caregivers, 
clinicians, and policy planners. Previous studies that relied 
on epidemiologic surveys had little opportunity to analyze 
clinical factors and also may not be generalizable to every- 
day clinical settings. Results from other studies that were 
based on convenience samples of persons from specialized 
Alzheimer disease centers are probably subject to referral 
bias. Our study design allowed us to estimate the magni- 
tude of the reduction in age-adjusted life expectancy attrib- 
utable to Alzheimer disease in a cohort of patients similar 
to those encountered in the clinical setting where Alzhei- 
mer disease is initially recognized. 

It is not surprising that patients with Alzheimer disease 
probably have reduced survival compared with older per- 
sons without dementia (3-6). Certain characteristics, par- 
ticularly male sex (7-1 l) ,  initial dementia severity ( 5 ,  9, 
12-1 7), presence of behavioral disturbances, wandering 
and falling (18), comorbid conditions (19), and presence 

of extrapyramidal signs (5, 20), are reported to be associ- 
ated with decreased survival among patients with Alzhei- 
mer disease. 

In 1987, we began a prospective observational study to 
investigate the natural history of persons with newly diag- 
nosed Alzheimer disease in a community-dwelling popula- 
tion (21). This report describes overall survival and exam- 
ines the association between factors hypothesized to affect 
survival in 521 patients with Alzheimer disease newly rec- 
ognized between 1987 and 1996 and followed until time 
of death or 2001. 

METHODS 
Cases 

From 1987 to 1996, an Alzheimer's disease patient 
registry enrolled persons receiving care in the Seattle and 
western King County clinics of the Group Health Coop- 
erative (a well-established staff-model health maintenance 
organization with an enrollment population base age 60 
years and older of 23 000) in Washington. The research 
protocol for this study was reviewed and approved by the 
health maintenance organization and the University of 
Washington's institutional review boards. 

I 8 2004 American College of Physicians 501 I 
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sent, the research nurse interviewed the person and began 
Context collecting data, usually in the home. A psychometrist re- 
The prognosis in patients with Alzheimer disease may be search assistant administered standard neuropsy~holo~ical 
associated with specific patient characteristics observed testing. Persons who agreed to participate in the registry 
shortly after diagnosis. underwent a complete, standardized physical and neuro- 

Contribution logic examination, administered by one of the study phy- 
sicians, and the usual laboratory work-up (including neu- 

Severity of initial cognitive impairment and deterioration in roimaging) to rule out causes of dementia and 
the Mini-Mental State Examination score during the first complicating illnesses. Chronology of symptoms was deter- 
year after diagnosis were strongly associated with de- 

mined by study clinicians from interviews of the patient 
creased survival. Men had shorter survival than women 
across all age groups. Frontal lobe release signs, gait dis- and informants and by review of medical records. The ex- 

turbances, falling, congestive heart failure, and diabetes amining physician from the registry estimated the duration 

were all associated with decreased survival. of symptoms before evaluation to the nearest year after 
resolving any discrepant information through further ques- 

implications tioning and by relating time frames to the patient's life 
Early appraisal of patients with Alzheimer disease may help events. All eligible persons met criteria of the revised third 
set expectations and priorities for planning patient care. edition of the Diagnostic and Statistical Manual of Mental 

Disorders (DSM-111-R) for dementia and criteria of the Na- 
-The Editors 

The registry's objective was to identify all persons en- 
rolled in the base population with newly recognized symp- 
toms of possible dementia (for example, memory loss, con- 
fusion, or wandering). The goal of enrollment was to 
assemble a series of incident cases from a defined popula- 
tion, that is, possible patients with dementia who had pre- 
sented for medical care within the health maintenance or- 
ganization 1 year or less before enrollment in the registry. 
Study methods have been reported previously (4, 21). The 
following strategy was used to detect possible incident 
cases. Research associates systematically searched for pa- 
tients with symptoms of memory loss, confusion, or wan- 
dering; for tests or treatments potentially indicative of de- 
mentia (by review of computed tomography and magnetic 
resonance imaging logbooks); for discharge diagnoses from 
the hospital information system; for logbook records of 
visits to neurology, geriatrics, and mental health clinics; for 
emergency department logs; and for computerized clinic 
treatment record files. In addition, primary care physicians 
were invited to refer suspected new cases for evaluation 
through brochures and mailings describing the registry. 
These primary care physicians also received a monthly 
newsletter describing clinical research advances in aging 
and dementia and reminding them of our study. 

The process of patient identification through consen- 
sus diagnosis took an average of 12 weeks. A research as- 
sistant screened the medical charts of persons identified as 
potential cases. If the person's record contained any infor- 
mation indicating memory loss or other cognitive changes 
indicating that the person might have Alzheimer disease, 
the primary care physician was contacted to obtain permis- 
sion to contact that person. 

Persons who were judged to possibly have newly rec- 
ognized dementia were contacted to request that they par- 
ticipate in the program. After we obtained informed con- 
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tional Institute of Neurological and Communicative Dis- 
orders and Stroke-Alzheimer's Disease and Related Disor- 
ders Association (22) for probable or possible Alzheimer 
disease at a consensus diagnosis conference that included at 
least 2 physicians (including the examining physician), a 
neuropsychologist, an epidemiologist, and study staff. On 
the basis of chart review, persons whose symptoms led to a 
diagnosis of dementia or Alzheimer disease more than 1 
year before the time the registry detected them were ex- 
cluded as not being incident cases. Of 1028 patients who 
consented to participate and who potentially could have 
been incident cases after chart review, 58 were excluded 
from the study before the standardized evaluation because 
of intervening death or acute illness. 

A total of 970 participants identified with suspected 
dementia (from 1987 to 1996) were evaluated and fol- 
lowed annually. When discrepant findings or clinical 
course indicated a possible change from the initial diagno- 
sis, we reevaluated the person according to the standard- 
ized protocol, which included an evaluation by a study 
physician to verify or modify the initial diagnoses. Persons 
initially classified with possible or probable Alzheimer dis- 
ease but who were subsequently given a different diagnosis 
were excluded from these analyses. Persons with more than 
one cause of dementia (so-called mixed dementia) were ex- 
cluded from these analyses. Of the individuals with sus- 
pected dementia (n = 970), 521 received a diagnosis of 
probable or possible Alzheimer disease (431 probable, 90 
possible), 174 received diagnoses of other causes of demen- 
tia, and 237 did not meet DSM-111-R criteria for dementia 
within 18 months from their initial intake. The remaining 
38 met diagnostic criteria of Alzheimer disease after at least 
18 months of follow-up. Of  the 174 persons with other 
causes of dementia, 74 were classified as having vascular 
dementia, 12 were classified as having alcohol-related 
causes, 54 were classified as having mixed and other causes 
(such as Parkinson disease or progressive supranuclear 
palsy), and 34 were classified as having unknown causes by 
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DSM-111-R criteria. Duration of survival was assessed an- 
nually. The dates of death were available for all study par- 
ticipants who died during the study period. Mean (+SD) 
follow-up time was 5.2 + 3.1 years (range, 0.2 to 14 years). 

The ethnic composition of the persons in the registry 
was 88% white, 8.7% black, and 3.3% Asian or Hispanic. 
The ethnic composition from the King County 1990 cen- 
sus was 84.8% white, 5.1% black, and 10.1% Asian or 
Hispanic. The overall ethnic composition of adults in the 
Group Health Cooperative was 90.2% white, 3.3% black, 
and 6.5% other. 

Study Variables 
The research nurse interviewed the patient and care- 

giver before scheduling an examination. The baseline in- 
formation determined by questionnaire and physician in- 
terview included age (categorized as 1 7 5 ,  76 to 80, 81 to 
85, and >85 years for analyses), sex (male vs. female), eth- 
nicity (white, black, other), baseline systolic blood pressure 
(<I10 mm Hg, 110 to 160 mm Hg, and 2160 mm Hg), 
and education (< 12 years, 12 years, > 12 years, or un- 
known). As reported previously (4, 21), the severity of 
symptoms of Alzheimer disease was determined on the 
basis of the baseline Mini-Mental State Examination 
(MMSE) as continuous and categorical (5 17, 18 to 21,22 
to 24, or 2 2 5  points) variables (23) and baseline Dementia 
Rating Scale (DRS) as continuous and categorical ( 52 ,  2.5 
to 3, 3.5 to 5, >5 points) variables (24). 

Symptoms of dementia (for example, agitation, para- 
noia, and wandering) were assessed with the Revised Mem- 
ory and Behavior Problems Checklist (25, 26). Physical 
signs of frontal release reflexes and other neurologic 
changes associated with dementia (for example, glabellar 
sign and grasp reflex) were categorized as present or not 
present by the examining physician. Study physicians as- 
sessed the presence or absence of rigidity on the basis of 
passive range of motion of the right and left elbow and 
wrist joints. The presence of a gait disorder was also deter- 
mined through observation by the study physicians. All 
persons completed a general medical history and a review 
of systems questionnaire administered by a trained inter- 
viewer (4, 21). Comorbid conditions included hyper- 
tension, diabetes, ischemic heart disease, congestive heart 
failure, and history of strokes. Onset of symptoms, as esti- 
mated at the time of diagnosis, and the age at enrollment 
into the study were used to calculate the reported duration 
of disease symptoms (defined as < I ,  1 to 3, or >3 years). 

Statistical Analysis 
Our general hypothesis was that the severity of Alzhei- 

mer disease at the time of diagnosis, as measured by cog- 
nitive and fiinctional measures as well as symptoms of de- 
mentia, would be associated with survival. The event time 
was the time of death. Persons who were still alive at the 
end of the study on 12 September 2001 were censored at 
that time. Survival time was defined as the time from the 
initial date of diagnosis of Alzheimer disease until the date 

of death or study conclusion. Patients who did not receive 
in-person follow-up were tracked for vital status through 
Group Health Cooperative records, informant reports, or 
local newspaper obituaries. 

Variables investigated were 1) baseline MMSE score; 
2) baseline DRS score; 3) psychiatric symptoms of para- 
noia or hallucinations at the time of evaluation; 4) behav- 
ioral disturbances, including agitation, irritability, or emo- 
tional lability; 5) frontal release signs, including glabellar, 
snout, or grasp; 6) extrapyramidal signs, including rigidity 
or tremor; 7) wandering; 8) falls; 9) gait disorder; 10) uri- 
nary incontinence; and 11) depression. Variables adjusted 
as potential confounders included 1) age, 2) sex, 3) ethnic- 
ity, 4) education, 5) ischemic heart disease, 6) congestive 
heart failure, 7) diabetes, 8) hypertension, and 9) stroke. 

To describe associations of baseline factors with mor- 
tality, we calculated both proportions of patients who died 
and the time until death by baseline variables. Survival 
time quartiles were used to describe the time until death 
when 2596, 50%, and 75% of patients died. Log-rank tests 
were used for testing the equality of survival among groups. 
We compared the estimated life expectancy, expressed in 
quartiles, of patients with Alzheimer disease in the study 
sample with the reported life expectancy of the U.S. pop- 
ulation by sex and age strata (27). Cox proportional haz- 
ards regression models were used to examine how baseline 
characteristics affected risk for death during the study pe- 
riod (28). The associations of predictors and mortality are 
estimated, with adjustments by age, sex, and ethnicity. We 
also adjusted for medical conditions that were found to be 
associated with survival and repeated analyses on the pre- 
dictors of interest. Schoenfeld residual tests (29) were used 
to evaluate the proportional hazard assumption. If the as- 
sumption failed, time-varying covariates were introduced. 
To  help illustrate the findings, Kaplan-Meier curves were 
estimated. All data were analyzed by using Stata software, 
version 7 (Stata Corp., College Station, Texas). 

A secondary investigation of potential interest to clini- 
cians was determining whether patients who had greater 
cognitive decline during the first year after diagnosis had a 
higher risk for dying after the first year. Greater decline 
during the first year was defined as a decrease of 5 or more 
points in MMSE score (that is, MMSE score at diagnosis 
[baseline MMSE score] minus MMSE score at the first 
year). This value was chosen a priori to reflect clinically 
meaningful cognitive decline (30). The Cox proportional 
hazards model was used to estimate the risk for dying by 
adjusting for baseline MMSE scores, age at diagnosis, sex, 
ethnicity, and comorbid conditions. The Schoenfeld resid- 
ual test was used to evaluate the proportional hazards 
assumptions. Sensitivity analyses (Appendix, available at 
www.annals.org) were performed to evaluate potential bi- 
ases that could be introduced because of missing data on 
follow-up MMSE scores and floor effect of low baseline 
MMSE scores. Logistic regression analyses were performed 
on the patients who had follow-up MMSE scores to ex- 
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Figure. Kaplan-Meier suwival estimates. 

A MMSE Score B DRS Score 

- a 7  - s? 
........ 18-21 . . . .. . . . 2.5-3 

----- 22-24 ----- 3.54 
-.-.- 25-30 5.5-17 

VI 

25 - 25 - 

0-  0- 
I I I I I I I 
0 5 10 15 0 5 10 15 

Time after Initial Diagnosis, y lime after Initial Diagnosis, y 

C D 
100- 

Gait Disturbance 75 - - Yes 
8 

. . . . . . .. No 
3 > 50- 

3 
ul 

25 - 25 - 
'..- ..... ,... \. . . . . . . 

0-  0- - 
I I I I I I I 

0 5 10 15 0 5 10 15 

Time after Initial Diagnosis, y Time after Initial Diagnosis, y 

Wandering - Yes 
. . , . . . . . No 

A. By Mini-Mental State Examination (MMSE) score categories. B. By Dementia Rating Scale (DRS) categories. C .  By  presence or absence of gait 
disturbance. D. By presence or absence of wandering. 

plore which baseline factors predict greater decline during 
the first year (Appendix Table, available at www.annals 
.org). On  the basis of the risk factors for decline identified 
by logistic regression, we divided those with missing data 
on follow-up MMSEs into declined and nondeclined 
groups. Then, we repeated the Cox model to see whether 
any change in estimates resulted from adding those with- 
out follow-up MMSEs into the analytic sample. The Ap- 
pendix Figure (available at www.annals.org) is a Kaplan- 
Meier survival graph of these results. 

Role of the Funding Sources 
The funding sources had no role in the design, con- 

duct, or reporting of this study or in the decision to submit 
the manuscript for publication. 

RESULTS 
Table 1 shows quartile estimates of survival for pa- 

tients with Alzheimer disease according to baseline charac- 
teristics. Median survival was longer for younger persons 
and women but did not vary by education level. Patients 

age 85 years and older, with gait disturbance, wandering, 
and comorbid diabetes and congestive heart failure had the 
poorest survival (median survival times were 3.2 years, 3.5 
years, 4.1 years, 3.8 years, and 3.0 years, respectively; P < 
0.01 for all comparisons [log-rank test]). Other predictors 
of decreased survival were male sex, lower MMSE score, 
higher (worse) DRS score, presence of frontal release signs, 
presence of extrapyramidal signs, history of falls, presence 
of urinary incontinence, history of ischemic heart disease, 
and history of stroke. Duration of survival among patients 
with Alzheimer disease did not differ by ethnicity, presence 
of hypertension, presence of psychiatric symptoms, pres- 
ence of behavioral disturbances, presence of depression 
symptoms, or duration of dementia symptoms at the time 
of diagnosis. 

Table 2 compares the life expectancy of patients with 
Alzheimer disease in this study with that of the U.S. pop- 
ulation (27). Patients with Alzheimer disease at 70 years of 
age had a significantly decreased survival compared with 
the life expectancy of the U.S. population. Median survival 
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Tablc 1. Baseline Characteristics and Survival of Alzheimer Disease Participants* 

Variable Patients Patients Survival Time Quartilest P Value 
Who Died 

25% 50% 75% 

Sex 

Duration of svm~toms 

I 

DRS = Dementia Rating Scale; MMSE = Mini-Mental State Ewamination. 
t Survival time quartiles describe the time until death when 25%. 50%. and 75% of patients died. * The log-rank test was used to determine P values. The test was used to evaluate the equality of survival among groups. 
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Tablr 2. Comparison of Life Expectancy by Quartiles of Study Participants and U.S. Population* 
I 

I Life Expectancy Quartilest 

Age 70 y Age 75 y Age 80 y Age 85 y Age 90 Y 

I disease (n = 341) 12.3 8.0 5.9 10.0 5.8 4.0 8.7 5.3 3.2 6.7 3.9 2.4 5.2 2.1 1.6 

I 

The source of the data on life expectancy in the U.S. population is cited in Walter LC and Covinsky KE (27). 
t Life expectancy quartiles presented in the table correspond to upper, middle, and lower quartiles of estimated survival at each age-sex strata, that is, 75%, 50%, and 25% 
of the population will live less than the corresponding years listed, respectively. 

time for women with Alzheimer disease at 70 years of age 
was 8.0 years compared with 15.7 years for the U.S. pop- 
ulation. Survival time for the 50% quartile (median) for 
men at 70 years of age was 4.4 years compared with 9.3 
years for the U.S. population. Across all age groups, men 
had poorer survival than women. At progressively older 
ages, the absolute survival difference between patients with 
Alzheimer disease and the U.S. population diminished. For 
example, survival time for the 50% quartile (median) for 
women at 85 years of age was 3.9 years compared with 5.9 
years for the U.S. population. Survival time for the 50% 
quartile (median) for men at 85 years of age was 3.3 years 
compared with 4.7 years for the U.S. population. As ex- 
pected, survival declined with age, but the decline for men 
with Alzheimer disease with increasing age was less than for 
women. Median life expectancy for men with Alzheimer 
disease was 4.4 years at 70 years of age versus 3.3 years at 
85 years of age, and median life expectancy for women was 
8.0 years at 70 years of age versus 3.9 years at 85 years of 
age. 

Table 3 shows the hazard ratios of death according to 
the severity of symptoms and typical symptoms of demen- 
tia. Compared with the presence or absence of dementia 
signs and symptoms at baseline, measures of the severity of 
symptoms at the time of diagnosis were the strongest pre- 
dictors of survival. The independent risk factors in propor- 
tional hazards models adjusted by age, sex, and ethnicity 
were low MMSE score, poor DRS score, presence of base- 
line frontal lobe release signs, presence of baseline gait dis- 
turbance, history of falls, congestive heart failure, history of 
diabetes, and history of ischemic heart disease. After adjust- 
ment for age, sex, ethnicity, ischemic heart disease, conges- 
tive heart failure, and diabetes, the presence of extrapyra- 
midal signs and symptoms of wandering became more 
significant as independent risk factors for death. The haz- 
ard ratio of death for older age increased over time by an 
exponential factor. Comorbid conditions hrther reduced 
survival, with hazard ratios for death of 1.2 for ischemic heart 
disease, 1.3 for congestive heart failure, and 1.7 for diabetes. 
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A 5-point or greater decline in the MMSE score after 
the first year of follow-up was also associated with a signif- 
icantly increased risk for death. The estimated hazard ratio 
for death in patients with a 5-point or greater decline in 
MMSE score was between 1.60 and 1.66 in 4 models con- 
trolling for age, baseline MMSE score, sex, ethnicity, isch- 
emic heart disease, congestive heart failure, and diabetes. In 
sensitivity analyses, we found that the floor effect of low 
baseline MMSE scores led to slight underestimates of the 
hazard ratio of death for the declined group, but missing 
data on follow-up MMSE scores did not. 

The Figure contains graphic illustrations of Kaplan- 
Meier survival curves by MMSE score category, DRS cat- 
egory, presence or absence of gait disorder, and presence or 
absence of wandering at baseline. 

DISCUSSION 
In all age groups, patients with Alzheimer disease in 

our study had decreased survival compared with survival in 
the general U.S. population (27). Men had a median sur- 
vival of 4.2 years from their initial diagnosis, and women 
had a median survival of 5.7 years. Our findings differ 
from estimates of median survival from the onset of symp- 
toms of dementia in the Canadian Study of Aging (3.17 
years for men and 3.36 years for women) (3). The shorter 
survival estimates in the Canadian study could relate to 2 
issues. First, the patients in that study were older (average 
age, 83.8 years); second, because the study dealt with a 
population-based prevalence sample, it included a relatively 
greater proportion of persons with severe dementia and 
nursing home residents who were at later stages in the 
course of the natural history of this progressive disease (3). 
Also, sex was not associated with Alzheimer disease survival 
in the Canadian study (3). By contrast, we found the me- 
dian life expectancy for a 70-year-old man with Alzheimer 
disease to be 4.4 years compared with 8.0 years for a 
woman of the same age with Alzheimer disease. This sex 
gap narrowed at more advanced ages. Our finhngs are 
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Tabk3. Hazard Ratios for Death by Mini-Mental State Examination Scores, Dementia Rating Scale Scores, and 
Associated Symptoms* 

Hazard Ratio P Value Hazard Ratio P Value 
(95% CI) (95% CI) 

DRS = Dementia Rating Scale; MMSE = Mini-Mental State Examination. 
t Age, defined as the age at diagnosis of Alzheimer disease, was used as the time-varying covariate in the model (Age(t) = age exp(0.03 t)). 

consistent with previous reports that men with Alzheimer Our sample and study design are arguably more typical of 
disease have approximately half the life expectancy esti- the persons clinicians see in everyday medical practice and 
mated for women with Alzheimer disease (5, 7, 9-1 1, 31). who may be recognized as having typical symptoms and 
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signs of dementia. Our results are also consistent with our 
previously reported average survival from study entry (5.3 
years) in a consecutive outpatient (convenience) sample of 
patients with existing Alzheimer disease in King County, 
Washingon (1 8). 

As reported previously, the association between mea- 
sures of the severity of Alzheimer disease symptoms and 
survival was strong (5 ,9 ,  12-17). We found that the effect 
of cognitive performance scores and dementia severity 
scores on survival remained significant even after adjust- 
ment for age, sex, ethnicity, and presence of vascular co- 
morbid conditions. Comorbid conditions, such as a history 
of diabetes, congestive heart failure, and ischemic heart 
disease, reduced survival of patients with Alzheimer disease 
in this cohort, with hazard ratios of 1.7, 1.3, and 1.2, 
respectively. In addition, survival was reduced by the 
symptoms and signs of the disease. Few studies of similar 
design have taken into account the influence of possible 
confounders, such as vascular disease comorbid conditions, 
on estimates of survival in Alzheimer disease. 

The data in Table 2 can be used as a reference to 
estimate age- and sex-adjusted life expectancy for patients 
with Alzheimer disease. The information in Table 3 can be 
used to estimate additional reductions in survival on the 
basis of the presence or absence of other signs and symp- 
toms of dementia. A recent report also showed that the 
presence of a gait disorder was associated with increased 
risk for death in older persons (32). The presence of extra- 
pyramidal signs can be a manifestation of Lewy body dis- 
ease. Without neuropathologic data, we cannot rule out 
the possibility that some of our patients might have had 
concomitant Lewy body disease. Although symptoms of 
agitation, irritability, emotional lability, paranoia, or hallu- 
cinations affect the quality of life of patients with Alzhei- 
mer disease, survival did not differ among patients with or 
without these symptoms in our study. The relationship of 
psychiatric or behavioral symptoms and Alzheimer disease 
mortality has been difficult to study because of the variabil- 
ity of presentation of these symptoms during the natural 
history of the disease. Patients with early dementia can 
present with behavioral symptoms, such as wandering, that 
subside at later stages of the disease when mobility is di- 
minished. Conversely, patients without behavioral symp- 
toms at initial presentation can develop paranoid ideations 
and delusions at a later course of their illness. By only 
examining the influence of baseline psychiatric symptoms 
on the outcome of interest, we may not have captured the 
dynamic interactions of change in the frequency and inten- 
sity of behavioral symptoms on survival. 

We believe that our observations, if confirmed, would 
be of great interest to patients with Alzheimer disease and 
family members making plans for future care needs. 

The strengths of this study are the ability to examine 
demographic factors, signs and symptoms of dementia, 
measures of the severity of symptoms, and the presence of 
comorbid conditions in a community-based cohort. The 
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study had a large sample size and relatively long duration 
of follow-up. We must caution, however, that this health 
maintenance organization-based sample may not be rep- 
resentative of patients with Alzheimer disease in the U.S. 
population as a whole, although the demographic features 
of the sample do resemble those of the surrounding Seattle 
community. We think that the lack of association between 
duration of dementia symptoms and survival reflects the 
variability of self-reports and informant reports of duration 
for an illness that is typically insidious in onset and often 
difficult to distinguish from age-related decline. These 
measurement errors would bias the results toward the null. 
It would be useful to analyze the interrelationships of co- 
morbid conditions and the actual cause of death for our 
participants. However, we do not have reliable data on 
causes of death. Because of the study design, we could not 
evaluate the potential confounding effect of use of drugs 
with potential psychiatric effects in this cohort. 

The most powerful predictors of reduced survival were 
a poor score on the MMSE and increased Alzheimer dis- 
ease-related Lnctional impairment, as measured by the DRS. 
Baseline psychiatric symptoms or behavioral disturbances 
were not strongly associated with survival. The conventional 
wisdom that persons with Alzheimer disease who experi- 
ence a rapid decline in cognitive performance in the first 
year will have a more malignant course is confirmed by our 
findings that an MMSE score decline of 5 points or more 
at 1 year of follow-up was associated with a 60% increased 
risk for death. Our findings suggest that a straightforward 
clinical evaluation consisting of the patient's history, a cog- 
nitive screening test, functional assessment from an infor- 
mant, and a careful neurologic examination can detect fea- 
tures associated with prognosis for survival of patients with 
Alzheimer disease typically seen in clinical practice. 
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APPENDIX: SENSITIVITY ANALYSIS Appendix Figure. Kaplan-Meier sunrival estimates by cognitive 

Sensitivity analyses were performed to examine potential bi- decline. 

ases that may have been introduced because of the inability to 

observe a dedine in patients with no follow-up MMSE scores 

and in patients who had very low baseline MMSE scores. Sixty- 

two patients survived for more than 1 year but did not have 

follow-up MMSEs. Logistic regression analyses were performed 

on the patients who had follow-up MMSE scores to explore 

which baseline factors predict significant cognitive decline during 

the first year. We found that only the baseline MMSE score was 

a significant predictor for the first year decline. Patients with 

baseline MMSE scores between 10 and 20 were 2 times more 

likely (odds ratio, 2.16 [95% CI, 1.43 to 3.271; P <  0.001) to 

decline during the first year than were the patients with baseline 

MMSE scores between 21 and 30. Therefore, on the basis of 

their baseline MMSE scores, we classified patients who had sur- 

vived for more than 1 year but without follow-up MMSE scores 

(62 patients) into declined (22 patients) or nondeclined (40 pa- 

tients) groups. Cox regression models, in which analysis time was 

truncated at the first year of follow-up, were performed on 4 

different analytic samples. Model 1 was performed on declined 

(146) and nondeclined (273) patients; model 2 was performed 

on declined (144) and nondeclined (267) patients with baseline 

MMSE scores greater than 8; model 3 was performed on declined 

(146) patients, nondeclined (273) patients, and those without 

follow-up MMSE scores who survived for more than 1 year (62); 

and model 4 was performed on patients who were included in 

model 3 but who had baseline MMSE scores greater than 8 (267 

nondeclined patients, 144 declined patients, and 56 patients with 

no follow-up). Results are presented in the Appendix Table. The 

floor effect (that is, patients who reached the low end of MMSE 

scoring at baseline and who were unable or less likely to decline 

at follow-up) leads to slightly underestimating the risk for dying 

for the declined group. The follow-up MMSE data on 62 pa- 

tients that were missing at the l-year follow-up were not found 

to bias the estimated risk for dying for the declined group. We 

note that of the 102 patients with no follow-up MMSE scores, 

40 (39.2%) died during the first year after receiving a diagnosis 

of Alzheimer disease. The 40 patients who died earlier might 

have dedined faster but were not observed during the first year. 

Thus, follow-up MMSE data on these patients could not be used 
in this analysis. 
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Appendix Table. Hazard Ratios for Death on the Basis of Greater Cognitive Decline at 1 Year of Follow-up' 

MMSE = Mini-Mental State Examination. 

wmv.anna1s.org 1 Annals of Internal Medicine Volume Number E-511 I I 























For personal use. Only reproduce with permission from The Lancet.

THE LANCET Neurology Vol 3  January 2004    http://neurology.thelancet.com 19

Dementia with Lewy bodies (DLB) is the second commonest
cause of neurodegenerative dementia in older people. It is
part of the range of clinical presentations that share a
neuritic pathology based on abnormal aggregation of the
synaptic protein �-synuclein. DLB has many of the clinical
and pathological characteristics of the dementia that occurs
during the course of Parkinson’s disease. Here we review
the current state of scientific knowledge on DLB. Accurate
identification of patients is important because they have
specific symptoms, impairments, and functional disabilities
that differ from those of other common types of dementia.
Severe neuroleptic sensitivity reactions are associated with
significantly increased morbidity and mortality. Treatment
with cholinesterase inhibitors is well tolerated by most
patients and substantially improves cognitive and
neuropsychiatric symptoms. Clear guidance on the
management of DLB is urgently needed. Virtually
unrecognised 20 years ago, DLB could within this decade be
one of the most treatable neurodegenerative disorders of
late life.

Lancet Neurol 2004; 3: 19–28

Dementia is an increasingly common disorder, which affects
7% of the general population older than 65 years and 30% of
those aged over 80 years. Alzheimer’s disease and vascular
cognitive impairment, either alone or in combination,
account for most cases1 but other causes of dementia are not
rare. Initially thought to be uncommon, dementia with
Lewy bodies (DLB) is now thought to be the second most
common type of degenerative dementia in older people,
accounting for 10–15% of cases at autopsy.2 The importance
of diagnosing this disorder lies particularly in its
pharmacological management, with good responsiveness to
cholinesterase inhibitors3 but extreme sensitivity to the side-
effects of neuroleptic drugs.4,5 DLB has had several
diagnostic labels during the past decade, including diffuse
Lewy-body disease,6 Lewy-body dementia,7 the Lewy-body
variant of Alzheimer’s disease,8 senile dementia of Lewy-
body type,9 and dementia associated with cortical Lewy
bodies.10 Close clinical and pathological similarities are now
being recognised between DLB and dementia that occurs
during the course of Parkinson’s disease (PDD),11 and there
are encouraging reports of successful management of these
two clinical disorders that were previously characterised by a
poor outcome.12–14

In an effort to review and clarify current knowledge,
concepts, and methods for further inquiry, a specialist
meeting was organised by the International Psychogeriatric

Association with the participation of the European
Movement Disorder Society. Participants were asked to
review relevant literature systematically and discuss it. As a
product of this international meeting, we have reviewed the
current state of scientific knowledge about DLB and
identified key issues requiring clarification and research
necessary to advance knowledge in this area. Articles for
inclusion were selected by the authors as representing the
most relevant and important work and supplemented by the
personal knowledge of the specialists who attended the
meeting.

Diagnostic concepts
DLB and PDD are clinically defined syndromes; although
consensus clinical criteria have been validated for DLB,2 no
formal clinical diagnostic criteria have been proposed or
validated for PDD (the subject of a recent comprehensive
review in this journal).11 An arbitrary “1-year rule” has until
now been used to separate DLB from PDD; onset of
dementia within 12 months of parkinsonism qualifies as
DLB and more than 12 months of parkinsonism before
dementia as PDD. The limitations of this approach are
discussed later.

At autopsy, cases of both disorders have Lewy bodies,
which are the characteristic pathological feature of Lewy-
body disease, but there are as yet no definite pathological
criteria that separate the disorders either from each other or
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from Parkinson’s disease without dementia. Moreover,
autopsy studies of patients with clinically diagnosed DLB
and PDD show heterogeneity in terms of distribution and
density of Lewy-body pathology, as well as Alzheimer’s and
vascular pathology.8,9,15,16 Because of these diagnostic
uncertainties and difficulties in clinical ascertainment,
routine sources of information such as death certificates and
a limited number of population-based studies leave
uncertainty about the relative frequencies of DLB and PDD.

Clinical and pathological criteria for DLB
There is some convergence of agreement on the core clinical
features of DLB, which are fluctuating cognitive
impairment, recurrent visual hallucinations, and
parkinsonism.17 The clinical distinctions between DLB and
Alzheimer’s disease are increasingly recognised (panel).2 The
presence of Alzheimer’s pathology in DLB modifies the
clinical presentation, with the lower rate of visual
hallucinations and parkinsonism making such cases harder
to differentiate clinically.18 The specificity and sensitivity of
the current clinical criteria for DLB reported by various
groups16,17,19–25 need careful interpretation (table) because of
different methods and case mixes.26 In general, specificity is
high but sensitivity of case detection is limited. Case
validation is compromised by the lack of defined
neuropathological criteria for DLB and the presence of Lewy
bodies in a large number of cases at autopsy with non-DLB
clinical presentations, such as Lewy bodies limited to the
amygdala in advanced Alzheimer’s disease.27

Other than the temporal course of the disease (ie, the
1-year rule), clinical features in DLB and PDD are similar,
including fluctuating neuropsychological function28 and
neuropsychiatric features, predominantly visual hallucina-
tions.29 Within pathological studies of patients with clinically
diagnosed DLB and PDD, there is heterogeneity in terms of
Alzheimer’s and Lewy-body pathology and vascular
abnormalities. There do not seem to be obvious
neuropathological differences between DLB and PDD, so a
descriptive clinicopathological approach to their
classification will probably be most productive, with
specificity both about clinical terms (DLB or PDD, largely
determined by the temporal order of symptoms) and also
about pathological findings (Lewy-body disease, Alzheimer’s
disease, vascular disease). The latter “categories” will need to
be further illustrated by details of lesion density and
distribution.

Epidemiology
In population-based clinical studies of people aged 65 years
or older, the prevalences of DLB and PDD were reported to
be 0·7% and 0.3%, respectively, which suggests that each
could account for up to 10% of all dementia cases, a
proportion consistent with DLB rates of 10–15% from
hospital-based autopsy series. A community study of people
aged over 85 years found that 5·0% met consensus criteria
for DLB (3·3% probable, 1·7% possible) representing 22%
of all demented cases,30 similar to other clinical estimates31,32

and consistent with estimates of Lewy-body prevalence in a
dementia case register followed up to autopsy.21 One
population-based autopsy study found that Lewy bodies
were evenly distributed between demented and non-
demented individuals, which could be interpreted as
evidence of a substantial pool of preclinical cases.33 No
classic epidemiological studies to investigate age and sex
variation and potential risk factors for DLB have yet been
reported.

Clinical phenomenology of DLB
Cognitive
Cognitive impairment is the presenting feature of DLB in
most, but not all, cases. The disorder typically presents with
recurrent episodes of confusion on a background of
progressive deterioration. Patients with DLB show a
combination of cortical and subcortical neuropsychological
impairments34,35 with substantial attentional deficits and
prominent frontosubcortical and visuospatial dysfunction36

that help to differentiate this disorder from Alzheimer’s
disease.37,38 Patients with DLB do better than those with
Alzheimer’s disease on tests of verbal memory but worse on
visuospatial performance tasks. This profile can be
maintained across the range of severity of disease but can be
harder to recognise in the later stages owing to global
difficulties. Fluctuations in cognitive function—which may
vary over minutes, hours, or days—occur in 50–75% of
patients and are associated with shifting degrees of attention
and alertness that can be assessed by carers’ reports,
observers’ ratings,39 or use of computer-based measures of
variation in attentional performance.40

Review Dementia with Lewy bodies

Consensus guidelines for the clinical diagnosis of
probable and possible DLB2

Central features

Progressive cognitive decline of sufficient magnitude to interfere with
normal social and occupational function. Prominent or persistent
memory impairment does not necessarily occur in the early stages but is
evident with progression in most cases. Deficits on tests of attention and
of frontal-subcortical skills and visuospatial ability can be especially
prominent.

Core features (two core features essential for a diagnosis of
probable, one for possible, DLB)

Fluctuating cognition with pronounced variations in attention and
alertness

Recurrent visual hallucinations that are typically well formed and detailed

Spontaneous features of parkinsonism

Supportive features

Repeated falls

Syncope

Transient loss of consciousness

Neuroleptic sensitivity

Systematised delusions

Hallucinations in other modalities

REM sleep behaviour disorder

Depression

Features less likely to be present

History of stroke

Any other physical illness or brain disorder sufficient to interfere with
cognitive performance
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Psychiatric
Psychiatric manifestations are common in DLB—
predominantly visual hallucinations, delusions, apathy, and
anxiety. They are generally present early in the course of
illness and may be the initial reason for referral. They also
tend to persist; for example, hallucinations were stable in a
placebo-treated DLB group over 20 weeks13 and in a cohort in
which the disorder took its natural course over 52 weeks.41 The
hallucinations are similar to those reported in PDD in that
they are vivid, colourful, three-dimensional, and generally
mute images of animate objects.29 Barnes and colleagues42

suggested that the hallucinations arise from a combination of
faulty perceptual processing of environmental stimuli and less
detailed recollection of experience, combined with intact
image generation. The importance of psychiatric symptoms in
the clinical phenomenology of DLB is such that a cluster of
hallucinations, delusions, apathy, and depression derived
from the neuropsychiatric inventory43 was used as the primary
outcome in the first randomised placebo-controlled study of
DLB treatment.13 Visual hallucinations are associated with
greater deficits in cortical acetylcholine44 and predict better
response to cholinesterase inhibitors.45

Neurological
Extrapyramidal signs are reported in 25–50% of patients
with DLB at diagnosis, and most develop some such signs

during the natural course. In up to 25% of autopsy-
confirmed cases, however, there may be no record of
extrapyramidal signs, which shows that parkinsonism is not
necessary for clinical diagnosis of DLB. Indeed, the main
reason for “missing” DLB clinically in a prospective
clinicopathological study was the absence of extrapyramidal
signs.16 The next most common reason for missing the
diagnosis was the suspicion of cerebrovascular disease.
Initial suggestions that parkinsonism in DLB is mild have
not been supported by studies finding severity equal to that
in non-demented patients with Parkinson’s disease46 and
similar annual progression rates in motor scores on the
unified Parkinson’s disease rating scale.47,48 The pattern of
extrapyramidal signs in DLB shows an axial bias—eg, greater
postural instability and facial impassivity, with a tendency
towards less tremor, consistent with greater “non-
dopaminergic” motor involvement. The parkinsonism
phenotype of postural instability–gait difficulty49 is over-
represented in DLB, as it also is in PDD, whereas tremor-
dominant and postural-instability-gait-difficulty subtypes
were evenly distributed in a non-demented group with
Parkinson’s disease.50 Extrapyramidal signs in Parkinson’s
disease, PDD, and DLB may thus be on a continuum, with a
shift towards greater non-dopaminergic motor-system
involvement through Parkinson’s disease to DLB. This idea
is consistent with findings that motor features mediated by
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Validity and reliability of consensus criteria for DLB26

Reference Number of cases Diagnostic Sensitivity Specificity PPV NPV � Comments and 
DLB Other criteria (%) (%) (%) (%) recommendations

Mega et al19 4 24 AD Probable 75 79 100 93 F=0·25, Retrospective; suggests 4/6 of H, C, R, B, 
H=0·59 N, Fl
P=0·46

Litvan et al20 14 105 PD, None applied; 18 99 75 89 0·19–0·38 Retrospective; no formal criteria for DLB 
PSP, MSA, retrospective used; comparison mainly with movement 
CBD, AD clinical disorder

diagnosis

Holmes et al21 9 80 AD, VaD Probable 22 100 100 91 NA Retrospective; no specific recommendations; 
cases with mixed pathology were hardest to 
diagnose

Luis et al17 35 56 AD Probable 57 90 91 56 F=0·30, Retrospective; suggests H, P, Fl, and rapid 
H=0·91, progression
P=0·61

Verghese et al22 18 94 AD Probable 61 84 48 90 F=0·57, Retrospective; suggests 3/6 of P, Fl, H, N, D, 
H=0·87 and F

Possible 89 28 23 91 P=0·90

Lopez et al23 8 40 ·· 0 100 0 80 Retrospective; probable DLB not diagnosed 
once by a team of four raters; no specific 
recommendations

Hohl et al24 5 10 AD Probable 100 8 83 100 NA Consensus criteria applied retrospectively; 
clinician diagnosis without consensus criteria 
had PPV of 50

Possible 100 0 NA NA NA

McKeith et al16 29 50 AD, VaD Probable 83 95 96 80 NA Prospective; false-negative cases associated 
with comorbid pathology

Lopez et al25 13 26 AD Probable 23 100 100 43 Prospective; met NINCDS–ADRDA criteria
for AD, only four met DLB criteria

PPV=positive predictive values; NPV=negative predictive values; AD=Alzheimer’s disease; F=falls; H=hallucinations; C=cogwheeling; P=parkinsonism; R=rigidity; B=bradykinesia;
N=neuroleptic sensitivity;  Fl=fluctuation; NA=not available; PD=Parkinson’s disease; PSP=progressive supranuclear palsy; MSA=multiple system atrophy; CBD=corticobasal
degeneration; VaD=vascular dementia. Movement Disorders © copyright 2003 Movement Disorders Society.
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non-dopaminergic pathways (speech, posture, and balance)
are more closely associated with incident dementia in
Parkinson’s disease than tremor, rigidity, and bradykinesia.51

Sleep
Rapid-eye-movement (REM) sleep behaviour disorder is a
parasomnia manifested by vivid and frightening dreams
associated with simple or complex motor behaviour during
REM sleep. The disorder is frequently associated with the
synucleinopathies, DLB, Parkinson’s disease, and multiple
system atrophy, but it rarely occurs in amyloidopathies
and tauopathies.52 The neuropsychological pattern of
impairment in REM sleep behaviour disorder/dementia is
similar to that reported in DLB and qualitatively different
from that reported in Alzheimer’s disease.53

Neuropathological studies of REM sleep behaviour
disorder associated with a neurodegenerative disorder have
shown Lewy-body disease or multiple system atrophy.54

REM sleep-wakefulness dissociations (REM sleep
behaviour disorder, daytime hypersomnolence,
hallucinations, cataplexy), characteristic of narcolepsy can
explain several features of DLB as well as Parkinson’s
disease.55 Sleep disorders could contribute to the
fluctuations typical of DLB, and their treatment can
improve fluctuations and quality of life.56

Autonomic failure
Autonomic abnormalities including orthostatic hypotension
and carotid-sinus hypersensitivity are more common in
patients with DLB than in those with Alzheimer’s disease or
in age-matched controls.57 Clinical presentation of DLB is
commonly with “dizziness,” presyncope, syncope, and
falls,58,59 and autonomic dysfunction is a risk factor for falls in
65% of these cases, through either orthostatic hypotension
or carotid-sinus hypersensitivity. Urinary incontinence has
been reported early in the course of DLB compared with
Alzheimer’s disease.60

Disease progression and survival
There is conflicting evidence from comparative studies with
Alzheimer’s disease about both symptom progression and
survival in DLB. Most data have been obtained
retrospectively. The most parsimonious explanation from
the available findings is that there is no difference in
progression between DLB and Alzheimer’s disease,61 but
mean values from large studies could conceal disease
heterogeneity, and some patients with DLB have a very rapid
disease course.62,63 The conclusion is that either there is no
difference between DLB and Alzheimer’s disease in survival
from onset until death, or that survival is worse in DLB.64,65

Whether there are any specific features, such as more severe
extrapyramidal signs or frequent falls, that are associated
with more rapid disease progression or poorer survival is not
yet known.

Clinical diagnosis of DLB
DLB can initially present to general practitioners, geriatric
psychiatrists, movement-disorder specialists, or emergency
services. As with all dementias, accurate clinical diagnosis

can only be made after a thorough clinical assessment
including a detailed history (from the patient and an
informant) and full mental-state, cognitive, and physical
(including neurological) examinations.2 There should be
particular emphasis on eliciting the core diagnostic
features of fluctuating cognitive impairment,
parkinsonism, and recurrent visual hallucinations and the
supportive features of falls, depression, other
hallucinations, and REM sleep disorder. Diagnosis should
be made on the basis of the consensus diagnostic criteria
for DLB (panel), which are the most widely accepted and
have been the best validated by autopsy. The main
differential diagnoses are Alzheimer’s disease, vascular
dementia, PDD, atypical parkinsonian syndromes (such as
progressive supranuclear palsy, multiple system atrophy,
and corticobasal degeneration), and Creutzfeldt-Jakob
disease.

Several retrospective and two prospective studies have
examined the predictive accuracy of clinical criteria for
probable DLB16,17,19–25 (table). They show that sensitivity is
variable and, although high in one prospective study,16 was
unacceptably low in several other studies. By contrast,
specificity is generally high. There is, therefore, a need to
develop ways of improving the sensitivity of the diagnosis of
DLB without loss of specificity, which may ultimately
require a biological test.

Consistent application and greater inter-rater reliability
of the consensus criteria would be facilitated by more
detailed definitions of the quality, frequency, and severity of
core and supportive features. The assessment of fluctuating
cognitive impairment poses substantial difficulty to many
clinicians, and newly proposed rating scales could be
particularly helpful in this regard.39 The best way to take
advantage of supportive diagnostic features (panel) in
improving diagnostic accuracy also needs to be identified.
Repeated falls, syncope, transient loss of consciousness, and
depression are common in older people with cognitive
impairment and can serve as “red flags” to a possible
diagnosis of DLB. By contrast, neuroleptic sensitivity and
REM sleep behaviour disorder can be highly predictive of
DLB, but their detection depends on the clinician’s having a
high index of suspicion and asking appropriate screening
questions.

Since PDD is common and typically shares the features
of DLB,11,66 there is much debate about the relation between
the two disorders.67 There are at present no specific
operational clinical criteria to diagnose PDD. The criteria
in Diseases and Statistical Manual IV are incomplete and
descriptive and do not describe several core clinical
features associated with dementia in Parkinson’s disease.
The arbitrary 1-year rule used to separate DLB from PDD
is helpful in individual case diagnosis but is increasingly
hard to justify from a neurobiological point of view.
Current DLB criteria therefore need to be revisited with
respect to their relation to PDD; this process would be
facilitated by improved operational criteria for PDD. The
need for a collaborative research effort by specialists in
movement disorders and dementia is apparent and is
already being addressed by interdisciplinary task groups.

Review Dementia with Lewy bodies
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Laboratory and neuroimaging
investigations
Systemic and pharmacological causes 
of delirium need to be excluded. The
standard EEG may show early 
slowing, epoch-by-epoch fluctuation,
and transient temporal slow-wave
activity.68–70 There are as yet no clinically
applicable genotypic or CSF markers to
support a diagnosis of DLB.71–77 There
have been, however, sufficient studies
to allow the conclusion that neuro-
imaging investigations can be helpful in
supporting the clinical diagnosis.
Changes associated with DLB include
preservation of hippocampal and
medial temporal lobe volume on
MRI78,79 (figure 1) and occipital
hypoperfusion on SPECT.80,81 Other
features such as generalised atrophy,79

white-matter changes,82 and rates of
progression of whole brain atrophy83 are
not helpful in differential diagnosis.
Dopamine transporter loss in the caudate and putamen, a
marker of nigrostriatal degeneration, can be detected by
dopaminergic SPECT84 and can prove helpful in clinical
differential diagnosis. A sensitivity of 83% and specificity of
100% has been reported for the association of an abnormal
scan with an autopsy diagnosis of DLB85 (figure 2).

Pathophysiology of DLB
Consensus criteria for DLB include ubiquitin
immunohistochemistry for Lewy-body identification2,16

and staging into three categories (brainstem-predominant,
limbic, or neocortical) depending on the numbers and
distribution of Lewy bodies. The recently developed
�-synuclein immunohistochemistry is a better marker86,87

that visualises more Lewy bodies and also shows previously
under-recognised neuritic pathology, termed Lewy
neurites (figure 3). Use of antibodies to �-synuclein moves
the diagnostic rating for many DLB cases from brainstem
and limbic groups into the neocortical group. An
additional very severe pathological category may therefore
now be required. �-synuclein is a normal synaptic protein
that has been implicated in vesicle production. In an
aggregated and insoluble form it
constitutes the main component of the
fibrils that are a major constituent of
the Lewy bodies in DLB and other
synucleinopathies.15 In most patients
with DLB, there are no genetic
mutations in the �-synuclein gene or
other Parkinson’s disease genes.
Pathological upregulation of normal,
wild-type �-synuclein due to
increased mRNA expression is a
possible mechanism,88 or Lewy bodies
may form because �-synuclein
becomes insoluble or more able to

aggregate for some reason.89 Another possibility is that �-
synuclein is abnormally processed, for example by a
dysfunctional proteosome system, and that toxic
“protofibrils” are therefore produced. Sequestering of
these toxic fibrils into Lewy bodies could reflect an effort
by the neurons to combat biological stress inside the cell,
rather than their simply being neurodegenerative debris.
Whether Lewy bodies are “friend or foe” remains to
be discovered.

The number of cortical Lewy bodies is not robustly
correlated with either the severity or the duration of
dementia,90,91 although associations have been reported
with Lewy bodies and plaque density in midfrontal
cortex.92 Lewy neurites and neurotransmitter deficits are
suggested as more likely links with clinical symptoms.91,93

There seems to be no significant cortical pathology that is
associated with fluctuating cognition; however, increased
numbers of Lewy bodies in the anterior and inferior
temporal lobe are associated with the presence and onset of
well-formed visual hallucinations.94,95 These areas are
particularly implicated in generation of complex visual
images, and their pathological involvement perhaps
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Figure 1. Coronal MRI of patients with Alzheimer’s disease and DLB matched for clinical severity of
dementia. Medial temporal lobe (particularly hippocampal) atrophy is less pronounced in DLB,
consistent with autopsy findings. Images courtesy of Dr Emma Burton.

Control DLB

Head of Caudate

Putamen
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Figure 2. SPECT images of the dopamine transporter at the level of the striatum by use of
fluoropropyl-CIT show striking reduction of activity in DLB compared with normal activity in
Alzheimer’s disease and normal ageing. Images courtesy of Prof J T O’Brien.
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contributes to the vivid and complex character of
hallucinatory experiences in DLB, contrasting with the
very simple visual symptoms (lines and colours) associated
with occipital-lobe lesions. Parkinsonism is related to the
degree of cell loss and pathology in the nigrostriatal
pathway.

Most patients with DLB also have Alzheimer’s disease
pathology, including cortical amyloid plaques and
neurofibrillary tangles. Most have sufficient plaques to meet
CERAD criteria for Alzheimer’s disease,8 but only a few meet
the tangle-based Braak stages V and VI for Alzheimer’s
disease. The additional neuritic pathology affects the clinical
presentation. DLB patients with few tangles show more core
clinical features of DLB, whereas those with many tangles

show a pattern more like Alzheimer’s disease.18,89 Lewy bodies
also occur in up to two-thirds of patients with early-onset
familial Alzheimer’s disease caused by mutations of
presenilin-1, presenilin-2, or amyloid precursor protein, as
well as in sporadic Alzheimer’s disease, Down’s syndrome,
and Pick’s disease.27,96,97 Tau aggregates particularly increase
the likelihood of Lewy-body formation in susceptible brain
regions, like the amygdala. However, the substantial cortical
dysfunction found clinically in patients with limited cortical-
cell loss, negligible tangle counts, but numerous cortical Lewy
bodies and neurites suggests that they themselves are
associated with much functional neuronal impairment.
Elucidation of the pathophysiology of DLB will guide future
therapeutic strategies.
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Figure 3. Neuropathology of DLB. Pathological �-synuclein (�-syn) aggregates assume many forms in DLB including typical classical Lewy bodies
(LBs) in the pigmented nuclei of the brainstem (A,B), cortical LBs in the neocortex (C) and amygdala, dystrophic or Lewy neurites (LNs) in the CA
2/3 subfield of Ammon’s horn (D) and neuroaxonal spheroids (E). The burden of �-syn aggregates in the neocortex (F) can be extreme with cortical
LBs in the deeper layers (top left) and LNs throughout the cortical mantle to the pial surface (bottom right). The striatum is also affected (G) with
primarily LNs (H) and dot-like aggregates (I). LNs tend to cluster around ß-amyloid plaques (J), which are also common in DLB, and are primarily
axonal in location (K). Antibodies: �-syn in A, C-I, and J,K (green); tyrosine hydroxylase in B; �-amyloid in J (red); neurofilaments light chain in K
(red). Images courtesy of Dr John E Duda.
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Management of DLB
A four-stage approach to the management of DLB has been
described: accurate diagnosis; identification of target
symptoms with patient and carer; non-pharmacological
interventions; and pharmacological interventions.98 Target
symptoms can include extrapyramidal motor features,
cognitive impairment, neuropsychiatric features (including
hallucinations, depression, sleep disorder, and associated
behavioural disturbances), or autonomic dysfunction.
Patients, carers, and clinicians can differ in their
prioritisation of which symptoms “need” treating, and all
must understand the potential for gains in one domain may
be at the expense of losses in another.

Non-pharmacological interventions are a humane way
of treating people with dementia and have the potential to
address most of the areas in which there are management
difficulties in DLB. They require a general set of caregiving
skills as well as tailoring of interventions to the patient, carer,
and environment. A systematic analysis of non-
pharmacological approaches to DLB and evaluation of the
system changes and costs that are needed to support them in
clinical practice have yet to be done.

The evidence base for pharmacological management of
DLB is also limited, but there is general agreement that if
antiparkinsonian drugs are prescribed, the clinician should
aim for the lowest acceptable dose of levodopa
monotherapy. The effectiveness of levodopa on motor
symptoms in DLB has not been established but is probably
less than in uncomplicated Parkinson’s disease, possibly
because there is additional intrinsic striatal pathology and
dysfunction.99 D2-receptor antagonists, particularly
traditional neuroleptic agents, can provoke severe
neuroleptic sensitivity reactions in up to 50% of DLB
patients with an increase in mortality of two to three times.4

New atypical antipsychotic drugs used at low dose are safer
in this regard, but sensitivity reactions have been
documented with most and they should be used with great
caution.100–104

There is consistent evidence that cholinesterase
inhibitors are more effective in DLB than in Alzheimer’s
disease, for which they were originally developed.105,106

Fluctuating cognitive impairments, visual hallucinations,
apathy, anxiety, and sleep disturbance are significantly
improved with cholinesterase inhibitors used in the typical
dose range for Alzheimer’s disease. In addition to the usual
gastrointestinal side-effects associated with this class of drug,
increased cholinergic activity may cause hypersalivation and
exacerbate postural hypotension and falls in patients with
DLB.107 Cholinesterase inhibitors are deemed by some to be
first-line treatment for the cognitive and psychiatric
symptoms of DLB, although there have been only two
double-blind placebo-controlled studies that addressed their
symptomatic effects3,14 and very limited open-label data on
long-term effects.108 No information is yet available about
their use in combination with antiparkinsonian or atypical
antipsychotic agents, although these are both common
clinical situations.

Disease-modifying strategies developed for either
Alzheimer’s disease or Parkinson’s disease will be candidates

for use in DLB but none have been attempted so far. DLB is a
particularly attractive target for neuroprotection owing to
the presence of significant neuronal dysfunction but no
striking cortical neuronal degeneration. In vitro and animal
models of �-synuclein aggregation and its relation to
amyloid deposition will be useful tools for developing novel
disease-modifying therapies for DLB.

Trial designs and regulatory issues
There are no treatments licensed for DLB. Regulatory
authorities seem prepared to accept DLB as an indication for
regulatory approval of a pharmacological treatment on
condition that its existence is widely accepted by experts,
that it can be operationally defined by reliable and valid
criteria, and that outcomes for studies use validated and
standardised outcome measures. The US Food and Drug
Administration has considered DLB as an indication and
initially has suggested that there be dual primary outcomes,
namely global and a specified measure of cognition.
Cognitive outcome measures from clinical trials of
Alzheimer’s disease that are predominantly memory based
need not necessarily be used in DLB studies, and more
appropriate instruments should be considered. The
acceptability of a primary behavioural outcome measure in
DLB clinical trials has not yet been clarified. Potential
confounding factors for global and functional scales in DLB
include the additional disabilities arising from motor
disability and, for all outcome measures, the inherent
fluctuations of the untreated illness.

Trial designs
Few DLB treatment trials have been reported, partly because
the disorder was only recently described, but also because of
restricted expertise in clinical diagnosis. The current
approach is to address DLB and PDD separately, but the
close relation of these disorders and the logistics of
recruitment provide the opportunity for both populations of
patients to enter into a single clinical trial with a harmonised
set of entry criteria. Post-hoc subanalysis could be used to
assess for differential responses. Recruitment of patients into
such trials will require specialised movement disorder and
dementia referral clinics to participate, with an anticipated
slower accrual if only patients with DLB are recruited. In
view of the small number of randomised controlled trials in
either DLB or PDD, the use of placebos is still judged ethical,
but we note that cholinesterase inhibitors are already in
widespread use in some countries.

Outcome measures
Specific measures of attention and cognitive fluctuation,
which are both part of the clinical profile of DLB and PDD,
are sensitive to response to treatment intervention.109 Other
key domains of executive functioning, visual perception, and
memory systems must also be measured. The most
important neuropsychiatric target symptoms include visual
hallucinations, delusions, delusional misidentification,
apathy, anxiety, and depression. The desired behavioural
outcomes might be a reduction in both the intensity and
frequency of these key behavioural symptoms with an effect

ReviewDementia with Lewy bodies



For personal use. Only reproduce with permission from The Lancet.

THE LANCET Neurology Vol 3  January 2004    http://neurology.thelancet.com26

on non-patient-centred outcomes including improvement
in time, workload, and stress for carers. Functional and
global assessments will be influenced by the presence of
parkinsonism. Scales measuring extrapyramidal motor
function can be modified to account for the confounding
effects of cognitive impairment on motor performance.110

Global awareness of DLB and educational and
treatment needs
Most dementia research has been done in North America,
Australia, and Europe, but even in these regions, awareness
of DLB is only now becoming widespread within specialist
care. In countries with less developed dementia services and
with greater reliance on primary care, there are substantial
difficulties in translating current methods of case detection
and diagnosis—eg, administration of cognitive tests to
patients who are illiterate or have little education. In most
cultures, dementia has been regarded as a normal part of
ageing, and patients are brought for help only when
behaviour becomes troublesome. Such patients could
include those with DLB, and accurate diagnosis is imperative
to avoid increased morbidity and mortality from the
inappropriate use of neuroleptic agents and to ensure that
they are not denied access to cholinesterase inhibitors and
other interventions that might be beneficial. The first goal
must be to raise awareness. Possible strategies to address
these problems in the parts of the world that have the most
rapidly expanding elderly populations include combining
efforts with international and regional organisations for
Parkinson’s disease and Alzheimer’s disease to include DLB
in their educational campaigns, to develop appropriate
educational materials, and to disseminate these through
accessible internet sites that are linked with existing Lewy-
body disease resources.

Conclusions
DLB is one of a group of neurodegenerative disorders that
has been characterised as the �-synucleinopathies. The
group includes Parkinson’s disease with and without
dementia and primary autonomic failure. Clinical criteria
and assessment scales for the accurate diagnosis of DLB have
been developed in the past decade, and these are useful in
the differentiation of DLB from other dementia subtypes,
particularly Alzheimer’s disease and vascular cognitive
impairment. But diagnostic accuracy of DLB still needs to be
improved. Progress may be difficult given the inevitable
pathological heterogeneity that occurs in the ageing brain.
Many patients with DLB have substantial additional
pathology that modifies the core clinical features and makes
those cases difficult to recognise by existing clinical methods.

Some modifications to the application of existing diagnostic
criteria could help to increase case detection. For example,
clinicians assessing elderly patients with cognitive
dysfunction should be routinely asking about features that
support a DLB diagnosis, such as REM sleep behaviour
disorder, repeated falls, or neuroleptic sensitivity. Existing
clinical methods and criteria need to be more widely
disseminated with the message that patients with DLB can
respond well to cholinergic treatment and extremely badly
to neuroleptic drugs. A biological diagnostic marker is
urgently required. Functional neuroimaging of the
dopaminergic system could soon provide such a marker by
aiding the distinction between DLB and dementias that lack
nigrostriatal dopaminergic degeneration.

A different approach is required to address the
distinction between DLB and PDD. These syndromes could
be so similar at a biological level that a categorical distinction
is inappropriate and the use of a generic term such as Lewy-
body disease or �-synucleinopathy for all cases might be
preferable. But such terms imply prior knowledge of the
underlying pathology and, in the absence of this,
diagnosticians might additionally need to use diagnostic
terms (DLB, PDD) that describe the individual patient’s
clinical presentation taking into consideration both the
temporal sequence of symptom onset and their relative
severity.

No rigorously tested treatment algorithms for DLB have
been published, and some basic information is still lacking,
for example the responsiveness of parkinsonian features to
levodopa. Avoidance of neuroleptic agents is important.
Long-term use of cholinesterase inhibitors seems to be
helpful for neuropsychiatric and cognitive symptoms, but
further clinical trials are needed to clarify how these agents
should be used and to identify their side-effect profile in this
population. When disease-modifying agents are developed
for Parkinson’s disease or Alzheimer’s disease, they should
be tried in DLB and PDD also. Virtually unrecognised 20
years ago, DLB could within this decade be one of the most
treatable neurodegenerative disorders of late life.
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Sensitivity and specifi city of dopamine transporter imaging 
with ¹²³I-FP-CIT SPECT in dementia with Lewy bodies: a 
phase III, multicentre study
Ian McKeith, John O’Brien, Zuzana Walker, Klaus Tatsch, Jan Booij, Jacques Darcourt, Alessandro Padovani, Raff aele Giubbini, Ubaldo Bonuccelli, 
Duccio Volterrani , Clive Holmes, Paul Kemp, Naji Tabet, Ines Meyer, Cornelia Reininger for the DLB Study Group*

Summary 
Background Dementia with Lewy bodies (DLB) needs to be distinguished from other types of dementia because of 
important diff erences in patient management and outcome. Current clinically based diagnostic criteria for DLB have 
limited accuracy. Severe nigrostriatal dopaminergic degeneration occurs in DLB, but not in Alzheimer’s disease or 
most other dementia subtypes, off ering a potential system for a biological diagnostic marker. The primary aim of this 
study was to investigate the sensitivity and specifi city, in the ante-mortem diff erentiation of probable DLB from other 
causes of dementia, of single photon emission computed tomography (SPECT) brain imaging with the ligand ¹²³I-2β-
carbometoxy-3β-(4-iodophenyl)-N-(3-fl uoropropyl) nortropane (¹²³I-FP-CIT), which binds to the dopamine transporter 
(DAT) reuptake site. Diagnostic accuracy, positive and negative predictive values, and inter-reader agreement were the 
secondary endpoints and a subgroup of possible DLB patients was also included.

Methods We did a phase III study in which we used a ¹²³I-FP-CIT SPECT scan to assess 326 patients with clinical 
diagnoses of probable (n=94) or possible (n=57) DLB or non-DLB dementia (n=147) established by a consensus panel 
(in 28 patients no diagnosis could be made). Three readers, unaware of the clinical diagnosis, classifi ed the images as 
normal or abnormal by visual inspection. The study had 90% power to detect the diff erences between our anticipated 
sensitivity (0·80) and specifi city (0·85) targets and prespecifi ed lower thresholds (sensitivity 0·65, specifi city 0·73) 
using one-sided binomial tests with a signifi cance level of α=0·025. 

Findings Abnormal scans had a mean sensitivity of 77·7% for detecting clinical probable DLB, with specifi city of 
90·4% for excluding non-DLB dementia, which was predominantly due to Alzheimer’s disease. A mean value of 
85·7% was achieved for overall diagnostic accuracy, 82·4% for positive predictive value, and 87·5% for negative 
predictive value. Inter-reader agreement for rating scans as normal or abnormal was high (Cohen’s κ=0·87). The 
procedure was well tolerated with few adverse events.

Interpretation A revision of the International Consensus Criteria for DLB has recommended that low DAT uptake in 
the basal ganglia, as shown by SPECT or PET imaging, be a suggestive feature for diagnosis. Our fi ndings confi rm 
the high correlation between abnormal (low binding) DAT activity measured with ¹²³I-FP-CIT SPECT and a clinical 
diagnosis of probable DLB. The diagnostic accuracy is suffi  ciently high for this technique to be clinically useful in 
distinguishing DLB from Alzheimer’s disease.

Introduction
The importance of early and accurate diagnosis of 
dementia subtype to inform prognosis and best 
management has been emphasised by international good 
practice guidelines1,2 and is appreciated by patients and 
their carers. The fi ndings of neuropathological autopsy 
studies suggest that 50–60% of cases of dementia in 
people aged 65 years or older are due to Alzheimer’s 
disease, with a further 10–20% each attributable to 
dementia with Lewy bodies (DLB) or vascular cognitive 
impairment.3 Operationalised clinical diagnostic criteria 
have been agreed for all of these syndromes, but even in 
specialist research settings they have limited accuracy 
when compared with neuropathological autopsy fi ndings. 
The situation in non-specialist clinical settings is likely to 
be even more imperfect.

The most frequent diagnostic confusion in clinical 
practice in older patients with dementia is between DLB 

and Alzheimer’s disease.4 Accurate clinical detection of 
DLB is particularly important because half of patients with 
DLB have severe neuroleptic sensitivity to typical and 
atypical antipsychotics, with a two to three-fold increase in 
short-term mortality.5 This increase is over and above 
the recently recognised risk of neuroleptic-induced 
cerebrovascular events in all patients with dementia.6 
There is also emerging evidence that some patients with 
DLB respond especially well to cholinesterase inhibitors.7

Diagnostic diffi  culties have arisen for two main reasons. 
The fi rst has been a lack of valid and reliable methods to 
assess the core clinical features by which DLB is usually 
identifi ed—namely, fl uctuating cognition with pronoun-
ced variations in attention and alertness, recurrent visual 
hallucinations that are typically well formed and detailed, 
and spontaneous features of parkinsonism.8 Second, 
results of autopsy studies show that patients with DLB 
who, in addition to subcortical and cortical Lewy bodies, 
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carry a great burden of neocortical Alzheimer pathology 
may not have these clinical features as prominently and 
will often present with an amnestic syndrome in clear 
consciousness, more typical of Alzheimer’s disease than 
of DLB.9 There are, therefore, limitations on the level of 
accuracy that can be achieved by making diagnoses solely 
on the grounds of clinical history and examination. As 
such, there is a clear need for biological markers to assist 
with accurate ante-mortem diagnosis.

A striking biological diff erence between DLB and 
Alzheimer’s disease is the severe nigrostriatal degeneration 
and consequent dopamine transporter (DAT) loss that 
occurs in DLB, but not to any signifi cant extent in 
Alzheimer’s disease.10 This diff erence is most profound in 
patients with a long history of severe extrapyramidal motor 
features, but also arises when these features are minimal 
or absent.11 Several radioligands have been developed for 
use in single-photon emission computed tomography 
(SPECT) to bind in vivo to the striatal DAT or reuptake 
site. These include an ¹²³I-labelled-cocaine analogue 
¹²³I-2β-carbometoxy-3β-(4-iodophenyl)-N-(3-fl uoropropyl) 
nortropane (I-FP-CIT; DaTSCAN, GE Healthcare).12 The 
effi  cacy of this ligand in detecting the loss of nigrostriatal 
neuron terminals in patients with Parkinson’s disease has 
been shown13 and it has been approved for use in Europe 
since 2000 to distinguish between patients with clinically 
uncertain parkinsonian syndromes and individuals with 
essential tremor.

Findings of two pilot studies14,15 have independently 
shown that ¹²³I-FP-CIT SPECT imaging provides 
essential information about nigrostriatal dopaminergic 
neuronal integrity in patients with DLB. In both studies, 
patients with DLB and Alzheimer’s disease were included 
and both visual and region-of-interest based semi-
quantitative assessments of the images were undertaken. 
There were highly signifi cant diff erences (p<0·0001) in 
striatal binding between patients with DLB and 
Alzheimer’s disease and between controls and patients 
with DLB. Signifi cant diff erences were also seen for the 
visual assessment. When compared with autopsy 
diagnosis, the sensitivity and specifi city of imaging was 
88% and 100%, respectively.14

The primary aim of this multicentre study was to 
determine the sensitivity and specifi city of ¹²³I-FP-CIT 
SPECT imaging in the ante-mortem diff erentiation of 
DLB from other causes of dementia. Diagnostic accuracy 
and positive and negative predictive values of the 
technique were estimated as secondary outcomes, as was 
inter-reader agreement for the visual rating of scans. A 
fi nal aim was to undertake similar analyses on a group of 
patients clinically diagnosed with possible DLB.

Methods
Participants
Between November, 2003, and August, 2005, we did a 
phase III, multicentre study in 40 European sites. We 
included patients aged 55–90 years who met the criteria 

for dementia detailed in the diagnostic and statistical 
manual of mental disorders—fourth edition (DSM-IV)16 
and fulfi lled at least one of the following: consensus 
criteria for probable or possible DLB,8 National Institute 
of Neurological and Communicative Disorders and 
Stroke-Alzheimer Disease and Related Disorders 
Association (NINCDS-ADRDA) criteria for probable or 
possible Alzheimer’s disease,17 or National Institute of 
Neurological Disorders and Stroke-Association 
Internationale Pour la Recherche et l’Enseignement en 
Neurosciences (NINDS-AIREN) criteria for probable or 
possible vascular dementia.18 A mini-mental state 
examination (MMSE)19 score of 10 or more was required 
to ensure that patients could complete suffi  cient 
assessments to provide useful diagnostic information. 
We defi ned patients with dementia who had developed 
parkinsonism more than 1 year before onset of dementia 
symptoms as having Parkinson’s disease with dementia8 
and excluded them from the study. We also excluded 
patients in any diagnostic group with structural imaging 
fi ndings indicative of infarction in the region of the 
basal ganglia, including the internal capsule. We 
routinely assessed laboratory variables, including 
vitamin B12, folic acid, glucose, C-reactive protein 
concentrations, and measures of hepatic, renal, and 
thyroid function to exclude systemic causes of the 
neuropsychiatric presentation. We disallowed use of 
medication known or suspected to interact with the 
striatal binding of ¹²³I-FP-CIT to the DAT, which 
included psychopharmaca such as cocaine, amfetamine, 
mazindol, methylphenidate, benzatropine, bupropion, 
and sertraline.

The study was done in accordance with the current 
revision of the Declaration of Helsinki and the Good 
Clinical Practice: Consolidated Guideline approved by 
the International Conference on Harmonisation and 
applicable to national and local laws and regulations. At 
every participating site, the study protocol and all 
amendments were approved by an institutional review 
board or independent ethics committee. All patients and 
their caregivers gave written informed consent.

Procedures
Clinical diagnosis was established by an independent 
consensus panel, consisting of three clinicians (experts 
in the fi eld of DLB), who were provided with a patient 
profi le stemming from quality-assured clinical data from 
the onsite-investigators’ case record forms and copies of 
onsite original source data, containing full details of the 
following neuropsychiatric assessments: MMSE,19 unifi ed 
Parkinson’s disease rating scale (UPDRS) III (motor 
section),20 modifi ed Hoehn and Yahr staging,21 clinical 
assessment of cognitive fl uctuation scale,22 the Cambridge 
Cognitive Examination—revised version (CAMCOG-R),23 
Cornell scale for depression in dementia,24 the 
investigator’s estimation of the patient’s intelligence 
quotient level, neuropsychiatric inventory with caregiver 
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distress scale (NPI-D),25 visual object and space perception 
(VOSP) battery,26 and clinical dementia rating (CDR).27 
Results of MRI and CT scans and the onsite investigators’ 
clinical diagnosis before imaging were also available. The 
consensus panel did not at any stage have access to 
¹²³I-FP-CIT SPECT fi ndings and was unaware of the 
patients’ identities and the initials, centre, and names of 
investigators. Before starting to diagnose cases, we 
assessed the consensus panel members’ performance by 
presenting them with clinical data for ten non-study 
cases (fi ve DLB, fi ve Alzheimer’s disease; documented in 
the format described above) for whom autopsy diagnosis 
was independently available to validate their diagnostic 
accuracy. All cases were correctly allocated, with 100% 
concordance between the members of the consensus 
panel. 

The individual panel members reviewed each study 
case before meeting to agree a fi nal clinical diagnosis of 
probable DLB, possible DLB, or non-DLB dementia. 
Patients in the non-DLB category were further allocated 
to probable or possible Alzheimer’s disease, probable or 
possible vascular dementia, or other (other was to be 
specifi ed).

Within a few weeks of clinical diagnosis, we acquired 
SPECT images 3–6 h after a single intravenous injection 
of ¹²³I-FP-CIT27 (supplied by GE Healthcare).28 The 
recommended dose ranged from 111 MBq to 185 MBq. 
Images were acquired with 2-headed or 3-headed gamma 
cameras in a procedure that lasted approximately 40–60 min. 
Before and 12–24 h after ¹²³I-FP-CIT administration, we 
gave every patient a thyroid-blocking preparation to stop 
local uptake of the ligand.

An independent nuclear physician assessed the raw 
image data and interactively reconstructed all SPECT 
images on a HERMES workstation (Nuclear Diagnostics, 
Northfl eet, Kent, UK), using HERMES software (version 
3.4.4). Additionally, automated, volume-of-interest based 
semi-quantifi cation of regional DAT striatal binding was 
undertaken by the same physician using the BRASS 
neurodiagnostic module of the Hermes 3.4.4 software. 
Three independent blinded readers (nuclear physicians 

with expertise in DAT imaging) verifi ed the projection 
data and assessed these reconstructed images; blinded 
image assessment was also undertaken on a HERMES 
workstation with the above software at an independent 
image review centre (Oslo, Norway). All three readers 
visually interpreted the SPECT images individually in a 
random order and one of the physicians verifi ed the 
correctness of the previously performed quantifi cation 
procedure. The image analysis, procedures used, and 
results obtained are described in detail elsewhere.29 The 
physicians who assessed the SPECT images were 
unaware of the patients’ personal and clinical information, 
except for age, since striatal ¹²³I-FP-CIT binding ratios 
decrease with age.30 The readers classifi ed the images as 
normal or abnormal (fi gure 1). Abnormal scans were 
subdivided as previously described: asymmetric uptake 
with normal or almost normal putamen activity in one 
hemisphere and a more marked change on the other side 
(type 1); greatly reduced uptake in the putamen on both 
the right and left sides (type 2); uptake virtually absent 
(type 3). As can be seen, image D shows little or no 
evidence of specifi c binding in caudate and putamen 
compared with the rest of the cortex.13 We used only the 
dichotomous division of normal versus abnormal images 
for the effi  cacy assessment.

Statistical analysis
We analysed data with SAS software (version 9.1). For 
binomially distributed data, we assessed diff erences 
among the diff erent diagnostic groups (probable DLB, 
possible DLB, non-DLB dementia) with respect to 
patients’ characteristics by means of χ² tests. We used an 
analysis of variance (ANOVA) for normally distributed 
data; if normality could not be established, we used the 
non-parametric Kruskal-Wallis test.

Our primary analysis was a comparison of the results 
of visual assessment (normal or abnormal scan) in 
patients with probable DLB or non-DLB. For this 
analysis, we calculated: sensitivity—the percentage of 
times that the image diagnosis was abnormal given 
that the clinical diagnosis was probable DLB; 

A B C D

Figure 1: Normal and abnormal ¹²³I-FP-CIT SPECT images
A: normal. B: abnormal, type 1. C: abnormal, type 2. D: abnormal, type 3.



Articles

308 http://neurology.thelancet.com   Vol 6   April 2007

specifi city—the percentage of times that the image 
diagnosis was normal given that the clinical diagnosis 
was non-DLB; accuracy—the percentage of times the 
image diagnosis matched the clinical diagnosis; 
positive predictive value (PPV)—the percentage of 
times that the clinical diagnosis was probable DLB 
given that the image diagnosis was abnormal; and 
negative predictive value (NPV)—the percentage of 
times that the clinical diagnosis was non-DLB given 
that the image diagnosis was normal. We calculated 
95% CIs for these estimates with an exact binomial 
procedure. As part of a secondary analysis we then did 
similar calculations for patients diagnosed with 
possible DLB by the consensus panel. 

Sample size calculations were based on the hypothesis 
that the sensitivity and specifi city rates of ¹²³I-FP-CIT 
imaging in the detection of probable DLB and non-DLB 
patients would be 80% and 85%, respectively (based on 
an earlier single site study).15 Using a one-sided, binomial 
test with a target signifi cance level of 0·025, a total of 
218 patients (96 DLB and 122 non-DLB) was needed to 
achieve 90% power to detect –0·15 (sensitivity) and –0·12 
(specifi city) diff erence between these anticipated targets 
and prespecifi ed thresholds (0·65 for sensitivity, 0·73 for 
specifi city). An over-enrolment of 10% was done to adjust 
for incorrect clinical categorisation requiring approx-
imately 242 patients to be enrolled. An additional 50 
possible DLB cases were enrolled to allow a secondary 
objective of assessing the performance of imaging in 
this group and a further 10% were recruited to allow for 
dropouts and non-evaluable images (total at least 
320 subjects).

We ascertained inter-reader agreement for visual 
assessment (normal or abnormal scan) with Cohen’s κ 
statistic for each pair of independent image readers. 
Additionally, we calculated a generalised κ coeffi  cient that 
simultaneously combined the results of all three 
independent readers. κ values are equal to zero when the 
agreement does not diff er from chance and equal to one 
when there is perfect agreement. 

351 patients enrolled

 25 withdrawn before dosing
     6 did not fulfil inclusion criteria
   16 withdrew for personal reasons
     2 withdrawn by investigator
     1 patient’s carer refused consent

327 dosed with FP-CIT*

326 FP-CIT SPECT

38 excluded from efficacy analysis†
   11 unreadable images (4 incorrect 
         transformation and distribution 
         of raw radio uptake data and 
         7 images not evaluable as 
         judged by all 3 readers) 
   28 consensus panel unable to 
         establish a diagnosis

288 efficacy analysisBlinded image evaluation Consensus panel clinical 
assessment      

No category or 
not evaluable 
A:15; B:16; C:14

Evaluable A:273; 
B:272; C:274 56 possible DLB‡

88 probable DLB

144 non-DLB

Abnormal‡ A:101; 
B:98; C:98

Match A:63; 
B:60; C:65

Normal‡ A:172; 
B:174; C:176

Match A:127; 
B:124; C:126

Figure 2: Flow chart of patients’ disposition
*One patient who had not been enrolled into the study erroneously received radiotracer. No data were received 
and no case record form was fi lled in by the study centre. †Patients could be excluded for more than one reason. 
A, B and C refer to three independent, masked readers. ‡Patients with a diagnosis of possible DLB were not 
included in the confi rmatory analysis but are included in the numbers of images with normal and abnormal 
diagnosis. Abnormal includes types 1, 2, and 3. Non-DLB includes possible and probable Alzheimer’s disease, 
vascular dementia, and other forms of dementia.

Probable DLB (n=94) Possible DLB (n=57) Non-DLB (n=147) No diagnosis (n=28) p

Male 59 (63%) 36 (63%) 73 (50%) 19 (68%) 0·0810*

Female 35 (37%) 21 (37%) 74 (50%) 9 (32%)

Age (years) 74·2 (6·6) 74·8 (6·9) 74·9 (7·3) 70·9 (7·9) 0·0296†

UPDRS 28·9 (14·4) 18·5 (11·7) 6·0 (7·6) 17·3 (13·1) <0·0001†

Hoehn &Yahr 2·51 (1·07) 1·69 (1·05) 0·22 (0·78) 1·41 (1·39) <0·0001‡

MMSE 20·0 (4·5) 20·9 (4·2) 21·5 (4·4) 23·0 (3·6) 0·0104‡

CDR 1·4 (0·69) 1·2 (0·62) 1·2 (0·69) 1·3 (0·70) 0·0645‡

CAMCOG-R 60·6 (17·6) 63·1 (15·9) 65·4 (16·1) 68·2 (14·4) 0·0280†

Clinical assessment of cognitive fl uctuation 6·8 (4·2) 3·0 (4·1) 0·3 (1·2) 3·4 (3·9) <0·0001‡

NPI-Total 22·7 (17·9) 17·7 (13·3) 10·6 (11·4) 17·1 (14·6) <0·0001‡

Cornell scale for depression in dementia 6·2 (3·6) 5·7 (3·7) 3·6 (3·0) 6·4 (2·9) <0·0001‡

Data are mean (SD) or number (%). *χ2 test. †ANOVA. ‡Kruskal-Wallis test.

Table 1: Clinical characteristics of the 326 patients assessed by the consensus panel



Articles

http://neurology.thelancet.com   Vol 6   April 2007 309

Safety assessment
Patients’ safety was assured throughout the whole 
procedure. Safety assessment included adverse event 
reporting and evaluation of laboratory variables, vital 
signs, electrocardiogram, and physical and neurological 
examinations undertaken at various time points before, 
during, and after ¹²³I-FP-CIT administration and SPECT 
imaging.

Role of the funding source
The study was initiated by the principal investigators who 
designed the protocol in discussions with the sponsor 
(GE Healthcare) who fi nancially supported the collection, 
analysis, and interpretation of data, and who were involved 
in the writing of the report. The corresponding author 
had full access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

Results
Figure 2 shows the fl ow of the 351 patients through the 
study. 25 individuals withdrew from the trial before 
¹²³I-FP-CIT administration; these individuals are not 
included in the safety assessment. Of the 326 individuals 
who received the radiopharmaceutical and who comprised 
the safety population, 38 were not assessed for effi  cacy 
because 11 had unreadable images and 28 were not given 
a clinical diagnosis by the expert consensus panel (one 
subject was excluded on both grounds). The on-site 
clinical diagnoses for the 28 non-evaluable patients were 
fairly evenly distributed across the three diagnostic 
groups (probable DLB, n=6; possible DLB, n=9; non-
DLB, n=13). Their exclusion is unlikely therefore to have 
introduced a signifi cant selection bias.

The patients’ characteristics are shown in table 1 by 
subpopulation, according to the diagnoses made by the 
consensus panel. The mean age of the 326 patients who 

received ¹²³I-FP-CIT was 74·3 years and 57% were men. 
Of the 288 patients included in the effi  cacy analysis, 88 

were diagnosed with probable DLB, 56 with possible 
DLB, and 144 with non-DLB (of whom 90 had probable 
Alzheimer’s disease, 34 had possible Alzheimer’s disease, 
one had probable vascular dementia, eight had possible 
vascular dementia, and 11 fulfi lled DSM-IV criteria for 
dementia but subtype diagnosis was unclear). 150 had 
MRI structural scans and 176 had CT scans as part of the 
diagnostic procedure.

Table 2 shows the results of the three blinded SPECT 
readers with respect to the percentages of abnormal 
SPECT visual assessment fi ndings—probable DLB 
versus non-DLB patients. The mean sensitivity of SPECT 
imaging for a clinical diagnosis of probable DLB was 
77·7% (95% CI 64·1–88·3) and mean specifi city 90·4% 
(82·1–95·5). We obtained mean values of 85·7% (78·1–
91·3) for accuracy, 82·4% (68·1–91·7) for PPV, and 87·5% 
(79·4–93·4) for NPV.

Table 3 shows the sensitivity of ¹²³I-FP-CIT SPECT 
visual assessment fi ndings with respect to diagnoses of 
possible DLB and possible Alzheimer’s disease; a mean 
of 38·2% individuals with possible DLB had abnormal 
images (range 34·5–41·5) compared with a mean of 
13·3% (12·1–15·6) of individuals with possible 
Alzheimer’s disease.

The inter-reader agreement regarding visual assessment 
(normal or abnormal scan) was very high between the 
independent readers A and B: 0·82 (95% CI 0·75–0·90); 
A and C: 0·91 (0·85–0·96); B and C: 0·85 (0·78–0·91). 
For all three readers simultaneously, Cohen’s was 0·87 
(0·79–0·94), which also indicates good agreement. Most 
abnormal scans reported were either type 2 or type 3, 
with only 4·0–7·0% assessed as type 1. 

42 of the 326 patients who received ¹²³I-FP-CIT (13%) 
had a total of 51 adverse events. Most of these (86%) were 

Sensitivity (95% CI) (n=88)* Specifi city (95% CI) (n=144)* Accuracy (95% CI) (n=232)* PPV (95% CI) NPV (95% CI)

Reader A 77·8 (67·2–86·3) 91·4 (85·4–95·5) 86·4 (81·1–90·6) 84·0 (73·7–91·4) 87·6 (81·1–92·5)

Reader B 75·0 (64·1–84·0) 88·6 (82·1–93·3) 83·6 (78·1–88·3) 78·9 (68·1–87·5) 86·1 (79·4–91·3)

Reader C 80·2 (69·9–88·3) 91·3 (85·3–95·4) 87·2 (82·1–91·3) 84·4 (74·4–91·7) 88·7 (82·3–93·4)

Mean 77·7 (64·1–88·3) 90·4 (82·1–95·5) 85·7 (78·1–91·3) 82·4 (68·1–91·7) 87·5 (79·4–93·4)

*Total number of patients varies slightly by reader, depending on number of evaluable images (readers A and B, n=220; reader C, n=219)

Table 2: Sensitivity, specifi city, accuracy, PPV, and NPV of visual assessment of SPECT images in diff erentiating between probable DLB and non-DLB 

Probable DLB (n=88)* Possible DLB (n=56)* Probable AD (n=91)* Possible AD (n=35)* non-DLB (n=144)*

Reader A 77·8 (67·2–86·3) 41·5 (28·1–55·9) 5·8 (1·9–12·9) 15·6 (5·1–31·9) 8·6 (4·5–14·6)

Reader B 75·0 (64·1–84·0) 38·5 (25·3–53·0) 9·1 (4·0–17·1) 12·1 (3·4–28·2) 11·4 (6·7–17·9)

Reader C 80·2 (69·9–88·3) 34·5 (22·2–48·6) 5·9 (1·9–13·2) 12·1 (3·4–28·2) 8·7 (4·6–14·7)

Mean 77·7 (64·1–88·3) 38·2 (22·2–48·6) 6·9 (1·9–17·1) 13·3 (3·4–31·9) 9·6 (4·5–17·9)

Data are proportion of abnormal ¹²³I-FP-CIT SPECT images (95% CI). AD=Alzheimer’s disease. *Number of patients with the respective consensus panel diagnosis. Total 
number of patients varies slightly by reader, depending on number of evaluable images (reader A, n=273; reader B, n=272; reader C, n=274).

Table 3: Proportion of abnormal SPECT visual assessment fi ndings in relation to the groups of possible DLB, probable DLB, possible Alzheimer’s disease, 
probable Alzheimer’s disease, and non-DLB
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mild in intensity; fi ve (10%) were moderate; and two (4%) 
were severe. Ten adverse events (20%) were noted in nine 
patients and were felt to be related to ¹²³I-FP-CIT 
administration: three (6%) of nausea, two (4%) each of 
injection-site haemorrhage and injection-site erythema, 
and one (2%) each of dry mouth, vomiting, and headache. 
The injection-site related events observed were associated 
with the route of administration and were not the result 
of ¹²³I-FP-CIT-related sensitivity reaction. The remaining 
41 adverse events (80%) were deemed by the investigator 
to be related to a cause other than ¹²³I-FP-CIT. No patients 
withdrew because of adverse events. One death was 
reported during the study (fractured neck of femur 
unrelated to the procedure).

Discussion
Our results indicate a high rate of agreement between 
abnormal striatal DAT binding measured in vivo with 
¹²³I-FP-CIT SPECT and a clinical diagnosis of probable 
DLB (two or more core clinical features present).8 This 
fi nding confi rms and further extends fi ndings of earlier 
single-site studies.14,15 Given the high specifi city of 
probable DLB clinical diagnosis against the 
neuropathological diagnosis reported in a review of 
autopsy controlled studies31 (mean 92%), it is reassuring 
to fi nd that the SPECT diagnosis in this study has a 
similarly high specifi city against the consensus clinical 
diagnosis. The sensitivity of ¹²³I-FP-CIT SPECT imaging 
is much higher than the reported accuracy rates for 
clinical consensus criteria against neuropathological 
fi ndings, which taken collectively fi nd the mean sensitivity 

of a diagnosis of probable DLB to be only 49% (range 
0–83%). The potential gain in diagnostic precision 
provided by ¹²³I-FP-CIT SPECT is therefore pre-
dominantly in sensitivity of case detection, which could 
be increased from a mean of 49% to the 77·7% reported 
here. 

The clinical diagnosis of possible DLB is even more 
problematic. The only autopsy study to report on the 
accuracy of a possible DLB clinical diagnosis32 noted a 
specifi city of only 28%—ie, most had some other pathology 
accounting for their presentation. 38% of patients in our 
study who had a clinical diagnosis of possible DLB also 
had an abnormal ¹²³I-FP-CIT SPECT image, which is 
broadly similar to the autopsy rate. The pattern of binding 
within the possible DLB group seems to comprise a 
symmetrical bimodal distribution (fi gure 3) suggesting 
that it contained a mix of true DLB and non-DLB cases 
and that SPECT has the potential to discriminate between 
them. This possibility will need to be established through 
long-term follow-up of these cases. 

The signifi cance of an abnormal scan in 6·9% of 
patients with probable Alzheimer’s disease and 13·3% of 
patients with possible Alzheimer’s disease is unclear. 
Some patients were probably clinically misclassifi ed by 
the clinical panel because of a lack of typical DLB features. 
Images with low striatal binding (false-positive results) 
have also been reported in a small proportion (5%) of 
older controls.15 Conversely, a proportion of patients with 
apparently typical DLB in this study and others14,15 have 
normal scans, analogous to the SWEDD population 
(subjects without evidence of dopaminergic defi cit) 
identifi ed in clinical trials addressing the progression of 
Parkinson’s disease.33

A limitation of our study design is that the gold 
standard for image validation was a clinical and not a 
neuropathological diagnosis. However, the clinical 
consensus panel technique has been shown to be 
accurate in a prospective diagnostic study with 
neuropathological confi rmation, using the same three-
reader system.34 The sensitivity and specifi city of a 
clinical diagnosis of probable DLB (n=24) in that 
sample were 83% and 95% and of possible and probable 
Alzheimer’s disease combined (n=19) were 87% and 
83%. The feasibility of doing a 40-site multinational 
study with signifi cant autopsy accrual is highly 
questionable and would take many years of follow-up 
to achieve a representative autopsy sample. The 
consensus panel approach that we used is therefore 
justifi able and off ers a good surrogate for 
neuropathological diagnosis with no particular biases 
towards either improving or underestimating the 
performance of SPECT imaging.

A second potential limitation is that the presence of 
parkinsonism in DLB cases could have biased the results 
towards a higher rate of abnormal SPECT in the DLB 
groups. However, this is a circular argument as 
parkinsonism is one of the core features by which DLB is 
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Figure 3: Distribution of uptake ratios in patients with a clinical diagnosis of possible DLB
Uptake ratio was expressed as a ratio of the uptake in individual regions of interest to that of a region of non-
specifi c uptake in occipital cortex. Data for right putamen are shown—a similar pattern was seen in right caudate 
and right total striatum and in left caudate, left putamen, and left total striatum.  
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recognised. Analysis of scan performance in those 
probable DLB cases without signifi cant parkinsonism, 
defi ned by a UPDRS score of 15 or less (n=11, 13% of 
probable DLB group), identifi ed abnormal scans in 
64–70% of patients—similar to the performance in the 
whole group. The cut-off  of 15 was chosen because the 
UPDRS III motor scale contains 14 items and a score of 1 
on each of these may be consistent with normal ageing or 
due to minor confounding issues—eg, physical or 
cognitive comorbidity. Imaging seems, therefore, to be 
able to detect dopaminergic degeneration even when it is 
not clinically manifested as motor parkinsonism, 
potentially making the technique particularly useful in 
identifying such cases. Although up to a quarter of patients 
with Alzheimer’s disease can also develop levodopa-
resistant parkinsonism, this development usually arises 
late in the disease course and is not related to the loss of 
dopaminergic neurons but to striatal tangle pathology.35 

Such patients would not be expected to have severely 
abnormal DAT binding. Only three patients with 
Alzheimer’s disease had UPDRS scores of 15 or more in 
this mild-to-moderately demented study population, and 
in all three the SPECT result was normal, similar to a 
previous report.36

The 50% prevalence of probable and possible DLB 
cases in our study sample is much higher than the 
10–15% typically seen in a dementia assessment clinic 
but probably refl ects the type of population in which 
¹²³I-FP-CIT SPECT will typically be used—ie, a group 
with an increased suspicion and pretest probability of a 
DLB diagnosis. Most of our non-DLB cases had probable 
Alzheimer’s disease, only 3% had vascular dementia, and 
no cases of frontotemporal dementia were included. 
These latter two groups have been shown to have raised 
rates of abnormal DAT binding and clinicians should 
bear them in mind when interpreting the signifi cance of 
an abnormal ¹²³I-FP-CIT SPECT scan. 

Is making a clinical diagnosis of DLB important? We 
feel that it is, because it will prompt the clinician not 
only to modify pharmacotherapy, but also to assess the 
patient for additional DLB-specifi c symptoms that would 
not generally be considered in non-DLB dementias, such 
as Alzheimer’s disease. These include extrapyramidal 
motor signs, gait and balance problems, autonomic 
dysfunction, and specifi c sleep disorders. The avoidance 
of neuroleptics in DLB is important because of severe 
neuroleptic sensitivity reactions,37 which can induce 
severe and often irreversible parkinsonism with 
disturbances in level of consciousness and autonomic 
stability. There is also emerging evidence that some 
patients with DLB respond particularly well to 
cholinesterase inhibitors with improvements in 
attention, global cognition, and neuropsychiatric 
features, especially apathy, anxiety, visual hallucinations, 
and delusions.7

There are several other neuroimaging investigations that 
can help in reaching a diagnosis of DLB but with lower 

sensitivity and specifi city. Examples are preservation of 
hippocampal38 and medial temporal lobe volume (sensitivity 
38%, specifi city 100%) on MRI, 39 atrophy of the putamen,40 
occipital hypoperfusion SPECT (sensitivity 65%, specifi city 
87%),41,42 and hypometabolism (PET)43,44 without occipital 
atrophy on MRI.45 Other features, such as the degree of 
generalised atrophy, rate of progressive brain atrophy, and 
severity of white matter lesions do not aid in the diff erential 
diagnosis of DLB from other dementia subtypes.46,47 
Carbon-11-labelled dihydrotetrabenazine (DTBZ) PET, 
which examines striatal monoaminergic presynaptic 
terminal density,48 and cardiac iodine-123 metaiodo-
benzylguanidine (¹²³I-MIBG) scintigraphy examining 
cardiac sympathetic denervation49 have also been reported 
as useful in the discrimination of DLB and Alzheimer’s 
disease, but have not yet been applied in large-scale, 
multicentre clinical trials. 

The limited sensitivity of the 1996 clinical consensus 
criteria for DLB has prompted a recent revision based 
on new information accumulated since their 
formulation.50 The operationalisation of the core features 
has been improved with the recommendation of 
specifi cally designed methods for their detection and 
quantifi cation. Three new features deemed suggestive 
of DLB (REM sleep behaviour disorder, severe 
neuroleptic sensitivity, or low DAT binding in basal 
ganglia as shown by SPECT or PET imaging) warrant a 
diagnosis of probable DLB if one or more occurs in 
conjunction with one core feature. Even in the absence 
of any core features, these suggestive features should 
raise suspicion of possible DLB.

Our fi ndings suggest that ¹²³I-FP-CIT SPECT imaging 
can make a signifi cant contribution to increasing 
diagnostic accuracy of DLB. An abnormal scan in a 
patient with dementia and without a history of 
Parkinson’s disease is suggestive of DLB. The test may 
be used in patients in whom DLB is suspected (possible 
DLB) to increase diagnostic confi dence or to confi rm a 
diagnosis in cases of probable DLB (two or more core 
features) in which the clinician remains uncertain. The 
technique is acceptable to patients, and the image 
reconstruction and the visual analysis are practical and 
suffi  ciently robust for use in multiple clinical settings. 
¹²³I-FP-CIT SPECT imaging is not helpful in 
distinguishing DLB and Parkinson’s disease with 
dementia since nigrostriatal dopaminergic degeneration 
occurs in both disorders as it also does in other 
parkinsonian syndromes associated with dementia, 
including progressive supranuclear palsy, corticobasal 
degeneration, and multiple system atrophy. False 
positive (abnormal, low uptake) FP-CIT SPECT images 
may be produced if there are vascular lesions in the 
basal ganglia and, if suspected, these should be sought 
by CT or MRI.51 SPECT imaging seems to off er a 
signifi cant advance in improving our ability to 
distinguish DLB from Alzheimer’s disease and should, 
in doing so, contribute to better patient management.
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Article abstract—Objective: To determine the validity of a clinical diagnosis of probable or possible dementia with Lewy
bodies (DLB) made using International Consensus criteria. Background: Validation studies based on retrospective chart
reviews of autopsy-confirmed cases have suggested that diagnostic specificity for DLB is acceptable but case detection
rates as low as 0.22 have been suggested. Methods: We evaluated the first 50 cases reaching neuropathologic autopsy in a
cohort to which Consensus clinical diagnostic criteria for DLB, National Institute for Neurological and Communicative
Disorders and Stroke–Alzheimer’s Disease and Related Disorders Association criteria for AD, and National Institute of
Neurological Disorders and Stroke–Association Internationale pour la Recherche et l’Enseignement en Neurosciences
criteria for vascular dementia (VaD) had been prospectively applied. Results: Twenty-six clinical diagnoses of DLB, 19 of
AD, and 5 of VaD were made. At autopsy, 29 DLB cases, 15 AD, 5 VaD, and 1 progressive supranuclear palsy were
identified. The sensitivity and specificity of a clinical diagnosis of probable DLB in this sample were 0.83 and 0.95. Of the
five cases receiving a false-negative diagnosis of DLB, significant fluctuation was present in four but visual hallucina-
tions and spontaneous motor features of parkinsonism were generally absent. Thirty-one percent of the DLB cases
had additional vascular pathology and in two cases this contributed to a misdiagnosis of VaD. No correlations were
found between the distribution of Lewy bodies and clinical features. Conclusion: The Consensus criteria for DLB
performed as well in this prospective study as those for AD and VaD, with a diagnostic sensitivity substantially
higher than that reported by previous retrospective studies. DLB occurs in the absence of extrapyramidal features
and in the presence of comorbid cerebrovascular disease. Fluctuation is an important diagnostic indicator, reliable
measures of which need to be developed further. Key words: Dementia—Lewy bodies—Clinical criteria—Sensitivity
and specificity.

NEUROLOGY 2000;54:1050–1058

Early, accurate clinical diagnosis of dementia with
Lewy bodies (DLB) is important1-7 because it is com-
mon, accounting for 15 to 36% of demented cases at
autopsy,8-10 and has a different course,11 prognosis,12

and treatment response13,14 compared with other de-
mentia types. Particularly important management
issues include the avoidance of severe neuroleptic
sensitivity reactions, achieving the optimal level of
antiparkinsonian treatment without exacerbating

psychiatric symptoms, and a possible beneficial re-
sponse to cholinesterase inhibitors.

Three retrospective chart reviews examining the
validity of the Consensus criteria for clinical diagno-
sis of DLB7 have been published.5,6,10 Reported sensi-
tivity rates for a clinical diagnosis of probable DLB
have varied from 0.22 to 0.75, and specificity from
0.79 to 1.0. Although such retrospective validation
studies give a preliminary indication of the perfor-
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mance of diagnostic criteria, they are potentially con-
founded by clinical data that were either not
recorded in the first instance or were recorded in
insufficient detail. Lack of information substantially
reduces inter-rater reliability for specific items, and
if these are required for diagnosis, will also reduce
case detection rates, reflected in low sensitivity fig-
ures. For DLB diagnosis, the most problematic item
to determine reliably from case notes has been iden-
tified as “fluctuation.”4-6 This may, however, be as
much a limitation of retrospective chart reviews as of
the concept of fluctuation. The necessary test is to
apply the clinical diagnostic criteria actively to pa-
tients antemortem and then to follow their progress
to the time of death and subsequent autopsy. This
article reports the findings of such a prospective au-
topsy validation study of the DLB Consensus crite-
ria. The aim of the study was to assess their
sensitivity and specificity in a prospectively assessed
cohort, followed to neuropathologic autopsy.

Methods. Sample. The Medical Research Council pro-
spective dementia study was established in Newcastle upon
Tyne in 1995. Its specific purpose was to evaluate the patho-
logic characteristics of patients clinically diagnosed as having
dementia associated with cortical LB according to the New-
castle criteria1 for senile dementia of LB type (SDLT),9 and to
compare these with clinically diagnosed AD cases. Patients
were recruited via two routes. A specialist outpatient clinic
invited potential LB case referrals from psychiatrists, neurol-
ogists, and geriatricians covering a wide geographic area
(northeast England). The second source, which also provided
AD cases, was from consecutive referrals to an old age psy-
chiatry service responsible for assessing dementia presenta-
tions from a catchment area population of 100,000 people
aged over 65 years living in Tyneside. Cases were eligible for
the study if they met relevant diagnostic criteria, were not
severely demented (Mini-Mental State Examination [MMSE]
score � 8) at baseline, had a reliable informant, and gave
appropriately informed consent.

Clinical diagnosis was made after comprehensive multi-
disciplinary assessment. The DLB Consensus criteria were
published during the initial recruitment phase of the study
and were substituted for the original Newcastle criteria.
All DLB study diagnoses were therefore made using Con-
sensus criteria. National Institute for Neurological and
Communicative Disorders and Stroke–Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA)15

and National Institute of Neurological Disorders and
Stroke–Association Internationale pour la Recherche et
l’Enseignement en Neurosciences (NINDS-AIREN)16 crite-
ria were used for the diagnosis of probable or possible AD
or vascular dementia (VaD), respectively.

Research assessments at baseline and repeated annu-
ally were the Geriatric Mental State (GMS) and History
and Etiology (HAS) standardized psychiatric interviews,17,18

which collect demographic information and inquire into psy-
chiatric and medical history and symptomatic presenta-
tion; the Columbia University Scale for the assessment of
Psychosis in AD (CUSPAD)19; the Cambridge Cognitive
Examination (CAMCOG), a standardized and well vali-
dated 107-point cognitive assessment schedule20; and a
neurologic examination including a detailed assessment

for focal neurologic signs and the Unified PD Rating Scale
(UPDRS) motor section modified for use in demented pa-
tients.21 Next of kin were approached at study entry and
asked to indicate their intention to consent to brain au-
topsy at the time of the subject’s death.

Clinical diagnoses were reviewed after death and before
neuropathologic diagnosis was available. All clinical data
including research assessments and clinical charts were
made available to three independent raters (I.G.M.,
C.G.B., J.T.O.) who listed the clinical diagnoses made and
checked that patients had fulfilled criteria. The three rat-
ers’ decisions were compared and a primary research clin-
ical diagnosis—i.e., that considered most likely—was
assigned to each case. Cases of disagreement were resolved
by majority verdict. Secondary diagnoses were additionally
assigned, using the same procedures, in a hierarchical way
to all cases who fulfilled more than one set of criteria.

Neuropathologic evaluation. Brains were dissected
fresh for snap frozen tissue sampling and for formaldehyde
fixation. Cerebral hemispheres were sliced in the coronal
plane every 7.5 mm and the distribution and volume of
macroscopic infarcts were mapped on a standardized
chart, developed in Newcastle, and confirmed by histology
on the coronal slices. Microvascular changes (widening of
perivascular spaces, hyaline thickening of arteriolar walls,
perivascular pallor of myelin, areas of microinfarction)
were evaluated histologically in the basal ganglia; frontal,
temporal, parietal, and occipital cortices; deep white mat-
ter; hippocampus; amygdala; and midbrain/brainstem. The
neuropathologic diagnosis of AD was made using quantita-
tive techniques to determine plaque (von Braunmuhl
stain) and tangle (modified palmgren stain) density.9 The
Consortium to Establish a registry for Alzheimer’s Disease
(CERAD) protocol was also used to evaluate plaques,22 and
Braak staging23 and Newcastle criteria9,24 to quantify tan-
gles. The quantitative assessment of LB density followed
the Consensus protocol,7 using ubiquitin,25 Tau2, Alz50,
and AT8 antibodies26 to detect and distinguish cortical LB.
Neuropathologic diagnosis of DLB was made according to
the International Consensus criteria and a cortical LB
score was assigned following the protocol guidelines7; for
VaD, diagnosis was made according to NINDS-AIREN cri-
teria.16 Final neuropathologic diagnosis was agreed in all
50 cases by at least two assessors.

Statistical analysis. The sensitivity, specificity, posi-
tive and negative predictive values, and likelihood ratios
for each clinical diagnostic group were calculated27 using
pathologic diagnosis as the external validation. Sensitivity
is the proportion of true (neuropathologically confirmed)
positives correctly identified clinically; specificity is the
proportion of true negatives. Positive predictive value
(PPV) is the proportion of patients with positive test re-
sults who are correctly diagnosed; negative predictive
value (NPV) is the proportion of patients with negative
test results who are correctly diagnosed. The PPV and
NPV can be calculated for any prevalence as follows:

PPV �
Sensitivity � prevalence

Sensitivity � prevalence � �1 � specificity� � �1 � prevalence�

NPV �
Specificity � �1 � prevalence�

�1 � Sensitivity� � prevalence � specificity � �1 � prevalence�

The likelihood ratio represents the probability of making a
primary clinical diagnosis (A) if the patient truly has that
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same pathologic diagnosis (A), compared with the probabil-
ity of receiving diagnosis (A) despite having pathologic di-
agnosis (B or C).

Likelihood ratio �
Sensitivity

�1 � specificity�

Results. Fifty cases were autopsied out of 63 who died
during the first 3 years of the study—an autopsy accrual
rate of 79%. Twenty-six cases had a primary clinical diag-
nosis of DLB (25 probable and 1 possible), 19 had a pri-
mary diagnosis of AD (9 probable and 10 possible), and in
5 cases, VaD was the primary diagnosis (2 probable and 3
possible).

Thirty-one cases received secondary clinical diag-
noses—21 possible AD, 2 probable DLB, 7 possible DLB,
and 1 possible VaD. The relationships between primary
and secondary clinical diagnoses are shown in table 1 and
confirm previous reports that the majority of DLB cases
also meet criteria for other dementia subtypes, particu-
larly possible AD.5

At autopsy, 29 neuropathologic diagnoses of DLB were
made, 15 of AD, and 5 of VaD. One case had atypical
pathologic features of progressive supranuclear palsy
(PSP). The pathologic groups were similar for mean (SD)
age at death: DLB, 78.3 (5.5) years; AD, 83.4 (4.7) years;
and VaD, 79.7 (7.0) years. Sex distributions were also sim-
ilar: percentage of women in DLB was 58%; in AD, 68%;
and in VaD, 60%. VaD cases presented earlier in their
illness after first onset of symptoms, at a mean (SD) of 1.3
(0.6) years, compared with DLB at 3.6 (2.4) years and AD
at 3.3 (1.8) years. The prevalence of core clinical diagnostic
features of DLB (significant fluctuation, persistent vi-
sual hallucinations, spontaneous parkinsonism) in the
autopsy-confirmed DLB cases were 85%, 85%, and 87%,
respectively.

Neuropathologically, of the 29 autopsy-positive DLB
cases, 69% had Consensus criteria LB scores � 6 (neocor-
tical category), 24% had LB scores of 3 to 6 (limbic catego-
ry), and 7% had scores of 2 or less (brainstem category).
Patients in these these groups were not distinguishable by
any specific pattern of demographic or clinical features.
Using semiquantitative senile plaque estimates, 54% were
classified as CERAD definite AD cases, 33% as probable
AD, and 12% did not fulfill minimum CERAD criteria for
AD. Braak staging was: Stage 0, four cases; Stage 1, four
cases; Stage 2, 12 cases; Stage 3, four cases; Stage 4, four
cases; Stage 5, one case; and Stage 6, no cases. Only one
DLB case, therefore, had isocortical AD using the Braak
method, and only two cases (7%) had sufficient neocortical

neurofibrillary tangles for a diagnosis of AD using New-
castle criteria.24

Twenty of the 29 DLB cases (69%) had no significant
vascular pathology. Six (21%) had “incidental” small focal
ischemic lesions predominantly in white matter or basal
ganglia, and 3 (10%) had a moderate degree of vascular
pathology consisting of small infarcts (�15 mL) combined
with arteriosclerosis or congophilic angiopathy. In only one
case were these vascular lesions considered sufficient, by
themselves, to produce a dementing syndrome.

Clinicopathologic correlation and diagnostic accuracy.
Table 2 shows the sensitivity, specificity, PPV, NPV, and
likelihood ratios for each of the primary clinical diagnostic
groups. Twenty-four pathologically confirmed DLB cases
were correctly identified by primary clinical diagnoses of
probable DLB according to the Consensus criteria, returning
a diagnostic sensitivity and specificity of 0.83 and 0.95. For
all diagnoses of probable or possible DLB combined, speci-
ficity fell to 0.91. Corresponding figures for a clinical
diagnosis of probable or possible AD were 0.87 and 0.83,
and for probable and possible VaD, 0.40 and 0.93.

Three additional DLB autopsy cases were correctly
identified by their secondary diagnosis (two probable, one
possible), potentially increasing overall sensitivity of detec-
tion to 27/29 � 0.93. Six incorrect secondary diagnoses of
DLB were made (all as possible cases), reducing specificity
to 0.76 if secondary diagnoses are included in the analysis.

Misclassified cases. Eleven of the 50 primary clinical
diagnoses were not substantiated at autopsy (22%). Table
3 reports the pathologic findings in the two clinical false
positive and five false negative DLB cases.

False positive DLB diagnoses. Two false positive clini-
cal diagnoses of DLB were made. Case A (see table 4) was
a woman who at age 81 suddenly started to experience
recurrent complex visual hallucinations of people in her
house, also seeing colored flags and distorted images in
mirrors and windows. These fluctuated, being present for
several weeks at a time. At age 83, she was hospitalized
with an unexplained acute confusional state, following
which the hallucinations became more persistent. Her cog-
nitive impairment was always mild (MMSE 20/30 only 6
months before death) and did not show significant fluctua-
tions. CT brain scan was normal. Hachinski Ischemic
Score (HIS) was 2. There were no extrapyramidal features
but she became confused and very sedated with haloperi-
dol. The clinical diagnosis of possible DLB was based on
the presence of mild cognitive impairment and prominent
visual hallucinations. Nonprogression of dementia and
lack of cognitive fluctuation were atypical features. At au-

Table 1 Agreement between primary and secondary clinical diagnosis

Secondary clinical diagnosis

Primary clinical diagnosis

Probable DLB,
n � 24

Possible DLB,
n � 2

Probable AD,
n � 9

Possible AD,
n � 10

Probable VaD,
n � 2

Possible VaD,
n � 3

Probable DLB, n � 2 N/A 0 0 2 0 0

Possible DLB, n � 7 0 N/A 1 5 0 1

Possible AD, n � 21 17 1 N/A N/A 1 2

Possible VaD, n � 1 1 1 0 0 0 N/A

DLB � dementia with Lewy bodies; VaD � vascular dementia.
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topsy she had tau-positive neuronal inclusions suggesting
PSP but with an atypical distribution and mild vascular
pathology, but no LB.

The other clinical false positive diagnosis (of probable
DLB) was Case B, a 77-year-old man with severe bronchi-
ectasis and chronic obstructive airway disease who had
multiple hospitalizations because of recurrent confusional
episodes that were usually diagnosed as secondary to re-
current chest infections. He was too deaf for formal assess-
ment but appeared to have mild and only slowly
progressive cognitive impairment. When confused he re-
sponded to prominent visual hallucinations of people, ani-
mals, and flowers in his house. MRI brain scan showed
marked hippocampal atrophy. HIS was 3. There was mild
generalized limb rigidity, resting and action tremor, and
unsteady gait that was aggravated by thioridazine. A clin-
ical diagnosis of probable DLB was made because the con-
fusion and hallucinations sometimes appeared to occur
independently of recurrent chest infections. At autopsy he
had plaque-predominant AD and some additional minor
vascular pathology.

False negative DLB diagnoses. Five pathologically
confirmed DLB cases received other primary clinical diag-
noses (two as possible VaD—Cases C and G in table 4, and
three as possible AD—Cases D, E, and F). Two of these
five cases (D and F) had secondary diagnoses of probable
DLB and one (Case E) of possible DLB.

Case C. This 87-year-old man had a 1-year history of

recurrent confusional states and fluctuating levels of orien-
tation and consciousness that were presumed to be second-
ary to recurrent urinary infections, although urine
cultures were consistently negative. CT brain scan showed
mild, generalized atrophy only. Later, he had a definite
stroke with a residual left hemiparesis, followed by a se-
ries of transient ischemic attacks. CT was not repeated.
HIS was 13. The fluctuating confusional episodes, which
were marked in first 1 to 2 years of his illness, diminished
after the stroke. Hallucinations and extrapyramidal features
were never recorded. He was diagnosed with possible VaD.

Case G. This 88-year-old woman experienced rapid
cognitive decline over 6 months. Mild day-to-day fluctua-
tion was noted but no hallucinations or extrapyramidal
features were present. She had asymmetric tendon re-
flexes L � R and CT brain scan showed small areas of
infarction in the basal ganglia in addition to moderate
generalized atrophy. HIS was 7. A SPECT blood flow scan
showed low cortical uptake and a right anterior parietal
defect. She was diagnosed with possible VaD.

Case D. Case D had a rapid onset of fluctuating confu-
sion at age 84 with repeated unexplained falls and visual
hallucinations where she imagined seeing relatives in her
house and cats and dogs in the pattern on her carpet. She
also heard a baby crying. These stopped abruptly after 5
months although paranoid delusions about poisoning and
theft persisted. CT brain scan showed generalized atrophy
and periventricular ischemia. HIS was 6. She became over-
sedated with mild limb rigidity on 1 mg risperidone daily
but had no spontaneous extrapyramidal features. Late-
stage episodic losses of consciousness were diagnosed as
TIAs despite absence of focal neurologic signs. Although
she met probable DLB criteria early in her illness, this was
considered as a secondary diagnosis because core symp-
toms did not persist.

Case E. This man had a history of having an anterior
cerebral aneurysm clipped at age 70 after frontal headache
and collapse. He had a myocardial infarction and devel-
oped secondary renal impairment at age 72. There was
fluctuating confusion of sudden onset at age 78 in which he
was intermittently disorientated with socially disinhibited
behavior, but he also had lucid periods. CT brain scan

Table 2 Sensitivity, specificity, and predictive values of primary clinical diagnoses compared with neuropathologic diagnosis

Primary clinical diagnosis

Pathologic diagnosis

DLB,
n � 29

AD,
n � 15

VaD,
n � 5 PSP Sensitivity Specificity PPV NPV Likelihood ratio

Probable DLB, n � 25 24 1 0 0 0.83 0.95 0.96 0.80 17.3

Possible DLB, n � 1 0 0 0 1

Probable � possible DLB, n � 26 24 1 0 1 0.83 0.91 0.92 0.79 8.7

Probable AD, n � 9 0 7 2 0 0.78 0.94 0.78 0.94 12.0

Possible AD, n � 10 3 6 1 0

Probable � possible AD, n � 19 3 13 3 0 0.87 0.83 0.68 0.94 5.0

Probable VaD, n � 2 0 0 2 0 0.40 1.00 1.00 1.00 —

Possible VaD, n � 3 2 1 0 0

Probable � possible VaD, n � 5 2 1 2 0 0.40 0.93 0.40 0.93 5.7

DLB � dementia with Lewy bodies; VaD � vascular dementia; PSP � progressive supranuclear palsy; PPV � positive predictive value;
NPV � negative predictive value.

Table 3 Agreement between secondary clinical diagnosis and
neuropathologic diagnosis

Secondary clinical diagnosis

Pathologic diagnosis

DLB AD VaD

Probable DLB, n � 2 2 0 0

Possible DLB, n � 7 1 6 0

Possible AD, n � 21* 18 1 1

Possible VaD, n � 1 1 0 0

* 1 � Atypical tau disorder (progressive supranuclear palsy);
DLB � dementia with Lewy bodies; VaD � vascular dementia.
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showed the surgical clip and some right frontal atrophy
only. HIS was 4. He met possible DLB criteria but possible
AD was the primary diagnosis, the atypical features being
attributed to frontal damage following surgery.

Case F. This man was first assessed at age 77 after 5
years of progressive cognitive decline that started with
sudden onset of periodic confusion, daytime drowsiness,
and visual hallucinations. HIS was 2. In his final year,
poor mobility and falls were attributed to parkinsonism
but were nonresponsive to levodopa. Although he met

probable DLB criteria, the diagnosis of possible AD was
preferred because cognitive fluctuation was not marked
and the hallucinations were thought to be possibly due to
cataracts and digoxin toxicity.

Discussion. Using Consensus criteria for the diag-
nosis of DLB, 24 of 29 autopsy-confirmed cases were
correctly identified antemortem—a sensitivity rate of
0.83. Two false positive clinical diagnoses of DLB
were made (one probable, one possible), producing an

Table 4 Neuropathologic features of clinically misclassified dementia with Lewy bodies (DLB) cases

Case

Primary (1) and secondary (2)
clinical diagnosis and core

clinical features

CERAD
diagnosis,*

rank
Braak
stage†

Newcastle
AD

criteria AD type

Vascular features
(all insufficient on their
own to cause dementia)

Cortical
LB

score

Neuro-
pathologic
diagnosisFluctuation Hallucinations EPF 1st 2nd 3rd

Clinical false positive DLB cases (n � 2)

A 1) Possible DLB 11 2 1 � Small infarcts in putamen Atypical tau
2) Possible AD and globus pallidus external disorder

0 �� 0 segment and cerebellum (atypical PSP)

B 1) Probable DLB 2 7f 5 � Atypical—plaque Small vessel pathology AD atypical
2) Possible AD predominant, (perivascular space

� � � medial temporal enlargement and diffuse
and subcortical white matter pallor) and
tangles small infarcts in frontal

lobe white matter and
cerebellum

Clinical false negative DLB cases (n � 5)

C 1) Possible VaD 6c 7a 3 0 � Small old parieto-occipital 9 DLB,
2) Possible AD infarct, larger recent neocortical

� � � fronto-parietal and category
occipital infarcts, and
vascular amyloid in
occipital lobe

D 1) Possible AD 2 6d 5 � Typical—neocortical Moderate vascular 7 DLB,
2) Probable DLB plaques and tangles thickening and increased neocortical

� � � and subcortical perivascular spaces in category
tangles putamen and mild

arteriosclerosis in white
matter vessels

E 1) Possible AD 7f 6b 4a 3 � Mild diffuse congophilic 0 DLB, brainstem
2) Possible DLB angiopathy, small left category

�� � � parietal infarct and
superficial hemosiderosis

F 1) Possible AD 6c 2 2 � Mild—plaque None of note 9 DLB,
2) Probable DLB predominant and neocortical

� � � medial temporal category
tangles

G 1) Possible VaD 6d 7f 2 � Ischemic focus in 4 DLB, limbic
2) Possible AD hippocampus (CA1) and category

� � � prominent arteriosclerosis
in striatum with vascular
tortuosity and perivascular
enlargement

* Consortium to Establish a Registry for AD (CERAD) diagnosis: 2 � definite AD; 3 � probable AD; 4a � possible AD; 5a � definite PD with or without
dementia and with LB at any site; 6b � PD-related changes with LB in substantia nigra and/or other subcortical structures (brainstem DLB); 6c � PD-
related changes with LB in neocortex (neocortical DLB); 6d � PD-related changes with LB in amygdala and/or entorhinal cortex (limbic DLB); 7a � vas-
cular disease with infarcts only; 7f � vascular disease, other than infarcts, lacunae, Binswanger’s disease, and hemorrhage; 11 � progressive
supranuclear palsy (PSP).

† Braak stages of AD: 1�2 � transentorhinal; 3�4 � limbic; 5�6 � isocortical.
EPF � extrapyramidal features.
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overall diagnostic specificity of 0.91 in this sample.
Three additional LB cases were given secondary clin-
ical diagnoses of DLB (two possible and one proba-
ble), potentially increasing sensitivity to 0.93,
although at the cost of reduced specificity (0.76).
These figures compare favorably with the corre-
sponding sensitivity and specificity rates for
NINCDS-ADRDA diagnoses of AD (0.87, 0.83) and
NINDS-AIREN diagnoses of VaD (0.40, 1.00) made
within this same study and similar to those reported
elsewhere.28,29

The group of patients studied was heavily biased
toward including patients with DLB, who accounted
for 52% of the clinical and 58% of the pathologic
sample. This weighting was intentional as the pri-
mary objective was to test how the Consensus crite-
ria performed in the positive identification of cases.
We anticipated, therefore, that we might tend to
overdiagnose DLB clinically, and were surprised to
find the opposite, with only 2/26 (8%) false positive
diagnoses but 5/29 (17%) of autopsy-confirmed cases
remaining undetected.

The over-representation of DLB cases (the preva-
lence of autopsy-confirmed DLB in patients attend-
ing our routine dementia assessment service is
typically only 15 to 20%) requires an adjustment to
be made so that PPV and NPV rates can be general-
ized to clinical practice. Positive and negative predic-
tive values are dependent on the prevalence of the
disease in the sampling frame and can be calculated
for any known prevalence—see Statistical methods
for details.

Assuming a DLB prevalence of 15%, the estimated
PPV for a primary diagnosis of probable DLB is 0.75
and NPV is 0.96. In other words, 75% of cases clini-
cally assessed as probable DLB in our routine de-
mentia assessment service are likely to be correctly
diagnosed, as are 96% of those considered not to
have DLB. For all DLB primary diagnoses (probable
� possible), PPV � 0.61, NPV � 0.97. The corre-
sponding figures for a DLB prevalence of 20% are
probable DLB, 0.80, 0.95; and for probable and possi-
ble DLB combined, 0.69, 0.95. A similar calculation
to adjust AD prevalence rates from the 30% in this
research sample to the 60% usually reported in our
typical clinic population produces estimates for a di-
agnosis of probable AD of PPV � 0.95, NPV � 0.73,
and for probable and possible AD combined, PPV �
0.88, NPV � 0.81.

Five DLB pathology cases were given incorrect
primary clinical diagnoses—three of possible AD and
two of possible VaD. The clinical findings were char-
acterized by a lack of spontaneous extrapyramidal
features in four of the five and by the absence of
visual hallucinations in three or a failure of these to
persist over time in one case (Case D). We have
previously commented on the importance of clini-
cians being prepared to diagnose DLB in the absence
of parkinsonism,30 as literature review of nine recent
studies finds it never to occur in up to 20% of cases.12

Review also finds visual hallucinations to be present

at any point throughout the illness in only 46%
(range 13 to 80%). Therefore, although both of these
core features are useful “signposts” alerting clini-
cians to the possibility of DLB, they cannot be relied
upon to detect approximately one fifth of cases. In
Case E, the presence of an etiologic factor (previous
intracranial surgery) possibly accounted for the atyp-
ical, fluctuating clinical presentation. He had super-
ficial cerebral hemosiderosis due to an anterior
communicating artery aneurysm and brainstem LB
in this case may represent epiphenomenal LB.31

All three cases incorrectly assigned as having pos-
sible AD were additionally given secondary diag-
noses of DLB, indicating that the assessors had
recognized suggestive clinical features but had diffi-
culty in correctly interpreting their significance in
relation to other signs and symptoms. Neither of the
two cases misdiagnosed with possible VaD was of-
fered a secondary diagnosis of DLB, even though
both met possible criteria. Additional vascular pa-
thology was present in 9 of the 29 cases (31%) classi-
fied neuropathologically as having DLB; in 6 cases
(21%), the lesions were “incidental” small, focal areas
of ischemia, predominantly in white matter or basal
ganglia, of the type commonly reported in the brains
of cognitively unimpaired older people. They had no
effect on accuracy of DLB diagnosis.

In the three remaining cases (10%), the vascular
pathology was more extensive and in two was associ-
ated with a clinical misdiagnosis of possible VaD.
Review of Case C shows that fluctuating, confusional
episodes preceded the patient’s later stroke by at
least a year and the incorrect clinical diagnosis was
partly a consequence of attempting to find a unitary
explanation for all symptoms, rather than opting for
a “mixed pathology” category. In Case G, a combina-
tion of sudden onset, asymmetric tendon reflexes (re-
corded on only one occasion) and brain scan findings
(CT and SPECT) indicative of cerebrovascular dis-
ease contributed to the selection of a primary vascu-
lar diagnosis. Barber et al.32 have shown that
periventricular lesions and white matter hyperinten-
sities on MRI occur in similar proportions of DLB
and AD patients, both being significantly more prev-
alent than in aged controls and less than in VaD.
Minor brain imaging abnormalities, which are often
interpreted as evidence of cerebrovascular disease,
should not automatically exclude a DLB diagnosis—
they are consistent with it and may indicate addi-
tional vascular pathology. The decision-making
process appears analogous with that for interpreting
imaging findings when diagnosing AD.

In four of the five autopsy DLB cases not clinically
diagnosed as such, significant cognitive fluctuation
was recorded in the records, confirming that this is a
key symptom in detecting the syndrome.7,9 Mega et
al.5 have suggested that well-defined operationalized
criteria for distinguishing the fluctuations that char-
acterize DLB are lacking. They suggested that fluc-
tuations of 5 or more points on the MMSE over three
administrations in a 6-month period could meet this
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criterion, although within that particular study this
criterion did not achieve satisfactory inter-rater reli-
ability. Because our subjects were assessed only an-
nually, we could not directly test this hypothesis.
The report of the Second International Workshop on
DLB33 recommends that a variety of complementary
techniques be developed to improve the assessment
of cognitive fluctuation. These include the use of
questionnaires and diary keeping by a reliable infor-
mant, which provide a more comprehensive evalua-
tion of different aspects of function, which may
fluctuate. The administration of specific psychomet-
ric procedures, including computer-based tasks,
which are sensitive to very short-term variations in
attentional performance may also help to discrimi-
nate DLB from AD.34

Three previously published, retrospective chart re-
views examining the validity of the Consensus crite-
ria have already been mentioned.5,6,10 Although each
used slightly different neuropathologic methods, all
three approximated closely to the Consensus guide-
lines and technical variations are unlikely to have
contributed greatly to any discrepant findings.
Twenty-five percent of LB pathology cases from a
community-based dementia case register in London10

had additional vascular pathology, similar to the
31% that we found. Our experience is that patients
with mixed pathology pose greater problems in accu-
rate clinical diagnosis than “pure” pathologic cases.
Chart review identified only two of nine DLB au-
topsy cases without additional vascular pathology in
the London series (sensitivity � 0.22) with no false
positive clinical diagnoses (specificity � 1.0). Inspec-
tion of the data presented in that article shows that
two of these nine cases did not receive a clinical
diagnosis of DLB because of a �1 year history of
motor PD before the onset of neuropsychiatric fea-
tures. Although the Consensus statement does stipu-
late this arbitrary 1-year cutoff, its primary function
was to distinguish marker points along the spectrum
of LB disease rather than to discriminate from other
pathologies. If these two motor onset cases are in-
cluded, sensitivity increases to 0.44. Two further
cases were excluded because of “stroke disease as
evidenced by brain imaging,” although precise de-
tails of the imaging changes are not given. Minor
periventricular lucencies or white matter hyperin-
tensities would be consistent with a primary diagno-
sis of DLB.32 Another group6 has suggested that four
clinical features have utility in discriminating DLB
and AD cases: unspecified hallucinations, unspeci-
fied extrapyramidal features, fluctuating course, and
rapid progression. The presence of only one of these
symptoms had high sensitivity (0.91) but low speci-
ficity (0.62) and was therefore analogous with the
Consensus “possible” DLB category. Two, three, or
more features were associated with improved specific-
ity, but as this reached unity, sensitivity fell to 0.43.

In the most recent study to examine these is-
sues,35 clinical abstracts from 18 autopsy-confirmed
DLB and 76 other non-LB demented cases were re-

viewed. Inter-rater reliability was acceptable for all
key diagnostic items, ranging from 0.57 for fluctua-
tion to 0.90 for extrapyramidal features. Consensus
criteria for probable DLB had sensitivity of 0.61 and
specificity of 0.84. Diagnostic accuracy improved fur-
ther (0.78, 0.85) when the analysis was confined to
patients with mild or moderate disease or when DLB
cases also fulfilling pathologic criteria for AD were
excluded (0.78, 0.81).

Several other groups of investigators have pre-
sented limited data in abstract form about clinico-
pathologic correlations in patients clinically
diagnosed as having DLB by Consensus criteria. In
the Oxford Project To Investigate Memory and Aging
(OPTIMA) project,36 26 of 102 (25%) of a consecutive
series of demented cases were found to have nigral
LB. At study entry the sensitivity value of the Con-
sensus criteria was 0.58; specificity, 0.89; PPV, 0.89;
and NPV, 0.86. Patients clinically diagnosed with
possible DLB were no more likely to have LB at
autopsy than were other diagnostic groups, reflecting
our own experience that possible DLB as currently
defined is a nonspecific label. A discriminant func-
tion analysis including 12 items found seven factors
that were able to correctly distinguish 85% of
autopsy-proven DLB cases from an AD group.37

These were neuroleptic sensitivity, nonvisual hallu-
cinations, clouding of consciousness, syncope, sponta-
neous parkinsonian features, fluctuations, and
gender. One study38 found the Consensus criteria to
be highly sensitive (0.89) but the false positive diag-
nosis rate was also high (71%).

This prospective evaluation of the Consensus cri-
teria for the clinical diagnosis of DLB made few false
positive diagnoses. Even when diagnostic accuracy
rates are corrected to take account of the high pro-
portion of DLB cases in this series, the estimated
PPV for probable DLB in a typical dementia clinic
population is 0.75 to 0.80. This is similar to the PPV
of 0.75 recently reported in a study sample that had
a 19% prevalence of DLB cases,35 suggesting that the
core features of DLB, particularly items relating to
fluctuation, can be identified when the appropriate
clinical methods detailed in the Consensus article
are actively applied. Seventeen percent of autopsy-
confirmed cases in our sample remained undetected,
even when the index of suspicion for DLB was high
within a research study. Lack of extrapyramidal fea-
tures and visual hallucinations were the usual rea-
sons for misdiagnosis, which was more likely to occur
in the presence of additional vascular pathology.
This suggests that in routine clinical practice a sig-
nificant proportion of DLB cases are continuing to go
undiagnosed. Fluctuating cognition appears to be a
more frequent and specific diagnostic feature than
either visual hallucinations or parkinsonism. The
Second International Workshop on DLB33 recom-
mended that the Consensus criteria should continue
to be used in their current format, the only modifica-
tion being the addition of REM sleep behavior disor-
der and depression to the list of additional features
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“supportive” of a diagnosis of DLB. Standardized
methods for identifying fluctuation need to be estab-
lished and diagnostic accuracy may be additionally
improved by the use of appropriate investigations.
Medial temporal lobe atrophy on MRI is significantly
less in DLB than in AD38 and reduced dopamine
transporter activity in the striatum39 may be visual-
ized by FP-CIT SPECT in DLB but not AD.40 Future
clinicopathologic validation studies should incorpo-
rate such diagnostic investigations applied to a suit-
ably heterogenous case mix, including a greater
proportion with possible DLB and patients present-
ing with motor features of PD. Neuropathologic iden-
tification of DLB cases should be augmented by the
use of antibodies to 	-synuclein, which are emerging
as the most sensitive markers of LB disease.41 A final
important observation is that there is a high preva-
lence of mixed pathology, even in a highly selected
cohort of demented subjects such as these, serving as a
reminder that Occams’s razor does not always serve
the clinician well. Future developments in clinical clas-
sification of the dementias should take account of this.

Acknowledgment
The authors acknowledge Andrew Brown and Rosalin Hall for
technical assistance in neuropathology; Jean Scott, Debbie Lett,
and Kate Wallace for autopsy liaison; and Maureen Middlemist,
for preparing the manuscript.

References
1. McKeith IG, Perry RH, Fairbairn AF, Jabeen S, Perry EK.

Operational criteria for senile dementia of Lewy body type
(SDLT). Psychol Med 1992;22:911–922.

2. Byrne EJ, Lennox G, Godwin-Austen RB, et al. Dementia
associated with cortical Lewy bodies. Proposed diagnostic cri-
teria. Dementia 1991;2:283–284.

3. Hulette C, Mirra S, Wilkinson W, et al. The Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD). Part IX.
A prospective cliniconeuropathologic study of Parkinson’s fea-
tures in Alzheimer’s disease. Neurology 1995;45:1991–1995.

4. McKeith IG, Fairbairn AF, Perry RH, Thompson P. The clini-
cal diagnosis and misdiagnosis of senile dementia of Lewy
body type (SDLT). Br J Psychiatry 1994;165:324–332.

5. Mega MS, Masterman DL, Benson F, et al. Dementia with
Lewy bodies: reliability and validity of clinical and pathologic
criteria. Neurology 1996;47:1403–1409.

6. Luis CA, Barker WW, Gajara K, et al. Sensitivity and specific-
ity of three clinical criteria for dementia with Lewy bodies in
an autopsy-verified sample. Int J Geriatr Psychiatry 1999;14:
526–533.

7. McKeith IG, Galasko D, Kosaka K, et al. Consensus guide-
lines for the clinical and pathologic diagnosis of dementia with
Lewy bodies (DLB): report of the Consortium on DLB interna-
tional workshop. Neurology 1996;47:1113–1124.

8. Hansen L, Salmon D, Galasko D, et al. The Lewy body variant
of Alzheimer’s disease: a clinical and pathologic entity. Neu-
rology 1990;40:1–8.

9. Perry RH, Irving D, Blessed G, Fairbairn A, Perry EK. Senile
dementia of Lewy body type. A clinically and neuropathologi-
cally distinct form of Lewy body dementia in the elderly.
J Neurol Sci 1990;95:119–139.

10. Holmes C, Cairns N, Lantos P, Mann A. Validity of current
clinical criteria for Alzheimer’s disease, vascular dementia and
dementia with Lewy bodies. Br J Psychiatry 1999;174:45–50.

11. Del-Ser T, Munoz DG, Hachinski V. Temporal pattern of cogni-
tive decline and incontinence is different in Alzheimer’s disease
and diffuse Lewy body disease. Neurology 1996;46:682–686.

12. Papka M, Rubio A, Schiffer RB. A review of Lewy body dis-
ease, an emerging concept of cortical dementia. J Neuropsy-
chol Clin Neurosci 1998;10:267–279.

13. McKeith I, Fairbairn A, Perry R, Thompson P, Perry E. Neu-
roleptic sensitivity in patients with senile dementia of Lewy
body type. BMJ 1992;305:673–678.

14. Shea C, MacKnight C, Rockwood R. Donepezil for treatment
of dementia with Lewy bodies: a case series of nine patients.
Int Psychogeriatr 1998;10:229–239.

15. McKhann G, Drachman D, Folstein M, et al. Clinical diagno-
sis of Alzheimer’s disease: report of the NINCDS-ADRDA
Work Group under the auspices of Department of Health and
Human Services Task Force on Alzheimer’s Disease. Neurol-
ogy 1984;34:939–944.

16. Roman GC, Tatemischi T, Erkinjuntti T, et al. Vascular de-
mentia: diagnostic criteria for research studies. Report of the
NINDS-AIREN International Workshop. Neurology 1993;43:
250–260.

17. Copeland JRM, Kelleher J, Kellett JM, et al. A semi-
structured clinical interview for the assessment and diagnosis
of mental state in the elderly. Psychol Med 1976;6:439–449.

18. Dewey ME, Copeland JRM, Lobo A, Saz P, Dia SL. Computer-
ised diagnosis from a Standardised History Schedule: a pre-
liminary communication about the organic section of the HAS-
AGECAT system. Int J Geriatr Psychiatry 1992;7:443–446.

19. Devanand DP, Miller L, Marder K, Bell K, Stern J. The Co-
lumbia University Scale for Psychopathology in Alzheimer’s
disease. Arch Neurol 1992;49:371–376.

20. Roth M, Tym E, Mountjoy C, et al. CAMDEX: a standardised
instrument for the diagnosis of mental disorder in the elderly
with special reference to the early detection of dementia. Br J
Psychiatry 1986;149:698–709.

21. Ballard C, McKeith I, Burn D, et al. The UPDRS scale as a
means of identifying extrapyramidal signs in patients suffer-
ing from dementia with Lewy bodies. Acta Neurol Scand 1997;
96:366–371.

22. Mirra SS, Heyman A, McKeel D, et al., and participating
CERAD neuropathologists. The Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD). Part II. Standard-
ization of the neuropathological assessment of Alzheimer’s
disease. Neurology 1991;41:479–486.

23. Braak H, Braak E. Neuropathological staging of Alzheimer-
related changes. Acta Neuropathol 1991;82:239–259.

24. Tomlinson BE. Second Dorothy S. Russell Memorial Lecture.
The neuropathology of Alzheimer’s disease—issues in need of
resolution. Neuropathol Appl Neurobiol 1989;15:491–512.

25. Lennox G, Lowe J, Landon M, et al. Diffuse Lewy body disease:
correlative neuropathology using anti-ubiquitin immunocyto-
chemistry. J Neurol Neurosurg Psychiatry 1989;52:1236–1247.

26. Jaros E, Hall P, Ince P, Perry RH. Phosphorylated Tau is
present in ubiquitin positive Lewy neurites (LN) in the CA2
region of the hippocampus in dementia with Lewy bodies.
Neurobiol Aging 1998;19(4S):845. Abstract.

27. Altman G, Bland JM. Diagnostic tests 2: predictive values.
BMJ 1994;309:102.

28. Kukull WA, Larson EB, Reifler BV, et al. The validity of three
diagnostic criteria for Alzheimer’s disease. Neurology 1990;40:
1364–1369.

29. Gold G, Giannakopoulos P, Montes-Paixao C Jr, et al. Sensi-
tivity and specificity of newly proposed criteria for possible
vascular dementia. Neurology 1997;49:690–694.

30. McKeith IG. Dementia with Lewy bodies: clinical and patho-
logical diagnosis. Alzheimer Rep 1998;1:83–87.

31. Raghavan R, Khin NC, Brown A, et al. Detection of Lewy
bodies in Trisomy 21 (Down’s syndrome). Can J Neurol Sci
1993;20:48–51.

32. Barber R, Gholkar A, Ballard C, et al. White matter lesions on
MRI in dementia with Lewy bodies, Alzheimer’s disease, vas-
cular dementia and normal ageing. J Neurol Neurosurg Psy-
chiatry 1999;67:66–72.

33. McKeith IG, Perry EK, Perry RH. Diagnosis and treatment of
dementia with Lewy bodies (DLB): report of the second DLB
International Workshop. Neurology 1999;53:902–905.

34. Walker MP, Ayre GA, Wesnes K, O’Brien JT, McKeith IG,
Ballard CG. A psychophysiological investigation of fluctuating
consciousness in neurodegenerative dementia. Hum Psycho-
pharmacol Clin Exp 1999;14:2483. Abstract.

35. Verghese J, Crystal HA, Dickson DW, Lipton RB. Validity of
clinical criteria for the diagnosis of dementia with Lewy bod-
ies. Neurology 2000 (in press).

36. Drach LM, Schubert S, Tews K-H, Bohl J, Steinmetz HEE.

March (1 of 2) 2000 NEUROLOGY 54 1057
 at Schering AG--Berlin on July 28, 2008 www.neurology.orgDownloaded from 



Evaluation of clinical diagnostic criteria for dementia with
Lewy bodies. Neurobiol Aging 1998;19(4S):857. Abstract.

37. Papka M, Schiffer R, Rubio A. Diagnosing Lewy body disease:
accuracy of clinical criteria in detecting Lewy body pathology.
Neurobiol Aging 1998;19(4S):854. Abstract.

38. Barber R, Gholkar A, Scheltens P, et al. Medial temporal lobe
atrophy on MRI in dementia with Lewy bodies: a comparison
with Alzheimer’s disease, vascular dementia, and normal ag-
ing. Neurology 1999;52:1153–1158.

39. Piggott MA, Marshall EF, Thomas N, et al. Striatal dopami-

nergic markers in dementia with Lewy bodies, Alzheimer’s
and Parkinson’s diseases: rostrocaudal distribution. Brain
1999;122:1449–1468.

40. Walker Z, Costa DC, Ince P, McKeith IG, Katona CLE. In vivo
demonstration of dopaminergic degeneration in dementia with
Lewy bodies using 123I-FP-CIT and SPECT. Lancet 1999;354:
646–647.

41. Spillantini MG, Schmidt ML, Lee VM-Y, Trojanowski JQ,
Jakes R, Goerdert M. 	-Synuclein in Lewy bodies. Nature
1997;388:839–840.

Unilateral pallidotomy in PD
A controlled study of cognitive and behavioral effects

B. Schmand, PhD; R.M.A. de Bie, MD; M. Koning-Haanstra, MSc; J.S. de Smet, MSc; J.D. Speelman, MD;
and A.H. van Zomeren, PhD, for the Netherlands Pallidotomy Study (NEPAS) group

Article abstract—Objective: To investigate whether unilateral pallidotomy affects cognitive and behavioral functioning.
Methods: At baseline and after 6 months we assessed neuropsychological functioning in 35 patients with advanced PD.
After baseline examination, patients were randomized to pallidotomy within 1 month (6 left-sided, 13 right-sided) or to
pallidotomy after follow-up assessment 6 months later (n � 16; control group). We performed neuropsychological tests of
language, visuospatial function, memory, attention, and executive functions. Self ratings and proxy ratings of memory
problems and dysexecutive symptoms were also collected. Results: No significant differences over time were found between
pallidotomy and control groups, with the exception of a decrease of verbal fluency in the left-sided pallidotomy group.
Conclusions: Unilateral pallidotomy is relatively safe with respect to cognition and behavior. Left-sided pallidotomy may
lead to minor deterioration in verbal fluency. The sample size of this study is too small, however, to rule out the possibility
of infrequent but clinically important side effects. Key words: PD—Stereotactic surgery, pallidotomy—Cognition disor-
ders—Neuropsychological tests.

NEUROLOGY 2000;54:1058–1064

Patients with advanced PD frequently have
levodopa-induced dyskinesias and rapid, seemingly
unpredictable oscillations in their motor state de-
spite optimal pharmacologic treatment. Pallidotomy
is a further treatment option in such cases. In the
last decade, several cohort studies investigating the
efficacy of posteroventral pallidotomy in advanced
PD have been published.1 The safety of the proce-
dure with respect to cognition and behavior has only
recently been studied with appropriate neuropsycho-
logical tests. Little or no cognitive or behavioral ef-
fects have been reported.2-12

Most of these were open studies without a control
group. This is a methodologic flaw because it does

not control for practice effects of neuropsychological
testing, which may lead to better performance at
follow-up. Absence of test score decline in a treated
group, therefore, does not necessarily imply that
there are no harmful effects. Only two studies have
used control groups. However, these were self-
selected groups, introducing possible bias such as a
shorter disease duration in the control patients.7,9 In
many studies, follow-up examinations were not
scheduled at fixed intervals; this renders the results
difficult to interpret.2,5,10,11 Finally, few studies
appro-priately distinguished between left and
right pallidotomy in the statistical analysis of the
psychological test results.3,6,10-12 Failure of the re-
maining studies to do so may have attenuated the
capacity to detect lateralized cognitive changes.

We studied the efficacy and possible side effects of
unilateral pallidotomy in a randomized controlled

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and then scroll down the Table of
Contents for the March 14 issue to find the title link for this article.
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J.A. Molina, MD; E.B. Mukaetova-Ladinska, MD, PhD; F. Pasquier, MD, PhD; R.H. Perry, DSc;

J.B. Schulz, MD; J.Q. Trojanowski, MD, PhD; and M. Yamada, MD, PhD, for the Consortium on DLB*

Abstract—The dementia with Lewy bodies (DLB) Consortium has revised criteria for the clinical and pathologic diagno-
sis of DLB incorporating new information about the core clinical features and suggesting improved methods to assess
them. REM sleep behavior disorder, severe neuroleptic sensitivity, and reduced striatal dopamine transporter activity on
functional neuroimaging are given greater diagnostic weighting as features suggestive of a DLB diagnosis. The 1-year rule
distinguishing between DLB and Parkinson disease with dementia may be difficult to apply in clinical settings and in
such cases the term most appropriate to each individual patient should be used. Generic terms such as Lewy body (LB)
disease are often helpful. The authors propose a new scheme for the pathologic assessment of LBs and Lewy neurites (LN)
using alpha-synuclein immunohistochemistry and semiquantitative grading of lesion density, with the pattern of regional
involvement being more important than total LB count. The new criteria take into account both Lewy-related and
Alzheimer disease (AD)-type pathology to allocate a probability that these are associated with the clinical DLB syndrome.
Finally, the authors suggest patient management guidelines including the need for accurate diagnosis, a target symptom
approach, and use of appropriate outcome measures. There is limited evidence about specific interventions but available
data suggest only a partial response of motor symptoms to levodopa: severe sensitivity to typical and atypical antipsychot-
ics in �50%, and improvements in attention, visual hallucinations, and sleep disorders with cholinesterase inhibitors.

NEUROLOGY 2005;65:1863–1872

Clinical diagnostic criteria for DLB. Since the
publication of Consensus criteria for clinical and
pathologic diagnosis of dementia with Lewy bodies
(DLB),1,2 new information indicates that clinical cri-
teria for probable DLB have acceptable specificity,
but suboptimal sensitivity.3,4 Reasons identified in-

clude difficulties in recognition of the core feature
fluctuation5,6 and a low rate of all core features
(fluctuation, visual hallucinations, parkinsonism)
in the presence of neocortical, neurofibrillary tan-
gle (NFT) pathology.7-9 The criteria have therefore
been modified (table 1) to incorporate additional
items indicative of LB pathology. Distinction is
made between clinical features or investigations
that are suggestive of DLB, i.e., have been demon-
strated to be significantly more frequent than in

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the December 27 issue to find the title link for this article.
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other dementing disorders, and supportive fea-
tures, which commonly occur but with lower speci-
ficity. Clinicians should adopt a high index of
suspicion, screening all patients with dementia for
possible DLB (one core or one suggestive feature)
paying particular attention to the early clinical
presentation.7,10 The widespread use of improved
assessment tools and methods of investigation
should further improve diagnostic accuracy.

Progressive disabling mental impairment is a
mandatory requirement for the diagnosis of DLB.
This statement1 remains true although it is apparent
that disability in DLB derives not only from cogni-
tive impairment but also from neuropsychiatric,
motoric, sleep, and autonomic dysfunction. The cog-
nitive profile of DLB comprises both cortical and sub-

cortical impairments with substantial attentional
deficits and prominent executive and visuospatial
dysfunction.11,12 A “double discrimination” can help
differentiate DLB from Alzheimer disease (AD), with
relative preservation of confrontation naming and
short and medium term recall as well as recognition,
and greater impairment on verbal fluency, visual
perception and performance tasks.13-15 Patients with
DLB with neocortical neurofibrillary tangles (NFTs)
often lack this profile, showing pronounced memory
deficits more characteristic of AD. Composite global
cognitive assessment tools such as the Mini-Mental
State Examination (MMSE) cannot be relied upon to
distinguish DLB from other common dementia syn-
dromes and some patients who meet criteria for DLB
will score in the normal range.

Table 1 Revised criteria for the clinical diagnosis of dementia with Lewy bodies (DLB)

1. Central feature (essential for a diagnosis of possible or probable DLB)

Dementia defined as progressive cognitive decline of sufficient magnitude to interfere with normal social or occupational function.
Prominent or persistent memory impairment may not necessarily occur in the early stages but is usually evident with progression.
Deficits on tests of attention, executive function, and visuospatial ability may be especially prominent.

2. Core features (two core features are sufficient for a diagnosis of probable DLB, one for possible DLB)

Fluctuating cognition with pronounced variations in attention and alertness

Recurrent visual hallucinations that are typically well formed and detailed

Spontaneous features of parkinsonism

3. Suggestive features (If one or more of these is present in the presence of one or more core features, a diagnosis of probable DLB can
be made. In the absence of any core features, one or more suggestive features is sufficient for possible DLB. Probable DLB should
not be diagnosed on the basis of suggestive features alone.)

REM sleep behavior disorder

Severe neuroleptic sensitivity

Low dopamine transporter uptake in basal ganglia demonstrated by SPECT or PET imaging

4. Supportive features (commonly present but not proven to have diagnostic specificity)

Repeated falls and syncope

Transient, unexplained loss of consciousness

Severe autonomic dysfunction, e.g., orthostatic hypotension, urinary incontinence

Hallucinations in other modalities

Systematized delusions

Depression

Relative preservation of medial temporal lobe structures on CT/MRI scan

Generalized low uptake on SPECT/PET perfusion scan with reduced occipital activity

Abnormal (low uptake) MIBG myocardial scintigraphy

Prominent slow wave activity on EEG with temporal lobe transient sharp waves

5. A diagnosis of DLB is less likely

In the presence of cerebrovascular disease evident as focal neurologic signs or on brain imaging

In the presence of any other physical illness or brain disorder sufficient to account in part or in total for the clinical picture

If parkinsonism only appears for the first time at a stage of severe dementia

6. Temporal sequence of symptoms

DLB should be diagnosed when dementia occurs before or concurrently with parkinsonism (if it is present). The term Parkinson
disease dementia (PDD) should be used to describe dementia that occurs in the context of well-established Parkinson disease. In a
practice setting the term that is most appropriate to the clinical situation should be used and generic terms such as LB disease are
often helpful. In research studies in which distinction needs to be made between DLB and PDD, the existing 1-year rule between the
onset of dementia and parkinsonism DLB continues to be recommended. Adoption of other time periods will simply confound data
pooling or comparison between studies. In other research settings that may include clinicopathologic studies and clinical trials, both
clinical phenotypes may be considered collectively under categories such as LB disease or alpha-synucleinopathy.
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DLB and dementia associated with Parkinson dis-
ease (PDD). Many patients with PD develop demen-
tia, typically 10 years or more after onset of motor
symptoms.16,17 Other than age at onset, temporal
course, and possibly levodopa responsivity,18,19 no
major differences between DLB and PDD have been
found in any variable examined including cognitive
profile,20 attentional performance,21 neuropsychiatric
features,22 sleep disorders,23 autonomic dysfunction,24

type and severity of parkinsonism,25 neuroleptic sen-
sitivity,26 and responsiveness to cholinesterase inhib-
itors.27,28 The relative contributions of LB formation
and synuclein pathology, AD-type pathology, neuron
loss, or neurochemical deficits as determinants of
dementia in PD remain unresolved although recent
studies suggest that Lewy-related pathology is more
strongly associated than AD-type changes.29-31

The distinction between DLB and PDD as two
distinct clinical phenotypes based solely on the tem-
poral sequence of appearance of symptoms has been
criticized by those who regard the different clinical
presentations as simply representing different points
on a common spectrum of LB disease, itself under-
pinned by abnormalities in alpha-synuclein metabo-
lism. This unitary approach to classification may be
preferable for molecular and genetic studies and for
developing therapeutics. Descriptive labels that in-
clude consideration of the temporal course are pre-
ferred for clinical, operational definitions. DLB
should be diagnosed when dementia occurs before or
concurrently with parkinsonism and PDD should be
used to describe dementia that occurs in the context
of well-established PD. The appropriate term will
depend upon the clinical situation and generic terms
such as LB disease are often helpful. In research
studies in which distinction is made between DLB
and PDD, the 1-year rule between the onset of de-
mentia and parkinsonism for DLB should be used.
Adoption of other time periods will simply confound
data pooling or comparison between studies. In other
research settings including pathologic studies and
clinical trials, both clinical phenotypes may be con-
sidered collectively under categories such as LB dis-
ease or alpha-synucleinopathy.

Core features. Although no major amendments to
the three core features of DLB are proposed, im-
proved methods for their clinical assessment are rec-
ommended for use in diagnosis and measurement of
symptom severity.

Fluctuation. It is the evaluation of fluctuation
that causes the greatest difficulty in clinical prac-
tice.32 Inter-rater reliability is said to be low5,6 al-
though reports have generally been based upon
review of pre-existing case records and notes, rather
than direct rating of patients. Questions such as “are
there episodes when his/her thinking seems quite
clear and then becomes muddled?” were previously
suggested as useful probes, but two recent studies33,34

found 75% of both AD and DLB carers to respond
positively. More detailed questioning and qualitative
analysis of carers’ replies is therefore needed. The

Clinician Assessment of Fluctuation scale35 requires
an experienced clinician to judge the severity and
frequency of “fluctuating confusion” or “impaired
consciousness” over the previous month. The semi-
structured One Day Fluctuation Assessment scale35

can be administered by less experienced raters and
generates a cut-off score to distinguish DLB from AD
or vascular dementia (VaD). The Mayo Fluctuations
Composite Scale34 requires three or more “yes” re-
sponses from caregivers to structured questions
about the presence of daytime drowsiness and leth-
argy, daytime sleep �2 hours, staring into space for
long periods, or episodes of disorganized speech, as
suggestive of DLB rather than AD. Recording varia-
tions in attentional performance using a computer
based test system offers an independent method of
measuring fluctuation, which is also sensitive to
drug treatment effects.36 Which of these various
available methods is most appropriate will depend
upon the setting and the level of expertise available.
It is recommended that at least one formal measure
of fluctuation is used when applying DLB diagnostic
criteria and that staff are appropriately trained in
its use.

Visual hallucinations. Recurrent, complex visual
hallucinations (VH) continue to be one of the most
useful signposts to a clinical diagnosis of DLB. They
are generally present early in the course of illness
with characteristics as described in the original re-
port.1 Informant-based assessment tools such as the
Neuropsychiatric Inventory (NPI)37 are helpful both
for screening for VH and assessing their severity and
frequency but do not always distinguish them from
hallucinations in other sensory modalities. Caregiv-
ers tend to under-report VH and patients with mild
to moderate cognitive impairment can contribute
useful information about their presence and quali-
ty.38 Patients with DLB with VH show more pro-
found visuoperceptual dysfunction compared to those
without hallucinations.39,40 Increased numbers of LB
in the anterior and inferior temporal lobe and amyg-
dala at autopsy are associated with the presence and
onset of VH,41 each of these areas being implicated in
the generation of complex visual images. Brain per-
fusion imaging demonstrates reduced occipital up-
take42,43 in areas identified as primary and secondary
visual cortex.44 VH are associated with greater defi-
cits in cortical acetylcholine45,46 and their presence
may predict a good response to cholinergic therapy.47

Parkinsonism. The severity of extrapyramidal
motor features in DLB is generally similar to that of
age-matched patients with PD with or without de-
mentia26 with an average 10% annual progression
rate.48 There is an axial tendency with greater pos-
tural instability, gait difficulty, and facial immobili-
ty49 than in non-demented patients with PD. Rest
tremor is less common. The assessment of motor fea-
tures may be complicated by the presence of cogni-
tive impairment. A simple, five-item subscale of the
Unified PD Rating Scale (UPDRS)50,51 contains only
those items that can reliably be assessed in DLB
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independent of severity of dementia (tremor at rest,
action tremor, body bradykinesia, facial expression,
rigidity). Levodopa responsiveness in DLB18,19 is al-
most certainly less than in uncomplicated PD, possi-
bly because of intrinsic striatal degeneration52 and
the fact that a significant proportion of the parkinso-
nian symptoms may be non-dopaminergic in origin.

Suggestive features. If one or more of these is
present, in addition to one or more core features, a
diagnosis of probable DLB should be made. Possible
DLB can be diagnosed if one or more suggestive fea-
tures is present in a patient with dementia even in
the absence of any core features. Suggestive features
therefore have a similar diagnostic weighting as core
clinical features but are not in the light of current
knowledge considered sufficient, even in combina-
tion, to warrant a diagnosis of probable DLB in the
absence of any core feature.

REM sleep behavior disorder. REM sleep behav-
ior disorder (RBD) is manifested by vivid and often
frightening dreams during REM sleep, but without
muscle atonia. Patients therefore appear to “act out
their dreams” vocalizing, flailing limbs, and moving
around the bed sometimes violently. Vivid visual im-
ages are often reported, although the patient may
have little recall of these episodes. The history is
obtained from the bed partner, who may report many
years of this sleep disorder prior to the onset of de-
mentia and parkinsonism.53 RBD is frequently asso-
ciated with an underlying synucleinopathy—PD,
DLB, or multiple system atrophy (MSA)—and only
rarely with other neurodegenerative disorders.54 As-
sociated sleep disorders in DLB including excessive
daytime drowsiness may also contribute to the fluc-
tuating pattern. Screening questions about the pres-
ence of day and night time sleep disturbance should
always be asked, facilitated by the use of sleep ques-
tionnaires, particularly those that query bed part-
ners about a history of repeated episodes of “acting
out dreams.”23 The diagnosis of RBD may be con-
firmed by polysomnography.

Severe neuroleptic sensitivity. Deliberate phar-
macologic challenge with D2 receptor blocking
agents should not be used as a diagnostic strategy
for DLB because of the high morbidity and mortality
associated with neuroleptic sensitivity reactions,55

which are characterized by the acute onset or exacer-
bation of parkinsonism and impaired conscious-
ness.56 Approximately 50% of patients with DLB
receiving typical or atypical antipsychotic agents do
not react so adversely and a history of neuroleptic
tolerance does not therefore exclude a diagnosis of
DLB. A positive history of severe neuroleptic sensi-
tivity is, by contrast, strongly suggestive of DLB.

Dopamine transporter imaging. Functional im-
aging of the dopamine transporter (DAT) defines in-
tegrity of the nigrostriatal dopaminergic system and
currently has its main clinical application in assist-
ing diagnosis of patients with tremor of uncertain
etiology.57 Imaging with specific ligands for DAT,
e.g., FP-CIT, beta-CIT, IPT, TRODAT, provides a

marker for presynaptic neuronal degeneration. DAT
imaging is abnormal in idiopathic PD, MSA, and pro-
gressive supranuclear palsy (PSP). Low striatal DAT
activity also occurs in DLB but is normal in AD,58

making DAT scanning particularly useful in distin-
guishing between the two disorders.59,60

Supportive features. These are features (see ta-
ble 1) that are commonly present in DLB but lack
sufficient diagnostic specificity to be categorized as
core or suggestive. Routine enquiry should be made
about such symptoms since patients and carers may
not consider them related to the dementing process.
Severe autonomic dysfunction may occur early in
disease, producing orthostatic hypotension, neuro-
cardiovascular instability, urinary incontinence, con-
stipation, and impotence, as well as eating and
swallowing difficulties.61-63 Autonomic dysfunction
may also contribute to repeated falls and syncope
and the transient losses of consciousness that are
seen in some patients with DLB.64 Systematized de-
lusions, hallucinations in other modalities, and de-
pression may all occur during the course of DLB and
if they are prominent early, they can lead to diag-
nostic confusion with late onset psychosis, delu-
sional depression, or other primary psychiatric
diagnoses.10,65

Exclusion features. Careful exclusion of other
systemic or neurologic disorders that may explain
the clinical presentation is essential. Particular diffi-
culty exists in relation to attributing clinical signifi-
cance to evidence of cerebrovascular disease, since
pathologic and imaging studies suggest that white
matter lesions (periventricular and deep white mat-
ter), microvascular changes, and lacunes may be
present in up to 30% of autopsy confirmed DLB cas-
es.66,67 A diagnosis of DLB with cerebrovascular dis-
ease may sometimes be the most appropriate.

Special investigations. A recent review concluded
that there are as yet no clinically applicable geno-
typic or CSF markers to support a diagnosis of
DLB.3,68 The role of DAT transporter scanning has
already been discussed. Other imaging investiga-
tions can also be helpful, including preservation of
hippocampal and medial temporal lobe volume on
MRI,69,70 atrophy of the putamen,71 and occipital hy-
poperfusion (SPECT) and hypometabolism
(PET)42,43,72-74 without occipital atrophy on MRI.75

Other features such as the degree of generalized at-
rophy, rate of progressive brain atrophy, and sever-
ity of white matter lesions do not aid in differential
diagnosis from other dementia subtypes.76,77 Scintig-
raphy with [I-123] metaiodobenzyl guanidine
(MIBG),78 which enables the quantification of post-
ganglionic sympathetic cardiac innervation, is re-
duced in DLB and has been suggested to have high
sensitivity and specificity in the differential diagno-
sis from AD.79 Confirmatory studies with larger pa-
tient numbers are required. The standard EEG may
show early slowing, epoch by epoch fluctuation, and
transient temporal slow wave activity.3
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Pathologic assessment and diagnostic criteria
for DLB. Dementia with Lewy bodies as a patho-
logic diagnostic category. DLB was originally de-
fined as a clinicopathologic entity with a specific
constellation of clinical features, and a descriptive
approach was proposed for assessing neuropatholo-
gy.1 The only neuropathologic requirement for DLB
was the presence of LBs somewhere in the brain of a
patient with a clinical history of dementia. Other
pathologic features, e.g., senile plaques and neuron
loss, could occur, but they were not inclusive or ex-
clusive to the diagnosis. In many but not all cases
the neuropathologic findings conform to those previ-
ously described as limbic or diffuse LB disease.80,81

This liberal definition has the advantage of being
widely inclusive, bringing many neuropathologic
cases into consideration for DLB; however, as in-
creasingly sensitive methods for detecting LBs have
been developed, as many as 60% of AD cases may be
considered to meet pathologic criteria for DLB using
the 1996 criteria. Virtually none of these patients
will have had the DLB clinical syndrome as de-
scribed above, especially those cases with extensive
NFTs8,9 or those with one or more LBs in the amyg-
dala but without significant Lewy-related pathology
in other brain regions.82 The inclusion of such cases
as pathologically confirmed DLB has contributed to a
view that the clinical criteria have suboptimal
sensitivity.4

New recommendations are proposed that take into
account both the extent of Lewy-related pathology
and AD-type pathology in assessing the degree of
certainty that the neuropathologic findings explain
the DLB clinical syndrome. The scheme proposed
should provide increased diagnostic specificity, since
cases in which LBs are detected in the setting of
extensive AD-type pathology that is likely to obscure
the clinical features of the DLB syndrome are now
classified as having a “low likelihood” of DLB.

Identification of Lewy bodies and Lewy-related pa-
thology. LBs and Lewy neurites (LN) are pathologic
aggregations of alpha-synuclein. They are also asso-
ciated with intermediate filaments, chaperone pro-
teins, and elements of the ubiquitin-proteasome
system, indicating a role of the aggresomal response,

but these features are not specific for LBs and are
found in other neuronal inclusions.83,84

While hematoxylin and eosin (H&E) histologic
staining may be adequate for detection of brainstem
type LBs, it is not sufficient for cortical LBs and it is
incapable of detecting LNs. Ubiquitin immunohisto-
chemistry, which unequivocally stains LBs and LNs,
can only be recommended in cases with minimal con-
current AD-type pathology, since ubiquitin is also
present in NFTs, which can be easily confused with
LBs. Rather than ubiquitin immunohistochemistry,
it is now more appropriate to use immunohistochem-
ical staining for alpha-synuclein, since this has been
shown to be the most sensitive and specific method
currently available for detecting LBs and Lewy-
related pathology. We also recommend a semiquanti-
tative grading of lesion density rather than the
counting methods previously proposed (see figure).

Brain sampling and evaluation of Lewy-related
pathology. The scheme previously proposed1 for
characterization of regional involvement of the brain
with respect to LB pathology, i.e., brainstem, limbic,
and diffuse cortical types, as well as the recom-
mended tissue sampling procedures, remains un-
changed. The previous Consortium protocol advised
counting LB density in five cortical regions with a
summed score for the overall LB rating. Given the
poor inter-rater reliability of counting of LBs, the
new recommendations propose a semiquantitative
grading of severity of Lewy-related pathology into
mild, moderate, severe, and very severe, along lines
similar to those used to grade SP and NFTs by the
CERAD protocol.

Brain sampling and evaluation of AD-type pathol-
ogy in DLB. At the time of the original statement
there was considerable uncertainty about the signif-
icance of coexisting AD-type pathology85 and the
most widely used method for evaluating AD-type pa-
thology was the CERAD protocol.86 Subsequently, a
working group of the NIA-Reagan Institute ex-
panded upon the CERAD protocol, which used a
plaque-based diagnostic algorithm, by adding assess-
ments of topographic stages of neurofibrillary pathol-
ogy.87 As well as adding NFTs to the diagnostic
algorithm, the NIA-Reagan criteria admit that the

Figure. Staging of alpha-synuclein pa-
thology in dementia with Lewy bodies
(DLB). Alpha-synuclein immunostain-
ing in cerebral cortex of DLB cases il-
lustrating increasing severity of Lewy
bodies (LBs) and LB pathology scored
as stages 1 to 4. Stage 1 � sparse LBs
or Lewy neurites (LNs); Stage 2 � �1
LB per high power field and sparse
LNs; Stage 3 � �4 LBs and scattered
LNs in low power field; Stage 4 � nu-
merous LBs and LNs. Images courtesy

of Dr. E. Jaros. 5 �m thick sections, pretreated with pressure cooker for 1 minute in EDTA pH8; Vector Elite Kit, Novo-
castra mouse monoclonal alpha-synuclein antibody (clone KM51), 1:30 dilution, DAB final reaction product.
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fit between clinical and pathologic features is imper-
fect and that the best that can be accomplished at
present is a probability statement about the likeli-
hood that the neuropathologic findings account for
dementia. This approach has been adopted in the
proposed DLB criteria which assess the likelihood
that the neuropathologic findings predict the clinical
syndrome of DLB. The likelihood that the observed
neuropathology explains the DLB clinical syndrome
is directly related to the severity of Lewy-related pa-
thology, and inversely related to the severity of con-
current AD-type pathology. This approach is based on
studies that demonstrate that clinical diagnostic ac-
curacy for DLB is higher in patients with low bur-
dens of AD-type pathology.7,8,88 This revision is
prompted by the body of literature that deals with
clinicopathologic correlations in DLB and the desire
to implement more rigorous and specific neuropatho-
logic criteria than currently exist. The proposal obvi-
ously requires further research to test its validity.
The proposal can be summarized as follows.

• Cases should be assigned a likelihood that the
dementia can be attributed to AD pathology us-
ing the NIA-Reagan criteria, which employs the
CERAD method for assessing neuritic plaques86

and a topographic staging method for neurofi-
brillary degeneration comparable to that pro-
posed by Braak and Braak.89

• Lewy body type pathology should be assigned
according to the previous guidelines in the orig-
inal Consensus report.1 Semiquantitative grad-
ing of Lewy body severity should be adopted
rather than counting LB in various brain
regions.

• The following scoring system for LB is recom-
mended (figure):

0 � None
1 � Mild (sparse LBs or LNs)
2 � Moderate (more than one LB in a low power

field and sparse LNs)
3 � Severe (four or more LBs and scattered LNs

in a low power field)
4 � Very severe (numerous LBs and numerous

LNs)

While brainstem nuclei are affected in virtually
every case of LB disease, the severity of brainstem
pathology is highly variable. Similarly, there is a
range of severity of involvement in the various limbic
and neocortical regions; thus, for most areas a range
of severity is acceptable. The pattern of regional in-
volvement is more important than total LB count.
Table 2 presents a scheme for assigning LB disease
type by assessing the regional pattern of Lewy-
related pathology using CERAD-like scoring for LB.

Table 3 shows criteria for allocating a probability
that neuropathologic findings will be associated with
a DLB clinical syndrome taking account of both AD
and LB type pathology.

As in the NIA-Reagan criteria, SP types should be
subclassified as diffuse and neuritic but for diagnostic
purposes, only neuritic plaques should be considered.

Specification for the assessment of vascular pa-
thology in DLB was made in the original consensus
statement document and in the absence of further
significant research findings it is recommended to
continue using this approach.

Neuropathologic research strategies. A scheme
to stage Lewy-related pathology in the brain has
been proposed for PD.90 The validity of staging and
its relevance to DLB remains to be determined by its
application to brains of prospectively studied individ-
uals with a range of cognitive and extrapyramidal
dysfunction. Similarly, while considerable research
has been reported on Lewy-related pathology in the
amygdala and periamygdaloid cortex using immuno-
staining for alpha-synuclein, additional studies are
warranted in prospectively studied cohorts in order
to understand possible clinical correlates of this pa-
thology in DLB as well as in AD, where this may be
the only brain region with alpha-synuclein patholo-
gy.91,92 Critical to this issue is the clinical signifi-
cance, if any, of this pattern of alpha-synuclein
pathology. As such, the presence or absence of LB in
the amygdala should be documented in all cases of
dementia reaching neuropathologic autopsy. Deter-
mining the presence of alpha-synuclein pathology in
the amygdala in other dementias is a related re-
search objective.

It is clear from several case studies that familial
cases of DLB occur93,94 and that LBs are commonly

Table 2 Assignment of Lewy body type based upon pattern of Lewy-related pathology in brainstem, limbic, and neocortical regions

Lewy body type
pathology

Brainstem regions Basal forebrain/limbic regions Neocortical regions

IX-X LC SN nbM Amygdala Transentorhinal Cingulate Temporal Frontal Parietal

Brainstem-
predominant

1-3 1-3 1-3 0-2 0-2 0-1 0-1 0 0 0

Limbic (transitional) 1-3 1-3 1-3 2-3 2-3 1-3 1-3 0-2 0-1 0

Diffuse neocortical 1-3 1-3 1-3 2-3 3-4 2-4 2-4 2-3 1-3 0-2

Brain regions are as defined anatomically in the original Consensus report.1

IX � 9th cranial nerve nucleus; X � 10th cranial nerve nucleus; LC � locus ceruleus; SN � substantia nigra; nbM � nucleus basalis of
Meynert.
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seen in familial cases of AD.95 There are recent re-
ports that triplication of the alpha-synuclein gene
(SNCA) can cause DLB, PD, and PDD whereas gene
duplication is associated only with motor PD, sug-
gesting a gene dose effect.96 However, SCNA multi-
plication is not found in most patients with LB
disease.97 Continued clinical, pathologic, and genetic
evaluation of familial cases of DLB and AD is there-
fore an important and potential highly informative
area for continued research.

Clinical management. Patient management in
DLB is complex and includes early detection, investiga-
tion, diagnosis, and treatment of cognitive impairment;
assessment and management of neuropsychiatric
and behavioral symptoms; treatment of the move-
ment disorder; and monitoring and management of
autonomic dysfunction and sleep disorders.98 The ev-
idence base for making recommendations about the
management of DLB is limited and what follows is
based upon consensus opinion of clinicians experi-
enced in treating DLB.

Nonpharmacologic interventions. Nonpharmaco-
logic interventions have the potential to ameliorate
many of the symptoms and functional impairments
associated with DLB, but none has yet been system-
atically evaluated. Cognitive dysfunction and associ-
ated symptoms such as VH can for example be
exacerbated by low levels of arousal and attention
and strategies to increase these by social interaction
and environmental novelty may reduce their pres-
ence and impact.

Pharmacologic treatments. Motor parkinsonism.
Levodopa can be used for the motor disorder of both
DLB and PDD.18,19 Medication should generally be
introduced at low doses and increased slowly to the
minimum required to minimize disability without ex-
acerbating psychiatric symptoms. Anticholinergics
should be avoided.

Neuropsychiatric symptoms. Visual hallucina-
tions are the most commonly experienced psychiatric
symptom and are often accompanied by delusions,
anxiety, and behavioral disturbance. When pharma-
cologic intervention is required the options include
cholinesterase inhibitors (CHEIs) or atypical anti-
psychotic medications. Open label studies have dem-
onstrated the effectiveness of all three generally

available CHEIs in DLB and PDD but placebo con-
trolled trial data are only available to date for riv-
astigmine.27,28 The reported reduction in symptom
frequency and intensity of VH appears to be medi-
ated at least in part by improved attentional func-
tion and the presence of VH is associated with
greater cognitive improvement.47 Side effects of hy-
persalivation, lacrimation, and urinary frequency
may occur, in addition to the usual gastrointestinal
symptoms, and a dose dependent exacerbation of ex-
trapyramidal motor features may occur in a minor-
ity. If CHEIs are ineffective or if more acute
symptom control of behavior is required, it may be
difficult to avoid a cautious trial of an atypical anti-
psychotic. The clinician should warn both the carer
and patient of the possibility of a severe sensitivity
reaction.26 Typical antipsychotics should be avoid-
ed.55 Novel atypicals with potentially more favorable
pharmacologic properties, such as quetiapine, cloza-
pine, and aripiprazole, may have theoretical advan-
tages over traditional agents in LB disease99-101 but
controlled clinical trial data are needed.

Depression is common in both DLB and PDD and
there have been no systematic studies of its manage-
ment. At the present time SSRI and SNRIs are prob-
ably preferred pharmacologic treatment. Tricyclic
antidepressants and those with anticholinergic prop-
erties should generally be avoided. Apathy is also
common and may improve with CHEIs.27 Sleep disor-
ders are frequently seen in LB disease and may be
an early feature. RBD can be treated with clonaz-
epam 0.25 mg at bedtime, melatonin 3 mg at bed-
time, or quetiapine 12.5 mg at bedtime and titrated
slowly monitoring for both efficacy and side effects.53

CHEIs may be helpful for disturbed sleep.102

Cognitive symptoms. CHEIs may be of benefit
for the fluctuating cognitive impairments with im-
pact on global function and activities of daily liv-
ing.103 The effect size in DLB is reported as being
generally larger than seen with the same drugs
when used in AD.104 Only limited data on long-term
effects are available105 and there are none about pos-
sible disease-modifying effects.
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Table 3 Assessment of the likelihood that the pathologic findings are associated with a DLB clinical syndrome

Alzheimer type pathology

NIA-Reagan Low
(Braak stage 0–II)

NIA-Reagan Intermediate
(Braak stage III–IV)

NIA-Reagan High
(Braak stage V–VI)

Lewy body type pathology

Brainstem-predominant Low Low Low

Limbic (transitional) High Intermediate Low

Diffuse neocortical High High Intermediate

DLB � dementia with Lewy bodies; NIA � National Institute on Aging.
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Gómez-Tortosa), Servicio de Neurologı́a, Madrid, Spain; Prince of Wales
Medical Research Institute (Dr. Halliday), Sydney, Australia; Laboratory of
Neurogenetics (Dr. Hardy), National Institute on Aging, Bethesda, MD;
Department of Neuropathology & Neuroscience (Dr. Iwatsubo), University
of Tokyo, Japan; Dept. of Neurology CB 7025 (Dr. Kaufer), University of
North Carolina School of Medicine, Chapel Hill; Department of Neurology
(Dr. Korczyn), Tel-Aviv University, Israel; Department of Psychiatry (Dr.
Kosaka), Fukushimera Hospital, Toyohashi, Japan; Center for Neurodegen-
erative Disease Research (Drs. Lee and Trojanowski), University of Penn-
sylvania School of Medicine, Philadelphia; Reta Lila Weston Institute of
Neurological Studies (Dr. Lees), Royal Free & UCL Medical School, London,
UK; Department of Neurology (Dr. Litvan), Movement Disorder Program,
University of Louisville School of Medicine, KY; Department of Clinical
Sciences (Dr. Londos), University Hospital, Malmoe, Sweden; Neuropsy-
chology Research Program (Dr. Lopez), University of Pittsburgh Medical
College, PA; Department of Radiology (Dr. Minoshima), University of
Washington, Seattle; Department of Neurology (Dr. Mizuno), Juntendo Uni-
versity School of Medicine, Tokyo, Japan; Servicio de Neurologia (Dr. Mo-
lina), Hospital 12 de Octubre, Madrid, Spain; Clinique Neurologique (Dr.
Pasquier), Centre Hospitalier et Universitaire, Lille, France; Department of
Neurodegeneration and Restorative Research Center of Neurological Medi-
cine (Dr. Schulz), University of Göttingen, Germany; and Department of
Neurology & Neurobiology of Ageing (Dr. Yamada), Kanazawa University
Graduate School of Medical Science, Kanazawa, Japan.

References
1. McKeith IG, Galasko D, Kosaka K, et al. Consensus guidelines for the

clinical and pathologic diagnosis of dementia with Lewy bodies (DLB):
report of the consortium on DLB international workshop. Neurology
1996;47:1113–1124.

2. McKeith IG, Perry EK, Perry RH. Report of the second dementia with
Lewy body international workshop. Neurology 1999;53:902–905.

3. McKeith I, Mintzer J, Aarsland D, et al. Dementia with Lewy bodies.
Lancet Neurol 2004;3:19–28.

4. Litvan I, Bhatia KP, Burn DJ, et al. SIC Task Force Appraisal of
clinical diagnostic criteria for parkinsonian disorders. Mov Disord
2003;18:467–486.

5. Luis CA, Barker WW, Gajaraj K, et al. Sensitivity and specificity of
three clinical criteria for dementia with Lewy bodies in an autopsy-
verified sample. Int J Geriatr Psychiatry 1999;14:526–533.

6. Mega MS, Masterman DL, Benson F, et al. Dementia with Lewy bod-
ies: reliability and validity of clinical and pathologic criteria. Neurol-
ogy 1996;47:1403–1409.

7. Del Ser T, Hachinski V, Merskey H, Munoz DG. Clinical and patho-
logic features of two groups of patients with dementia with Lewy
bodies: effect of coexisting Alzheimer-type lesion load. Alzheimer Dis
Assoc Disord 2001;15:31–44.

8. Merdes AR, Hansen LA, Jeste DV, et al. Influence of Alzheimer pa-
thology on clinical diagnostic accuracy in dementia with Lewy bodies.
Neurology 2003;60:1586–1590.

9. Ballard CG, Jacoby R, Del Ser T, et al. Neuropathological substrates of
psychiatric symptoms in prospectively studied patients with autopsy-
confirmed dementia with Lewy bodies. Am J Psychiatry 2004;161:843–
849.

10. McKeith IG, Perry RH, Fairbairn AF, Jabeen S, Perry EK. Opera-
tional criteria for senile dementia of Lewy body type (SDLT). Psychol
Med 1992;22:911–922.

11. Collerton D, Burn D, McKeith I, O’Brien J. Systematic review and
meta-analysis show that dementia with Lewy bodies is a visual-

perceptual and attentional-executive dementia. Dement Geriatr Cogn
Disord 2003;16:229–237.

12. Calderon J, Perry RJ, Erzinclioglu SW, Berrios GE, Dening TR,
Hodges JR. Perception, attention, and working memory are dispropor-
tionately impaired in dementia with Lewy bodies compared with Alz-
heimer’s disease. J Neurol Neurosurg Psychiatry 2001;70:157–164.

13. Walker Z, Allan RL, Shergill S, Katona CLE. Neuropsychological per-
formance in Lewy body dementia and Alzheimer’s disease. Br J Psy-
chiatry 1997;170:156–158.

14. Connor DJ, Salmon DP, Sandy TJ, Galasko D, Hansen LA, Thal LJ.
Cognitive profiles of autopsy-confirmed Lewy body variant vs pure
Alzheimer disease. Arch Neurol 1998;55:994–1000.

15. Mormont E, Grymonprez LL, Baisset-Mouly C, Pasquier F. The profile
of memory disturbance in early Lewy body dementia differs from that
in Alzheimer’s disease. Rev Neurol. 2003; 159: 762–766.

16. Aarsland D, Andersen K, Larsen JP, Lolk A, Kragh-Sorensen P. Prev-
alence and characteristics of dementia in Parkinson disease: an 8-year
prospective study. Arch Neurol 2003;60:387–392.

17. Emre M. Dementia associated with Parkinson’s disease. Lancet Neu-
rol 2003;2:229–237.

18. Molloy S, McKeith I, O’Brien JT, Burn D. The role of levodopa in the
management of dementia with Lewy bodies. J Neurol Neurosurg Psy-
chiatry 2005 76:1200–1203.

19. Bonelli SB, Ransmayr G, Steffelbauer M, Lukas T, Lampl C, Deibl M.
L-dopa responsiveness in dementia with Lewy bodies, Parkinson dis-
ease with and without dementia. Neurology 2004;63:376–378.

20. Aarsland D, Litvan I, Salmon D, Galasko D, Wentzel-Larsen T, Larsen
JP. Performance on the dementia rating scale in Parkinson’s disease
with dementia and dementia with Lewy bodies: comparison with pro-
gressive supranuclear palsy and Alzheimer’s disease. J Neurol Neuro-
surg Psychiatry 2003;74:1215–1220.

21. Ballard CG, Aarsland D, McKeith IG, et al. Fluctuations in attention:
PD dementia vs DLB with parkinsonism. Neurology 2002;59:1714–
1720.

22. Aarsland D, Ballard C, Larsen JP, McKeith I. A comparative study of
psychiatric symptoms in dementia with Lewy bodies and Parkinson’s
disease with and without dementia. Int J Geriatr Psychiatry 2001;16:
528–536.

23. Boeve BF, Silber MH, Ferman TJ, et al. REM sleep behaviour disorder
and degenerative dementia. An association likely reflecting Lewy body
disease. Neurology 1998;51:363–370.

24. Wenning GK, Scherfler C, Granata R, et al. Time course of symptom-
atic orthostatic hypotension and urinary incontinence in patients with
postmortem confirmed parkinsonian syndromes: a clinicopathological
study. J Neurol Neurosurg Psychiatry 1999;67:620–623.

25. Aarsland D, Ballard C, McKeith I, Perry RH, Larsen JP. Comparison
of extrapyramidal signs in dementia with Lewy bodies and Parkin-
son’s disease. J Neuropsychiatry Clin Neurosci 2001;13:374–379.

26. Aarsland D, Ballard C, Larsen JP, McKeith I, O’Brien J, Perry R.
Marked neuroleptic sensitivity in dementia with Lewy bodies and
Parkinson’s disease. J Clin Psychiatry 2005;66:633–637.

27. McKeith I, Del-Ser T, Spano PF, et al. Efficacy of rivastigmine in
dementia with Lewy bodies: a randomised, double-blind, placebo-
controlled international study. Lancet 2000;356:2031–2036.

28. Emre M, Aarsland D, Albanese A, et al. Rivastigmine for dementia
associated with Parkinson’s disease. N Engl J Med 2004;351:2509–
2518.

29. Apaydin H, Ahlskog E, Parisi JE, Boeve BF, Dickson DW. Parkinson
disease neuropathology. Later-developing dementia and loss of levo-
dopa response. Arch Neurol 2002;59:102–112.

30. Hurtig HI, Trojanowski JQ, Galvin J, et al. Alpha-synuclein cortical
Lewy bodies correlate with dementia in Parkinson’s disease. Neurol-
ogy 2000;54:1916–1921.

31. Kovari E, Gold G, Giannakopoulos P, Lovero P, Surini M, Bouras C.
Lewy body pathology in different neurodegenerative diseases. Brain
Pathol 2000;10:518–519.

32. Cummings JL. Fluctuations in cognitive function in dementia with
Lewy bodies. Lancet Neurol 2004;3:266.

33. Bradshaw JSM, Hopwood M, Anderson V, Brodtmann A. Fluctuating
cognition in dementia with Lewy bodies and Alzheimer’s disease is
qualitatively distinct. J Neurol Neurosurg Psychiatry 2004;75:382–
387.

34. Ferman TJ, Smith GE, Boeve BF, et al. DLB fluctuations: specific
features that reliably differentiate from AD and normal aging. Neurol-
ogy 2004;62:181–187.

35. Walker MP, Ayre GA, Cummings JL, et al. The Clinician Assessment
of Fluctuation and the One Day Fluctuation Assessment Scale. Two
methods to assess fluctuating confusion in dementia. Br J Psychiatry
2000;177:252–256.

36. Walker MP, Ayre GA, Cummings JL, et al. Quantifying fluctuation in
dementia with Lewy bodies, Alzheimer’s disease and vascular demen-
tia. Neurology 2000;54:1616–1624.

37. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA,
Gornbein J. The Neuropsychiatric Inventory: comprehensive assess-
ment of psychopathology in dementia. Neurology 1994;44:2308–2314.

1870 NEUROLOGY 65 December (2 of 2) 2005
 at Schering AG--Berlin on May 20, 2007 www.neurology.orgDownloaded from 

http://www.neurology.org


38. Mosimann UP, Rowan EN, Partington CE, et al. Characteristics of
visual hallucinations in Parkinson’s disease dementia and dementia
with Lewy bodies. Am J Geriatr Psychiatry (in press).

39. Mori E, Shimomura T, Fujimori M, et al. Visuoperceptual impairment
in dementia with Lewy bodies. Arch Neurol 2000;57:489–493.

40. Mosimann UP, Mather G, Wesnes K, O’Brien J, Burn D, McKeith IG.
Visual perception in Parkinson disease dementia and dementia with
Lewy bodies. Neurology 2004;63:2091–2096.

41. Harding AJ, Broe GA, Halliday GM. Visual hallucinations in Lewy
body disease relate to Lewy bodies in the temporal lobe. Brain 2002;
125:391–403.

42. Lobotesis K, Fenwick JD, Phipps A, et al. Occipital hypoperfusion on
SPECT in dementia with Lewy bodies but not AD. Neurology 2001;56:
643–649.

43. Colloby SJ, Fenwick JD, Williams ED, et al. A comparison of 99mTc-
HMPAO SPECT changes in dementia with Lewy bodies and Alzhei-
mer’s disease using statistical parametric mapping. Eur J Nucl Med
2002;29:615–622.

44. Higuchi M, Tashiro M, Arai H, et al. Glucose hypometabolism and
neuropathological correlates in brains of dementia with Lewy bodies.
Exp Neurol 2000;162:247–256.

45. Perry EK, McKeith I, Thompson P, et al. Topography, extent, and
clinical relevance of neurochemical deficits in dementia of Lewy body
type, Parkinson’s disease and Alzheimer’s disease. Ann NY Acad Sci
1991;640:197–202.

46. Ballard C, Piggott M, Johnson M, et al. Delusions associated with
elevated muscarinic binding in dementia with Lewy bodies. Ann Neu-
rol 2000;48:868–876.

47. McKeith IG, Wesnes KA, Perry E, Ferrara R. Hallucinations predict
attentional improvements with rivastigmine in dementia with Lewy
bodies. Dement Geriatr Cogn Disord 2004;18:94–100.

48. Ballard C, O’Brien J, Swann A, et al. One year follow-up of parkinson-
ism in dementia with Lewy bodies. Dement Geriatr Cogn Disord 2000;
11:219–222.

49. Burn DJ, Rowan EN, Minett T, et al. Extrapyramidal features in
Parkinson’s disease with and without dementia and dementia with
Lewy bodies: a cross-sectional comparative study. Mov Disord 2003;18:
884–889.

50. Fahn S, Elton RL. Unified Parkinson’s Disease Rating Scale. In: Fahn
S, Marsden CD, Goldstein M, Calne DB, eds. Recent developments in
Parkinson’s disease. New York: McMillan, 1987;153–163.

51. Ballard C, McKeith I, Burn D, et al. The UPDRS scale as a means of
identifying extrapyramidal signs in patients suffering from dementia
with Lewy bodies. Acta Neurol Scand 1997;96:366–371.

52. Duda JE, Giasson BI, Mabon ME, Lee VMY, Trojanowski JQ. Novel
antibodies to synuclein show abundant striatal pathology in Lewy
body diseases. Ann Neurol 2002;52:205–210.

53. Boeve BF, Silber MH, Ferman TJ. REM sleep behavior disorder in
Parkinson’s disease and dementia with Lewy bodies. J Geriatr Psychi-
atry Neurol 2004;17:146–157.

54. Boeve BF, Silber MH, Parisi JE, et al. Synucleinopathy pathology and
REM sleep behavior disorder plus dementia or parkinsonism. Neurol-
ogy 2003;61:40–45.

55. McKeith I, Fairbairn A, Perry R, Thompson P, Perry E. Neuroleptic
sensitivity in patients with senile dementia of Lewy body type. BMJ
1992;305:673–678.

56. Swanberg MM, Cummings JL. Benefit-risk considerations in the treat-
ment of dementia with Lewy bodies. Drug Safety 2002;25:511–523.

57. Marshall V, Grosset D. Role of dopamine transporter imaging in rou-
tine clinical practice. Mov Disord 2003;18:1415–1423.

58. Piggott MA, Marshall EF, Thomas N, et al. Striatal dopaminergic
markers in dementia with Lewy bodies, Alzheimer’s and Parkinson’s
diseases: rostrocaudal distribution. Brain 1999;122:1449–1468.

59. O’Brien JT, Colloby SJ, Fenwick J, et al. Dopamine transporter loss
visualised with FP-CIT SPECT in dementia with Lewy bodies. Arch
Neurol 2004;61:919–925.

60. Walker Z, Costa DC, Walker RWH, et al. Differentiation of dementia
with Lewy bodies from Alzheimer’s disease using a dopaminergic pre-
synaptic ligand. J Neurol Neurosurg Psychiatry 2002;73:134–140.

61. Horimoto Y, Matsumoto M, Akatsu H, et al. Autonomic dysfunctions
in dementia with Lewy bodies. J Neurol 2003;250:530–533.

62. Kuzuhara S, Yoshimura M. Clinical and neuropathological aspects of
diffuse Lewy body disease in the elderly. Adv Neurol 1993;60:464–469.

63. Del-Ser T, Munoz DG, Hachinski V. Temporal pattern of cognitive
decline and incontinence is different in Alzheimer’s disease and diffuse
Lewy body disease. Neurology 1996;46:682–686.

64. Ballard C, Shaw F, McKeith I, Kenny RA. High prevalence of neuro-
vascular instability in neurodegenerative dementias. Neurology 1998;
51:1760–1762.

65. Birkett DP, Desouky A, Han L, Kaufman M. Lewy bodies in psychiat-
ric patients. Int J Geriatr Psychiatry 1992;7:235–240.

66. Jellinger KA. Neuropathological spectrum of synucleinopathies. Mov
Disord. 2003; 18(suppl 6): S2–12.

67. McKeith IG, Ballard CG, Perry RH, et al. Prospective validation of
Consensus criteria for the diagnosis of dementia with Lewy bodies.
Neurology 2000;54:1050–1058.

68. Galasko D. Biomarkers in non-Alzheimer dementias. Clin Neurosci
Res 2004;3:375–381.

69. Barber R, Ballard C, McKeith IG, Gholkar A, O’Brien JT. MRI volu-
metric study of dementia with Lewy bodies. A comparison with AD
and vascular dementia. Neurology 2000;54:1304–1309.

70. Barber R, Gholkar A, Scheltens P, Ballard C, McKeith IG, O’Brien JT.
Medial temporal lobe atrophy on MRI in dementia with Lewy bodies.
Neurology 1999;52:1153–1158.

71. Cousins DA, Burton EJ, Burn D, Gholkar A, McKeith IG, O’Brien JT.
Atrophy of the putamen in dementia with Lewy bodies but not Alzhei-
mer’s disease: an MRI study. Neurology 2003;61:1191–1195.

72. Ishii K, Hosaka K, Mori T, Mori E. Comparison of FDG-PET and
IMP-SPECT in patients with dementia with Lewy bodies. Ann Nucl
Med 2004;18:447–451.

73. Albin RL, Minoshima S, Damato CJ, Frey KA, Kuhl DA, Sima AAF.
Fluoro-deoxyglucose positron emission tomography in diffuse Lewy
body disease. Neurology 1996;47:462–466.

74. Minoshima S, Foster NL, Sima AAF, Frey KA, Albin RL, Kuhl DE.
Alzheimer’s disease versus dementia with Lewy bodies: cerebral
metabolic distinction with autopsy confirmation. Ann Neurol 2001;
50:358–365.

75. Middelkoop HAM, van der Flier WM, Burton EJ, et al. Dementia with
Lewy bodies and AD are not associated with occipital lobe atrophy on
MRI. Neurology 2001;57:2117–2120.

76. Barber R, Gholkar A, Scheltens P, Ballard C, McKeith IG, O’Brien JT.
MRI volumetric correlates of white matter lesions in dementia with
Lewy bodies and Alzheimer’s disease. Int J Geriatr Psychiatry 2000;
15:911–916.

77. O’Brien JT, Paling S, Barber R, et al. Progressive brain atrophy on
serial MRI in dementia with Lewy bodies, AD, and vascular dementia.
Neurology 2001;56:1386–1388.

78. Yoshita M, Taki J, Yamada M. A clinical role for I-123 MIBG myocar-
dial scintigraphy in the distinction between dementia of the
Alzheimer’s-type and dementia with Lewy bodies. J Neurol Neurosurg
Psychiatry 2001;71:583–588.

79. Taki J, Yoshita M, Yamada M, Tonami N. Significance of I-123-MIBG
scintigraphy as a pathophysiological indicator in the assessment of
Parkinson’s disease and related disorders: It can be a specific marker
for Lewy body disease. Ann Nucl Med 2004;18:453–461.

80. Kosaka K. Lewy bodies in cerebral cortex. Report of three cases. Acta
Neuropathol 1978;42:127–134.

81. Kosaka K, Yoshimura M, Ikeda K, Budka H. Diffuse type of Lewy body
disease: progressive dementia with abundant cortical Lewy bodies and
senile changes of varying degree—A new disease? Clin Neuropathol
1984;3:185–192.

82. Hamilton RL. Lewy bodies in Alzheimer’s disease: a neuropathological
review of 145 cases using alpha-synuclein immunohistochemistry.
Brain Pathol 2000;10:378–384.

83. McNaught KS, Shashidharan P, Perl DP, Jenner P, Olanow CW.
Aggresome-related biogenesis of Lewy bodies. Eur J Neurosci 2002;16:
2136–2148.

84. Tanaka M, Kim YM, Lee G, Junn E, Iwatsubo T, Mouradian MM.
Aggresomes formed by alpha-synuclein and synphilin-1 are cytoprotec-
tive. J Biol Chem 2004;279:4625–4631.

85. Lippa CF, McKeith I. Dementia with Lewy bodies: improving diagnos-
tic criteria. Neurology 2003;60:1571–1572.

86. Mirra SS, Heyman A, McKeel D, et al. The Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD) II. Standardisation of the
neuropathological assessment of Alzheimer’s disease. Neurology 1991;
41:479–486.

87. NIA. Consensus recommendations for the postmortem diagnosis of
Alzheimer’s disease. The National Institute on Aging, and Reagan
Institute Working Group on Diagnostic Criteria for the Neuropatho-
logical Assessment of Alzheimer’s Disease. Neurobiol Aging 1997;18(4
suppl):s1–2.

88. Lopez OL, Becher JT, Kaufer DI, et al. Research evaluation and pro-
spective diagnosis of dementia with Lewy bodies. Arch Neurol 2002;59:
43–46.

89. Harding AJ, Kril JJ, Halliday GM. Practical measures to simplify the
Braak tangle staging method for routine pathological screening. Acta
Neuropathol 2000;99:199–208.

90. Braak H, Del Tredici K, Rub U, de Vos RAI, Steur E, Braak E. Staging
of brain pathology related to sporadic Parkinson’s disease. Neurobiol
Aging 2003;24:197–211.

91. Lippa CF, Fujiwara H, Mann DM, et al. Lewy bodies contain altered
alpha-synuclein in brains of many familial Alzheimer’s disease pa-
tients with mutations in presenilin and amyloid precursor protein
genes. Am J Pathol 1998;153:1365–1370.

92. Popescu A, Lippa CF, Lee VMY, Trojanowski JQ. Lewy bodies in the
amygdala: increase of alpha-synuclein aggregates in neurodegenera-
tive diseases with tau-based inclusions. Arch Neurol 2004;61:1915–
1919.

December (2 of 2) 2005 NEUROLOGY 65 1871
 at Schering AG--Berlin on May 20, 2007 www.neurology.orgDownloaded from 

http://www.neurology.org


93. Tsuang DW, DiGiacomo L, Bird TD. Familial occurrence of dementia
with Lewy bodies. Am J Geriatr Psychiatry 2004;12:179–188.

94. Gwinn-Hardy K, Singleton AA. Familial Lewy body diseases. J Geriatr
Psychiatry Neurol 2002;15:217–223.

95. Trembath Y, Rosenberg C, Ervin JF, et al. Lewy body pathology is a
frequent co-pathology in familial Alzheimer’s disease. Acta Neuro-
pathol 2003;105:484–488.

96. Singleton A, Gwinn-Hardy K. Parkinson’s disease and dementia with
Lewy bodies: a difference in dose? Lancet 2004;364:1105–1107.

97. Johnson J, Hague SM, Hanson M, et al. SNCA multiplication is not a
common cause of Parkinson disease or dementia with Lewy bodies.
Neurology 2004;63:554–556.

98. Barber R, Panikkar A, McKeith IG. Dementia with Lewy bodies: diag-
nosis and management. Int J Geriatr Psychiatry 2001;16:S12–S18.

99. Fernandez HH, Wu CK, Ott BR. Pharmacotherapy of dementia with
Lewy bodies. Exp Opin Pharmacother 2003;4:2027–2037.

100. Terao T, Shimomura T, Izumi Y, Nakamura J. Two cases of quetia-
pine augmentation for donepezil-refractory visual hallucinations

in dementia with Lewy bodies. J Clin Psychiatry 2003;64:
1520–1521.

101. Burke WJ, Pfeiffer RF, McComb RD. Neuroleptic sensitivity to cloza-
pine in dementia with Lewy bodies. J Neuropsychiatry Clin Neurosci
1998;10:227–229.

102. Reading PJ, Luce AK, McKeith IG. Rivastigmine in the treatment of
parkinsonian psychosis and cognitive impairment. Mov Disord 2001;
16:1171–1174.

103. Aarsland D, Mosimann UP, McKeith IG. Role of cholinesterase inhib-
itors in Parkinson’s disease and dementia with Lewy bodies. J Geriatr
Psychiatry Neurol 2004;17:164–171.

104. Samuel W, Caligiuri M, Galasko D, et al. Better cognitive and psycho-
pathologic response to donepezil in patients prospectively diagnosed as
dementia with Lewy bodies: a preliminary study. Int J Geriatr Psychi-
atry 2000;15:794–802.

105. Grace J, Daniel S, Stevens T, et al. Long-term use of rivastigmine in
patients with dementia with Lewy bodies: An open-label trial. Int
Psychogeriatr 2001; 13: 199–205.

1872 NEUROLOGY 65 December (2 of 2) 2005
 at Schering AG--Berlin on May 20, 2007 www.neurology.orgDownloaded from 

http://www.neurology.org


DOI: 10.1212/01.wnl.0000187889.17253.b1 
 2005;65;1863-1872; originally published online Oct 19, 2005; Neurology

Yamada and for the Consortium on DLB 
Mukaetova-Ladinska, F. Pasquier, R. H. Perry, J. B. Schulz, J. Q. Trojanowski, M.

Litvan, E. Londos, O. L. Lopez, S. Minoshima, Y. Mizuno, J. A. Molina, E. B. 
Kalaria, D. Kaufer, R. A. Kenny, A. Korczyn, K. Kosaka, V.M.Y. Lee, A. Lees, I.
Goetz, E. Gomez-Tortosa, G. Halliday, L. A. Hansen, J. Hardy, T. Iwatsubo, R. N. 
Boeve, D. J. Burn, D. Costa, T. Del Ser, B. Dubois, D. Galasko, S. Gauthier, C. G.

Cummings, J. E. Duda, C. Lippa, E. K. Perry, D. Aarsland, H. Arai, C. G. Ballard, B. 
I. G. McKeith, D. W. Dickson, J. Lowe, M. Emre, J. T. O'Brien, H. Feldman, J.

 DLB consortium
Diagnosis and management of dementia with Lewy bodies: Third report of the

This information is current as of May 20, 2007 

 & Services
Updated Information

 http://www.neurology.org/cgi/content/full/65/12/1863
including high-resolution figures, can be found at: 

 Related Articles
 http://www.neurology.org/cgi/content/full/65/12/1848

A related article has been published: 

 Supplementary Material

 53.b1/DC2
http://www.neurology.org/cgi/content/full/01.wnl.0000187889.172
Supplementary material can be found at: 

 Subspecialty Collections

 ies
http://www.neurology.org/cgi/collection/dementia_with_lewy_bod

 Dementia with Lewy bodies
 http://www.neurology.org/cgi/collection/alzheimers_disease

 Alzheimer's disease ementia
http://www.neurology.org/cgi/collection/all_cognitive_disorders_d

 All Cognitive Disorders/Dementia
following collection(s): 
This article, along with others on similar topics, appears in the

 Permissions & Licensing

 http://www.neurology.org/misc/Permissions.shtml
or in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables)

 Reprints
 http://www.neurology.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 at Schering AG--Berlin on May 20, 2007 www.neurology.orgDownloaded from 

http://www.neurology.org/cgi/content/full/65/12/1863
http://www.neurology.org/cgi/content/full/65/12/1848
http://www.neurology.org/cgi/content/full/01.wnl.0000187889.17253.b1/DC2
http://www.neurology.org/cgi/collection/all_cognitive_disorders_dementia
http://www.neurology.org/cgi/collection/alzheimers_disease
http://www.neurology.org/cgi/collection/dementia_with_lewy_bodies
http://www.neurology.org/misc/Permissions.shtml
http://www.neurology.org/misc/reprints.shtml
http://www.neurology.org






















































Peptide*, in the Reduction of P-Amyloid 
Cerebrospinal Fluid of Patients with 

Alzheimer's Disease 
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D. Galasko, MD,? L. Chang, MD,$ B. Miller, MD,$ C. Clark, MD,Q R. Green, MDJI 
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In this clinical study, the cerebrospinal fluid (CSF) level of a novel form of the P-amyloid peptide (AP) extending to 
position 42 (APd2) was determined in patients with Alzheimer's disease (AD) as well as controls. In addition to measure- 
ment of CSF Af342 levels, total AP peptides, microtubule-associated protein 7, and apolipoprotein E (ApoE) genotype 
were also assessed. It is interesting that CSF APd2 levels were found to be significantly lower in AD patients relative 
to controls, whereas total AP levels were not. AP4* has recently been shown to preferentially deposit in the brain 
tissue of patients with AD, suggesting that diminished clearance may account for its reduction in CSF. As previously 
reported, 7 levels were increased in AD patients; however, neither AP42 nor 7 levels were apparently influenced by 
the ApoE genotype. 

Motter R, Vigo-Pelfrey C ,  Kholodenko D, Barbour R, Johnson-Wood K, Galasko D, Chang L, Miller B, 
Clark C, Green R, Olson D, Southwick P, Wolfert R, Munroe B, Lieberburg I, Seubert P, Schenk D. 

Reduction of P-amyloid peptide,, in the cerebrospinal fluid of patients with 
Alzheimer's disease. Ann Neurol 1995;38:643-648 

Alzheimer's disease (AD) is the most common form 
of dementia in the elderly population [l]. Clinically, it 
is diagnosed primarily by exclusion of other dementing 
illnesses. Diagnosis is only definitive at autopsy, or at 
brain biopsy, and is confirmed by a high density of 
senile plaques, largely composed of the P-amyloid (AP) 
peptide, and neurofibrillary tangles comprised of the 
microtubule-associated protein T {2}. [t is established 
that apolipoprotein E (ApoE) is associated with senile 
plaques and that the ApoE ~4 allele frequency is in- 
creased in the AD population [ 3 } .  For these reasons, 
we and others have focused attention on measurements 
of T ,  AP, and ApoE as AD brain pathology-related 
proteins that might be useful as diagnostic markers dur- 
ing life. In this regard, recent studies have shown that 
T is elevated in AD cerebrospinal fluid (CSF) {4, 51. 
In contrast, a recent study has shown that total AP 
levels in AD patients did not differ from controls; al- 
though early-onset AD patients had slightly higher AP 
levels than elderly controls [b}. However, the genera- 

tion of specific Af3 antibodies, along with biochemical 
purification and structural analyses, have revealed that 
AP extending to position 42(AP4,) predominates in 
both diffuse and senile amyloid plaques in AD brain 
tissue {7 ,  S}. Conversely, the predominant form of AP 
found in CSF was shown to contain 40 amino acids 
[9}. Analysis of CSF AP,, levels in AD patients, there- 
fore, is of significant interest bur has not yet been 
reported. To address this, and the question of the 
combined utility of T and AP measurements in the 
diagnosis of AD, the present study was undertaken on 
well-characterized groups of AD patients, neurological 
disease control patients, and normal elderly individuals. 

Materials and Methods 
All subjects enrolled in this study underwent detailed clinical 
and neurological evaluation at university medical centers by 
neurologists expert in the diagnosis of dementia. Informed 
consent was obtained from subjects, or their guardians, as 
appropriate. The patient evaluation included medical history, 
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physical and neurological examinations, laboratory blood 
tests to exclude metabolic causes of dementia, a neuroimag- 
ing study (head computed tomography or  magnetic reso- 
nance within the past 3 years for (demented patients and neu- 
rological controls), and detailed psychometric testing (this 
varied between institutions). In addition, all subjects received 
the following assessment instruments: the Mini-Mental State 
Examination (MMSE) [lo], the Hamilton Depression Inven- 
tory Ell], and the Hachinski Ischemic Index [12). Patients 
with more than one dementia diagnosis, recent stroke, head 
trauma, or significant peripheral nervous system disorders 
were excluded. Each of the clinical centers involved in this 
study have either reported a clinical accuracy for probable 
AD of 85F) or more [13) or have established, but have 
not published, such findings. The following diagnostic criteria 
were used. 

Patients with Alzheimer's Diseme 
AD patients (n = 37) met National Institute of Neurologi- 
cal and Communicative Disorders and Stroke-Alzheimer's 
Disease and Related Disorders Association (NINCDS- 
ADRDA) guidelines for probable AD; those who met crite- 
ria for possible A D  were excluded [14] .  All patients were 
community dwelling and had mild-to-moderate dementia. 

Neurological Disease Controls 
Neurological disease controls (ND; n = 32) were patients 
with non-AD dementia or degenerative disorders affecting 
the central nervous system. For nheurological controls, a sum- 
mary of clinical records was also reviewed by a second neu- 
rologist (D.G.). Patients with frontal lobe dementia were di- 
agnosed according to the criteria set forth by the Lund and 
Manchester groups [15). 

Nondemented Controls 
Nondemented controls (NC; n = 20) were subjects who 
were age 50 or older and lacked significant cognitive com- 
plaints, did not have functional impairment, had normal find- 
ings on neurological examination, and scored 28 to 30 on 
the MMSE. A subgroup of these controls had symptoms 
of depression that did not result in significant cognitive or 
functional impairment and were judged not to have A D  or 
any organic neurological condition. 

Lumbar punctures were performed in the mornings, after 
an overnight fast. The first 2 to 3 ml of CSF was analyzed 
for protein, glucose, and cells ;at the local medical center 
laboratory, and 4 to 5 ml were removed from original collec- 
tion tubes and added to 8-ml Sarstedt tubes containing 500 
JLI of buffer (containing additives such that the final CSF 
solution composition included 20 mM sodium phosphate, 20 
mM triethanolamine, 0.05% Triton X-100, 100 mM NaC1, 
O.OSO/c NaN,, 1 mM diethylenetriaminepentaacetic acid 
{DTPA), 1 mM EGTA, p H  7.4) and frozen at -20°C until 
analysis. Assay operators were unaware of the subjects' diag- 
noses. 

Apolipoprotein E Genotyping 
ApoE genotyping was performed on available blood samples 
that had been collected into EDTA vacutainer tubes. Samples 
were prepared by the method of Kawasaki El61 and polymer- 

ase chain reaction analysis performed as described by Wen- 
ham and colleagues 1171. 

Total AP Enzyme-linked Immunosorbent Assay 
Total AP was measured in a sequential double monoclonal 
antibody sandwich enzyme-linked immunosorbent assay 
(ELISA) as previously described [18). In brief, AP in CSF 
was captured by monoclonal antibody 266 (specific for AP 
peptide, residues 13-28), which had been precoated in mi- 
crotiter plate wells. Detection utilized a second, AP-specific, 
biotinylated monoclonal antibody, 6C6 (recognizing AP resi- 
dues 1-16), followed by reaction with an alkaline phospha- 
tase-avidin conjugate. After incubation with the fluorogenic 
substrate 4-methylumbelliferyl phosphate (MUP), the fluo- 
rescent product was measured using a Millipore Cytofluor 
2350 fluorometer. 

AP42 ELISA 
A@,, was measured in a similarly formatted assay using 266 
as the capture antibody. The reporter polyclonal antibody 
277-2, was raised against a synthetic peptide that included 
AP residues 33 to 42 (GLMVGGVVIA), with cysteine- 
aminoheptanoic acid at the peptide amino terminus. It was 
conjugated through the cysteine to cationized bovine serum 
albumin (Pierce). The antibody 277-2, affinity purified using 
the synthetic peptide conjugated to Sulfo-link resin (Pierce), 
reacted strongly with 1251-AP14, as detected by immunopre- 
cipitation of tracer. It showed no detectable cross-reactivity 
with AP,,, by immunoprecipitation. Using the 2661277-2 
ELISA directed against A&,, a variety of peptides including 

sayed in a dose range of 1 to 4,000 pg/ml. The A@,,, pep- 
tide gave a linear dose-response signal, while peptides 
A@,-,,, APl-38, and AP,,, showed no reactivity. APIA, and 
AD,,,, showed less than 596 and less than 7.5% cross- 
reactivity, respectively (data not shown). AP,_,,, APIA", and 
APIA, were purchased from Bachem. AP,-lx, APlI,,, and 

were synthesized at Athena Neurosciences, Inc. The 
APIA, used as the standard for quantitation of CSF levels 
was a gift from Dr  Charles Glabe (University of California, 
Irvine, CA). Detection of the 277-2 reporter antibody was 
achieved using a donkey anti-rabbit IgG-alkaline phosphatase 
conjugate and the AMPPD chemiluminescent substrate with 
Emerald enhancer (Tropix) C5). 

To  eliminate interassay variability as a factor in the AP,, 
analysis, all samples were run in duplicate on the same day 
with the same lot of standards. The intraassay variability was 
less than 10%. Prior to measurement, aliquots of CSF sam- 
ples were heated to 100°C for 3 minutes and then stored at 
4°C overnight before assay. The heating step was found to 
generally increase immunoreactivity in CSF samples, inde- 
pendent of diagnosis, and was therefore included. It should 
be noted that different lots of synthetic AD,, generate slightly 
different standard values, despite being normalized by amino 
acid analysis (data not shown). Values listed are based upon 
a single standard used for the entire study. Studies involving 
addition of synthetic AP4, to CSF demonstrated that mea- 
sured recovery was 80 & 5%. 

r ELlSA 
The T ELISA has been described elsewhere [5]. It  consists of 
a two-site sandwich ELISA using two monoclonal antibodies 

APl-,,? AP1-38, APlI,", AP141, AP1-42, and AP,,, were as- 
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(16B5 and 16G7). These monoclonal antibodies have been 
shown to bind to T independent of its phosphorylation state. 

Statistical Analysis 
Statistical analysis of data was performed by one-way analysis 
of variance (ANOVA) using InStat, version 1.21. 

Results 
Comparison of the three patient groups (Table) 
showed that they were well matched for age and gen- 
der. The AD group had an average MMSE of 17.5 k 
7.1 indicating mild-to-moderate cognitive impairment. 
The neurological disease control group consisted of 
a variety of disorders including vascular dementia (4 
patients), frontal lobe dementia (7), depression (6), 
Parkinson's disease (3), corticobasal ganglionic degen- 
eration (2), cerebellar ataxia (2), progressive supranu- 
clear palsy (l), normal pressure hydrocephalus (l) ,  
grand mal seizure (l) ,  Bell's palsy (l), age-associated 
memory impairment (l), dementia with extrapyramidal 
signs (l), amnestic syndrome (l), and cerebellar degen- 
eration (1). 

Analysis of total CSF A@ levels revealed no signifi- 
cant differences among the different patient groups 
(see Table). The mean values ranged from 19.0 ng/ml 
in the AD group to 17.9 ng/ml in the NC group. There 

Summary of Patient Profiles and Measured Variables 

Alzheimer's Neurological Normal 
Disease Controls Controls 

Variable (AD) (ND) (NC) 

n 
Age (mean 

? SD; yr) 
Sex (M%/F%) 
MMSE (mean 

CSF AP (mean 
? SD; ngl 

* SD) 

ml) 
APOE €4 

frequencya 
APOE €3 

frequency 
APOE €2 

frequency 
4342 (mean 

k SD; pg/ 

T (mean SD; 
ml) 

pg/ml) 

37 
70 k 9.1 

48.615 1.4 
17.5 ? 7.1 

19.0 k 6.9 

0.58 

0.38 

0.03 

383 +- 76b 

407 ? 241' 

32 
66 2 9.1 

59.4140.6 
23 ? 8.2 

17.9 * 6.7 

0.26 

0.74 

0.00 

543 ? 177 

168 ? 63 

20 
70 t 6.2 

50150 
29.5 k 0.6 

21.8 ? 6.9 

0.21 

0.74 

0.06 

632 2 156 

212 r 102 

"Apolipoprotein E (ApoE) genotypes were determined on 30 of 37 
AD, 19 of 32 neurological controls, and 17 of 20 normal controls. 
' p  < 0.0001, comparing AD group to either control group. 
' p  < 0.001, comparing AD group to either control group. 
MMSE = Mini-Mental State Examination; CSF = cerebrospinal 
fluid; = P-amyloid peptide extending to position 42. 
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Fig 1. Comparison of individual cerebrospinaljuid levels of p- 
amyloid peptide,, A& was measured as described in 
the text. All measures are the averages of duplicate determina- 
tions; variation was 510%. Samples were assigned randomly to  
plates and the operator was unaware of the subject diagnoses. 
Kejerence standurds, present on each microtiter plate, were not 
significantly different between plates. A signif cant difference 
exists between the Alzheimer's disease (AD) and either control 
group (p < 0.0001). NC = nondemented controls; N D  = 
neurological disease controls. 

was significant overlap with no statistically significant 
differences among the groups ( p  > 0.05). 

Analysis of the AP42 form of the peptide, however, 
demonstrated a reduction in the mean value in the AD 
group, relative to both the ND and NC subjects (383 
versus 543 and 632 pg/ml, respectively), that was sig- 
nificant at the p < 0.0001 level (Fig 1). The relatively 
small standard deviation (76 pg/ml) of the AD group 
was particularly striking. A cutoff of 505 pg/ml best 
separated AD patients from N D  and NC subjects. All 
AD patients, 15 of 32 ND, and 4 of 20 NC fell below 
this level. Therefore, an elevated (>505 pg/ml) 
was an indicator of the likely absence of AD, account- 
ing for 33 of 52 non-AD subjects. These initial data 
result in a calculated sensitivity of 100% and a specific- 
ity of 63%. 
7 levels in the same subjects' CSF samples were also 

examined. Consistent with previous reports [4, 51, AD 
patients had a mean value of 407 pg/ml, which is sig- 
nificantly higher ( p  > 0.001) than the 168 and 212 
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Fig 2. Comparison of indioidual crrebrospinalj9uid levels of r. 
r measurements were perfomzed in riuplicate. To ensure consis- 
tency, several samples from previous assays were included on sub- 
sequent plates and all samples were evaluated in at least repli- 
cate measure. Replicate measures were within 15% of original 
zialues. A significant difference exists between the Alzheimeri- 
disease (AD) group and either control group (p < 0.001). Hu- 
man brain-derived r (provided by lnnogenetics, Inc) was used 
as the reference standard. NC = nondemented controls; N D  = 
neurological disease controls. 

pg/ml observed in neurological and normal controls, 
respectively (Fig 2). Although previous studies of CSF 
7 levels have reported different cutoff values for distin- 
guishing AD from control patients [4, 51, this appears 
to be due to differences in the T standards employed 
in these studies (Van de Voorde A, personal communi- 
cation). In this study, a cutoff of 312 pg/ml for T best 
separated AD subjects from ND or NC. Of the 24 
subjects with 7 levels above this value, 22 were in the 
AD group (72% specificity), representing 22 of 37 AD 
patients (57.4% sensitivity). 

CSF levels of AP, AP4*, and 7 did not differ system- 
atically between participating centers by diagnostic cat- 
egory. Also there were no significant correlations be- 
tween levels of these markers and age, sex, or MMSE 
scores in the AD subjects (data not shown). 

Of particular interest was the simultaneous analysis 
of APd2 and 7 measurements in the same CSF samples 
(Fig 3). Figure 3 is divided into four quadrants using 
the cutoffs for AP,* and 7 previously described. The 
presence of elevated 7 and reduced AP42 (lower right 
quadrant) was highly predictive of AD (22/23 = 

0 
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50 

F i g  3. Combined p-amyloid peptide,, (A&,) and r measures in 
the diagnosis of Alzheimer's disease (AD). Data from Figures 1 
and 2 are combined t o  illustrate the effect of simultaneous consid- 
eration of the t w o  measures in  discriminating the A D  group. 
Lines indicate optimized cutofis. The high rllow A& quad- 
rant contains AD patients with only a single exception (21 of 
22 patients), whereas the low rlhigh A& quadrant contains 
only control individuals. 

96%). Conversely, high AP,, and low 7 (upper left 
quadrant) was observed only in control patients (see 
Fig 3). More than half (62%) of all the individuals in 
this study fell into one of these two quadrants. All but 
one of the remaining patients exhibited low AP42 and 
low 7 levels (lower left quadrant). 

Analysis of the ApoE allele frequency present in the 
different patient groups demonstrated a clear over- 
representation of ApoE ~4 in the A D  group (see Table). 
Analysis of the effect of ApoE alleles on 7 and total 
AP, however, demonstrated no statistically significant 
effect on either 7, A@ peptides, or AP42 levels in any of 
the subject categories. Thus, when AD patients were 
segregated by ApoE genotype, average values of both 
A& and T CSF levels did not differ significantly among 
patients with 0, 1, or 2 ApoE ~4 alleles. 

Discussion 
7 has previously been demonstrated to be elevated in 
A D  CSF and this study is in agreement with these 
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findings (see Fig 2 and [4 ,  51). The present study aug- 
ments previous results by demonstrating that levels of 
-i in AD CSF do not correlate with age, MMSE, total 
AP, AP,,, or ApoE e4 (data not shown). Although the 
precise reason for elevation of T in AD remains un- 
clear, it is likely due to the increased T levels in AD 
brain tissue [191 combined with the ongoing degenera- 
tion of neurons in the disease. 

The finding that AP42 is consistently low in AD CSF 
(see Fig 1) is somewhat surprising since total AP levels 
appear to be unchanged (see Table). However, recent 
observations have shown that while the predominant 
form of AP in CSF and mixed brain-cell cultures is 

[9, 181, plaques in AD brain tissue are com- 
posed primarily of AP42 {7 ,  81. A possible explanation 
consistent with these findings is that the AP,, peptide 
preferentially deposits in AD brain tissue, leading to 
reduced levels in CSF. A finding analogous to this ex- 
ists for another CNS amyloid disease, the Icelandic 
variant of cystatin C, where the level of the amyloid 
protein is also reduced in the CSF of affected individu- 
als E20). Alternative explanations for low AP,, levels 
include decreased secretion or other forms of en- 
hanced clearance of AP4, from AD CSF. 

Since plaque deposition most likely precedes cogni- 
tive symptoms in AD C21, 221, low CSF AP42 in some 
ND subjects could indicate concomitant AD pathology 
that contributes to the dementia. The significance of 
low in the small number of N C  patients needs 
to be determined by longitudinal studies, ideally with 
autopsy examination. 

The observation that the ApoE ~4 allele is overrep- 
resented in the AD population in this study is consis- 
tent with numerous other reports [e.g., 31. It has been 
proposed that ApoE ~4 might exacerbate AD through 
either physical interaction with AP [23f or T 1241. It 
is curious that average values of these markers are 
equivalent in AD patients with or without the ApoE 
e4 allele, suggesting any differential binding affinity for 
T or AP by ApoE isoforms is not reflected in steady- 
state CSF levels of these markers. 

Of interest is the combined analysis of CSF AP42 
and T (see Fig 3). These data show that patients who 
exhibit high T and low AP42 had a strong likelihood of 
having AD (22/23; 96% specificity). Fifty-nine percent 
of the AD patients (i.e., sensitivity, 22/37) in this study 
fall into this category. Conversely, patients who exhibit 
low T and elevated AP42 were free of AD (100% 28/ 
28, see Fig 3). Slightly over half of the non-AD sub- 
jects (32/52 ,  62%)  fall into this category. Taken to- 
gether, the combined analysis of CSF T and AP42 was 
informative of either the presence or the absence of 
AD in slightly over hdf of all individuals enrolled in 
this study. The combined CSF T and AP,, measure- 
ments, however, were not informative in those patients 
who fell into the low AP4,/low T group. Possible rea- 

sons for neurological control patients exhibiting low 
A642 include nonspecificity of reduced AP42 or the 
presence of plaques and the absence of clinical AD- 
type symptoms 1253. Autopsy confirmation on the co- 
hort would be required to distinguish these possibili- 
ties. Nevertheless, the ability of any test to aid in the 
inclusion or exclusion of AD with good specificity and 
even moderate sensitivity is of potential diagnostic im- 
portance. This study suggests that the combined mea- 
surement of CSF AP,, and T might accomplish these 
goals. 
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Frontotemporal lobar degeneration 
A consensus on clinical diagnostic criteria 
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M. Freedman, MD; A. Kertesz, MD; P.H. Robert, MD, PhD; M. Albert, PhD; K Boone, PhD; B.L. Miller, MD; 

J. Cummings, MD; and D.F. Benson, MD 

Article abstract-Objectiue: To improve clinical recognition and provide research diagnostic criteria for three clinical 
syndromes associated with frontotemporal lobar degeneration. Methods: Consensus criteria for the three prototypic 
syndromes-frontotemporal dementia, progressive nonfluent aphasia, and semantic dementia-were developed by mem- 
bers of an international workshop on frontotemporal lobar degeneration. These criteria build on earlier published clinical 
diagnostic guidelines for frontotemporal dementia produced by some of the workshop members. Results: The consensus 
criteria specify core and supportive features for each of the three prototypic clinical syndromes and provide broad inclusion 
and exclusion criteria for the generic entity of frontotemporal lobar degeneration. The criteria are presented in lists, and 
operational definitions for features are provided in the text. Conclusions: The criteria ought to provide the foundation for 
research work into the neuropsychology, neuropathology, genetics, molecular biology, and epidemiology of these important 
clinical disorders that account for a substantial proportion of cases of primary degenerative dementia occurring before the 
age of 65 years. 
NEUROLOGY 1998;5 1: 1546-1554 

Frontotemporal lobar degeneration (FTLD) is the 
third most common cause of cortical dementia, fol- 
lowing AD and Lewy body disease. In the past few 
years FTLD has been studied extensively, and sub- 
stantial progress has been made in understanding 
its associated clinical syndromes and underlying 
pathologic changes. This report provides a consensus 
statement based on a conference of international in- 
vestigators familiar with the disorder, and provides 
an update and extension of previously proposed clin- 
ical and pathologic diagnostic criteria for frontotem- 
poral dementia (FTD).l 

FTLD encompasses two major pathologic substrates 
which affect primarily the frontal or temporal cortex, in 
some patients asymmetrically. Three prototypic neu- 
robehavioral syndromes can be produced by FTLD. Re- 
sults of the consensus conference presented here 
describe these three behavioral conditions. The most 
common clinical manifestation of FTLD is a profound 
alteration in personality and social conduct, character- 
ized by inertia and loss of volition or social disinhibi- 
tion and distractibility, with relative preservation of 
memory function (FTD).”5 There is emotional blunting 
and loss of insight. Behavior may be stereotyped and 
perseverative. Speech output is typically economical, 
leading ultimately to  mutism, commensurate with the 
patient’s amotivational state, although a press of 
speech may be present in some overactive, disinhibited 

patients. Cognitive deficits occur in the domains of at- 
tention, abstraction, planning, and problem solving, in 
keeping with a frontal “dysexec~tive’~ syndrome, 
whereas primary tools of language, perception, and 
spatial functions are well preserved. Patients are not 
clinically amnesic. They are typically oriented and ne- 
gotiate their local environment without becoming lost. 
Memory test performance, however, is typically ineffi- 
cient, and impairments arise secondary to patients’ 
frontal regulatory disturbances (inattention, lack of ac- 
tive strategies for learning and retrieval) rather than 
to a primary amnesia. Executive deficits are typically 
more evident in inert, avolitional patients than in over- 
active, disinhibited patients, although even in the lat- 
ter, abnormalities can be elicited on tests of selective 
attention. 

Two other prototypic clinical syndromes occur in 
FTLD: progressive nonfluent aphasia (PA)5-9 and se- 
mantic dementia (SD).5J0J1 PA is a disorder of ex- 
pressive language, characterized by effortful speech 
production, phonologic and grammatical errors, and 
word retrieval difficulties. Difficulties in reading and 
writing also occur. Understanding of word meaning 
is relatively well preserved. The disorder of language 
occurs in the absence of impairment in other cogni- 
tive domains, although behavioral changes of FTD 
may emerge late in the disease course. In SD a se- 
vere naming and word comprehension impairment 
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occurs in the context of fluent, effortless, and gram- 
matical speech output; relative preservation of repe- 
tition; and the ability to  read aloud and write 
orthographically regular words. Also there is an in- 
ability to  recognize the meaning of visual percepts 
(associative agnosia). This loss of meaning for both 
verbal and nonverbal concepts (semantics) contrasts 
with the preservation of visuospatial skills and day- 
to-day memory. 

The generic term FTLD refers to  the circum- 
scribed progressive degeneration of the frontotempo- 
ral lobes. The associated clinical syndromes are 
determined by the distribution of the pathology. In 
FTD there is prominent bilateral and usually sym- 
metric involvement of the frontal lobes. In PA, atro- 
phy is asymmetric, involving chiefly the left 
frontotemporal lobes. In SD, atrophy is typically bi- 
lateral and is most marked in the anterior temporal 
neocortex, with inferior and middle temporal gyri 
being predominantly affected. Asymmetries in the 
involvement of the left and right temporal lobes in 
SD mirror the relative severity of impairment for 
verbal and visual concepts (word meaning versus ob- 
ject recognition). Evidence that the different clinical 
manifestations may occur within the same family 
and that there may be an overlap in symptom pat- 
tern over the course of disease5 reinforces the link 
between the syndromes. Moreover, the distinct clini- 
cal syndromes are associated with the same underly- 
ing histopathologies. There are two main histologic 
types: prominent microvacuolar change without spe- 
cific histologic features (frontal lobe degeneration 
type) or severe astrocytic gliosis with or without bal- 
looned cells and inclusion bodies (Pick type).’ The 
disease etiology is not known but it has a high famil- 
ial incidence and is likely to be under genetic influ- 
ence. Molecular studies have shown mutations on 
chromosome 1712J3 or linkage to chromosome 314 in 
some families. 

The clinical syndromes have a predominantly pre- 
senile onset, unlike AD and vascular dementia, 
which are more common in the elderly. The severe 
amnesia and visuospatial impairment and myoclo- 
nus characteristic of AD are not features of FTD, PA, 
and SD. Although EEGs show progressive slowing of 
waveforms in AD, the standard EEG is strikingly 
normal during the course of FTD, PA, and SD. Func- 
tional imaging using SPECT and PET reveal charac- 
teristic biparietal posterior abnormalities in the 
initial stages of AD, whereas in the clinical syn- 
dromes of FTLD the salient abnormality lies in the 
anterior hemispheres. 

The course of FTD, PA, and SD is one of gradual 
evolution without the occurrence of ictal events, 
which are more characteristic of vascular dementia. 
The “bradyphrenia” of subcortical vascular disease is 
not a feature of the clinical syndromes of FTLD. In- 
deed, in FTLD, although striatal signs may develop 
late in the disease course, in the early and middle 
stages neurologic signs are absent or confined to the 
presence of primitive reflexes. Patients’ physical 

well-being contrasts with the wealth of neurologic 
symptoms and signs common in vascular dementia. 
Although MRI frequently discloses extensive lesions 
in subcortical white matter in vascular dementia, 
this is not a pronounced feature of FTD, PA, or SD. 

There are comprehensive descriptions in the liter- 
ature of the clinical features and neuroradiologic 
manifestations of FTD, PA, and SD1-32 that enable 
the general and nonspecialist reader to  appreciate 
the nature of historic evolution of the three syn- 
dromes. The types of underlying pathologic change 
have also been described e ~ t e n s i v e l y ‘ ~ ~ , ~ ~ - ~ ~  and an 
empiric nosologic taxonomy proposed prior to ulti- 
mate molecular biological definition. The purpose of 
this article is to present formalized diagnostic crite- 
ria for FTD, PA, and SD to enable researchers to  
perform further work into the neuropsychology , neu- 
ropathology, genetics, molecular biology, and epide- 
miology of these disorders. I t  is anticipated that 
usage in different fields of inquiry will lead to modi- 
fication and improvements in the utility of these 
clinical criteria. 

Criteria. The clinical criteria are set out in lists 1 
through 4. The criteria for each of the three major 
clinical syndromes are divided into sections. The 
clinical profile statement together with the core clin- 
ical inclusion and exclusion features provide the nec- 
essary foundation for diagnosis. Additional clinical 
features, neuropsychological investigation, and brain 
imaging support the clinical diagnosis. Operational 
definitions of specific features are outlined later. 

This statement (seen in lists 1 
through 3) summarizes the neurobehavioral profile 
necessary to  fulfill criteria for diagnosis. 

These are features (see 
lists 1 through 3) integral to  the clinical syndrome. 
All features must be present to fulfill the criteria for 
diagnosis. 

Supportive diagnostic features. Clinical. These 
are features (see lists 1 through 3) that are not 
present in all patients, or they may be noted only 
during one phase of the disease. They are therefore 
not necessary conditions for diagnosis. Supportive 
features are characteristic, often with high diagnos- 
tic specificity, and their presence adds substantial 
weight to  the clinical diagnosis. The diagnosis be- 
comes more likely when more supportive features 
are present. 

Physical. In each of the clinical syndromes phys- 
ical signs are few in contrast to the prominent men- 
tal changes. Parkinsonian signs typically emerge 
only during late disease. The physical features out- 
lined should be regarded as “supportive” rather than 
as necessary conditions for diagnosis. 

Investigations. Formal neuropsychological as- 
sessment, EEG, and brain imaging each can provide 
support for and strengthen the clinical diagnosis. 
Such investigatory techniques are not available univer- 
sally, and ought not to  be considered a prerequisite for 
diagnosis. When neuropsychological assessment is per- 

Clinical profile. 

Core diagnostic features. 
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List 1 The clinical diagnostic features of FTD: Clinical profile 

dominant features initially and throughout the disease course. 
Instrumental functions of perception, spatial skills, praxis, and 
memory are intact or relatively well preserved. 

Character change and disordered social conduct are the 

I. Core diagnostic features 
A. Insidious onset and gradual progression 
B. Early decline in social interpersonal conduct 
C. Early impairment in regulation of personal conduct 
D. Early emotional blunting 
E. Early loss of insight 

11. Supportive diagnostic features 
A. Behavioral disorder 

1. Decline in personal hygiene and grooming 
2. Mental rigidity and inflexibility 
3. Distractibility and impersistence 
4. Hyperorality and dietary changes 
5. Perseverative and stereotyped behavior 
6. Utilization behavior 

B. Speech and language 
1. Altered speech output 

a. Aspontaneity and economy of speech 
b. Press of speech 

2. Stereotypy of speech 
3. Echolalia 
4. Perseveration 
5. Mutism 

C. Physical signs 
1. Primitive reflexes 
2. Incontinence 
3. Akinesia, rigidity, and tremor 
4. Low and labile blood pressure 

D. Investigations 
1. Neuropsychology: significant impairment on frontal lobe 

tests in the absence of severe amnesia, aphasia, or 
perceptuospatial disorder 

2. Electroencephalography: normal on conventional EEG 
despite clinically evident dementia 

3. Brain imaging (structural and/or functional): predominant 
frontal and/or anterior temporal abnormality 

formed, the profile of deficits must demonstrate dispro- 
portionate executive dysfunction in FTD or 
disproportionate languagehemantic breakdown in PA 
and SD. With regard to brain imaging, the patterns of 
abnormality are characteristic, but not seen invariably. 
For example, prominent atrophy of the temporal lobes 
is well visualized by high-resolution MRI, but may be 
undetected by CT. Failure to demonstrate the proto- 
typic appearances on imaging need not result in diag- 
nostic exclusion. 

Supportive features common to each of the clinical 
syndromes. These features (see list 4) support but 
are not a necessary condition for FTLD. Onset of 
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List 2 The clinical diagnostic features of progressive nonfluent 
aphasia: Clinical profile 

Disorder of expressive language is the dominant feature 
initially and throughout the disease course. Other aspects of 
cognition are intact or relatively well preserved. 

I. Core diagnostic features 
A. Insidious onset and gradual progression 
B. Nonfluent spontaneous speech with at least one of the 

following: agrammatism, phonemic paraphasias, anomia 
11. Supportive diagnostic features 

A. 

B. 

C. 

D. 

Speech and language 
1. Stuttering or oral apraxia 
2. Impaired repetition 
3. Alexia, agraphia 
4. Early preservation of word meaning 
5. Late mutism 
Behavior 
1. Early preservation of social skills 
2. Late behavioral changes similar to FTD 
Physical signs: late contralateral primitive reflexes, 
akinesia, rigidity, and tremor 
Investigations 

1. Neuropsychology: nonfluent aphasia in the absence of 
severe amnesia or perceptuospatial disorder 

2. Electroencephalography: normal or minor asymmetric 
slowing 

3. Brain imaging (structural and/or functional): asymmetric 
abnormality predominantly affecting dominant (usually 
left) hemisphere 

disease is most commonly before the age of 65 years, 
although rare examples of onset in the very elderly 
have been reported. A positive family history of a 
similar disorder in a first-degree relative has been 
reportedzs4 in as many as 50% of patients: Some fam- 
ilies have shown mutations on chromosome 17 or 
linkage to chromosome 3. Motor neuron disease is a 
recognized albeit uncommon accompaniment to the 
clinical syndromes of lobar d e g e n e r a t i ~ n . ~ ~ ? ~ ~  The de- 
velopment of motor neuron disease in patients pre- 
senting with a progressive behavioral or language 
disorder would strongly support a clinical diagnosis 
of FTD or PA respectively. 

Exclusion features common to each clinical syn- 
drome. Clinical. All features (see list 4) must be 
absent. Early severe amnesia, early spatial disorien- 
tation, logoclonic speech with loss of train of thought, 
and myoclonus are features designed to  exclude AD. 

Investigations. All features should be absent 
(when the relevant information is available). 

Relative diagnostic exclusion features. These are 
features (see list 4) that caution against but do not 
firmly exclude a diagnosis of FTLD. A history of alco- 
hol abuse raises the possibility of an alcohol-related 
basis for a frontal lobe syndrome. However, excessive 
alcohol intake may also occur in FTD patients as a 
secondary manifestation of social disinhibition or hy- 



List 3 The clinical diagnostic features of semantic aphasia and 
associative agnosia (SD): Clinical profile 
Semantic disorder (impaired understanding of word meaning 
andlor object identity) is the dominant feature initially and 
throughout the disease course. Other aspects of cognition, 
including autobiographic memory, are intact or relatively well 
preserved. 

I. Core diagnostic features 
A. Insidious onset and gradual progression 
B. Language Disorder characterized by 

1. Progressive, fluent, empty spontaneous speech 
2. Loss of word meaning, manifest by impaired naming 

3. Semantic paraphasias andlor 
C. Perceptual disorder characterized by 

and comprehension 

1. Prosopagnosia: impaired recognition of identity of 

2. Associative agnosia: impaired recognition of object 

C. Preserved perceptual matching and drawing reproduction 
D. Preserved single-word repetition 
E. Preserved ability to read aloud and write to dictation 

orthographically regular words 

familiar faces andlor 

identity 

11. Supportive diagnostic features 
A. Speech and language 

1. Press of speech 
2. Idiosyncratic word usage 
3. Absence of phonemic paraphasias 
4. Surface dyslexia and dysgraphia 
5 .  Preserved calculation 

B. Behavior 
1. Loss of sympathy and empathy 
2. Narrowed preoccupations 
3.  Parsimony 

C. Physical signs 
1. Absent or late primitive reflexes 
2. Akinesia, rigidity, and tremor 

D. Investigations 
E. Neuropsychology 

1. Profound semantic loss, manifest in failure of word 
comprehension and naming and/or face and object 
recognition 

perceptual processing, spatial skills, and day-to-day 
memorizing 

2. Preserved phonology and syntax, and elementary 

F. Electroencephalography: normal 
G. Brain imaging (structural and/or functional): predominant 

anterior temporal abnormality (symmetric or asymmetric) 

peroral tendencies. The presence of vascular risk 
factors such as hypertension ought to alert investiga- 
tors to a possible vascular etiology. Nevertheless, 
such risk factors are common in the general popula- 
tion and may be present coincidentally in some pa- 

List 4 Features common to clinical syndromes of FTLD (extension 
of lists 1 through 3) 

111. Supportive features 
A. Onset before 65 years: positive family history of similar 

B. Bulbar palsy, muscular weakness and wasting, 
disorder in first-degree relative 

fasciculations (associated motor neuron disease present in 
a minority of patients) 

IV. Diagnostic exclusion features 
A. Historical and clinical 

1. 
2. 

3.  

4. 
5 .  

6. 7. 

8. 

9. 

Abrupt onset with ictal events 
Head trauma related to  onset 
Early, severe amnesia 
Spatial disorientation 
Logoclonic, festinant speech with loss of train of 
thought 
Myoclonus 
Corticospinal weakness 
Cerebellar ataxia 
Choreoathetosis 

B. Investigations 
1. Brain imaging: predominant postcentral structural or 

functional deficit; multifocal lesions on CT or MRI 
2. Laboratory tests indicating brain involvement of 

metabolic or inflammatory disorder such as MS, 
syphilis, AIDS, and herpes simplex encephalitis 

V. Relative diagnostic exclusion features 
A. Typical history of chronic alcoholism 
B. Sustained hypertension 
C. History of vascular disease (e.g., angina, claudication) 

tients with FTLD, particularly in those of more 
advanced age. 

Definitions of clinical features. This informa- 
tion assists in the use of the diagnostic lists. 

Frontotemporal dementia. See list 1. 
Core features. Insidious onset and gradual 

There should be no evidence of an progression. 
acute medical or  traumatic event precipitating 
symptoms. Evidence for a gradually progressive 
course should be based on historic evidence of al- 
tered functional capacity (e.g., inability to  work) 
over a period of at least 6 months, and may be 
supported by a decline in neuropsychological test 
performance. The degree of anticipated change is 
not specified because it is highly variable. In some 
patients change is dramatic over a 12-month pe- 
riod, whereas in others it is manifest only over a 
period of several years. Dramatic social and do- 
mestic events leading to  perturbations in the pa- 
tient’s behavior must be distinguished from ictal 
occurrences of a neurologic or psychological na- 
ture. Only the latter are grounds for exclusion. 

Early - decline - -- in social interpersonal conduct. -. 

This refers to qualitative breaches of interpersonal 
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etiquette that are incongruent with the patient’s pre- 
morbid behavior. This includes decline in manners, 
social graces, and decorum (e.g., disinhibited speech 
and gestures, and violation of interpersonal space) as 
well as active antisocial and disinhibited verbal, 
physical, and sexual behavior (e.g., criminal acts, in- 
continence, sexual exposure, tactlessness, and offen- 
siveness). “Early” for this and other features implies 
that the abnormality should be present at initial pre- 
sentation of the patient. 

Early impaired regulation of personal conduct. 
This refers to  departures from customary behavior of 
a quantitative type, ranging from passivity, inertia, 
and inactivity to  overactivity, pacing, and wander- 
ing; and increased talking, laughing, singing, sexual- 
ity, and aggression. 

This refers to  an inap- 
propriate emotional shallowness with unconcern and 
a loss of emotional warmth, empathy, and sympathy, 
and an indifference to others. 

This is defined as a lack of 
awareness of mental symptoms, evidenced by frank 
denial of symptoms or unconcern about the social, 
occupational, and financial consequences of mental 
failure. 

Supportive features: behavioral disorder. Decline 
in  personal hygiene and grooming. The caregivers’ 
accounts of failure to  wash, bathe, groom, apply 
makeup, and dress appropriately as before are rein- 
forced by clinical observations of unkemptness, body 
odor, clothing stains, garish makeup, and inappro- 
priate clothing combinations. 

This refers to  
egocentricity and loss of mental adaptability, evi- 
denced by reports of any one of the following: the 
patient has to  have his or her own way, is unable to  
see another person’s point of view, adheres to  rou- 
tine, and is unable to adapt to novel circumstances. 

These are re- 
flected in failure to  complete tasks and inappropriate 
digressions of attention to nonrelevant stimuli. 

This refers t o  
overeating; bingeing; altered food preferences and 
food fads; excessive consumption of liquids, alcohol, 
and cigarettes; and the oral exploration of inanimate 
objects. 

This en- 
compasses simple repetitive behaviors such as hand 
rubbing and clapping, counting aloud, tune hum- 
ming, giggling, and dancing, as well as complex be- 
havioral routines such as wandering a fixed route, 
collecting and hoarding objects, and rituals involving 
toileting and dressing. 

Utilization behavior. This is stimulus-bound be- 
haviol-‘* during which patients grasp and repeatedly 
use objects in their visual field, despite the objects’ 
irrelevance to the task at hand (e.g., patients repeat- 
edly switch lights on and off, open and close doors, or 
continue eating if unlimited supplies of food are 
within reach). During clinical interview they may 

Early emotional blunting. 

Early loss of insight. 

Mental rigidity and inflexibility. 

Distractibility and impersistence. 

Hyperorality and dietary changes. 

Perseverative and stereotyped behavior. 
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drink repeatedly from an empty cup or use scissors 
placed before them. 

Speech and language. Altered speech output. 
There are two types of altered speech output: aspon- 
taneity and economy of utterance, and press of 
speech. In aspontaneity and economy of utterance, 
the patient either does not initiate conversation or 
else output is limited to short phrases or stereotyped 
utterances. Responses to questions involve single- 
word replies or short, unelaborated phrases such as 
“don’t know.” Encouragement to  amplify responses 
are unsuccessful. In press of speech, the patient 
speaks interruptedly, monopolizing a conversational 
interchange. 

Stereotypy of speech. These are single words, 
phrases, or entire themes that the patient produces 
;epeatedly and habitually either spdntaneously or in 
response to  questions, replacing appropriate conver- 
sational discourse. 

Echolalia refers to a repetition of the 
utterances of others, either completely or in part, 
sometimes with change of syntax (e.g., Interviewer: 
“Did you go out yesterday?“ Patient: “Did I go out 
yesterday”) when this is a substitute for and not a 
precursor to an  appropriate elaborated response. 

Perseveration is defined as a rep- 
etition of a patient’s own responses. It is a word or 
phrase that, once uttered, intrudes into the patient’s 
subsequent utterances. I t  differs from a stereotypy in 
that the repeated word or phrase is not habitual. 
Perseverations may occur spontaneously in conver- 
sation or are elicited in naming tasks (e.g., the pa- 
tient names scissors as “scissors” and later names a 
clock as “scissors”). Perseveration includes palilalia, 
in which there is immediate repetition of a word, 
phrase, or sentence (e.g., “I went down town, down 
town, down town”). 

This is an absence of speech or speech 
sounds. Patients may pass through a transitional 
phase of “virtual mutism,” during which they gener- 
ate no propositional speech, yet echolalic responses 
and some automatic speech (e.g., “three” when 
prompted with “one, two”) may still be present. 

Physical signs. Primitive reflexes. At least one 
of the following is present: grasp, snout, and sucking 
reflexes. 

Incontinence. This refers to  voiding of urine or 
feces without concern. 

Neuropsychology. Significant impairment on 
frontal lobe tests, in the absence of  severe amnesia, 
aphasia, or perceptuospatial disorder. Impairment 
on frontal lobe tests is defined operationally as fail- 
ures (scores below the fifth percentile) on conven- 
tional tests of frontal lobe function (e.g., Wisconsin/ 
Nelson card sort, Stroop, Trail Making) in which a 
qualitative pattern of performance typically associ- 
ated with frontal lobe dysfunction is demonstrated: 
concreteness, poor set shifting, perseveration, failure 
to use information from one trial to guide subsequent 
responses, inability to  inhibit overlearned responses, 
and poor organization and temporal sequencing. 

Echolalia. 

Perseveration. 

Mutism. 



Abnormal scores that arise secondary to memory, 
language, or perceptuospatial disorder (such as for- 
getting instructions or the inability to  recognize or 
locate test stimuli) would not be accepted as evidence 
of impairment on frontal lobe tests as operationally 
defined. 

FTD patients may perform inefficiently on formal 
memory, language, perceptual, and spatial tests as a 
secondary consequence of deficits associated with 
frontal lobe dysfunction, such as inattention, poor 
self-monitoring and checking, and a lack of concern 
for accuracy. Poor test scores per se would not there- 
fore exclude a diagnosis of FTD. An absence of severe 
amnesia, aphasia, or perceptuospatial disorder 
would be demonstrated by patchiness or inconsis- 
tency in performance (e.g., failure on easy items and 
pass on more difficult items) or demonstration that 
correct responses can be elicited by cuing or by di- 
recting the patient’s attention to test stimuli. 

Electroencephalography. Normal despite clini- 
cally evident dementia. Conventional EEG reveals 
frequencies within the normal range for the patient’s 
age (minimal theta would be considered within nor- 
mal limits). There are no features of focal epilepti- 
form activity. 

Brain imaging (structural or  functional). Pre- 
dominant frontal or anterior temporal abnormal- 
~ ity. Atrophy, in the case of structural imaging (CT 
or MRI), and tracer uptake abnormality, in the case 
of functional brain imaging (PET or SPECT), is more 
marked in the frontal or anterior temporal lobes. 
Anterior hemisphere abnormalities may be bilater- 
ally symmetric or asymmetric, affecting the left or 
right hemisphere disproportionately. 

Progressive nonfluent aphasia. Definitions are 
for features (see list 2) that differ from or are in 
addition to  those of FTD. 

Core features. Nonfluent spontaneous speech 
with at least one of the following: agrammatism, pho- 
nemic paraphasias, and anomia. Nonfluent speech 
is defined as hesitant, effortful production, with re- 
duced rate of output. Agrammatism refers to  the 
omission or incorrect use of grammatical terms, in- 
cluding articles, prepositions, auxiliary verbs, inflex- 
ions, and derivations (e.g., “man went town”; “he 
comed yesterday”). 

Phonemic paraphasias are sound-based errors 
that include incorrect phoneme use (e.g., “gat” for 
“cat”) and phoneme transposition (e.g., “aminal” for 
“animal”). The frequency of such errors should ex- 
ceed that reasonably attributed to normal slips of the 
tongue. 

Anomia is defined as a difficulty in naming mani- 
fest by an inability to  find the correct word, by pro- 
longed word retrieval latencies relative to  the norm, 
or by incorrect word production. The availability of 
partial knowledge of a word, such as the initial let- 
ter, would be consistent with anomia, as would sev- 
eral attempts to produce a word, each yielding a 
close approximation (e.g., “scinners . . . sivvers . . . 

scivvers . . . scissors”).Supportive diagnostic fea- 
tures: speech and language. Stuttering or oral 
apraxia. Articulation is effortful, and repetition of 
parts of a word, particularly the first consonant, oc- 
curs in the patient’s effort to produce a complete 
utterance. (Developmental stuttering is excluded.) 

The patient has a reduced 
repetition span (less than five digits forward; less 
than four monosyllabic words) or makes phonemic 
paraphasias when attempting to repeat polysyllabic 
words, word sequences, or short phrases. 

Reading is nonfluent and 
effortful. Sound-based errors are produced (phonemic 
paralexias). Writing is effortful, contains spelling er- 
rors, and may show features of agrammatism. 

Early preservation of word meaning (understand- 
ing preserved at single-word level). Patients should 
show an understanding of the nominal terms em- 
ployed during a routine clinical examination. There 
should be a demonstrable discrepancy between word 
comprehension and naming: Patients should show 
understanding of words that they have difficulty 
retrieving. 

Behavior. Early preservation of social skills. The 
language disorder should be the presenting symptom. 
At the time of onset of language disorder, patients 
should demonstrate preserved interpersonal and per- 
sonal conduct. 

The changes 
outlined for FTD in conduct, if they occur, should not 
be presenting symptoms. There should be a clear, 
documented period of circumscribed language disor- 
der before their development. 

Neuropsychology. Nonfluent aphasia in  the ab- 
sence of severe amnesia or perceptuospatial disorder. 
There is difficulty in verbal expression. The language 
impairment may compromise performance on verbal 
memory tasks, so that poor scores on memory tests 
per se would not exclude a diagnosis of progressive 
aphasia. The presence of normal scores on one or 
more tests of visual memory, or a demonstration of 
normal rates of forgetting (i.e., no abnormal loss of 
information from immediate to delayed recallhecog- 
nition), would provide evidence for an absence of se- 
vere amnesia. An absence of a severe perceptual 
disorder would be demonstrated by accurate recogni- 
tion of the line drawings employed during routine 
naming tasks, as determined by the patient’s ability 
to  produce a correct name, an approximation to the 
name, a functional description of the object’s use, or 
a pertinent gesture or action pantomime. An absence 
of severe spatial disorder is demonstrated by normal 
performance on two or more spatial tasks, such as 
dot counting, line orientation, and drawing copying. 

Semantic aphasia and associative agnosia (SO). 

Impaired repetition. 

Alexia and agraphia. 

Late behavioral changes in FTD. 

- 
Core features. Fluent, empty spontaneous speech. 
Speech production is effortless, without hesitancies, 
and thepatient does not search for words. However; 
little information is conveyed, reflecting reduced use 
of precise nominal terms, and increased use of broad 
generic terms such as “thing.” In the early stages of 
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the disorder the “empty” nature of the speech output 
may become apparent only on successive interviews, 
which reveal a limited and repetitive conversational 
repertoire. 

Loss of word meaning. There must be evidence of 
a disorder both of single-word comprehension and 
naming. A semantic deficit may be alerted by pa- 
tients’ remarks of the type, ‘What’s a **? I don’t 
know what that is.” However, impairment may not 
be immediately apparent in conversation because the 
patient’s effortless speech gives an impression of fa- 
cility with language. Word comprehension impair- 
ment needs to be established by word definition and 
object-pointing tasks. A range of stimuli needs to be 
tested, both animate and inanimate, because mean- 
ing may be differentially affected for different mate- 
rial types. 

Semantic paraphasias. Semantically related 
words replace correct nominal terms. Although these 
may include superordinate category substitutions 
(e.g., “animal” for camel), coordinate category errors 
(e.g., “dog” for elephant; “sock” for glove) must be 
present to meet operational criteria. 

This is impaired recognition of 
familiar face identity, not attributable to  anomia. I t  
is demonstrated by the patient’s inability to provide 
defining or contextual information about faces of ac- 
quaintances or well-known celebrities. 

Associative agnosia. This is an impairment of ob- 
ject identity, present both on visual and tactile pre- 
sentation, that cannot be explained in terms of 
nominal difficulties. It is indicated historically by 
reports of misuse of objects or loss of knowledge of 
their function. It is demonstrated clinically by pa- 
tients’ reports of lack of recognition and by their 
inability to convey the use of an object either ver- 
bally or by action pantomime. 

Prosopagnosia. 

Preserved perceptual matching and drawing repro- 
There should be some demonstration that duction. 

the patient’s inability to recognize faces or objects 
does not arise at the level of elementary visual pro- 
cessing. Demonstration of an ability to  match for 
identity (to identify identical object pairs, shapes, or 
letters) or to reproduce simple line drawings (e.g., of 
a clock face, a flower, or a simple abstract design) 
would provide the minimum requirement to  fulfill 
criteria for diagnosis. 

Preserved single-word repetition. The relative 
preservation of repetition skills is a central feature 
of the disorder. This typically includes the ability to  
repeat short phrases and sequences of words, al- 
though for such complex material, errors may 
emerge ultimately in advanced disease in the context 
of severe semantic loss. Demonstration of accurate 
repetition at least at the level of a single polysyllabic 
word is required to fulfill criteria for diagnosis. 

Preserved ability to read aloud and to write to 
dictation orthographically regular words. The abil- 
ity to read without comprehension is central to the 
disorder. However, reading performance is not en- 
tirely error free. Orthographically irregular words 
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commonly elicit “surface dyslexic”-type errors (e.g., 
“pint” read to rhyme with “mint”; “glove” to rhyme 
with “rove” and “strove”). Patients should demon- 
strate the ability to read aloud accurately at least 
one-syllable words with regular spelling-to-sound 
correspondence. Writing of orthographically irregu- 
lar words also typically reveals regularization errors 
(e.g., “caught” written as “cort”). Patients should 
demonstrate accurate writing to dictation at least of 
one-syllable orthographically regular words. 

Supportive diagnostic features: speech and lan- 
guage. Press of speech. The patient speaks with- 
out interruption. This occurs in many but not all 
patients. 

Vocabulary is used 
consistently but idiosyncratically. For example, the 
word “container” applied to small objects regardless 
of their facility to contain, and “on the side” applied 
to spatial locations, both near (e.g., on the table) and 
distant (e.g., in Australia). The semantic link be- 
tween the adopted word or phrase and its referent 
may be tenuous or absent. 

Absence of phonemic paraphasias in  spontaneous 
speech. Sound-based errors are absent in conversa- 
tional speech. The feature, although characteristic, is 
not included as a core feature because occasional 
phonemic errors may emerge in advanced disease in 
the context of a profound disorder of meaning. 

Surface dyslexialdysgraphia. The presence of 
surface dyslexic errors (described earlier) in reading 
and writing is a strong supportive feature. 

The preserved ability of 
patients to calculate (to carry out accurately two- 
digit written addition and subtraction) is character- 
istic. It is not included as a core feature because 
calculation skills may break down in advanced dis- 
ease as a consequence of failure to recognize the 
identity of Arabic numerals. 

Behavior. Loss of sympathy and empathy. Pa- 
tients are regarded by relatives as self-centered, 
lacking in emotional warmth, and lacking awareness 
of the needs of others. 

Narrowed preoccupations. Patients are reported 
to have a narrowed range of interests that they pur- 
sue at the expense of routine daily activities (e.g., 
doing jigsaw puzzles all day and neglecting the 
housework). 

Patients show an abnormal preoccu- 
pation with money or financial economy. This may 
be demonstrated by hoarding or constant counting of 
money, by patients’ avoidance of spending their own 
money, by their purchase of the cheapest items re- 
gardless of quality, or by their attempts to restrain 
usage by other family members of household utilities 
(e.g., electricity and water). 

Neuropsychology. Profound semantic loss, mani- 
fest in failure of word comprehension and naming, or 
face and object recognition; preserved phonology and 

Idiosyncratic word usage. 

Preserved calculation. 

Parsimony. 

syntax, and elementary perceptual processing, spatial 
skills, and day-to-day memorizing. Significant im- 
pairment should be demonstrated on word compre- 



hension and naming or famous face identification or 
object recognition tasks. It should be shown that 
poor scores arise at a semantic level and not a t  a 
more elementary level of verbal or visual processing 
by demonstrating that the patient can repeat words 
that are not understood, can match for identity, and 
can copy drawings of objects. Patients should demon- 
strate normal performance on two or more spatial 
tasks, such as dot counting and line orientation. Per- 
formance on formal memory tests (e.g., involving re- 
membering words or  faces) is compromised by 
patients' semantic disorder. Nevertheless, patients 
retain the ability to remember autobiographically 
relevant day-to-day events (e.g., that a grandchild 
visits on Saturdays). Such preservation is striking 
clinically but may be difficult to capture on formal 
tests, which by definition are divorced from daily life. 

Di- 
agnostic exclusion features. Early, severe am= 
sia. Symptoms of poor memory may be present and 
inefficient performance demonstrated on memory 
tests; these may occur secondary to executive or lan- 
guage impairments. However, memory failures are 
patchy and inconsistent, and patients do not present 
a picture of classic amnesia. Demonstration that a 
patient is disoriented in both time and place and 
shows a consistent, pervasive amnesia for salient 
contemporary autobiographic events would be incom- 
patible with the clinical syndromes of FTLD. 

Patients with FTD who 
wander from a familiar environment may become 
lost because of failure of self-regulation of behavior 
(i.e., for reasons that are not primarily spatial). They 
do not exhibit spatial disorientation in familiar sur- 
roundings such as their own home. They negotiate 
their surroundings with ease, and localize objects in 
the environment with accurate reaching actions. 
Preservation of primary spatial skills is demonstra- 
ble even in patients with advanced disease by their 
capacity, for example, to align objects and to fold 
paper accurately. Evidence of poor spatial localization 
and disorientation in highly familiar surroundings 
would exclude clinical diagnoses of FTD, PA, or SD. 

Logoclonic, festinant speech with rapid loss of 
train of thought. Logoclonia is defined as the effort- 
less repetition of the final syllable of a word (e.g., 
Washington.. . ton . .  . ton.  . . ton). Festinant speech 
refers to a rapid, effortless reiteration of individual 
phonemes. Logoclonic and festinant speech need to 
be distinguished from stuttering, which has an ef- 
fortful quality and usually involves repetition of the 
first consonant or syllable. They need to be distin- 
guished from palilalia, during which there is repeti- 
tion of complete words and phrases. Loss of train of 
thought is a common feature of AD: patients begin 
sentences that they fail to  complete, not only because 
of word-finding difficulty but also because of rapid 
forgetting of the intended proposition. A demonstra- 
tion in conversation that patients are rapidly losing 
track would be contrary to a diagnosis of FTLD. 

Features common to each clinical syndrome. 

Spatial disorientation. 

Conclusion. These criteria provide a mechanism 
for diagnosis and differentiation of dementias associ- 
ated with FTLD. The core diagnostic criteria indicate 
the consensus of the group in identifying the key 
clinical aspects that differentiate FTD, PA, and SD. 
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ORIGINAL CONTRIBUTION

Evaluating Atypical Dementia Syndromes
Using Positron Emission Tomography With
Carbon 11–Labeled Pittsburgh Compound B
Steven Y. Ng, MBBS; Victor L. Villemagne, MD; Colin L. Masters, MD; Christopher C. Rowe, MD

Context: A progressive decline in episodic memory af-
fecting activities of daily living is the usual clinical pre-
sentation of Alzheimer disease. However, patients pre-
senting with atypical or focal clinical symptoms such as
language or visuospatial dysfunction often pose a diag-
nostic challenge.

Objective: To explore the presence and topography of
� amyloid (A�) as measured by carbon 11–labeled Pitts-
burgh Compound B (11C-PiB) in patients with atypical
presentations of dementia.

Design, Setting, and Participants: At a tertiary re-
ferral center for memory disorders, 15 healthy controls,
10 patients with Alzheimer disease, a patient with primary
progressive aphasia (PPA), and a patient with posterior
cortical atrophy (PCA) underwent 11C-PiB positron emis-
sion tomographic studies. Retention of 11C-PiB was com-
pared between different groups using statistical paramet-
ric mapping.

Main Outcome Measure: The topography of cortical
11C-PiB binding in atypical vs typical Alzheimer disease.

Results: Cortical 11C-PiB binding was higher in the group
with Alzheimer disease and in the patients with PPA and
PCA than the controls (P� .001). Both patients with atypi-
cal dementia had a similar 11C-PiB binding pattern to Alz-
heimer disease although 11C-PiB retention was higher on
the left cerebral hemisphere in the patient with PPA
(P� .01) and higher in the occipital cortex in the pa-
tient with PCA (P� .01).

Conclusions: The presence of distinctive focal 11C-PiB
retention patterns was demonstrated in 2 patients with
atypical onset of dementia. Pittsburgh Compound B has
the potential to facilitate differential diagnosis of demen-
tia and identify patients who could benefit from specific
therapeutic strategies aimed at � amyloid reduction.

Arch Neurol. 2007;64(8):1140-1144

W HILE THE MAJORITY

of patients with Alz-
he imer d i s e a s e
(AD) have promi-
nent memory im-

pairment early in the course of the dis-
ease, 15% of all patients with AD present
with focal syndromes that initially spare
memory, attention, executive function, and
insight.1 Patients with atypical AD tend to
have a younger age at onset and a more
protracted disease course.1 Five different
types of atypical AD presentations have
been described: progressive aphasia; pos-
terior cortical atrophy (PCA); and vi-
sual-, frontal-, and extra-pyramidal–
variant AD.2 The criteria from the National
Institute of Neurological and Communi-
cative Diseases and Stroke–Alzheimer’s
Disease and Related Disorders Associa-
tion3 for AD are weighted heavily on the
memory domain of cognition, which may
preclude the early diagnosis of atypical
cases.

Primary progressive aphasia (PPA) is
currently classified as a subtype of fron-
totemporal dementia and is diagnosed
when a patient suffers from language dys-
function for the first 2 years of the dis-
ease course, sparing other aspects of cog-
nition.4 Primary progressive aphasia
includes fluent and nonfluent types with
the latter being more common. There is
considerable heterogeneity in the pathol-
ogy of PPA: 60% show nonspecific fea-
tures such as gliosis and spongiform
changes; 20% show � amyloid (A�)
plaques and neurofibrillary tangles; and
20% show Pick bodies.5 Neurodegenera-
tive changes have been localized to the
frontal and left perisylvian temporal cor-
tex with supporting data from structural
and functional neuroimaging studies.5,6

Posterior cortical atrophy (PCA) is a
neurodegenerative disorder of the poste-
rior cerebral cortex, a highly specialized
area responsible for higher-order visual
processing and spatial praxis. Posterior
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cortical atrophy is clinically characterized by features of
Balint syndrome (ocular apraxia, optic ataxia, and si-
multanagnosia).7,8 Other clinical features include visual
agnosia, constructional and dressing apraxia, ideomo-
tor apraxia, prosopagnosia, and left hemineglect. Most
reported cases of PCA have AD pathology with visual and
posterior parietal cortex showing double the concentra-
tion of A� plaques and neurofibrillary tangles than would
be seen in typical AD.1,7,8 Magnetic resonance imaging
(MRI) may show predominantly right-sided parietal and
occipital cortical atrophy.9,10 Predominantly right-sided
hypoperfusion on hexamethylpropyleneamine oxime
single-photon emission computed tomography and hy-
pometabolism on 18F-fluorodeoxyglucose (18F-FDG) posi-
tron emission tomography (PET) have been reported.10,11

The PET imaging ligand carbon 11–labeled Pitts-
burgh Compound B (11C-PiB) allows in vivo assessment
of A� plaques. Pittsburgh Compound B (N-methyl-
[11C]2-(4�-methylaminophenyl)-6-hydroxybenzo-
thiazole) is a derivative of thioflavin T and has been shown
to bind specifically to A� plaques in human brain ho-
mogenates.12 Human studies have shown significantly
higher cortical 11C-PiB retention in AD than controls.13

The purpose of this study was to explore the presence
and topography of 11C-PiB retention in 2 patients, one
diagnosed clinically as PPA and the other as PCA, and
compare them against age-matched controls and pa-
tients with typical AD using voxel-based image analysis.

METHODS

Fifteen elderly individuals with normal cognitive function and
12 patients with well-characterized dementia (10 AD, 1 PPA,
1 PCA) were included in this study. All studies were approved
by the Austin Health research ethics committee, and informed
consent was obtained from all subjects. Demographic charac-
teristics are summarized in the Table.

CASE HISTORY 1:
PRIMARY PROGRESSIVE APHASIA

In 2002, a 79-year-old man presented with 6 years of word-
finding difficulties. Initial assessment revealed mild dysnomia
and confrontation naming sparing other aspects of cognition.
Repeat evaluation in 2005 revealed significant word-retrieval
difficulties and the occasional phonological paraphasic error.
There were significant difficulties with spelling and reading and

subtle reduction in semantic processing. His logical grammati-
cal comprehension was intact. Working memory and atten-
tion independent of language were only mildly impaired. His
visuospatial processing ability was intact, insight was pre-
served, and there were no behavioral symptoms of frontotem-
poral dementia. His MRI demonstrated left-sided perisylvian
cortical atrophy accompanied by hypometabolism on 18F-
FDG PET (Figure 1).

CASE HISTORY 2:
POSTERIOR CORTICAL ATROPHY

In 2003, a 64-year-old woman presented with progressive visuo-
spatial difficulties and left-arm apraxia over 5 years. Her short-
term memory and insight were relatively preserved until 2005.
Physical examination confirmed left-sided visual neglect, and
motor apraxia (both dressing and constructional). Oculomo-
tor apraxia, optic ataxia, and simultanagnosia were evident.
There were no other focal neurological deficits or apparent ex-
trapyramidal features. Magnetic resonance imaging demon-
strated severe parietal cortical atrophy (Figure 2A), and 18F-
FDG PET (Figure 2B) showed profound hypometabolism in
the parietal and visual cortices.

NEUROIMAGING

All subjects underwent a T1-weighted spoiled gradient echo se-
quence MRI for subsequent coregistration with the PET images.
T2-weighted and fluid-attenuated inversion recovery sequences
were performed to rule out stroke. Each subject received 375±18
MBq 11C-PiB by intravenous injection at the beginning of a 90-
minute dynamic PET acquisition. Decay-corrected PET data were
standardized for injected dose and individual body weight to gen-
erate standardized uptake values. The data acquired between 40
and 70 minutes postinjection were summed and normalized to
the cerebellar cortex to generate standardized uptake value ratio
(SUVR40-70) images. The cerebellar cortex, being devoid of neu-
ritic amyloid plaques, is used commonly as a reference tissue in
11C-PiB quantification.14

STATISTICAL PARAMETRIC MAPPING ANALYSIS

The SUVR40-70 PET images were coregistered to individual
MRIs using statistical parametric mapping software (SPM2, Well-
come Department of Cognitive Neurology, London, England)
and subsequently spatially normalized to the Montreal Brain
template (Montreal Neurological Institute, Montreal, Que-
bec) to remove intersubject anatomical variability. The voxel-
based statistical parametric mapping between-group compari-
sons using a 2-sample t test were performed without any a priori

Table. Demographic Characteristicsa

Group Sex Age, y MMSE Scoreb CDRc Disease Duration, y Education, y

PPA M 79 26 0.5 8 12
PCA F 64 9 2 8 11
AD 5 M, 5 F 72.1 ± 13.3 22.4 ± 4.7d 1.1 ± 0.5d 1.9 ± 0.9 12.7 ± 5.6
HC 10 M, 5 F 71.8 ± 6.7 29.3 ± 1.0 0 NA 12.8 ± 5.7

Abbreviations: AD, Alzheimer disease; CDR, Clinical Dementia Rating; HC, healthy controls; MMSE, Mini-Mental State Examination; NA, not applicable;
PCA, posterior cortical atrophy; PPA, primary progressive aphasia.

aAll subjects are right-hand dominant. Some values are given as mean ± SD.
bThe maximum score on the MMSE is 30.
cThe categories of CDR are 0.5, 1, 2, and 3 with 3 being the worst category.
dSignificant mean difference between AD and HC at P = .05.
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hypothesis or spatial constraints concerning the location of po-
tential group differences in 11C-PiB retention. Statistical analy-
ses were performed at height threshold of P� .001 for AD vs
controls while a less stringent threshold of P=.01 was chosen
for atypical cases vs typical AD. Extent threshold was set at 125
voxels to enhance detection of significant clusters.

RESULTS

The between-group statistical parametric mapping analy-
sis showed that 11C-PiB retention in patients with typi-
cal AD was higher than control subjects in the orbito-
frontal, posterior cingulate, temporal, and parietal cortex
with relative sparing of medial temporal, sensorimotor,
and occipital cortex (Figure 3). The most significant
clusters were found in the posterior cingulate, orbito-
frontal, and parietal cortex. Both the patient with PPA

and the patient with PCA had 11C-PiB retention patterns
resembling AD when between-group analysis was per-
formed against the controls. When compared with sub-
jects with typical AD, the patient with PPA showed asym-
metric focal 11C-PiB retention of the left frontotemporal
cortex (Figure 4) and the patient with PCA had visual
cortical 11C-PiB retention in contrast to the occipital spar-
ing seen in AD (Figure 4).

COMMENT

The 11C-PiB retention pattern in AD is consistent with
the known distribution of AD pathology from post-
mortem data.15 Distribution of 11C-PiB in both atypical
dementia cases was similar to typical AD although pre-
dominantly left-sided in the patient with PPA in a

Figure 1. Magnetic resonance image of the patient with posterior cortical atrophy. Arrows indicate areas of cortical atrophy, which are more prominent in
posterior parietal cortex.

8.00

0.00

Figure 2. 18F-fluorodeoxyglucose positron emission tomography of the patient with posterior cortical atrophy. The images revealed profound hypometabolism in
posterior cingulate, parietotemporal, and visual (lateral and primary) cortex. The frontal, sensorimotor cortex, cerebellum, and caudate nucleus were relatively
preserved.
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Figure 3. Visualization of the results of statistical parametric mapping analysis. The regions with statistically significant increases (P� .001) in retention of carbon
11–labeled Pittsburgh Compound B (11C-PiB) in patients with Alzheimer disease compared with control subjects are highlighted (yellow indicates the most
significant difference). Note relative sparing of occipital cortex.
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Figure 4. Statistical parametric mapping analysis of typical vs atypical Alzheimer disease (AD). The patient with primary progressive aphasia (A) had retention of
carbon 11–labeled Pittsburgh Compound B (11C-PiB) predominantly in the left frontotemporal cortical region when compared with AD (P� .01). The patient with
posterior cortical atrophy (B) had significantly higher 11C-PiB retention in the visual cortex than the subjects with typical AD (P�.01).
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region located in proximity to the motor speech area
(Broadmann area 44) and higher in the occipital cortex
in the patient with PCA. Whether focal dementia syn-
dromes are variants of AD is still controversial. Some
authors believe the long disease course and early preser-
vation of memory and insight make AD as the underly-
ing pathological driving factor unlikely.6 Our 11C-PiB
PET findings do support the concept of atypical AD at
least in some cases of focal dementia. Although it is not
possible to establish a cause-and-effect relationship with
A� deposition in our 2 cases because we have no data
on the time relationship between A� deposition and the
onset of symptoms, the distinct 11C-PiB retention pat-
tern and its concordance with clinical features and 18F-
FDG hypometabolism suggests that A� may play a role
in the pathogenesis.

Longitudinal studies with serial amyloid PET imaging
and clinical assessment may provide insight into the role
of A� in atypical dementia syndromes in a manner that
postmortem studies cannot. Identification of A� may not
only contribute to the differential diagnosis of demen-
tia, but as anti-A� treatment options become available,
it may also allow appropriate therapeutic strategies to be
implemented and monitored, potentially preventing a fo-
cal deficit from becoming a global dementia.
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SUMMARY 

A dementing syndrome has been identified in a group of psychiatric cases aged 
71-90 years, presenting initially with a subacute/acute confusional state, often fluc- 
tuating and associated with visual hallucinations and behavioural disturbances. Clini- 
cally, these cases did not meet criteria for a diagnosis of Alzheimer's disease, and many 
were assigned to the multiinfarct dementia group, although no significant ischaemic 
lesions were evident at autopsy. Mild extrapyramidal features were apparent in a 
number of cases but the characteristic clinical triad of Parkinson's disease, i.e., tremor, 
rigidity, and akinesia, was absent. Detailed neuropathological examination revealed 
Lewy body formation and selective neuronal loss in brain stem and other subcortical 
nuclei, accompanied by Lewy body formation in neo- and limbic cortex, at densities 
well below those previously reported in diffuse Lewy body disease. A variable degree 
of senile degenerative change was present; numerous senile plaques and minimal 
neurofibrillary tangles in most cases. Neither the clinical nor the neuropathological 
features of this group are typical of Parkinson's or Alzheimer's disease, but suggest 
a distinct neurodegenerative disorder, part of the Lewy body disease spectrum, in 
which mental symptoms predominate over motor disabilities and lead to eventual 
psychogeriatric hospital admission. In a sequential series of autopsies conducted on 
clinically assessed demented patients, neuropathological analysis has indicated that 
such cases may comprise up to 20~o of a hospitalized population of demented old 

Correspondence to." Dr. R.H. Perry, Department of Neuropathology, Newcastle General Hospital, 
Westgate Road, Newcastle upon Tyne, NE4 6BE, U.K. 
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people over the age of 70 years, an observation clearly relevant to the diagnosis and 
management of dementia in the elderly. 

Key words: Senile dementia; Lewy bodies; Parkinson's disease; Alzheimer's disease; 
Diffuse Lewy body disease; Lewy body dementia 

INTRODUCTION 

In a previous analysis of correlates of cognitive impairment in Parkinson's disease 
[PD] and dementia (Perry et al. 1985) it was noted that two elderly cases with increased 
neocortical plaque density, had presented primarily with psychiatric symptoms rather 
than a movement disorder. Ongoing neuropathological examination of clinically 
assessed dementia cases coming to autopsy at the Newcastle General Hospital between 
1982 and 1987, has revealed a further 18 out of 93 cases (19~o) over the age of 70 years 
to have the histological features (particularly Lewy body formation) traditionally asso- 
ciated with PD, although the patients had not presented with an obvious movement 
disorder but had a psychiatric history of acute confusion, cognitive impairment and 
behavioural disturbances not typical of Alzheimer's disease (AD), and often initially 
diagnosed as multiinfarct dementia (MID). In view of the number involved and the 
unusual presentation these cases were examined more fully in conjunction with a 
detailed review of clinical assessments. In the present report the findings in this atypical 
group are compared with those seen in idiopathic PD (with and without dementia), 
classical senile dementia of Alzheimer-type (SDAT), diffuse Lewy body disease 
(DLBD) and with age-matched controls. A brief report of preliminary findings has been 
published (Irving et al. 1988, 1989; Perry et al. 1989a,b). 

MATERIALS AND METHODS 

Case selection 

Ninety-three cases of dementia over the age of 70 years from the psychogeriatric 
units of Newcastle General Hospital and St Nicholas Hospital coming to autopsy 
between 1982 and 1987, were assigned to categories according to previously described 
(Tomlinson et al. 1968, 1970) or recently modified clinical and neuropathological 
criteria (Table 1). For comparative purposes age-matched control and nondemented PD 
patients coming to autopsy from the general medical and neurology wards of Newcastle 
General and other local hospitals were included. The largest dementia category 
consisted of 45 cases with classical Alzheimer pathology (Tomlinson et al. 1970). The 
atypical group comprised 18 cases - the second largest category of dementia - and the 
30 remaining cases were assigned to other diagnostic groups such as MID (6), mixed 
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MID/SDAT (5), PD developing dementia (7), diffuse Lewy body disease (DLBD) (2), 
S DAT combined with PD (1), and isolated examples of less common neuropsychiatric 
diseases such as KorsakofFs psychosis (1), progressive supranuclear palsy (1), multi- 
system atrophy (1), dementia in motor neuron disease (1), and dementia of unknown 
aetiology (5). 

Fourteen atypical and 14 age-matched SDAT cases were selected (on the basis 
of tissue availability) for detailed comparative clinical and neuropathological assess- 
ment. This comparative study also included 12 PD cases: 5 non-demented cases in 
addition to the 7 cognitively impaired PD patients (see above); all presented with classic 
parkinsonian movement disorder (tremor, rigidity, akinesia) and had been prescribed 
and responded to anti-parkinsonian drug therapy. The normal or control group con- 
sisted of 14 age-matched patients capable of living an independent existence, with no 
recorded neurological or psychiatric abnormalities, or neuropathological evidence of 
AD or PD (Perry et al. 1978; Tomlinson et al. 1968). 

Neuropathological methods 
At autopsy the right hemisphere and hemi-midbrain, brain stem and cerebellum 

were fixed in neutral formalin, and the left hemisphere coronally sectioned and snap- 
frozen for neurochemicai assay (Perry et al. 1982). Any ischaemic lesions in the fresh 
or fixed brain sections were charted, quantified, and analysed as described previously 
(Tomlinson et al. 1968). The fight hemisphere was sliced coronally and tissue for 
paraffin processing taken from standard areas in the four major cortical lobes 
(Tomlinson et al. 1968), and from anterior and posterior cingulum, hippocampus, 
amygdaloid, basal ganglia (including substantia innominata and thalamus), midbrain (at 
least 2 levels), upper and upper-mid pons, medulla, and cerebellum. From these hand- 
processed tissue blocks, 5-/~m sections were cut and stained with haematoxylin and 
eosin (H&E) and 20-/~m sections with cresyl fast violet (CFV) for RNA (Nissl sub- 
stance), Loyez haematoxylin (myelin), and a modification of Palmgren's silver technique 
(Cross 1982) for neurofibrillary tangle demonstration (Fig. la,b). The Von Braunmtlhl 
silver impregnation technique was used to demonstrate senile plaques (Fig. lc,d) in 
25-/~m frozen sections cut from tissue blocks adjacent to those taken for paraffin 
processing. 

All sections were screened for pathological changes including foci of ischaemia. 
Quantitation of Alzheimer-type pathology (plaques and tangles), in the 4 neocortical 
lobes (Brodmann areas 8/9, 17/18/19, 20/21/22, and 39/40), was carried out using 
previously described methods (Tomlinson et al. 1968) or methods modified as follows. 
The mean tangle density was obtained by counting tangles in consecutive fields 
(0.61 mm 2 in area) through the cortical layers at right angles to the grey/white matter 
surface in each of 5 randomly marked areas positioned at intervals around gyri (2 crest, 
2 mid-sulcal zone, and 1 base of sulcus); mean plaque density was calculated from 
counts in fields (3.1 mm 2 in area), at 5 similarly marked points. Both plaque and tangle 
densities were expressed as mean values per mm 2 and in cases where tangles were sparse 
total numbers were counted in each section and the density derived by measuring the 
grey matter area of the section using a Kontron MOP-videoplan analyser. 
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Lewy bodies (LB) in the substantia nigra (SN) and other subcortical nuclei were 
identified in H&E sections, and LB or Lewy-like inclusions (cortical LB (Fig. le,f) 
generally lacking a peripheral halo in contrast to the classical LB of subcortical nuclei; 
see Gibbet al. (1987)) identified in neo- and limbic cortex (defined as cortex associated 
with the limbic lobe including cingulum, hippocampal gyrus and amygdaloid; - see 
Brodal (1969)) and their density per cm 2 estimated by counting the total number per 
section using the grey matter area measurements described above. The counterstain in 
the H&E method (used routinely in the Neuropathology Department) is a composite 
ofeosin, phloxine and erythrosin in 20~o alcohol which gives a wider spectrum of pinks 
to reds than standard eosin counterstains, and aids recognition of cortical LB. Identifi- 
cation of LB was further assisted by the use of a standard green photographic filter 
(Kodak Wratten No. 11) placed between the light source and the microscope stage to 
enhance contrast. 

Dopaminergic neuromelanin pigmented neurons in SN were assessed in CFV 
stained sections from a mid level of midbrain (Fig. 2), and all those with visible nucleoli 
counted. Similarly, noradrenergic neurons in the locus coeruleus (LC) were counted 
bilaterally at the upper midpons level. 

Clinical evaluation of  cases 
In addition to the original clinical diagnosis, case notes of the atypical and the 

age-matched SDAT groups were retrospectively assessed by one of us (GB) for com- 
parative purposes, and the resulting clinical diagnosis based upon the International 
Classification of Diseases (ICD) (WHO, 9th revision, 1977). All cases had been subject 
to initial and repeated multidisciplinary psychogeriatric clinical evaluations which 
included: a semi-structured psychiatric history and examination (Bergmann and 
Eastham 1974) and a medical history and examination augmented by laboratory and/or 
radiological screening for organic dysfunction. Severity of dementia was assessed in 
three ways: by calculation of the best (usually initial) recorded Mental Test Score (MTS, 
the modified Roth Hopkins test; Blessed et al. 1968) and by the MTS recorded closest 
to death; by calculation of the Crighton Geriatric Behavioural Rating Scale (CGBRS) 
(Robinson 1965), again utilising best (usually initial) recorded score and that nearest to 
death; and by assessment of temporal and parietal (higher mental) function (TPF) using 
an unpublished test devised by M. R. Wilde in 1971, calculated and scored as follows: 
left/right orientation (3), calculation (5), nominal aphasia (7), tactile agnosia (5) and 
constructional apraxia (copy match arrangements 8, copy pencil diagrams twice 
10 + 10), giving a highest possible score of 48. 

Further psychiatric and neurological assessments included: Hachinski score 
(Hachinski 1975); presence and number of extrapyramidal features such as tremor, 
rigidity, akinesia, flat facies and gait disturbances (Barbeau 1986) recorded individually 
on a scale of 1-10; presence or absence of hallucinations, sleep disturbance, aggressive 
behaviour, falling, restlessness, incontinence; and duration of the dementing process 
from identification of initial symptoms by relatives to the patient's eventual death. 
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RESULTS 

Neuropathological features 
N e u r o p a t h o l o g i c a l  f indings  are p r e s e n t e d  be fo re  the  cl inical  eva lua t ion  s ince  the  

a typical  g roup  was  originally ident i f ied on  the  bas i s  o f  its unusua l  n e u r o p a t h o l o g i c a l  

profile.  F i n d i n g s  in the  a typical  c o m p a r e d  wi th  S D A T ,  P D ,  a n d  co n t ro l  ca tegor ies  are 

s u m m a r i z e d  in Tab le  2 a n d  i l lus t ra ted in Figs.  1-3 .  T h e  co n t ro l  g roup  s h o w e d  min ima l  

A l z h e i m e r - t y p e  pa tho logy  a n d  no  ev idence  o f  P a r k i n s o n - t y p e  p a t h o l o g y  (s ignif icant  

n e u r o n  loss  and  Lewy  b o d y  f o r m a t i o n  in S N )  in any case .  

TABLE 2 

QUANTITATIVE 
REGIONS 

NEUROPATHOLOGICAL DATA a IN CORTICAL AND SUBCORT1CAL 

Controls SDLT PD SDAT DLBD 
(atypical) 

Case Nos. 14 14 12 14 2 
Age (years) 7 8 ± 6  81£ 6 76± 5 81£ 5 73,74 
Senile plaques/mm 2 

Neocortex b 3.0 ± 3.8 16.4 ± 10.4 7.2 ± 7.1 16.2 ± 6.6 30.7,20.0 
Tangles/mm 2 

Neocortex b 0.01 ± 0.02 1.5 ± 4.3 0.06 ± 0.14 29.9 ± 19.6 0.1, 2.0 

Lewy bodies/cm 2 
Temporal lobe ND 9.3 + 12.4 1.9 _+ 3.5 ND 28,155 
Frontal lobe ND 1.9 + 3.1 0.8 + 1.2 ND 87,143 
Parietal lobe ND 1.0 + 1.2 0.9 ± 2.2 ND 33, 30 
Occipital lobe ND ND ND ND ND 
Hippocampal gyrus ND 50.8 +_ 35.7 17.0 ± 17.0 ND 69,172 
Cingulum (anterior) ND 43.9 ± 44.9 35.5 ± 26.6 ND 223,175 
Cingulum (posterior) ND 17.3 ± 24.9 10.9 + 12.4 ND 92,194 

Neurons/20-#m section 
Substantia nigra [SN] 561 + 141 328 + 152 173 + 108 540 ± 108 162, 158 
Locus coeruleus [LC] 101 + 27 29 + 22 17 ± 12 32 ± 22 38, 24 

ND = not detected. 
~' Data are expressed as mean ± SD, statistical differences between the atypical and other groups (Student's 

t test) were as follows: 
Senile plaques : controls 
Tangles : all groups 
SN neuron density : controls 
LC neuron density : controls 
Lewy body density : PD 

: PD 

(P = <0.001), PD (P = <0.02). 
(P = <0.02 or less). 
(P = <0.0001), PD (P = <0.01), SDAT (P = <0.01). 
(e = <0.01). 
(P = <0.05) for neocortex. 
(P = <0.01) for hippocampal gyrus. 

Neocortex, mean densities derived from frontal, temporal, parietal and occipital lobes. 
For individual Brodmann areas see text. SDLT = senile dementia of Lewy body type; SDAT = senile 
dementia of Alzheimer type; DLBD = diffuse Lewy body disease. 
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Lewy bodies 
Brain stem andsubcortical regions. In the atypical group, PD, and the 2 cases of DLBD, 
LB were present in brain stem nuclei including SN, LC, raphe nuclei and periventricular 
grey matter, and in the substantia innominata. Neuroaxonal spheroids were also identi- 
fied in dorsal vagal nuclei in all these categories. 
Limbic cortex. In 13 out of 14 atypical cases LB and Lewy-like inclusions (cortical LB, 
Fig. le,0 were present throughout the depth of the cortex in parahippocampal gyrus, 
uncus of amygdaloid, and cingtilum; they were limited to the amygdaloid complex in 
the remaining case. In PD cortical LB were present throughout the limbic cortex in the 
7 cases with dementia, but were absent from either parahippocampal gyrus or cingulum 
in two of the non-demented cases. The mean parahippocampal cortical LB density was 
significantly higher (P < 0.01) in the atypical category when compared with the PD 
group (see Table 2). In the two cases of DLBD cortical LB were present in dense 
concentrations in all limbic cortical areas at several times the density found in atypical 
or PD groups. LB were not detected in hippocampal pyramidal layer or dentate hilus 
in any case. 
Neocortex(]'rontal, temporal, parietal and occipital lobes). When present cortical LB were 
generally found in the deeper (IV, V and VI) layers of the neocortex, temporal lobe being 
more affected than frontal or parietal lobes, and occipital (striate cortex) being spared 
(with the possible exception of the 2 DLBD cases). In 7 out of 14 atypical cases cortical 
LB were present in low densities in temporal, frontal, and parietal lobes. In the remaining 
atypical cases they were confined to the temporal and frontal lobes (2 cases), temporal 
and parietal lobes (2 cases), and temporal lobe (1 case); and were undetected in 
neocortex in the 2 remaining atypical cases, although present in the amygdaloid or 
cingulum. In PD low densities of cortical LB were found in temporal, frontal and 
parietal lobes in 2 cases (both demented), and conf'med to the temporal and frontal lobes 
(2 cases non-demented); temporal lobe (2 cases, non-demented), or frontal lobe (2 
cases, one demented). Four PD cases (2 demented and 2 non-demented) showed no 
neocortical LB. In contrast to the sparse, focally distributed or absent neocortical LB 
in the atypical and PD groups, the two cases of DLBD showed dense, diffuse concentra- 
tions of cortical LB (frequently 2-3 per HP microscopic field in deeper cortical layers) 
with an anatomically widespread distribution, the neocortical density being 10 or more 
times higher than in the temporal, frontal, or parietal lobes of both the atypical and PD 
groups. LB formation was not identified in subcortical, cortical, or any other region in 
the control or SDAT groups. 

Neuron loss in subcortical nuclei 
In SN there was a moderate but highly significant neuronal loss of 42~o 

(compared with age-matched controls) in the atypical group, 69~o in PD and no 
significant loss in SDAT. There was no significant difference in mean density in PD 
with or without dementia, and neuron density in the two cases of DLBD fell into the 
range of that seen in PD (Fig. 3). In LC the pattern was different, with a significant 72~ 
loss in the atypical group, similar to that in SDAT (71 ~o) and in the non-demented PD 
cases (72 ~o) but less than that seen in the PD group as a whole (83~). In the PD cases 
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Fig. 1. Histopathological features in senile dementia of Lewy body type (SDLT) and senile dementia of 
Alzheimer type (SDAT). Senile plaques in temporal cortex (a) in SDLT and (b) in SDAT; 25-#m frozen 
sections, Von Braunmflhl, x 100. NeurofibriUary tangles in temporal cortex (c) in SDLT and (d) in SDAT; 
20-#m paraffin sections, Cross modification of Patmgren, x 500. Lewy bodies or Lewy-like inclusions in 
cingulum (e) in SDLT and (f) in diffuse Lewy body disease (DLBD); 5-#m paraffin sections, H&E, x 800; 
arrows indicate neurons with Lewy bodies and one Lewy body with a faint peripheral halo (f) is marked 
by a double-headed arrow. Lewy body density in the section illustrated at (f) was 166/cm 2 compared with 
157/cm 2 in an adjacent section reacted with ubiquitin antiserum (standard PAP technique, 1 : 200 dilution, 

kindly donated by Professor B. Anderton). 
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Fig. le-f. 

with dementia mean LC neuron loss was 91 ~o and in DLBD neuron density was in the 
range of that seen in SDAT and non-demented PD (Fig. 3). A preliminary survey of 
other subcortical nuclei indicated a moderate loss of cholinerglc neurons in the nucleus 
of Meynert and serotonerglc neurons in the dorsal raphe nuclei in most atypical cases. 
In one case neuron loss (>  70~o) in nucleus of Meynert matched the severity of that 
seen in PD with dementia (Irving et al. 1987; Perry et al. 1985). 

Alzheimer-type pathology 
Neocortical tangles were present in all but one case in the atypical group (that 

with the lowest plaque density 1.7/mm2), being focally but by no means invariably 
present in all four major cortical lobes (and in one case in high focal concentrations in 
occipital cortex) but at much lower mean densities (<  10 ~o) than in the aged-matched 
SDAT group (Table 2). The average senile plaque density, in contrast, was similar to 
or above that seen in SDAT in i 1 out of 14 atypical cases. In the two cases of DLBD, 
mean plaque density was also high (20.0, 30.7/mm 2) and neocortical tangles were 
present but sparse. Alzheimer-type pathology (plaques, tangles, granulovacuolar 
degeneration and Hirano bodies) in the hippocampus exceeded that found in the control 
group but was less than that present in SDAT (data not shown). Tangle formation was 
present in the brain stem raphe nucleus in all but one atypical case, exceeding the density 
found in the control group but below that in SDAT. 

In the PD cases, neocortical tangles were either totally absent or present to a 
minimal degree, as in the control group, while plaque densities were moderately raised 
in some cases and slightly but not significantly increased in the subgroup with dementia 
when compared with the age-matched controls. Plaque formation in all groups including 
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Fig. 2. Photomicrographs illustrating neuron density in the mid zone of substantia nigra in (a) Parkinson's 
disease (PD) with dementia, (b) in SDLT, and (c) in SDAT; 20-#m paratFm sections, cresyl fast violet, x 64~ 
The severe neuron loss in PD contrasts with less extensive loss in SDLT and in SDAT, a density within 

the normal range. 
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Fig. 2c. 
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Fig. 3. Substantia nigra and locus coeruleus neuron numbers in control (C), SDAT,  PD, (non D = non- 
demented; + D = demented), SDLT, and DLBD. Total neuron numbers  in 20-/am sections stained with 
cresyl fast violet from the mid level of  each nucleus. Points represent counts from individual cases with bar 

lines indicating means and SD. For statistical comparisons see Table 2. 
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controls reacted with antisera directed to the A4 component  of  amyloid protein 

(demonstrated using standard PAP immunohistochemistry, antisera to A4 protein 
1 : 200 dilution). 

None  of  the atypical cases showed evidence o f  ischaemic lesions sufficient to 

warrant a diagnosis of  M I D  (more than 50 ml of  infarcted brain; Tomlinson et al. 1968), 
though 3 small ischaemic lesions (max. 5 mm 2) in basal ganglia, body  of  pons, and 

dentate nucleus in one case may have contributed to the symptoms. 

Psychiatric and neuropsychiatricfeatures (atypical and S D A T  cases) 

After case note review, psychiatric classification (ICD, Table 3) in the atypical 
group revealed that acute confusion complicating dementia was much the commonest  

diagnosis (9 cases) followed by acute or subacute confusional state (3 cases). In no case 
was the confusional state due to metabolic disturbances or a toxic delirium associated 

with intercurrent physical illness or drug treatment. In contrast, in the S D A T  group, 

an Alzheimer-type aetiology or simple senile dementia was judged to be the probable 
cause in 10 cases (Table 3). Of  the observed differences in classification, only the high 
prevalence of  acute confusion/dementia in the atypical group, 9/14 vs. 1/14 reached 

significance (Z 2 = 7.62; P < 0.01 using Yates correction for small numbers). 

Severity of dementia (Table 4) 
MTS was significantly higher in the atypical cases at referral or soon afterwards 

in comparison with S D A T  (best recorded score; P < 0.01) and while it deteriorated 

significantly in both groups as death approached, the atypical group retained better 

TABLE 3 

PSYCHIATRIC DIAGNOSIS ACCORDING TO DSM-III CRITERIA a 

Case note review of atypical and senile dementia of Alzheimer type groups. 

Category 
No. 

SDLT 
(atypical) 

SDAT 

SD (Alzheimer type) b Nil 0 5 
SD simple type 290.0 0 5 
SD with acute confusional state 290.3 9 1 
SD, depressed or paranoid type 290.2 1 1 
Dementia unspecified 290.9 0 2 
Arteriosclerotic dementia 290.4 1 0 
Acute confusional state 293.0 1 0 
Subacute confusional state 293.1 2 0 

Totals 14 14 

a International Classification of Diseases (WHO, 9th rev., 1977). 
b Cases thought to be of Alzheimer aetiology, but arising after the age of 65 yrs. 
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TABLE 4 

CLINICAL RATINGS 

Comparison of severity of dementia in senile dementia of Lewy body (SDLT) and Atzheimer types (SDAT). 

SDLT (atypical) SDAT 

Mean + SD Mean + SD 

(1) Initial/best recorded MTS 
(2) MTS nearest to death 
(3) Initial/best recorded CGBRS 
(4) CGBRS nearest to death 
(5) Best recorded TPF test 
(6) Hachinski score 

25.1 + 7.0 14.6 + 9.0 
12.6 + 9.1 5.4 + 8.0 
9.1 + 5.0 a 14.0 + 6.4 

19.0 + 6.8 a 20.3 + 5.9 
29.4 b 33.9 c 

5.6 + 2.2 2.3 + 2.0 

a 12 cases tested, 
b 10 cases tested, 
c 9 cases tested. 
MTS : 37 item Mental Test Score; modified Roth Hopkins Test (Blessed et al. 1968) 
CGBRS : 45 item Crighton Geriatric Behavioural Rating Scale (Robinson 1965) 
TPF : 48 item Temporal and Parietal (Higher Mental) Function Test (see text). 
Statistics: Comparison of means between the groups (Student's t test): 
(1) & (6) P = <0.01; 
(2) & (3) P = <0.05; 
(4) & (5) no significant difference. 

cognitive function (P < 0.05). C G B R S  was significantly lower in the atypical  group at 

referral, i.e., pat ients  less hand icapped  (P < 0.05) and again deter iorated significantly 

in both groups although near  to death  there was only a slight difference in the scores. 

The T P F ,  which theoretically should have been sensitive to par ie to tempora l  deficits of  

Alzheimer ' s  disease,  was less reduced in the S D A T  than in the atypical  cases,  but  not  

to a significant extent. 

Extrapyramidal features 
The appearance  o f  often isolated mild ext rapyramidal  features (see Methods )  was 

recorded  in many  of  the case notes.  In the S D A T  group, these were recorded in 8 cases  

(number  o f  features 1-3,  mean 0.86 + 0.95), while in the atypical  group, 12 cases  ( 8 0 ~ )  

had  between 1 and 5 mild ext rapyramidal  features (mean 2.36 + 1.50), as recorded in 

the cases  notes  following presentat ion.  The occurrence of  these symptoms  was signifi- 

c a n @  greater  in the atypical  group compared  with S D A T  (P < 0.01). One atypical  case  

present ing with mental  impairment  and  hal lucinat ions was subsequently found to have 

been t reated for ex t rapyramida l  symptoms prior  to hospi tal  psychiatr ic  assessment ,  with 

deter iorat ion in mental  function and increasing prevalence o f  hal lucinat ions on 

L - D O P A  therapy.  Five of  the atypical  and 2 S D A T  cases  were prescr ibed anti- 

park insonian  medica t ion  following psychiatr ic  referral. In  no case was the classical  t r iad 

of  t remor,  akinesia  and rigidity typical  o f  Park inson ' s  disease  present.  
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Features suggestive of MID aetiology 
In the atypical group an arteriosclerotic aetiology for the dementia was often 

initially considered by the clinician, largely because the cases presented acutely and 
showed some fluctuation in the clinical course. Only three had a history of apparent 
minor strokes (not pathologically confirmed); these atypical cases and 1 SDAT case 
satisfied Hachinski (1975) criteria for MID (retrospectively assessed from case notes), 
and 2 further atypical cases with focal neurological signs had borderline scores of 7 
(means 5.57 + 2.20 and 2.29 + 2.05 for atypical and SDAT, respectively), significantly 
higher scores being assigned to the atypical group (P < 0.01). 

Duration of illness 
Despite difficulties in dating the precise onset of dementia which is typically 

insidious in AD, when the duration of symptoms prior to referral (on the basis of 
information provided by relatives) were added to subsequent survival times, the atypical 
group had a significantly shorter duration of illness, a mean of 3.3 + 2.3 years compared 
with 5.6 + 2.6 years in SDAT (P < 0.05) and 7.9 + 3.6 years in PD. 

Other features 
As preliminary scrutiny of the atypical group revealed that visual hallucinations 

were present in 8 cases, a search was made for the presence of these and other 
symptoms. Three cases of SDAT had visual hallucinations recorded but the apparent 
difference in prevalence did not reach statistical significance (Z 2 = 2.39 (NS) using 
Yates' correction for small numbers). Transient episodes of apparent loss of con- 
ciousness were recorded in some of the atypical cases and 2 showed mild pyramidal 
signs: bilateral extensor plantar responses. The occurrence of the other features such 
as falls, aggressive behaviour, restlessness, sleep disturbance and incontinence was 
approximately equal in both groups, with between one-half and two-thirds of all cases 
being affected. 

Neuropathological correlates of the dementing syndrome 

Potential neuropathological correlates of the dementing syndrome in the atypical 
cases were investigated. Whilst there was an overall trend for increasing plaque densities 
to correlate with the degree of mental impairment, this did not reach significance 
(r = - 0.46), and exceptions were noted. Thus in one case with a low MTS (6/37), senile 
plaque formation was minimal (mean 1.7/mm 2) with neocortical tangles absent; con- 
versely the highest plaque density (mean 37.5/mm 2) was found in a case with a relatively 
less established clinical dementia (MTS 24.5/29). The MTS in the atypical group did 
not correlate with neuron loss in the substantia nigra (r = -0 .19)  or locus coeruleus 
(r = 0.45) and neither neocortical tangles nor Lewy body density appeared to relate 
directly to the severity of cognitive impairment as assessed by the MTS in the majority 

of the cases. 
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DISCUSSION 

The present clinicopathological survey suggests that a substantial subgroup (up 
to 20~o) of elderly demented patients who presented to the clinician with confusion, 
cognitive impairment, and behavioural disturbances have an atypical neurodegenerative 
syndrome characterized by the presence of both cortical and subcortical Lewy body 
formation, a variable degree of senile plaque formation, and neuronal loss in some 
subcortical nuclei. This observation has important implications for the classification 
and management of dementia in old age, both widening the spectrum of neurodegenera- 
tive diseases in the senium, and changing concepts of Lewy body disease in the elderly 
from a predominantly movement disorder (idiopathic Parkinson's disease) to one 
associated with wider neuropsychiatric disturbances involving impaired cognition, 
episodic confusion, and the development of dementia. 

A major and complex issue raised by the present findings is the question of the 
co-existence of Alzheimer's and Parkinson's diseases. The data presented in Tables 1 
and 2 suggest that whilst the classic neuropathological features of AD (combined 
numerous neocortical plaques and neurofibrillary tangles) are rare in PD, the neocortex 
does appear to be more susceptible to plaque formation in Lewy body disease than the 
normal elderly population. In contrast, neuropathology typical of idiopathic PD (severe 
(70-80~o) neuron loss and Lewy body formation in SN) in elderly cases with 
Alzheimer-type dementia is not obviously increased on the basis of this and other 
reports (Molsa et al. 1984; Leverenz and Sumi 1986; Ditter and Mirra 1987). Despite 
distinct clinical and neuropathological differences between classical cases of 
Parkinson's and Alzheimer's disease, it has long been recognised that a minority of 
patients with either condition may in turn develop certain features of the other. Thus 
a proportion (20-50 ~ )  of patients with PD develop dementia (Lieberman et al. 1978; 
Boiler 1980; Huber et al. 1986; Oyebode et al. 1986), either with (Hakim and Mathieson 
1979; Boiler et al. 1980) or without significant cortical Alzheimer-type pathology (Perry 
et al. 1985). Similarly, Alzheimer's disease is variously reported to be associated with 
parkinsonian movement disorder and at least some of the neuropathological features 
of Parkinson's disease (Pearce 1974; Forno et al. 1978; Rosenblum and Ghatak 1979; 
Gaspar and Gray 1984; Molsa et al. 1984; Leverenz and Sumi 1986) with estimates 
varying from a few to 50~ of patients. In these reports many such cases were classified 
as either Alzheimer's or Parkinson's disease, or a subgroup or combination of the two. 
Whilst the relative lack of detailed clinical neuropsychiatric assessments and quantita- 
tive neuropathological data on cortical and subcortical regions restricts precise com- 
parison with the cases classified in the present study, it is probable that these various 
reports include examples of the atypical cases identified in the present survey, which 
have been designated (on the basis of distinctive neuropathological and clinical features) 
as senile dementia of Lewy body type (SDLT, Perry et al. 1989a), part of the spectrum 
of Lewy body dementia. Within the spectrum of Lewy body diseases (Table 5, and Perry 
et al. 1989b) SDLT cases in this survey occupy an intermediate position (Tables 2 
and 5) between DLBD and PD: DLBD being characterised by dense, anatomically 
widespread concentrations of cortical LB and SN pathology similar to classical PD 
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TABLE 5 

SENILE DEMENTIA OF LEWY BODY TYPE :~ 

Classified within the spectrum of Lewy body disease 

Category Distinctive clinical features Lewy body prevalence 

Parkinson's disease Classical movement disorder Primarily subcortical and 
(tremor, rigidity, akinesia) in a brainstem; age or dementia re- 
broad age range. Dementia lated increase in limbic b cortex; 
developing in a minority absent/low densities in 
(mainly elderly) neocortical lobes 

Senile dementia 
of Lewy body type 

Diffuse Lewy 
body disease 

Intermediate or 
combined syndromes 

Fluctuating confusion/dementia 
in the elderly (over 65y), often 
with visual hallucinations and/ 
or mild extra pyramidal 
features 

Dementia, mainly in younger 
cases, usually associated with 
extrapyramidal features of 
Parkinson's disease 

Symptomatology not yet fully de- 
fined 

Present in brainstem and sub- 
cortical areas; moderate num- 
bers in limbic cortex; low den- 
sities with variable distribution 
in neocortical lobes 

Anatomically widespread; high 
densities throughout cortex, 
including limbic & neocortex; 
also present in brainstem and 
subcortical regions 

Variable: PD or SDLT combined 
with Alzheimer's or vascular 
disease 

a In the present series of 93 cases of dementia (over 70y), 18 fell into the SDLT category, 2 were diffuse 
Lewy body disease, 7 Parkinson's disease developing dementia, and 2 were classified as combined or 
intermediate syndromes. Substantia nigra neuron loss was less extensive in SDLT compared with 
Parkinson's disease and diffuse Lewy body disease; see text and Fig. 3. Lewy body distribution associated 
with the parkinsonian dementia complex of Guam, Hallervorden-Spatz disease, and psychotic states are 
not included in this series. 

b Cortex associated with the limbic lobe, including amygdaloid, hippocampal and cingulate gyri. 

(Okasaki et al. 1961; Yagishita et al. 1980; Yoshimura 1983; Kosaka  et al. 1984), and 

PD representing as a movement  disorder with a longer natural  history and extensive 

( >  70 ~o) SN neuron loss, but  less intense cortical LB pathology compared with SDLT.  

Technically, the use of H&E stained sections with the composite counterstain (see 

Methods) proved a satisfactory, if somewhat laborious, method for identifying and 

quantifying cortical LB with comparable densities to those shown using anti-ubiquitin 

immunocytochemistry (see Fig. 1, legend). Identification of cortical LB using ubiquitin 

antisera should enable SDLT cases to be assessed more rapidly, but not  necessarily 

more accurately, since small tangle-bearing neurons or corpora amylacea (both ubiquitin 

positive) may be misinterpreted as cortical LB. Nevertheless the report of a constant  

ratio between cortical LB densities demonstrated by H&E and ubiquitin reacted 

sections (Lennox et al. 1989a) further supports the data shown in Table 2, although 

correlations between tinctorial and immunocytochemical  methods are dependent  on 
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individual antisera/histologlcal staining techniques used, factors which are currently 
being assessed, in a larger series of cases (Lennox and Perry, unpublished). 

The precise neurobiological correlates of the psychiatric syndrome in SDLT are 
not yet clearly defined although some are more likely than others. Thus whilst plaques, 
tangles, or Lewy bodies do not obviously relate to the severity of dementia as assessed 
by the MTS in the present series, a trend in which increasing plaque density related to 
decreasing MTS was noted. Previous studies of idiopathic PD have also established 
that neocortical Alzheimer-type pathology is not invariably correlated with the presence 
and severity of dementia in PD (Alvord et al. 1974; Hakim and Mathieson 1979; Boiler 
et al. 1980; Gaspar and Gray 1984; Chui et al. 1986; Gibb and Lees 1987; Perry et al. 
1987; Xuereb et al. 1987) and although a Parkinson dementia syndrome associated with 
anatomically widespread high densities of cortical Lewy bodies - DLBD (see above) 
shows similar symptoms to those reported in this study, the cortical Lewy body density 
is many times higher than in SDLT cases (Table 2; see also Perry et al. (1989b) and 
Lennox et al. (1989b). Low densities or occasional Lewy bodies in the cortex are unlikely 
to correlate directly with dementia in SDLT, since cortical Lewy bodies are found in 
many elderly, non-demented PD cases (Table 2; and Perry, R.H.,  unpublished). It is 
also of interest to note that decreased LC noradrenergic neuron density (Fig. 3) is 
a more consistent finding in SDLT than SN dopaminergic neuron loss, a finding 
dissimilar to both PD and DLBD. Other potential correlates of parkinsonian dementia 
reported include: degeneration of cholinergic neurons in the nucleus of Meynert (Candy 
et al. 1983; Whitehouse et al. 1983; Perry et al. 1985), and degeneration of cortically 
projecting dopaminergic or noradrenergic neurons (Jellinger and Riederer 1984; Dubois 
etal. 1987). Although no clear correlation between mental impairment and the 
neuropathological features of SDLT has been found in the present series, future investi- 
gations should include a more detailed analysis of subcortical and cortical brain areas 
and tests of mental function more applicable to this atypical group. 

Neurochemically, a relationship exists between dementia in PD and involvement 
of the basal forebrain cholinerglc system (Whitehouse et al. 1983; Perry et al. 1985); 
other sub-cortical cholinerglc nuclei, such as brain stem pedunculopontine neurons 
(Suglmura and Hattori 1984), may also contribute to mental symptoms in SDLT. 
Analysis of neocortical (parietal) choline acetyltransferase (CHAT) in controls and 
demented cases in this series revealed a 74, 70, and 60~o reduction in SDLT, PD and 
SDAT cases, respectively. In 7 SDLT cases there was a significant correlation with 
MTS (r = 0.90, P < 0.01), supporting the concept of a major cholinerglc derangement 
in this group (Irving et al. 1989). Interestingly, neurochemical analysis of 6 cases with 
hallucinations in the SDLT group revealed significantly greater ChAT loss (85~)  
compared with 5 non-hallucinating cases (53 ~o, P < 0.05). The occurrence of halluci- 
nations may be, therefore, a clinical index of severe cholinerglc degeneration and the 
relative absence ofneocortical tangles in the SDLT cases raises the question of whether 
"responders" in clinical trials of cholinergic drugs (e.g., Summers et al. 1986), may 
belong to the atypical/SDLT category. 

In psychiatric practice it is often difficult to be certain of the precise aetiologlcal 
diagnosis in elderly demented patients, since cerebral pathology varies from the 
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"classical" description of AD, MID, PD, Pick's and other diseases to an admix of 
pathological change which may influence the clinical presentation in individual cases. 
An important question arises as to whether the atypical group identified here 
neuropathologically is a recognisable clinical entity. As a group there are certainly 
differences in the clinical presentation compared with SDAT cases, but it remains to 
be established whether these are sufficiently precise to allow a definite diagnosis in 
individual cases. Compared with SDAT, at initial presentation the atypical group 
demonstrated symptoms which are more likely to arise acutely, and the patients are 
more cognitively preserved on referral as judged by both Mental Test ability and 
measures of dependency (CGBRS); they are also more likely to have a shorter history 
and survival time. Clinicians using Hachinski's scheme for identifying MID may assign 
such a diagnosis in perhaps a quarter to a third of the cases described here. A clinical 
diagnosis of Alzheimer's disease based on the typical presentation of slowly progressive 
memory impairment and dementia will rarely be considered in the SDLT group. Mild 
extrapyramidal features will commonly be found as the disease progresses, but the 
patient will not usually be diagnosed as suffering from Parkinson's disease nor warrant 
appropriate anti-parkinsonian drug treatment. Although the assessment of distinctive 
symptoms and signs in individual cases will be dependent on the stage of the illness, 
retrospective analysis of clinical features in the present series suggests that atypical 
presentation reflects atypical pathology, and that this may be more common than has 
been hitherto suspected. 

Given the prevalence of dementia in the elderly (13 ~o above 75 years; Kay et al. 
1978) and the number of patients with SDLT in the current Newcastle dementia survey 
(19 ~o), it is likely that patients with this syndrome represent the largest single category 
of the population with Lewy body disease (approx. 2-3 ~o of the total population aged 
75 years), exceeding the reported clinical prevalence of 1~o for idiopathic Parkinson's 
disease in the senium (range 0.5-1.9~ in 7 surveys; reviewed by Marttila and Rinne 
1976). Further, if the total number of patients with Lewy body disorders associated with 
dementia in this Newcastle survey (including DLBD, Parkinson's disease, combined 
Alzheimer's and Parkinson's disease; Table 1), are included as examples of Lewy body 
dementing disorders occurring in the senium, the prevalence of Lewy body-associated 
dementing diseases increases to 25 ~o of the elderly demented population. Since Lewy 
body formation is not, in contrast to plaques and tangles, a common feature in the brains 
of the normal elderly population (2.3 ~o in a series of 131 controls over 50 years without 
any established history of neurological or psychiatric illness; Perry, R.H. and Irving, 
D., unpublished results), intriguing questions are raised regarding the aetiopathological 
significance of LB and their relationship with neurodegenerative dementing syndromes. 
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Causes of death associated with psychiatric
illness
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Abstract
Background A prospective cohort analysis of mortality,
among entrants to a population-based psychiatric case
register, was undertaken to identify specific causes of death
responsible for the increased risk of mortality previously
reported in this large group of unselected patients.
Methods The analysis was based on a study population of
16871 cases, aged 15-89 years, from Worcester and
Kidderminster Health Districts, entering the case register
between 1974 and 1984 and generating a total of 85 073
patient-years (PYR) of observation. The underlying cause
of death was coded to the relevant revision of the
International Classification of Diseases (ICD). Numbers of
deaths observed in the study population were compared
with the number of deaths expected on the basis of
mortality rates for England and Wales. Comparisons
were made for eight main causes of death, aggregated at
Chapter level of the ICD, and 11 categories of psychiatric
diagnoses. Two indices of mortality were used for evalua-
tion: relative risk (RR) "observed deaths/expected deaths;
and excess mortality rate (EMR) = (observed - expected
deaths)/PYR.
Results RRs were significantly raised for accidents, includ-
ing suicides, as anticipated, and for various main causes of
death. The increased risk of accidental death was found
across the majority of the 11 psychiatric diagnostic groups
although the EMRs were low at less than 5/1000 PYR.
Deaths from respiratory disorders gave rise to the highest
RRs after accidental deaths, and were responsible for
substantial excess mortality among in-patients and patients
with psychotic illnesses (especially dementia). The largest
numbers of deaths of both sexes were due to diseases of the
circulatory system, with a 40 per cent excess of observed
over expected values in the whole series. The excess was
due mainly to deaths of in-patients and of patients with
psychotic diagnoses. No excess of deaths owing to
neoplasms was found for either in-patients or out-patient
groups.
Conclusions The findings that psychiatric illness is asso-
ciated with an increased risk of death from 'natural' causes
and that the level of risk was related to the severity and to
the diagnostic category of the illness have implications for
patterns of care and use of resources.

Keywords: psychiatric, case register, mortality, causes

Introduction

The psychiatric case register which formed the basis of
this study was described in a previous report.1 Briefly,
the case register was a complete record of every patient
using the psychiatric services in the catchment area
(Worcester and Kidderminster Health Districts). Data
recorded comprised not only the usual personal
characteristics (sex, date of birth, area of residence,
treatment, etc.) but also details of each contact with the
ten psychiatric services available. Hence the data base
gave a complete record of all psychiatric patients in a
defined geographical area with a known population,
and their use of the services.

A preliminary study1 of mortality of all patients
using the psychiatric services provided by the two
health districts over a ten-year period revealed that
deaths among these patients exceeded those expected
for the general population by 80 per cent, and that the
relative risk was maximal during the first year after
registration and was significantly raised in both sexes
and in patients of all age groups.

This large series of unselected psychiatric patients
from defined geographical areas with known popula-
tions also provides the opportunity to study mortality
by service use and diagnostic group. Thus it was
shown that the excess mortality of 'in-patients' (i.e.
those patients who experienced at least one episode of
psychiatric in-patient care) both in relative and
absolute terms exceeded those of 'out-patients' (i.e.
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the remainder). Differences in the excess mortality of
patients with different psychiatric diagnoses, and the
related different patterns with respect to sex, age and
time after registration were illustrated by considering
two diagnostic groups of patients: those with dementia
and those with schizophrenia and paranoid psychosis.

It was clear that an analysis with respect to cause of
death was essential to pursue some of the findings from
this preliminary study. For example, it seemed likely
that accidental deaths and suicide would prove to be a
major factor in the excess of deaths of patients, but the
extent of the contributions of this cause and indeed of
other causes needs to be established. This paper is
therefore concerned with analysis by cause of death of
this series of psychiatric patients. Separate analyses
have again been made of 'in-patients' and 'out-
patients', and results are also given for patients in
various diagnostic groups including the two mentioned
above.

Material and method

The Worcester psychiatric case register which formed
the basis of this study was described in the previous
report.1 A total of 16 871 patients aged between 15 and
89 years, registered between 1 January 1974 and 31
December 1984, have been followed-up until death or
to 31 December 1985, when the analysis was termi-
nated. The names of those who had died were
submitted to the Office of Population Censuses and
Surveys (OPCS) and death certificates were obtained
for 97 per cent. Causes were coded to rubrics of the
International Classification of Diseases (ICD) 8 or 9
according to year of death, but those referable to deaths
in 1984 and 1985 were coded back to the rules as
operative in 1981, for compatibility with the last
quinquennial mortality rate used in the analysis. The
numbers of deaths under each Chapter of the ICD that
might be expected to occur in a given series were
computed from sex- and age-specific 'person-years'
(PYR) at risk, and sex-, age- and ICD Chapter-specific
mortality rates for England and Wales. Quinquennial
rates for estimating expected numbers were derived
from annual publications of deaths and populations for
1969-1983 (OPCS, Mortality Statistics, Series DH5). It
should be noted that throughout this paper the term
'accidental' deaths will include deaths attributable to all
rubrics within Chapter XVII of the ICD, i.e. accidents,
poisonings and violence. Two summary indices were
used to assess the level of mortality in the series: a
relative risk (RR) defined as a standardized mortality
ratio, obtained from observed/expected numbers; and
an excess mortality rate (EMR) defined as (observed

minus expected/1000 PYR). The former is a measure of
the risk of death in the patient series relative to the risk
in the general population of the same sex and age
constitution; the latter is taken as a measure of
mortality attributable to the psychiatric illness or
factors associated with it.

The following groups of patients have been investi-
gated:

(1) In-patients (5930 cases);
Out-patients:
(i) one-day service (3271 cases);

(ii) 1 + days service (7669 cases).
(2) Psychotics - ICD 290-299:

(i) dementia - ICD 290;
(ii) affective psychosis - ICD 296;

(iii) schizophrenia and paranoid psychosis -
ICD 295, 297.

(3) Alcoholism and drug dependence - ICD 291,
303-4.

(4) Non-psychotics:
(i) depression - ICD 300.4, 311 + 316.8 (8th

Revision);
(ii) anxiety states - ICD 300.0;

(iii) personality disorders - ICD 301-2.
The distinction between out-patients who received a
service on one day only and the remainder calls for
comment. The former comprise a group of patients
who experienced only a single contact with one of the
psychiatric services: in some cases, the contact was
made to assess whether or not the patient was mentally
ill (with negative results); in others, a domiciliary visit
was made to a physically ill (usually elderly) patient to
assess whether he or she had an organic psychosis. This
group of patients was therefore very heterogeneous
and has been included only for completeness of the
analysis. Such patients are not included in the analysis
by psychiatric diagnosis.

Significance testing for individual RRs assumed that
the observed numbers followed a Poisson distribution.
When the expected number of deaths was less than 50
the exact probability of obtaining the observed number
or more by chance was computed directly from a
Poisson distribution with mean equal to the expected
number. For larger expected values the distributions
were assumed to approximate the Normal (i.e. with
variance equals mean). For both Poisson and normally
distributed estimates, two-tailed significance levels
(/><005, p<00\ andp<0001) have been used. The
more stringent two-tailed tests of significance were used
to make some allowance for spuriously 'significant'
results which may arise when carrying out multiple
testing. The 95 per cent confidence intervals (95 per cent
CI) for RRs were obtained from Byar's approximation2

when deaths numbered less than 50. For more than 50
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deaths the Normal approximation was again invoked
but, in this instance, taking the observed number as the
mean.

Results

Total series
Considering all male patients (Table 1) there was an
85 per cent increase in mortality compared with the
general population. Relative risks (RRs) were signifi-
cantly raised for patients with causes of death
subsumed under ICD Chapters of mental disorders
(RR = 7-43), nervous diseases (3-53), diseases of the
circulatory system (137), respiratory diseases (3-57),
diseases of digestive system (2-34), and accidental
deaths including suicides (4-96). It is noteworthy
that the RR for malignant neoplasms was less than
unity.

For all female patients there was a 75 per cent
increase in mortality (Table 1). Similar RRs as for
males were obtained for mental disorders (7-62),
diseases of the circulatory system (141) and respiratory
diseases (311). The RRs for females for nervous
diseases (2-00), diseases of the digestive system (1-26)
and accidental deaths (3-91) were substantially lower
than for men, and of these three causes only the RR for
accidental deaths was highly significant. However, the
RRs for endocrine, nutritional and metabolic diseases,
and diseases of the genito-urinary tract were significant
at the 1 per cent level, and that for diseases of the
nervous system at the 5 per cent level. The observed and

expected deaths from malignant neoplasms were
almost identical.

The overall excess death rates were 12 and 10 per
1000 PYR for males and females, respectively. For each
sex the EMR for diseases of the respiratory system was
maximal, followed by that for diseases of the circula-
tory system. 'Accidental' deaths contributed 2 and 1 per
1000 PYR to the male and female overall excess rates,
respectively.

In-patients
Table 2 gives corresponding results for patients who
had at some time received in-patient care. The overall
relative risks were 2-24 (95 per cent CI 205-2-43) and
206 (95 per cent CI 1-91-2 21) for males and females,
respectively, and the patterns of risk by ICD Chapter
were essentially the same as for the total series but with
increased RRs and EMRs. The overall male EMR was
25 per 1000 PYR with respiratory diseases (11),
circulatory diseases (6) and accidental deaths (4)
being the major contributors. Deaths from diseases
subsumed under these three Chapters also accounted
for the major part of the excess female deaths (overall
EMR = 20).

Out-patients

Patients who had not received in-patient care at any
time have been divided into those who only used a
psychiatric service on one day and the remainder.
Results for both groups are given in Table 3.

For male one-day service patients a relative risk of
1-85 was obtained, most of the excess being due to

TABLE 1 Relative risk and excess mortality rates by sex and ICD Chapter; total series

ICD Chapter

II, Neoplasms
III, Endocrine, nutrition
and metabolic
V, Mental disorders
VI, Nervous system
VII, Circulatory system
VIII, Respiratory system
IX, Digestive system
X, Genito-urinary system
E XVII, Accidental death
Remainder
NK
All causes

Males (n

0

101

7
15
19

328
264

28
12
97
17
9

897

- 6945)

RR

0-89

1-67
7-43'"
3 5 3 " #

1-37"*
357—
2-34"
1-79
4 9 6 " '
2-35"

1-85"'

95% CI

0-72-1-06

0-67-3-44
4-15-12-3
2-13-5-52
1-23-1-52
3-14-4-00
1-55-3-38
0-92-3-13
3-97-5-94
1-37-3-76

1-73-1-97

EMR

<1
<1
<1

3
5

<1
<1

2
<1

12

Females

0

133

18
41
16

481
309
26
19
75
22
22

1162

(n - 9926)

RR

0-99

2-15"
7-62*"
2-00*
1-41"*
3-11 —
1 26
1-99"
3-91"*
1-35

1-75—

95% CI

0-82-1-12

1-27-3-40
5-47-10-3
1-14-3-25
1-28-1 53
2-77-3-46
0-82-1-84
1-20-311
3-02-4-79
0-85-2-04

1 65-1-85

EMR

<1
<1
<1

3
4

<1
<1

1
<1

10

0, Observed deaths; RR, relative risk; EMR, excess mortality rate per 1000 PYR; NK, cause of death not known.
> < 0 0 5 ; " p < 0 0 1 ; " #p<0-001.



384 JOURNAL OF PUBLIC HEALTH MEDICINE

TABLE 2 Relative risk and excess mortality rates by sex and ICD Chapter; in-
patients

ICD Chapter

II
III
V
VI
VII
VIII
IX
X
EXVII
Remainder
NK
All causes
95% Cl

Males

0

65
6

10
9

198
183

15
7

57
12
4

566

(,, = 2470)

RR

112
2-79*
9-62*"
3-41"
1-57—
4-45—
2-45"
1-89
7-48—
3-35*"

2-24—
(2-05-2-43)

EMR

< !
<1

1
1
6

11
1

<1
4

<1

25

Females (n = 3456)

0

71
12
32
9

280
211

16
10
51
12
8

712

RR

106
2-73"
11-47—
227*
1-54—
404—
1-49
201
5-81 —
1-47

206—
(1-91-2-21)

EMR

<-,
<1

2
<1

5
9

<1
<1

2
<1

20

*/><005; "p<001; —p<0001.

accidental deaths (RR = 3 67, 200-6-16), respiratory
diseases (RR = 2-75, 1-86-3-93) and diseases of the
circulatory system (RR=l-60, 1-19—2-01); together,
these contributed 8 to the overall EMR of 9 per 1000
PYR.

One-day service female patients had a relative risk of
1-54 and an EMR of 7 per 1000 PYR. Deaths from
circulatory diseases and from diseases of the respiratory
system gave rise to RRs of 1-41 (111-1-71) and 2-41
(1-76-3-23), respectively, and largely accounted for the

excess of mortality. The maximum RR occurred for
mental disorders (4-95, 1-60-11-55) but, although
highly significant, only five deaths were observed.

Out-patients who received services on more than one
day experienced lower relative risks and smaller excess
mortality rates than the above group. The overall male
RR was 1-23 and significant RRs were obtained only
for respiratory diseases (2-36, 1-71-3-01), accidental
deaths (3-20, 2-09-4-69), mental disorders (606, 1-63-
15-52), and nervous diseases (3-21, 1-62-9-67). The

TABLE 3 Relative risks and excess mortality rates by sex and ICD Chapter; out-patients

ICD Chapter

II
III
V
VI
VII
VIII
IX
X
EXVII
Remainder
NK
All causes
95% Cl

One-day service

Males (rt-1440)

0

15
0
1
4

58
30

5
5

14
2
3

137

RR

0-88
—
3-13
4-61"
1-60—
275—
2-69
4 9 6 "
3-67 —
1 71

1 85—
(1-54-2-16)

EMR

—
<1
<1

3
3

<1
<1

2
<1

9

Females (n-1831)

0

17
5
5
2

85
45
1
1
7
5
4

177

RR EMR

082 —
3 67" <1
4 9 5 " <1
1-50 <1
1-41" 3
2 4 1 — 3
028 —
0-60 —
2 01 <1
1-68 <1

154— 7
(1-36-1-73)

1 + day service

Males (n = 3034)

0

21
1
4
6

72
51
8
0

26
3
2

194

RR

0-52
0-71
6 0 6 "
3-21'
0-93
236—
2 0 1 "
—
320—
1-16

1 2 3 "
(1-06-1-41)

EMR

—
<1
<1
—

2
<1
—

1
<1

2

Females

0

45
1
4
5

115
52
9
8

17
6
9

271

(n = 4635)

RR

094
0-38
253
1-85
115
1 82—
1-39
278*
2-45-
1-17

1-33—
(1-17-1-49)

EMR

—
<1
<1

1
1

<1
<1
<1
—

3

*p<0-05; "p<001; '"p<0-001.
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overall female RR (1-33) differed little from the
male value, but the RRs for respiratory disease (1-82,
1 -33-2-53) and accidental deaths (2-45, 1 -43-3-92) were
lower. The only other ICD Chapter with a significant
RR was diseases of the genito-urinary system (2-78,
1-19-5-44).

Psychoses (patients with more than one day of
service use)
For all male psychotic patients the overall RR was 2-48
and the excess annual mortality rate was 47 per 1000
PYR (Table 4). Excess deaths attributable to diseases of
the respiratory and circulatory systems largely
accounted for the latter rate. In addition to these two
Chapters, significant RRs were obtained for accidental
deaths (5-66, 3-63-8-42) and mental disorders (16-47,
900-27-6). Diseases of the digestive and nervous
systems were also significant, accounting for 21
deaths but contributing only 3 per 1000 PYR to the
overall EMR. The same picture emerged for all female
psychotic patients, with values of RRs and EMRs being
generally somewhat smaller than for males. Exceptions
to this parallel were the significant female RR for
diseases of the genito-urinary tract (2-37, 1-18—4-24)
and the non-significance of the RR for diseases of the
digestive system (0-92).

Selected psychotic diagnoses

Dementia

For male patients the overall RR was 3-00 and
significant RRs were obtained for mental disorders,
diseases of the circulatory system and of the respiratory

system (Table 5). Although the numbers were small,
deaths from endocrine, nutritional and metabolic
disorders, diseases of the digestive system and of the
nervous system also gave rise to significant RRs. The
pattern of risk for female dementia patients was very
similar, although the RRs were somewhat smaller, and
those for endocrine, nutritional and metabolic dis-
orders, and for diseases of the digestive system were not
significant. The overall male and female excess mor-
tality rates were very high: 181 and 108 per 1000 PYR,
respectively, largely owing to excess deaths from mental
disorders, diseases of the circulatory system and of the
respiratory system. Notably, there were comparatively
few accidental deaths of patients of either sex with this
condition.

Affective psychoses

The overall RR of 1-76 for males was significantly high
(Table 6). Nearly half the observed deaths were due to
diseases of the circulatory system (RR=l-69, 116-
2-39). There were only ten accidental deaths, although
the RR (8-85, 4-24-16-28) was highly significant with
the EMR (5) contributing one-third of the overall
value. The 12 male deaths from malignant neoplasms
only marginally exceeded the expected number (9-4).
For females, the overall RR (1 -39) was also significant;
however, it was less than that for males, and the EMR
(7) was about half the male rate. The RR for accidental
deaths (7-34, 3-91-12-56) was similar to the male value.
The RR for respiratory diseases (1-89, 110-303) was
significant at only the 5 per cent level, whereas the small
excess for the circulatory system was not found to be
significant.

TABLE 4 Relative risk and excess mortality rates by sex and ICD Chapter; all psychoses

ICD Chapter

II
III
V
VI
VII
VIII
IX
X
EXV11
Remainder
NK
All causes
95% Cl

Males

0

37
4

14
8

170
176

13
5

24
8
4

463

(/7-1393)

RR

0-91
2-58

16-47—
4-30'
1-81*"
5 2 2 —
2-89"
1-64
5-66—
3-10*

2-48—
(2-25-2-70)

EMR

<1
2
1

13
24
1

<1
3

<1

47

Females

0

55
7

35
10

265
211

9
11
27
11
7

648

(n-2466)

RR

101
1 81

12-68—
2-94"
1-55—
4-15—
092
2-37-
3 7 8 —
1-48

2 0 5 —
(1-90-2-21)

EMR

<1
3
1
9

15
—

1
2

<1

31

*p<005; " /><0-01; " *p<0-001 .
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TABLE 5 Relative risk and excess mortality rates by sex and ICD Chapter; dementia

ICD Chapter

II
III
V
VI
VII
VIII
IX
X
EXVII
Remainder
NK
All causes
95% Cl

Males

0

9
4

12
5

97
131

7
3
4

10
1

280

(n-468)

RR

048"
529 '

25-58*"
5-62"
206—
6-88—
3-16*
1-75
2-94
3-37

3-00—
(2-65-3-35)

EMR

3
11
4

48
109

5
1
3
7

181

Females

0

18
2

32
5

162
156

3
6
8
3
4

399

(n-846)

RR

0-81
107

19-68—
3-15'
1-77—
5 3 9 " *
0-60
2-42
2-50-
0-78

2-46—
(2-22-2-69)

EMR

<1
14
2

32
58

—
2
2

<1

180

•p<005; "p<001; "*p<0001.

Schizophrenia or paranoid psychosis

Male patients had a relative risk of 1-28 (non-
significant) and the eight accidental deaths provided
the only significant RR (RR = 7-41, 319-14 6) and the
only EMR (4) worthy of mention. On the other hand,
female patients had a significant overall RR (161).
Deaths from circulatory diseases accounted for half the
total deaths, although the RR (1-56, 1 04-2-24) was
significant at only the 5 per cent level. The RR for
respiratory diseases (2-53, 1-35-4-33) was more sig-
nificant and the deaths subsumed under these two
Chapters together accounted for most of the EMR (9)
for female patients with this psychiatric diagnosis.

Miscellaneous psychoses

The mortality from all causes was significantly high in
males (RR = 2-64, 209-3-19) and the EMR was
substantial (65 per 1000 PYR). E>eaths from diseases
of the respiratory (RR = 510, 3-46-7-24) and circula-
tory (RR= 1-90, 1-30—2-69) systems largely accounted
for the overall excess deaths. Although very small
numbers were involved, the RR for nervous disorders
(RR = 9-25, 1 -89-27-39) was also significant. For
female patients the overall RR and EMR were smaller
(RR = 1 -98,1 -58-2-38, EMR = 23). Only diseases of the
respiratory system (RR = 3-22, 209-4-76, EMR = 8)
gave rise to a substantial number of deaths. Very small

TABLE 6 Relative risks and excess mortality rates by sex and ICD Chapter

ICD Chapter

II
VII
VIII
IX
EXVII
Remainder
NK
All causes
95% Cl

Affective pyschoses

Males (n = 357)

0

12
32
8
3

10
0
1

66

RR

1-28
1 69—
1-50
327
8 8 5 " *

—

1-76—
(1 34-2-19)

EMR

1
7
1
1
5

—

15

Females (n = 733)

O

17
39
17
2

13
6
1

95

RR

109
1-11
1-89-
093
7-34—
1-30

1 3 9 "
(1-11-1-67)

EMR

<1
1
2

—
3

<1

7

Schizophrenia or

Males (/? = 327)

0

3
9
6
1
8
2

—
29

RR

0-55
0-81
1-84
1 77
7-41 —
1-67

1 28
(0-86-1 84)

paranoid

EMR

—
1

21
4

<1

6

psychosis

Females (n = 418)

O

8
29
13
2
2
5
1

60

RR

0-93
1-56'
2-53"
1-73
1 91
1-88

1 61 —
(1-11-2-13)

EMR

4
3

<1
<1
<1

9

•p<0-05; "p<001; — p<0-001.
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numbers of deaths attributable to ICD Chapters
mental disorders, nervous diseases and diseases of the
genito-urinary system gave rise to moderately raised
RRs but the confidence intervals were wide.

Alcoholism and drug dependence
The overall RR was significantly raised for males
(RR = 2-03). The increase was due mainly to diseases of
the respiratory system (RR = 4-71,2-43-8-22), digestive
system (RR = 805, 2-60-18-82) and accidental deaths
(RR = 6-44, 2-93-12-20). Both the overall RR (302)
and EMR (14) for females were higher than for males,
with high RRs for diseases of the circulatory system
(2-56, 1-28-4-59) and of the digestive system (RR =
21-62), but the latter referred to only seven deaths. A
small excess of respiratory system deaths was also
observed.

Non-psychotic disorders (patients with more than
one day of service use)
The overall relative risk for 2889 males was significantly
raised [0=190, RR=117, 1-01-1-34, /?<0-05,
EMR = 2] and for female patients (O = 222,
RR=l-28, 1-11-1-44, /><005, EMR = 3). The most
significant RRs were obtained for accidental deaths to
males (O = 45, RR = 5-29, 3-86-708, p< 0001), and to
females (0 = 35, RR = 5-22, 3-63-7-25, p< 0-001); the
EMR of 2 per 1000 PYR was the same for both sexes.
Diseases of the respiratory system was the only other
ICD Chapter of significance for females (O = 31,
RR=l-48, 101-210, p<005, EMR<1). Although
the RR for males was similar (O = 29, RR = 1 -42, 0-95-
204, EMR<1), it did not achieve statistical signifi-
cance.

Three specific non-psychotic diagnoses have been
considered: anxiety states, depression and personality
disorders. Of these, significantly raised RRs for all
causes were obtained only for depression for males
(O= 116, RR= 1-33,1-09-1-57,/><0-01, EMR = 6)and
for females (O = 151, RR=l-39, 1-17-1-61, /><0001,
EMR = 4). Accidental deaths were also high in this
group for males (O=19, RR = 6-79, 408-10-60,
EMR = 4) and for females (0 = 23, RR = 6-98, 4-42-
10-46, EMR = 2). Only accidental deaths were of
significance among 549 male patients with a diagnosis
of anxiety state (0 = 6, RR = 4-45, 1-63-9-49, p< 001,
EMR = 2) and 634 males with personality disorders
(O=10, RR = 503, 2-41-9-25,/?<0-001, EMR = 2).

Discussion

Most studies of mortality of psychiatric patients have
been confined to selected groups, for example, those
with a given psychiatric diagnosis or long-stay in-

patients. This study is of a total unselected population
of psychiatric patients who, for the most part, made
their first contact with the psychiatric services during an
11-year period, and for whom complete data of their
psychiatric care was available. The previously reported
excess of observed deaths over expectation was evident
for various causes of death after aggregation at Chapter
level of the ICD.

It was anticipated that some of the excess mortality
of both in-patients and out-patients would be due to
accidental death including suicide. This has been
confirmed and shown to be true for several psychiatric
diagnostic groups. Relative risks were significantly
raised for 16 of the 22 sex and diagnostic groups; the
exceptions were: dementia (male); schizophrenia and
paranoid psychosis (female); the miscellaneous group
of psychoses (males and females); alcoholism and
drug dependence (females) and personality disorder
(females). For these six sex- diagnostic groups the
numbers of deaths were very small (< 5). Both male
and female patients with depression had high values
(> 5) of relative risk, as did those suffering from other
non-psychotic disorders, namely, alcohol and drug
dependence and personality disorders (males). Despite
the high relative risks, the excess mortality rates for all
diagnostic groups here considered were very small, and
although there was some variation between diagnostic
categories, differences between males and females (the
former having higher values in most instances) were the
predominant feature of the findings for this measure of
mortality.

Causes of death subsumed under ICD Chapters III,
V-IX and Chapter X (males only) also made sub-
stantial contributions to the increase of mortality
(measured in excess or relative terms or both) of
patients in the psychiatric categories here considered.
In the total series, the maximum relative risk was that
for mental disorders; however, few (56) deaths were
recorded as such and the excess mortality was less than
1 per 1000 PYR. The majority (42) of these deaths were
of patients who had received in-patient care; 44 were
suffering from dementia. Future studies may disclose
even higher rates, particularly for dementia, because of
the change of rules for coding causes of death on
certificates post 1984, when dementia, appearing in
Part II of the death certificate (contributory cause),
may in some instances be coded as the underlying cause
of death.

Deaths from respiratory diseases accounted for 28
per cent of all deaths and gave rise to the maximum
excess mortality rates of all Chapters in the whole
series, and to the highest relative risks after accidental
deaths and mental disorders. This was a major group of
causes of death especially for in-patients and for
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TABLE 7 Relative risks and excess mortality rates by sex and ICD Chapter

ICD Chapter

II
V
VI
VII
VIM
IX
X
EXVII
Remainder
NK
All causes
95% Cl

Miscellaneous i

Males (/)-241

0

12
1
3

32
31
2
1
2
2
2

88

RR

1-66
6-67"
9 2 5 "
1-90"
5-10*"
2-52
1-83
2-99
2-74

2-64*"

psychoses

)

EMR

7
1
3

18
30
1

<1
2
2

65
(2-09-3-19)

Females (n —

0

12
3
3

35
25
2
4
4
4
2

94

RR

1-53
725*
590*
1-35"
3-22—
1-38
5-74*
3-50
231

1-98—
(1-58-2

469)

EMR

2
1
1
4
8

<1
2
1
1

23
38)

Alcoholism and

Males (/?- 596)

0

9
—
—
10
12
5
1
9
2
1

49

RR

1 39
—
—
0-84
4-71 —
8-05—
4-25
6-44—
333

2-03 ' "
(1-05-2-68)

drug dependence

EMR

<1
—
—
—

4
2

<1
3

<1

9

Females (n- 288)

0

1
1

—
11
4
7
1
2
2
1

30

RR

0-31
20-74
—
2-56"
4-12*

21-62—
790
521
5-13

3 0 2 —
(204-4-31)

EMR

<1
—

5
2
5

<1
1
1

14

*p<0-05; " p < 0 0 1 ; *"p<0-0O1.

patients with psychotic illnesses, resulting in substantial
excess mortality; this was particularly true for demen-
tia. Patients who suffered from alcoholism and drug
dependence also had significantly raised relative risks of
death from respiratory disease.

The ICD Chapter VII - diseases of the circulatory
system - provided the largest number of deaths of both
sexes. Although very highly significant because of the
numbers involved, the relative risks for the whole series
were rather small (1-4 for both sexes). Both in-patients
and out-patients (with a one-day service), had high
risks for diseases included in this Chapter, as did all
psychotic patients combined; those patients with
dementia and the other individual psychotic diagnoses
here considered were notable in this respect. Out-
patients with more than one day of service did not
suffer an excess of circulatory system deaths.

The results for deaths from neoplasms call for special
mention in that no significant excess over expectation
was found for any of the groups here considered.
Similar findings have been obtained by others for
selected psychiatric populations; for example, by Sims
and Prior3 in respect of severely neurotic patients in the
United Kingdom, by Casadebaig and Quemada4 for
psychiatric in-patients in France, and by Mortenssen5

for schizophrenic in-patients in Denmark.
The increased relative risks of psychiatric in-patient

deaths from natural causes (i.e. other than accidental
deaths) found in our study has also been reported by
other workers from national studies in France,5

Netherlands6 and Norway;7 the last two papers were
in reference to long-stay in-patient populations which

have been excluded from our analysis. We might
therefore infer that premature mortality is a general
feature of the more severe forms of mental illness.

Few studies have been made of psychiatric out-
patients and these have usually been based upon small
numbers.8'9 In our study of much larger numbers, there
was a pronounced excess of deaths from natural causes
over expectations for patients with a 'one-day' service.
These were patients for whom the first contact with the
psychiatric services (when they were registered) proved
to be their only contact during the study period. This
often took the form of a psychiatric assessment of a
patient with concurrent physical illness. It is not
surprising, therefore, that raised mortality should be
observed in this group. The reluctance of psychiatrists
to admit patients with primary physical problems to
psychiatric care, and the concern of consultants in
general hospitals to discharge patients as soon as
possible after treatment for physical conditions, led to
large numbers of assessments. Many of these patients
aged 45 years or over died within 12 months of their
assessments from circulatory and respiratory condi-
tions.

Three-quarters of the 465 deaths of those (7669) out-
patients who received more than one day's service were
from neoplasms, and circulatory and respiratory
diseases. However, only patients who died from
respiratory diseases significantly exceeded those
expected from the experience of the general population.
In fact, only half the number of males died from
neoplasms compared with expectation, most of the
deficit being due to the relatively small number of



PSYCHIATRIC ILLNESS AND RISK OF DEATH 389

deaths from respiratory cancer; this finding may be due
to inconclusive investigation of the patients' physical
conditions and probably contributed towards the
excess of deaths from respiratory diseases.

This study has demonstrated that the excess mor-
tality from natural causes occurs across a broad
spectrum of patients with psychiatric disorders with a
gradient which parallels the severity of the disorder:
from the highest for organic psychotic conditions to the
lowest for neurotic conditions which did not require in-
patient care. Furthermore, most of this excess mortality
was from common conditions - cardiovascular and
respiratory diseases - and hence is of considerable
importance for public health.

Improvement in the health and well-being of the
mentally ill is one of the key areas named in Health of
the nation.l0 We have shown that there is a considerable
burden of premature mortality in people with mental
health problems and, therefore, room for improvement.
Strategies for the general population in combating the
common causes of death should also be applied to the
mentally ill. They may, however, prove more difficult to
implement in individuals who, by reason of their
condition, are perhaps less accessible or receptive to
health education initiatives. The mentally ill may also
have increased exposure to known causes of premature
death, such as tobacco, alcohol and other drug abuse.
Although the patients in our series received good
community care, the increased mortality from natural
causes, and the implied co-morbidity, suggests that
health professionals should be alerted to their need for
general medical care.

For all these circumstances the reduction in pre-
mature mortality among psychiatric patients presents a

formidable challenge to the public health services, and
our data provide a basis for assessing the efficacy of any
public health policies.
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Imaging of amyloid β in Alzheimer’s disease with 
¹⁸F-BAY94-9172, a novel PET tracer: proof of mechanism
Christopher C Rowe, Uwe Ackerman, William Browne, Rachel Mulligan, Kerryn L Pike, Graeme O’Keefe, Henry Tochon-Danguy, Gordon Chan, 
Salvatore U Berlangieri, Gareth Jones, Kerryn L Dickinson-Rowe, Hank P Kung, Wei Zhang, Mei Ping Kung, Daniel Skovronsky, Thomas Dyrks, 
Gerhard Holl, Sabine Krause, Matthias Friebe, Lutz Lehman, Stefanie Lindemann, Ludger M Dinkelborg, Colin L Masters, Victor L Villemagne

Summary
Background Amyloid-β (Aβ) plaque formation is a hallmark of Alzheimer’s disease (AD) and precedes the onset of 
dementia. Aβ imaging should allow earlier diagnosis, but clinical application is hindered by the short decay half-life 
of current Aβ-specifi c ligands. ¹⁸F-BAY94-9172 is an Aβ ligand that, due to the half-life of ¹⁸F, is suitable for clinical 
use. We thus studied the eff ectiveness of this ligand in identifying patients with AD. 

Methods 15 patients with mild AD, 15 healthy elderly controls, and fi ve individuals with frontotemporal 
lobar degeneration (FTLD) were studied. ¹⁸F-BAY94-9172 binding was quantifi ed by use of the standardised uptake 
value ratio (SUVR), which was calculated for the neocortex by use of the cerebellum as reference region. SUVR 
images were visually rated as normal or AD. 

Findings ¹⁸F-BAY94-9172 binding matched the reported post-mortem distribution of Aβ plaques. All AD patients 
showed widespread neocortical binding, which was greater in the precuneus/posterior cingulate and frontal cortex 
than in the lateral temporal and parietal cortex. There was relative sparing of sensorimotor, occipital, and medial 
temporal cortex. Healthy controls and FTLD patients showed only white-matter binding, although three controls and 
one FTLD patient had mild uptake in frontal and precuneus cortex. At 90–120 min after injection, higher neocortical 
SUVR was observed in AD patients (2·0 [SD 0·3]) than in healthy controls (1·3 [SD 0·2]; p<0·0001) or FTLD patients 
(1·2 [SD 0·2]; p=0·009). Visual interpretation was 100% sensitive and 90% specifi c for detection of AD. 

Interpretation ¹⁸F-BAY94-9172 PET discriminates between AD and FTLD or healthy controls and might facilitate 
integration of Aβ imaging into clinical practice.

Introduction
Amyloid-β (Aβ) imaging with PET allows assessment 
in vivo of Aβ deposition in the brain, providing an 
important new tool for the assessment of the causes, 
diagnosis, and future treatment of dementias, in which Aβ 
may play a part. Studies with ¹¹C-labelled Pittsburgh 
compound B (2-[4´-(methylamino)phenyl]-6-hydrobenzo-
thiazole; PIB), the most specifi c and widely used PET Aβ 
ligand, indicate that Aβ imaging may allow earlier 
diagnosis of Alzheimer’s disease (AD) and accurate 
diff erential diagnosis of the dementias.1–5 ¹¹C-PIB studies 
show robust cortical binding in almost all AD patients,2,6,7 
and correlate well with a reduction in CSF Aβ42.8 Binding 
also correlates with the rate of cerebral atrophy as measured 
by MRI,9 and with episodic memory impairment in 
apparently normal elderly individuals and in patients with 
mild cognitive impairment.10 Increased ¹¹C-PIB binding 
may also be predictive of conversion of mild cognitive 
impairment to AD.11 Furthermore, comparison of the 
diagnostic use of Aβ imaging versus ¹⁸F-fl uorodeoxyglucose 
PET indicates greater accuracy for distinguishing patients 
with mild AD from elderly controls.12

Subsequent to recent advances in imaging and CSF 
analysis, Dubois and colleagues13 proposed that the 
research criteria for the diagnosis of probable AD should 
be revised to allow earlier diagnosis and therapeutic 
intervention. The authors of this position statement argue 

that dementia is not required for the diagnosis of AD if 
there is a clear history of progressive cognitive decline, 
objective evidence from psychometric tests of episodic 
memory impairment, and characteristic abnormalities in 
the CSF or in neuroimaging studies. The latter includes 
the imaging of Aβ with appropriate PET tracers. Thus, as 
the criteria for the diagnosis of AD evolve, Aβ imaging is 
likely to have an increasingly important role in clinical 
practice, provided it is accessible and aff ordable.

Unfortunately, the 20 min radioactive decay half-life of 
¹¹C limits the use of ¹¹C-PIB to centres with an on-site 
cyclotron and ¹¹C radiochemistry expertise. Consequently, 
access to ¹¹C-PIB PET is restricted and the high cost of 
studies is prohibitive for routine clinical use. To overcome 
these limitations, a tracer for imaging Aβ that can be 
labelled with ¹⁸F is required. The 110 min radioactive 
decay half-life of ¹⁸F allows centralised production and 
regional distribution as currently practised worldwide in 
the supply of ¹⁸F-fl uorodeoxyglucose for clinical use. 

Barrio and colleagues14 have developed an ¹⁸F-labelled 
tracer that shows binding to both Aβ plaques and 
neurofi brillary tangles in vitro,15 and report separation of 
patients with AD from healthy controls with PET imaging.16 
However, the analysis required a 2 h continuous scan and 
only showed 9% higher cortical uptake in AD. By 
comparison, ¹¹C-PIB shows a 70% increase in cortical 
binding in AD,2,7 and ¹¹C-PIB images can be accurately 
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read without quantifi cation and acquired with less than 
30 min of PET camera time.12 An ¹⁸F tracer with 
characteristics similar to those of ¹¹C-PIB is needed. 
Structural and pharmacological evidence supports the 
claim that a stilbene derivative should have similar 
specifi city to a thiofl avin derivative (ie, PIB) for Aβ 
aggregates.17,18 Thus, ¹⁸F-BAY94-9172 or trans-4-(N-methyl-
amino)-4´-{2-[2-(2-[¹⁸F]fluoro-ethoxy)- ethoxy]-ethoxy}-
stilbene (also known as ¹⁸F-AV1/ZK), which shares 
common structural features to PIB (fi gure 1), has been 
developed. ¹⁸F-BAY94-9172 and ¹¹C-PIB are small planar 
molecules with extended aromatic systems and alkyl-
amino substitution. They compete pharmaco logically for 
the same binding site on amyloid aggregates with similar 

affi  nity, and in human brain sections they show the same 
pattern of labelling of Aβ plaques.17,18 Furthermore, another 
stilbene, ¹¹C-SB13 (¹¹C-4-N-methylamino-4´-hydroxy-
stilbene), has shown the same regional brain distribution 
pattern as ¹¹C-PIB when studied in the same population of 
AD patient and age-matched healthy controls.19

¹⁸F-BAY94-9172 has been shown to bind avidly to 
neuritic and diff use Aβ plaques and to cerebral amyloid 
angiopathy in vitro; it does not show appreciable labelling 
of tangles, Pick bodies, Lewy bodies, or glial cytoplasmic 
inclusions.  In brain homogenates from patients with 
AD, BAY94-9172 was found to bind with high affi  nity 
(Ki=6·7±0·3 nM), and in AD tissue sections, 
¹⁸F-BAY94-9172 selectively labelled Aβ plaques.17 At tracer 
concentrations, BAY94-9172 did not show binding to post-
mortem cortex from patients with frontotemporal 
dementia, or in post-mortem brain tissue from a variety 
of neurodegenerative diseases, including tauopathies and 
α-synucleinopathies. Images of ¹⁸F-BAY94-9172 binding 
to brain slices from patients with AD, frontotemporal 
lobar degeneration, and normal brain obtained with 
PhosphorImager plates are shown in webfi gure 1. After 
injection into Tg2576 transgenic mice, ex-vivo brain 
sections showed localisation of ¹⁸F-BAY94-9172 in regions 
with Aβ plaques as confi rmed by thiofl avin binding.18 In 
normal mice, ¹⁸F-BAY94-9172 rapidly entered the brain 
with 8·14% injected dose per gram and washed out to 
2·14% injected dose per gram within 2 h. 

Preclinical toxicity studies in several animal species 
showed a good safety profi le with no observable eff ects at 
100 times the expected human mass dose. On the basis 
of these studies, we deemed ¹⁸F-BAY94-9172 to be a 
suitable agent for human studies.

Methods
Participants
15 healthy elderly controls, 15 patients who met the 
NINDS-ADRDA criteria for probable AD and the DSM-IV 
criteria for dementia of Alzheimer’s type, and fi ve 
patients who met the consensus criteria for frontotemporal 
lobar degeneration (FTLD) were enrolled in the study. 
Patients with AD and FTLD were recruited from the 
Austin Health Memory Disorders Clinic (Heidelberg, 
Victoria, Australia) if they met the inclusion and exclusion 
criteria and were willing to participate in the study. 
Healthy controls were recruited by advertisement in the 
community. The study was approved by the Austin 
Health Human Research Ethics Committee. Written 
informed consent was obtained from all individuals 
before participation and also from the next of kin or carer 
for the patients with dementia.

All participants were aged over 60 years, spoke fl uent 
English, and had completed at least 7 years of education. 
No participant had a history or physical or imaging fi ndings 
of other neurological or psychiatric illness, current or 
recent drug or chronic alcohol use or dependence, or any 
signifi cant other disease or unstable medical condition. 
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Figure 1: Chemical structure of ¹⁸F-BAY94-9172 (top) and ¹¹C-PIB
Both are small planar molecules with extended aromatic rings and alkyl-amino 
substitution.

Region Healthy controls 
(n=15)

Alzheimer’s disease 
(n=15)

Eff ect size p*

Dorsolateral prefrontal 1·23 (0·21) 1·95 (0·33) 2·61 <0·0001

Ventrolateral prefrontal 1·32 (0·20) 2·12 (0·32) 2·99 <0·0001

Orbitofrontal 1·34 (0·20) 2·09 (0·31) 2·86 <0·0001

Gyrus rectus 1·37 (0·24) 2·15 (0·37) 2·49 <0·0001

Anterior cingulate 1·32 (0·23) 2·05 (0·32) 2·61 <0·0001

Posterior cingulate 1·27 (0·19) 2·14 (0·38) 2·91 <0·0001

Parietal 1·21 (0·15) 1·95 (0·31) 3·06 <0·0001

Occipital 1·36 (0·15) 1·84 (0·26) 2·27 <0·0001

Lateral temporal 1·30 (0·18) 2·05 (0·27) 3·30 <0·0001

Mesial temporal 1·24 (0·14) 1·47 (0·14) 1·68 <0·0001

Caudate nuclei 1·34 (0·23) 2·05 (0·43) 2·07 <0·0001

Putamen 1·30 (0·15) 1·89 (0·35) 2·21 <0·0001

Thalamus 1·41 (0·18) 1·65 (0·40) 0·79 0·042

Midbrain 1·69 (0·15) 1·83 (0·27) 0·64 0·094

Pons 1·93 (0·17) 1·99 (0·30) 0·23 0·53

White matter 1·93 (0·18) 1·89 (0·45) –0·11 0·89

Neocortex† 1·29 (0·17) 2·02 (0·28) 3·14 <0·0001

Data are mean (SD). *Unpaired Student’s t test (p<0·0031 is signifi cant after correction for multiple comparisons). 
†Neocortex comprises the average SUVR for frontal, parietal, cingulate, occipital, and lateral temporal cortices.

Table: Regional standardised uptake value ratios (SUVR90–120) in healthy controls and patients with 
Alzheimer’s disease

See Online for webfi gure 1
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Safety monitoring consisted of clinical observation 
and intermittent measurement of vital signs for 3 h 
starting immediately before tracer injection. Vital signs, 
haematology, and biochemistry testing were done 1 week 
after injection and compared with baseline. Participants 
were asked about possible adverse events 3 h, 24 h, and 
1 week after injection.

MRI and psychometric examination were completed 
within 4 weeks of the ¹⁸F-BAY94-9172 scan. MRI consisted 
of a 3-dimensional (3D) T1-weighted MPRAGE and a 
T2-weighted turbospin-echo sequence. Participants were 
given the mini-mental state examination (MMSE), the 
clinical dementia rating (CDR) scale, and a battery of 
neuropsychological tests to ensure that participants 
fulfi lled the diagnostic criteria for AD or normality. 
Healthy controls were excluded if any score fell below 
1 SD of the published mean for that test. All probable AD 
patients had episodic memory scores below 2 SD of the 
published mean. Venous samples were taken at frequent 
intervals throughout the scan. Total radioactivity in 
plasma was measured and metabolites were detected by 
high-performance liquid chromatography (HPLC).

¹⁸F-BAY94-9172 synthesis
Labelling was done in the Austin Health Centre for PET 
immediately before injection. Avid Radio pharmaceuticals, 
Inc (Philadelphia, PA, USA), supplied the precursor 
and cold standard for production of ¹⁸F-BAY94-9172. 
Radiolabelling was achieved by an automated synthesis 
process using [¹⁸F] potassium fl uoride Kryptofi x complex 
followed by acid hydrolysis and semi-preparative HPLC 
for purifi cation. Standard Sep-pak reformulation 
produced the injectable product. Manufacturing time was 
60 min. The fi nal product had an average specifi c activity 
of 170 GBq/µmol and a radiochemical purity of 95%. 

¹⁸F-BAY94-9172 PET acquisition 
PET scans were acquired using a 3D GSO Philips Allegro 
scanner in the Austin Health Centre for PET. A 
thermoplastic face mask was used to minimise head 
movement. A 2 min transmission scan using a rotating 
¹³⁷Cs source was done for attenuation correction 
immediately before each imaging period. A slow 
intravenous bolus of 300 MBq of ¹⁸F-BAY94-9172 was 
given over 30 s followed by a 60 min list-mode emission 
acquisition in 3D mode. List-mode raw data were sorted 
off -line into four 30 s, nine 1 min, three 3 min, four 
5 min, and two 10 min frames. Further imaging was done 
at 90–120 min and 135–165 min after injection with 
10 min frames. One normal participant and three 
AD patients refused the fi nal scan period because of 
discomfort or fatigue. Images were reconstructed using a 
3D RAMLA algorithm.

Image analysis
Co-registration of the PET images with each individual’s 
MRI scan was done. Regions of interest (ROI) were then 
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Figure 2: Time-activity curves 
(decay corrected) for 
¹⁸F-BAY94-9172 in patients 
with Alzheimer’s disease (AD) 
and age-matched healthy 
controls (HC)
(A) Frontal cortex; 
(B) cerebellar cortex; and 
(C) frontal to cerebellar ratio. 
Error bars (SD) are shown. 
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drawn on the individual MRI. Mean radioactivity values 
were obtained from ROI for cortical, subcortical, and 
cerebellar regions (table), and decay-corrected time-
activity curves were generated over 165 min from the 
28 frames. White-matter ROIs were placed at the centrum 
semiovale, and the cerebellar regions were placed over 
the cerebellar cortex, taking care to avoid white matter. In 
two cases, MRI could not be obtained and ROI were 
drawn directly on to the PET images by an operator blind 
to the clinical status of the individuals. No correction for 
partial volume was applied to the PET data.

The standardised uptake values (SUV), defi ned as the 
decay-corrected brain radioactivity concentration and 
normalised for injected dose and bodyweight, was 
calculated for all regions. These were then used to derive 
the SUV ratio (SUVR), which was referenced to cerebellar 
cortex at a time soon after the neocortical to cerebellar 
tracer-binding ratio reached an apparent steady state. 
Neocortical Aβ burden was expressed as the average 

SUVR of the area-weighted mean for the following 
cortical ROIs: frontal (consisting of dorsolateral 
prefrontal, ventrolateral prefrontal, and orbitofrontal 
regions), superior parietal, lateral temporal, lateral 
occipital, and anterior and posterior cingulate. 

The distribution volume ratio (DVR) was determined 
through graphical analysis of the 165 min time-activity 
curves (28 data points).20 To avoid arterial blood sampling, 
a simplifi ed approach was applied by use of the cerebellar 
cortex, a region relatively unaff ected by Aβ deposition in 
early AD, as input function. This approach has not been 
validated against an arterial plasma activity input curve 
for ¹⁸F-BAY94-9172, but has worked well in ¹¹C-PIB 
studies and has provided good distinction between AD 
patients and healthy controls.2,12,20,21 Neocortical DVR was 
calculated with the same regions used for the neocortical 
SUVR.

Images were generated from the 90–120 min data for 
visual inspection on a Philips workstation and displayed 
with a rainbow colour scale. The colour scale was adjusted 
so that cerebellar white matter was yellow, as previously 
described for reading ¹¹C-PIB images.12 A mid-sagittal 
slice and transverse slices at the level of the cerebellar 
white matter and the thalamus from all 35 individuals 
are displayed in this way in webfi gure 2. A nuclear-
medicine physician with experience in inter pretation of 
¹¹C-PIB scans, and blind to diagnosis and all other 
clinical information, classifi ed the ¹⁸F-BAY94-9172 
images as “normal” or “probable AD” on the basis of the 
presence (green to red) or absence (blue to black) of 
binding in cerebral cortex. A 2×2 contingency analysis 
was used to determine the test sensitivity and specifi city 
of visual interpretation of ¹⁸F-BAY94-9172 in 
diff erentiating probable AD from non-AD (ie, the 
combination of healthy controls and FTLD patients). 

Data are presented as mean±SD, unless otherwise 
stated. Statistical analyses were done using a Student’s 
t test with correction for multiple comparisons. Eff ect 
size was measured with Cohen’s d. Correlations were 
assessed by Pearson correlation coeffi  cient. All data were 
analysed with Minitab software. 

Role of the funding source
The funding sources had no role in study design, data 
collection, data analyses, and data interpretation. Bayer 
Schering Pharma did not contribute to the manuscript 
other than to provide preclinical information in response 
to the reviewers’ comments at the authors’ request. The 
corresponding author had full access to all the data in 
this study and had fi nal responsibility for the decision to 
submit for publication.

Results
15 healthy controls (eight men and seven women; age 
68·8±6·0 years; MMSE 29·5±1·0; CDR 0·0), 15 patients 
with probable AD (10 men and fi ve women; age 69·5±10·0 
years; MMSE 23·3±4·0; CDR 1·0), and fi ve patients with 
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Figure 3: Transaxial and midsagittal PET images obtained 90–120 min after injection of 300 MBq¹⁸F-BAY94-
9172 in three healthy controls
Image (A) is typical of 12 healthy controls with no cortical binding. Extensive white-matter binding is most apparent 
in the corpus callosum, peri-thalamic area, pons, and centrum semi-ovale. (B) and (C) are images of two healthy 
controls who showed mild frontal and precuneus binding and were interpreted as probable AD by a blinded reader. 
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Figure 4: ¹⁸F-BAY94-9172 images from three patients with AD and one patient with FTLD
There is cortical binding in frontal, posterior cingulate/precuneus, and lateral temporal areas with relative 
sparing of occipital and sensorimotor cortex in AD patients (A–C). By contrast, there is no cortical binding in the 
FTLD patient (D).

See Online for webfi gure 2
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FTLD (three men and two women; age 67·4±9·0 years; 
MMSE 24·6±2·0; CDR 1·0) were recruited and studied 
between September, 2006, and September, 2007. All 
recruited individuals completed the study and are 
included in the analysis. Three of the FTLD patients met 
criteria for frontotemporal dementia and two for semantic 
dementia. No adverse events related to the study drug 
were observed or reported by the participants after the 
¹⁸F-BAY94-9172 scan. 

Initial brain uptake of ¹⁸F-BAY94-9172 was slightly 
higher in controls than in AD patients in all areas 
examined. Clearance was slower from the neocortex in 
AD patients than in controls, although there was no 
signifi cant diff erence in clearance from the cerebellar 
cortex between AD patients and healthy controls 
(fi gure 2). SUVs for the cerebellar cortex late in the scan 
when ¹⁸F-BAY94-9172 binding reaches an apparent steady 
state were not signifi cantly diff erent between AD patients 
and healthy controls, validating its selection as a reference 
region. The ratio of cortical to cerebellar binding became 
constant in AD patients and healthy controls by 90 min 
after the injection of tracer (fi gure 2). Analysis of venous 
plasma samples by HPLC showed that 12% of the 
compound remained at 20 min and 5% at 60 min after 
injection.

¹⁸F-BAY94-9172 binding was present in the white 
matter (fi gure 3) in all healthy controls. In two healthy 
individuals, an 80-year-old man and a 76-year-old woman, 
both with no family history of dementia and no subjective 
or objective memory complaints, mild binding was seen 
in the orbitofrontal cortex and posterior cingulate/
precuneus cortex. In another control, a 63-year-old man 
with a strong family history of AD, there was mild diff use 
cortical binding with occipital sparing. The scans from 
the two men were read as “probable AD” by the reporting 
clinician (fi gure 3).

All AD patients showed extensive cortical ¹⁸F-BAY94-
9172 uptake that was greater in the frontal and posterior 
cingulate/precuneus cortex than in the lateral temporal 
and parietal cortex (fi gure 4). There was relative sparing 
of occipital, primary sensorimotor, and mesial temporal 
cortex with no appreciable binding in cerebellar cortex. 

Four of the fi ve FTLD patients had no cortical binding. 
One FTLD patient, a 74-year-old woman with semantic 
dementia, showed mild frontal binding of ¹⁸F-BAY94-
9172, but the scan was read as normal by the reporting 
clinician.

Blinded reading of the images obtained 90–120 min 
after injection correctly distinguished AD patients from 
controls and FTLD patients in all cases except for the two 
healthy controls discussed above. These healthy controls 
were misclassifi ed as probable AD. The sensitivity of 
¹⁸F-BAY94-9172 PET for the detection of AD against 
diagnosis based on clinical criteria was 100% with a 
specifi city of 90%. 

The SUVR was calculated from the data acquired over 
the 90–120 min post-injection period because the ratio 

of binding in the cortical regions to that in the cerebellar 
cortex reached a plateau by 90 min. The table shows the 
SUVR and eff ect size for the 15 healthy controls 
compared with the 15 AD patients for each of the 
regions assessed. The SUVR was signifi cantly greater 
in AD patients in all cortical regions and the striatum. 
The individual neocortical SUVR values of all the 
participants are shown in fi gure 5. Neocortical SUVR in 
healthy controls was 1·29±0·17 compared with 
2·02±0·28 in AD patients (p<0·0001; eff ect size d=3·14). 
All the FTLD patients had neocortical SUVR similar to 
healthy controls and there was no overlap with the AD 
patients (fi gure 5). Neocortical SUVR correlated 
inversely with MMSE when all individuals were 
analysed together (r=0·66, p=0·0001), but there was no 
correlation within diagnostic groups (eg, in AD patients, 
r=0·06, p=0·84). 

Three healthy controls did not have the initial dynamic 
scan, which prevented the calculation of DVRs. In the 
remaining participants, a signifi cantly higher DVR was 
found in AD patients in all cortical regions and in the 
striatum. The neocortical DVR was 1·71±0·24 in AD 
patients versus 1·21±0·17 in healthy controls (p<0·0001, 
Cohen’s eff ect size d=2·41). SUVRs showed higher values 
in AD patients compared with healthy controls than did 
DVRs, but the rank order of regional values was identical. 
Both measures indicated that the greatest binding was in 
the frontal and precuneus cortex, whereas the greatest 
eff ect size between AD patients and healthy controls was 
in the lateral temporal and parietal cortex. SUVRs 
correlated strongly with DVRs in all cortical regions 
including the composite neocortical region (r=0·98, 
p<0·0001).
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Figure 5: Neocortical SUVR 90–120 min values in 15 healthy controls (HC), 
15 AD patients, and fi ve FTLD patients 
Each dot represents one individual. Box plots show the median value and 
interquartile range; the small horizontal lines show 1 SD above and below the 
mean.
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Discussion
¹⁸F-BAY94-9172 binding matched the reported 
histopathological distribution of neuritic plaques in AD, 
corresponding closely to stage C of Braak’s Aβ deposition 
categories.22,23 The cortical binding of ¹⁸F-BAY94-9172 
provided robust separation of individuals with AD from 
healthy elderly controls and patients with FTLD. This 
separation was achieved either with visual image 
interpretation or a simple semiquantitative measure, the 
ratio of binding in neocortex to cerebellar grey matter 
expressed as SUVR. Furthermore, these results were 
obtained with only 30 min of scan acquisition, which 
began 90 min after injection of the tracer. Such properties 
indicate that ¹⁸F-BAY94-9172 PET might be suitable for 
use in clinical practice. The acquisition time allows 
economical use of a PET camera and should be tolerated 
by elderly patients. Shorter scanning times are feasible 
but need validation. Furthermore, the decay half-life of 
¹⁸F makes centralised production with distribution to 
multiple PET sites possible, thereby improving access to 
Aβ imaging while simultaneously reducing the cost. 

Our results with ¹⁸F-BAY94-9172 PET compare favourably 
with those reported in ¹¹C-PIB PET studies.1–12 The 
distribution of ¹⁸F-BAY94-9172 binding is almost identical 
to that reported for ¹¹C-PIB, but the degree of binding is 
slightly less. The mean neocortical SUVR for ¹⁸F-BAY94-
9172 in AD patients was 57% greater than in healthy 
controls. Our previously reported experience with ¹¹C-PIB 
with the same equipment and quantitative methods is that 
binding is 70% higher on average in AD patients than in 
healthy controls.2 Despite this fi nding, ¹⁸F-BAY94-9172 
yielded similarly large eff ect size and accuracy fi gures to 
those reported with ¹¹C-PIB for distinction of AD patients 
from healthy controls and FTLD patients.2,21

FTLD accounts for about 15–20% of all dementia cases.24 
The frontal (behavioural) and the temporal (semantic) 
forms of FTLD rarely have Aβ plaques at post-mortem 
examination.24 Therefore the ability to image Aβ may 
allow distinction of AD from FTLD with great accuracy.2,5 
Four of our FTLD patients (two with frontotemporal 
dementia and two with semantic dementia) had no grey-
matter ¹⁸F-BAY94-9172 retention, allowing them to be 
easily distinguished from AD patients. One had mild 
frontal binding, but was read as normal by the blinded 
reviewer and had a neocortical SUVR within the normal 
range. ¹⁸F-BAY94-9172 shares many structural and 
pharmacological properties with thiofl avin-T derivatives 
such as PIB. PIB does have some affi  nity for tau, or even 
α-synuclein, in human brain specimens when applied at 
much higher concentration than those achieved during 
PET studies.25,26 ¹⁸F-BAY94-9172 may also display some 
affi  nity for tau under certain circumstances, and further 
work in this area is thus warranted. The rapid rate of 
metabolism of ¹⁸F-BAY94-9172 is similar to that of PIB.21 
Some of the metabolites of BAY94-9172 are lipophilic and 
therefore may contribute to background brain radioactivity. 
Further characterisation of the metabolites is in progress.

Three ¹⁸F-BAY94-9172 scans showed cortical binding 
among the 15 healthy controls (20%) in this study and two 
of these were read as “probable AD” by the blinded 
reviewer. This is consistent with ¹¹C-PIB studies that have 
reported positive scans in up to 23% of normal elderly 
individuals,1,2 and with post-mortem studies that have 
reported moderate numbers of Aβ plaques in the cerebral 
cortex of more than a quarter of non-demented people 
aged over 75 years.27,28 The reported post-mortem 
frequency of Aβ deposition in non-demented people at a 
given age is similar to the incidence of AD in people aged 
5–10 years older, suggesting that Aβ deposition precedes 
the dementia of AD by this time period.22,29,30 Further 
evidence that Aβ deposition precedes the clinical 
expression of AD is provided by the relation between 
episodic memory function, the fi rst cognitive domain to 
decline in AD, and ¹¹C-PIB binding in non-demented 
elderly individuals.10 Longitudinal studies are underway 
to determine whether apparently healthy individuals with 
cortical binding of Aβ ligands such as ¹¹C-PIB and 
¹⁸F-BAY94-9172 will develop the clinical features of AD, 
and thus the true specifi city of Aβ imaging for very early, 
even preclinical diagnosis of AD.31 Such a tool would open 
up new possibilities for early intervention and prevention 
of clinical AD.32

Our results suggest that ¹⁸F-BAY94-9172 can reliably 
detect Aβ deposition and thereby aid early diagnosis, 
diff erential diagnosis, and therapeutic monitoring in AD. 
¹⁸F-BAY94-9172 provides images of similar appearance to 
¹¹C-PIB without the inherent limitation of the 20 min 
half-life that makes use of ¹¹C-PIB potentially problematic 
in clinical practice. Further validation of ¹⁸F-BAY94-9172 
is required, including full characterisation of the 
metabolism and kinetics to determine the most precise 
and appropriate quantifi cation method for applications 
such as disease and therapeutic monitoring. The 
development of ¹⁸F-BAY94-9172 promises to be an 
important step towards the integration of Aβ imaging 
into clinical practice and towards meeting the desired 
goal of earlier diagnosis of AD to assist the development 
of preventive therapeutics and early intervention.
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ABSTRACT Objective: To compare brain �-amyloid (A�) burden measured with [11C]Pittsburgh Com-
pound B (PIB) PET in normal aging, Alzheimer disease (AD), and other dementias. Methods: Thirty-
three subjects with dementia (17 AD, 10 dementia with Lewy bodies [DLB], 6 frontotemporal
dementia [FTD]), 9 subjects with mild cognitive impairment (MCI), and 27 age-matched healthy control
subjects (HCs) were studied. A� burden was quantified using PIB distribution volume ratio. Results:
Cortical PIB binding was markedly elevated in every AD subject regardless of disease severity, gener-
ally lower and more variable in DLB, and absent in FTD, whereas subjects with MCI presented either an
“AD-like” (60%) or normal pattern. Binding was greatest in the precuneus/posterior cingulate, frontal
cortex, and caudate nuclei, followed by lateral temporal and parietal cortex. Six HCs (22%)
showed cortical uptake despite normal neuropsychological scores. PIB binding did not correlate
with dementia severity in AD or DLB but was higher in subjects with an APOE-�4 allele. In DLB,
binding correlated inversely with the interval from onset of cognitive impairment to diagnosis.
Conclusions: Pittsburgh Compound B PET findings match histopathologic reports of �-amyloid (A�)
distribution in aging and dementia. Noninvasive longitudinal studies to better understand the role of
amyloid deposition in the course of neurodegeneration and to determine if A� deposition in nonde-
mented subjects is preclinical AD are now feasible. Our findings also suggest that A� may influence
the development of dementia with Lewy bodies, and therefore strategies to reduce A� may benefit
this condition. NEUROLOGY 2007;68:1718–1725

Histopathologic studies show extensive cortical �-amyloid (A�) deposition in Alzheimer
disease (AD), but it may also be found in asymptomatic elderly persons, adults with Down
syndrome, and in dementia with Lewy bodies (DLB). In Down syndrome, A� deposition
begins over a decade prior to the dementia that develops in the majority of persons with this
condition.1 Asymptomatic cortical A� deposition in elderly individuals is well documented
with one-fourth or more of the nondemented population age over 75 years having moderate
numbers of neuritic plaques in the cerebral cortex.2,3 The neuropathologic findings in DLB, a
condition that may account for up to 15% of dementia, frequently includes A� plaques and
neurofibrillary tangles (NFTs).4-6 Consequently, the term “Lewy body variant of AD” is pre-
ferred by some authors.7 “Pure DLB” with no A� accumulation is seen in only 10 to 20% of
clinically diagnosed cases.4,8-12 Frontotemporal dementia (FTD) accounts for another 15 to
20% of dementia.13 The frontal (behavioral) and the temporal (semantic) forms of FTD
rarely have A� plaque at post mortem.13 Hence, the ability to image A� may allow distinction
of AD from FTD and give new insights into the role of A� in DLB.

(N-Methyl-[11C])2-(4=-methylamino-phenyl)-6-hydroxy-benzothiazole ([11C]6-OH-BTA-
1), also known as “Pittsburgh Compound B” ([11C]PIB), a carbon-11-labeled derivative of the
thioflavin-T amyloid dye, binds with high affinity and high specificity to neuritic A�

From the Department of Nuclear Medicine (C.C.R., S.N., U.A., S.J.G., K.L.D., C.S., H.T.-D., G.O.,V.L.V.), Centre for PET, Austin Health,
Heidelberg, Departments of Medicine and Aged Care (C.C.R, M.W., J.M.), Austin Health, University of Melbourne, School of Psychology (K.P.,
G.S.), Psychiatry and Psychological Medicine, Monash University, Melbourne, Department of Pathology (T.F.C., C.L.M., V.L.V.), University of
Melbourne, Cogstate Pty Ltd.(P.M., D.D.), Melbourne, and Mental Health Research Institute of Victoria (C.L.M., V.L.V.), Parkville, Victoria,
Australia; and Departments of Radiology and Psychiatry (W.E.K., C.A.M., J.C.P.), University of Pittsburgh, PA.

Supported in part by funds from the Austin Hospital Medical Research Foundation, Neurosciences Victoria, the University of Melbourne, and
Department of Health and Ageing, Commonwealth Government of Australia. PIB precursor for radiochemical synthesis was provided by Dr. Alan
A. Wilson, University of Toronto, Canada.

Disclosure: GE Healthcare entered into an agreement with the University of Pittsburgh based on PIB. Drs. W.E. Klunk and C.A. Mathis are co-
inventors of PIB and, as such, have a financial interest in this license agreement.

Address correspondence and
reprint requests to Dr. C.C.
Rowe, Department of Nuclear
Medicine, Centre for PET,
Austin Health, 145 Studley Rd.,
Heidelberg, Victoria 3084,
Australia
christopher.rowe@austin.org.au

http://www.neurology.org


plaques.14,15 PIB does not show significant
binding to diffuse plaque, NFT, or “pure”
DLB brain homogenates.16 Human PET
studies have shown robust cortical binding in
AD patients17-21 and correlation with the rate
of cerebral atrophy in AD subjects,22 with de-
creased CSF A�1-42 in both demented and
nondemented subjects23 and with parieto-
temporal hypometabolism.24

In this study we sought to compare
[11C]PIB PET as a biomarker for A� burden
in AD, DLB, FTD, mild cognitive impair-
ment (MCI), and normal elderly persons
with previously established neuropathologic
findings in these conditions and with clinical
features.

METHODS Twenty-seven elderly individuals with well doc-
umented normal cognitive function, 17 patients with mild to
moderate AD, 10 patients with DLB, 6 patients with FTD, and
9 subjects with MCI were recruited for the study (table 1). Nor-
mal volunteers were recruited from a cohort of subjects partici-
pating in the longitudinal Healthy Aging Study at the Mental
Health Research Institute of Victoria and had shown normal
cognitive performance on neuropsychological tasks that in-
cluded California Verbal Learning Test (CVLT II), Rey figure,
Logical Memory, verbal and categorical fluency, Boston Nam-
ing Task, and digit span. All subjects in the current study were
assessed with this neuropsychological test battery, the Mini-
Mental State Examination (MMSE),25 and the Clinical Demen-
tia Rating26 within 1 week of the PIB scan. All AD patients met
National Institute of Neurological and Communication Disor-
ders and Stroke/Alzheimer’s Disease and Related Disorders As-
sociation criteria for probable AD,27 whereas all subjects in the
DLB group met the consensus criteria for probable DLB of cog-
nitive fluctuation, visual hallucinations, and parkinsonism.4

FTD subjects had characteristic clinical presentations13 and
frontal lobe or temporal lobe atrophy on MRI with concordant

hypometabolism on fluorodeoxyglucose PET. MCI subjects
met the Petersen criteria of subjective and objective cognitive
difficulties, predominantly affecting memory, in the absence of
dementia or significant functional loss.28 All patients were re-
cruited from the Austin Health Memory Disorders and Neu-
robehavioral Clinics.

Written informed consent for participation in this study
was obtained prior to the scan. Approval for the study was
obtained from the Austin Health Human Research Ethics
Committee.

All subjects underwent a three-dimensional spoiled gradient
echo T1-weighed MRI acquisition for screening and subse-
quent co-registration with the PET images.

APOE genotype was determined by PCR amplification of
genomic DNA.

Production of [11C]PIB was performed in the Centre for
PET, Austin Hospital, using the one-step [11C]methyl triflate
approach.29 The average radiochemical yield was 30% after a
synthesis time of 45 minutes with a radiochemical purity of
�98% and a specific activity of 30 � 7.5 GBq/�mol. Each sub-
ject received 375 � 18 MBq [11C]PIB by IV injection over 1
minute. Imaging was performed with a Phillips Allegro PET
camera. A rotation transmission sinogram acquisition in three-
dimensional mode with a single 137Cs point source was per-
formed before the injection of the radiotracer for attenuation
correction. A 90-minute list-mode emission acquisition was
performed in three-dimensional mode after injection of PIB.
List-mode raw data were sorted off line into 4 � 30-second, 9 �

1-minute, 3 � 3-minute, 10 � 6-minute, and 2 � 10-minute
frames. The sorted sinograms were reconstructed using a three-
dimensional RAMLA algorithm.

Co-registration of the PET images with each individual’s
MRI was performed with SPM2 (Statistical Parametric Map-
ping, MRC Cognition and Brain Sciences Unit).30 For registra-
tion purposes, the initial frames of the dynamic PET studies
were summed. The early frames of the study reflect regional
blood flow allowing an easy co-registration with the MRI. Re-
gions of interest (ROIs) were then drawn on the individual
MRI. Mean radioactivity values were obtained from ROIs for
cortical, subcortical, and cerebellar regions as listed in table 2,
and decay-corrected time–activity curves were generated.
White matter ROIs were placed at the centrum semiovale, and

Table 1 Group mean clinical data

HC, n � 27 MCI, n � 9 AD, n � 17 DLB, n � 10 FTD, n � 6

Age (range), y 72.6 � 6.9 (59–84) 73.3 � 10.9 (50–83) 74.0 � 11.3 (56–91) 72.0 � 5.4 (63–81) 71.5 � 9.4 (59–81)

Female/male 13:14 7:2 9:8 2:8 1:5

Education, y 12.5 � 3.5 11.8 � 4.3 12.3 � 4.8 9.3 � 0.9 11.8 � 8.3

MMSE 29.2 � 0.9 26.7 � 1.6 22.1 � 5.5* 20.8 � 7.2* 25.7 � 3.4

CDR 0.0 � 0.0 0.3 � 0.2 1.2 � 0.7* 1.6 � 0.8* 0.7� 0.3*

APOE �2/3 6 2

APOE � 3/3 13 3 7 2 4

APOE � 2/4 1 2

APOE � 3/4 6 1 5 6 2

APOE � 4/4 1 3 2 1

Values expressed as means � SD.
*Significant results compared with controls ( p � 0.05).
HC � healthy controls; MCI � mild cognitive impairment; AD � Alzheimer disease; DLB � dementia with Lewy bodies; FTD � frontotemporal dementia;
MMSE � Mini-Mental State Examination; CDR � Clinical Dementia Rating.
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the cerebellar regions were placed over the cerebellar cortex,
taking care to avoid white matter. The orbitofrontal ROI in-
cluded both the mesial and lateral aspects (including superior,
middle, and inferior frontal gyri). No correction for partial vol-
ume was applied to the PET data.

Distribution volume ratios (DVRs) were determined
through graphical analysis.31 To avoid arterial blood sampling,
a simplified approach was applied using the cerebellar cortex, a
region relatively unaffected by amyloid deposition, as input
function.17,20,31 Besides regional DVR values, the mean of the
DVRs for frontal, cingulate, parietal, lateral temporal, and oc-
cipital cortex was calculated and termed the neocortical DVR.
DVR images were created for visual inspection with a rainbow
color scale.

Standardized uptake value (SUV), defined as the decay-
corrected brain radioactivity concentration, normalized for in-
jected dose and body weight, was calculated for the cerebellar
cortex late in the scan when PIB binding reaches apparent
steady state20,32 to compare binding in the reference region with
age, diagnosis, and cognitive status.

Statistical evaluations were performed using a Wilcoxon
signed-ranks test followed by a Dunnet test to compare each
group with controls and a Tukey–Kramer highly significant
difference test to establish differences between group means.
Pearson product–moment correlation analyses were conducted
between the neocortical DVR and clinical features. Data are
presented as means � SD unless otherwise stated.

RESULTS Clinical data. The subject groups were
well matched for age and for years of education (ta-
ble 1). Most cases of AD were of mild severity with
a mean CDR score of 1.2 and mean MMSE score of

22. DLB subjects had slightly greater cognitive im-
pairment with mean MMSE of 21 and CDR of 1.6.
All control subjects had a CDR score of 0 and
MMSE of �27, whereas all MCI subjects had a
CDR score of 0 or 0.5 and MMSE of �24.

[11C]PIB distribution. Brain radioactivity peaked be-
tween 3 and 6 minutes post injection, and the bind-
ing appeared to be reversible with rapid washout
from all areas in controls other than white matter
(figure 1). [11C]PIB cleared fastest from cerebellar
cortex, and the rate was the same for all groups,
consistent with the absence of significant A� in this
region in all subjects (figure 1). The SUV measure-
ments in the cerebellar cortex showed no difference
between subject groups and no correlation with age
or with dementia severity in the AD subjects as as-
sessed by MMSE (r � 0.11, p � 0.21) or CDR (r �

�0.08, p � 0.74).
On visual inspection of the DVR images, all AD

subjects showed marked cortical PIB binding, great-
est in the precuneus/posterior cingulate and frontal
cortex and the caudate nuclei, followed by lateral
temporal and parietal cortex. Occipital, sensorimo-
tor, medial temporal, and thalamic gray matter was
less affected (figure 2). Cerebellar cortex showed no
uptake. Most DLB subjects also showed increased
PIB binding, similar in distribution to AD (figure 2).

Table 2 PIB DVR values (means � SD) in aging healthy controls, subjects with MCI, and patients with dementia

Region HC, n � 27 MCI, n � 9 AD, n � 17 DLB, n � 10 FTD, n � 6

Neocortex* 1.2 � 0.2 1.6 � 0.4†‡ 2.0 � 0.2† 1.7 � 0.3†‡ 1.1 � 0.1‡

Dorsolateral prefrontal 1.12 � 0.20 1.45 � 0.40†‡ 2.02 � 0.30† 1.64 � 0.42†‡ 1.03 � 0.14‡

Ventrolateral Prefrontal 1.20 � 0.24 1.61 � 0.54†‡ 2.18 � 0.29† 1.81 � 0.40†‡ 1.07 � 0.13‡

Orbitofrontal 1.22 � 0.21 1.67 � 0.52†‡ 2.10 � 0.28† 1.74 � 0.37†‡ 1.12 � 0.10‡

Gyrus rectus 1.30 � 0.27 1.71 � 0.48†‡ 2.19 � 0.38† 1.96 � 0.57† 1.16 � 0.14‡

Post. cingulate gyrus 1.27 � 0.24 1.72 � 0.54†‡ 2.19 � 0.26† 1.72 � 0.41†‡ 1.10 � 0.05‡

Ant. cingulate gyrus 1.27 � 0.26 1.65 � 0.44†‡ 2.16 � 0.26† 1.78 � 0.41† 1.13 � 0.09‡

Superior parietal 1.10 � 0.18 1.49 � 0.41†‡ 1.93 � 0.19† 1.49 � 0.26†‡ 1.07 � 0.10‡

Lateral occipital 1.21 � 0.11 1.35 � 0.17‡ 1.56 � 0.19† 1.43 � 0.21† 1.21 � 0.07‡

Lateral temporal 1.19 � 0.18 1.50 � 0.37†‡ 1.90 � 0.22† 1.61 � 0.35†‡ 1.15 � 0.11‡

Mesial temporal 1.16 � 0.11 1.23 � 0.17 1.35 � 0.13† 1.29 � 0.15† 1.02 � 0.12‡

Caudate nucleus 1.30 � 0.21 1.64 � 0.43†‡ 2.16 � 0.37† 1.76 � 0.37† 1.22 � 0.10‡

Putamen 1.31 � 0.16 1.51 � 0.29‡ 1.97 � 0.30† 1.67 � 0.28† 1.21 � 0.10‡

Thalamus 1.57 � 0.30 1.66 � 0.19 1.86 � 0.34† 1.68 � 0.19 1.45 � 0.12

Midbrain 1.59 � 0.13 1.64 � 0.12 1.63 � 0.18 1.58 � 0.12 1.51 � 0.16

White matter 1.39 � 0.19 1.25 � 0.24 1.36 � 0.24 1.33 � 0.36 1.29 � 0.15

*Neocortex comprises the average DVR values for frontal, parietal, cingulate, occipital, and lateral temporal cortices, subsequently
shown independently in the table.
†Significant results vs controls (p � 0.05).
‡Significant results for DLB and FTD vs AD (p � 0.05).
PIB � Pittsburgh Compound B; DVR � distribution volume ratio; MCI � mild cognitive impairment; HC � healthy control subject;
AD � Alzheimer disease; DLB � dementia with Lewy bodies; FTD � frontotemporal dementia.
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However, the degree of binding was generally lower
and varied widely between DLB subjects ranging
from normal to AD levels (figure 3). One DLB sub-
ject and all six FTD subjects had no gray matter PIB
binding.

PIB binding in MCI subjects either clustered in
an “AD-like” (n � 5) pattern that was indistinguish-

able from AD subjects or had normal binding (n �
4) (figure 3).

Twenty-one HCs showed no binding in cortical
or subcortical gray matter, and their scans were
clearly distinguishable from those of subjects with
AD (figure 2). However, six (22% of HCs) showed a
range of increased [11C]PIB binding in gray matter
(figure 3). Four of these six had binding in orbito-
frontal cortex with variable involvement of cingu-
late, precuneus, and temporal cortex, a pattern
similar to that seen in AD and that resembles the
stages of A� deposition (figure 4).33 One subject
showed isolated binding in the right occipital lobe,
and one displayed focal areas of binding in several
cortical regions.

Regional DVR values confirmed higher binding
in neocortical areas in AD and DLB patients when
compared with HC subjects and no cortical binding
in FTD (table 2). DVR values clustered in MCI to
either the normal or the AD range (figure 3). In con-
trast to the 70 to 80% greater frontal and precuneus
DVR in AD over controls, binding in the medial
temporal region was only increased by 14% in AD.

Correlation with clinical features. Diagnosis. The PIB
scans of all AD subjects could be readily distin-
guished from normal studies both visually and by
neocortical DVR values. A cut-off value for the neo-
cortical DVR defined as 2 SD greater than the HC
mean detected all AD while including one HC.
Three HCs could not be distinguished from AD by
visual inspection and their DVR values were very
close to those of the AD subjects. Three other HCs
showed cortical PIB binding of clearly lesser degree
and extent than seen in AD. PIB scans were able to
distinguish all FTD subjects from AD subjects. PIB
scans were not able to reliably distinguish DLB or
MCI from AD other than in those cases with no or
low cortical binding.

Age. The six HCs with increased PIB binding on
visual inspection were older than the other HCs
(78.5 vs 72.2 years; p � 0.03). On correlational anal-

Figure 1 Time–activity curves

Figure 2 In vivo imaging of �-amyloid (A�) burden in aging and dementia

Time–activity curves
demonstrating uptake and
clearance of [11C]Pittsburgh
Compound B (PIB) in frontal
cortex, cerebellar cortex, and
white matter. There is
greater retention of PIB in
the frontal cortex in
Alzheimer disease and to a
lesser extent in dementia
with Lewy bodies than in
frontotemporal dementia or
normal elderly control
subjects. In contrast,
clearance is identical in the
cerebellar cortex,
demonstrating that this is an
appropriate reference region.
There were no significant
differences between groups
in the clearance from white
matter. SUV � standardized
uptake value.

Representative distribution
volume ratio (DVR) PET
transaxial images (top) and
sagittal images (bottom) of a
73-year-old healthy control
(HC) subject (Mini-Mental
State Examination [MMSE] �

30), a 78-year-old patient
with dementia with Lewy
bodies (DLB) (MMSE � 19),
an 82-year-old patient with
Alzheimer disease (AD;
MMSE � 22), and an 80-
year-old patient with
frontotemporal dementia
(FTD; MMSE � 25). DVR PET
images show clear
differences when comparing
HC or FTD subjects with DLB
or AD patients, with
nonspecific Pittsburgh
Compound B (PIB) binding in
white matter in the HC and
FTD subjects compared with
PIB binding in the frontal,
temporal, and posterior
cingulate/precuneus cortex
of the AD and DLB patients.
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ysis, there was a nonsignificant trend toward
greater neocortical DVR with increasing age in the
HC (r � 0.3); however, there was no correlation
when all subjects were combined or examined by
disease groups.

Rate of disease onset. In the DLB subjects, high
neocortical DVR correlated with shorter time be-
tween the onset of cognitive impairment and devel-
opment of the diagnostic clinical features (r �
�0.75, p � 0.01) (figure 5). Of all cortical areas, this
correlation was strongest in the posterior cingulate
cortex (r � �0.8, p � 0.005). There was no correla-
tion in the AD group between neocortical DVR and
time from onset of cognitive decline to diagnosis
(r � �0.06, p � 0.9).

Cognitive status. Both the CDR and the MMSE
correlated with neocortical DVR when all subjects
were pooled (CDR: r � 0.49, p � 0.001; MMSE: r �
�0.42, p � 0.005). However, there was no correla-
tion in any group when analyzed separately. For ex-
ample, in the AD group, there was no correlation
between PIB DVR and MMSE score (r � 0.06, p �
0.81) or with specific domains of cognitive function
such as episodic memory (CVLT II short delay re-
call r � �0.32, p � 0.30).

The cognitive performance of the HCs with cor-
tical PIB binding compared with those without was

not significantly different. The mean MMSE was 29
for both groups, and all subjects performed within
the expected range for age and education on neuro-
psychological tasks. There was a minor but nonsig-
nificant reduction in performance on several
cognitive tests in those with PIB binding such as for
the CVLT II long delay (9.8 � 3.1 vs 11.8 � 2.8).
Likewise, no difference in cognitive deficits was ob-
served between MCI subjects with and without cor-
tical PIB binding.

APOE status. An APOE �4 allele was present in
56% of AD, 78% of DLB, 44% of MCI, 33% of
FTD, and 30% of HC subjects (table 1). With all
subjects combined, the presence of an APOE �4 al-
lele was associated with higher PIB binding (neocor-
tical DVR 1.61 � 0.41 vs 1.38 � 0.39, p � 0.02).
Within groups there was no significant difference.

Medication. Ten of the 17 AD subjects were tak-
ing acetylcholine esterase inhibitor medication at
the time of the PIB scan. Those on this medication
showed no difference in PIB DVR vs the other AD
subjects (1.97 � 0.21 vs 2.05 � 0.2; p � 0.45).

DISCUSSION In vivo amyloid imaging with PET is
allowing new insights into A� deposition in the
brain, facilitating research into the causes, diagno-
sis, and future treatment of dementias where A�

may play a role. In this study we have demonstrated
that extensive A� deposition is present in the neo-
cortex and caudate nuclei of all patients with AD,
even when the severity of the disease is classified as
mild. This is consistent with postmortem studies
that suggest the deposition of A� is well advanced
prior to the onset of dementia. Support for this hy-
pothesis is provided by our observation of cortical
PIB binding in 22% of the normal elderly subjects in
this study. This accords well with the reported prev-
alence of AD at age 85 years of 15 to 25% and post-
mortem reports that 30% of nondemented older
persons over age 75 have moderate numbers of neu-
ritic plaques in the cerebral cortex.2,34 The mean age
of our normal cohort was 73 years and the mean age
of those normal subjects with cortical PIB binding
was 78 years. In a recent study of nondemented sub-
jects, PIB binding was found in 3 of the 20 subjects
over age 65.35 These subjects showed no difference
in cognitive performance vs those with no PIB up-
take. Our HCs with PIB binding also showed no
significant reduction in cognitive performance,
though there was a trend on several measures that
may have reached significance with larger subject
numbers. A recent report of neuropathologic find-
ings in 134 elderly persons without cognitive im-
pairment found a slight but significant reduction in
episodic memory test scores in those with moderate

Figure 3 Box-and-whiskers plot

Figure 4 Representative sagittal PET images

Box-and-whiskers plot
displaying median and 1st
and 99th percentiles of
neocortical �-amyloid (A�)
burden as quantified by
[11C]Pittsburgh Compound B
distribution volume ratio for
Alzheimer disease (AD; □),
dementia with Lewy bodies
(DLB; ‘), frontotemporal
dementia (FTD; �), mild
cognitive impairment (MCI; ■),
and healthy control (HC; X).
†Significant results for MCI,
DLB, and FTD vs AD (p �

0.05). ‡Significant results vs
controls (p � 0.05).

Representative sagittal PET
images showing the regional
uptake of [11C]Pittsburgh
Compound B (PIB), reflecting
�-amyloid (A�) burden in the
brain, in three asymptomatic
healthy age-matched control
subjects (HC 1 to 3) and one
patient with Alzheimer
disease (AD; top), and
schematics showing the
stages of A� deposition in
the human brain as proposed
by Braak and Braak
(bottom).33 Twenty-two
percent of HCs had PIB
binding ranging from stages
A to C. All AD subjects
matched stage C.
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numbers of neuritic plaques.3 It is possible that PIB
PET is detecting preclinical AD. Longitudinal ob-
servation of a large cohort of cognitively normal el-
derly subjects studied with PIB PET is required to
confirm or refute this hypothesis.

We did not find a correlation between the A�

burden and the severity of dementia in the AD cases.
Neuropathologic reports are not consistent on this
question, with studies reporting greater plaque den-
sity with worsening dementia,36-38 no correlation,2

or a correlation only in those under age 75.39 Some
have found a correlation with levels of soluble but
not insoluble A�.40 Our data suggest that A� depo-
sition is an early event and likely to occur prior to
demonstrable cognitive impairment with little sub-
sequent change in A� burden. A recent report on
PIB PET repeated 2 years apart in 16 AD subjects
supports this interpretation, finding no change be-
tween scans.41 The authors did find a correlation
between the degree of PIB binding on the first scan
and the likelihood of progression over this 2-year
period. Caution is required in interpreting the ap-
parent lack of correlation between PIB binding and
dementia severity observed in our study. Studies to
date, including ours, have not corrected the PET
data for atrophy. Partial volume effects,42 where in-
creasing cortical atrophy results in an apparent re-
duction in radioactivity, could mask an increase in
binding over time or with increasing dementia se-
verity. Lack of sufficient cases with moderate or se-
vere dementia and relatively small subject numbers
may also result in failure to detect a correlation. In-
creased PIB binding in the cerebellar reference re-
gion would mask an increase in cortical binding.
There are reports of A� in the cerebellum in ad-
vanced AD predominantly in diffuse plaques to
which fibrillar dyes and PIB related compounds

bind poorly.16,43,44 Our SUV measurement of cere-
bellar PIB binding and our time–activity curves for
cerebellar cortex found no evidence of increased up-
take in AD with age or with increasing severity of
dementia.

PIB binding in our AD patients closely matched
the reported histopathologic distribution of neuritic
plaques.33,45,46 In all of the AD subjects in our study,
the distribution of A� as measured by [11C]PIB
binding was extensive and corresponded closely to
stage C of the Braak A� deposition categories (fig-
ure 4).33,45 The high binding of PIB in the caudate
nucleus has been observed by other groups.17,35 Neu-
ropathologic studies have reported high levels of A�

in the caudate, less in the putamen, and little in the
globus pallidus.46,47

The relatively small increase in binding in the
medial temporal lobe agrees with the histopatho-
logic observation that in mildly demented patients,
the plaque density in the hippocampus is one-third
that in the orbital cortex.2 In our affected normal
elderly subjects, the area that most frequently dis-
played PIB binding was the orbitofrontal cortex fol-
lowed closely by the posterior cingulate/precuneus,
consistent with the neuropathologic stages of neu-
ritic plaque deposition.33,45 White matter binding
was observed in all subjects, and though it is likely
to represent nonspecific binding, no explanation for
it has yet emerged.

In vitro studies indicate that PIB binding is highly
specific for A� when using a tracer dose at nanomo-
lar concentration, and our robust difference be-
tween the binding in AD vs HC and FTD shows that
this specificity holds for in vivo studies. At the nano-
molar concentrations attainable in human PET
studies, [11C]PIB and related benzothiazole deriva-
tives bind at 10-fold higher levels to AD frontal cor-
tex homogenates of extracellular plaque and
perivascular A� than the background binding ob-
served in amyloid-free control brain frontal cor-
tex.16 Under these same conditions, benzothiazole
compounds do not produce detectable binding to
brain homogenates from the frontal cortex of pure
DLB brain.16

In this study, PIB binding was consistent with the
histopathologic observation that the density of clas-
sic A� deposits is significantly lower in the cortex of
DLB subjects compared with AD and absent in a
small proportion of DLB.4,8-12,48

Our observation that higher A� burden is associ-
ated with more rapid development of the full DLB
phenotype has not been previously reported. Data
suggest that A� may influence the development of
DLB. The cortical A� deposits in PDwith dementia,
a condition with many similarities to DLB, are asso-

Figure 5 Relationship between neocortical
Pittsburgh Compound B distributional
volume ratio and time elapsed

Relationship between
neocortical Pittsburgh
Compound B distribution
volume ratio and time
elapsed (expressed in years)
between first sign of
cognitive impairment recalled
by caregiver and
development of the
diagnostic clinical features of
dementia with Lewy bodies
(r � �0.75, p � 0.013).
Dotted lines represent 95%
confidence limits for the
linear regression.
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ciated with extensive �-synuclein lesions and higher
levels of insoluble �-synuclein.49 Further evidence
comes from studies in transgenic mice. Cross-
breeding of mice that develop �-synuclein related
lesions with mice that develop cerebral A� deposits
results in greater aggregation of �-synuclein and ex-
acerbation of �-synuclein-dependent neuronal inju-
ry.50 These data suggest a possible role for A� in
DLB. An alternative explanation is that factors fa-
voring amyloid deposition also promote synuclein
pathology. Either way, our findings suggest that
strategies to reduce A� may also be of benefit in
DLB. Forty to sixty percent of subjects with MCI
progress to AD.28 Longitudinal follow-up studies
will determine if the two well differentiated patterns
of PIB binding observed in our MCI subjects reli-
ably predict those who will progress to AD.

None of the FTD subjects in our study showed
cortical PIB binding. This suggests that PIB PET
may assist the differential diagnosis of AD from
FTD.

A potential limitation of our study is the reliance
on clinical diagnosis as the “gold standard” rather
than neuropathology. Consequently, we aimed for
specificity rather than sensitivity, selecting only
those subjects with characteristic clinical presenta-
tions supported by appropriate structural and func-
tional imaging findings. For example, all the DLB
subjects had all of the three consensus diagnostic
features of persistent visual hallucinations, parkin-
sonism, and fluctuation in cognition. Neuropatho-
logic studies have shown that the presence of two or
more of these features results in a specificity of
greater than 85% for DLB.4 Our observation that all
of the AD subjects had extensive PIB uptake and
none of the FTD subjects had PIB uptake indicates
that our approach to subject selection produced rea-
sonably pure cohorts. At this time postmortem con-
firmation of the diagnoses is available in only one
subject. This patient had a clinical diagnosis of DLB
and had high cortical PIB binding indistinguishable
from the AD subjects. Postmortem neuropathologic
examination confirmed the presence of large num-
bers of cortical neuritic A� plaques, Lewy bodies,
and NFTs. Another limitation of our study is the
relatively small number of subjects with DLB and
MCI with great variability in PIB binding. There-
fore, though PIB PET images correlate well with
neuropathologic observations of the incidence and
distribution of A� plaques in aging and neurode-
generative diseases in this study, confirmation with
larger sample sizes is warranted before it can be
claimed that in vivo imaging of A� will allow more
accurate and specific diagnosis of dementia.
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Structural magnetic resonance imaging in the
practical assessment of dementia: beyond
exclusion

Philip Scheltens, Nick Fox, Frederik Barkhof, and Charles De Carli

Neuroimaging is increasingly used to aid diagnosis in
dementia. The traditional view that imaging is important
solely as means of excluding treatable causes of dementia
is maintained by many guidelines. These conditions
however, account for a tiny proportion (<1%) of all causes
of dementia. Over the past few years it has been
recognised that a more accurate diagnosis and prognosis
is important for patients and their families. The different
pathological processes that produce cerebral dysfunction
at a cellular level also produce macroscopic effects that
can be detected in vivo with imaging. Clinically useful
measures that distinguish between neurodegenerative
disorders at an early stage are still awaited. The most
likely future use of structural imaging will be the
identification of patients at risk for Alzheimer’s disease or
with preclinical Alzheimer’s disease. For magnetic
resonance imaging (MRI) this will mean focusing on those
areas that are affected earliest in the disease; ie, entorhinal
cortex and hippocampus, using high resolution structural
MRI or sophisticated brain mapping techniques. Imaging
research is also likely to focus on measuring progression
and detecting therapeutic effect. As such, MRI is already
become an indispensable tool in clinical trials in dementia. 

Lancet Neurology 2002; 1: 13–21

Dementia, the progressive impairment of many cognitive
domains, can be produced by a large number of pathological
processes. These underlying processes can be difficult to
distinguish from each other clinically, particularly in their
early stages. Only a few of the causes of dementia can be
identified by laboratory tests. Screening blood tests, such as
syphilis serology and measures of thyroid function or vitamin
B12, are widely used, but the yield from these tests is very low.
As a result, there has been increasing use of neuroimaging to
aid diagnosis in dementia. Traditionally, imaging was thought
to be important only as a means of excluding treatable causes
of dementia. These disorders account for a tiny proportion
(< 1%) of all causes of dementia; far more common are
Alzheimer’s disease, vascular dementia, dementia with Lewy
bodies, and frontotemporal dementia.1 In the past, the
prevailing attitude to the diagnosis of these disorders was that
they were difficult to diagnose with any certainty and that in
any case there was little point in making an attempt because
there was no treatment. During the past few years, this
attitude has changed, with the recognition that more accurate
diagnosis and prognosis are important for patients and their
families. A specific diagnosis is increasingly influencing

management, whether it is in the use of acetylcholinesterase
inhibitors in Alzheimer’s disease and dementia with Lewy
bodies, the modification of vascular risk factors in vascular
dementia, or caution in the use of neuroleptics in dementia
with Lewy bodies or frontotemporal dementia. The possibility
of disease-slowing therapies will further increase the need for
an earlier and more accurate diagnosis in dementia.2 The
different pathological processes that produce cerebral
dysfunction at a cellular level also produce macroscopic
effects that can be detected in vivo with imaging. For these
reasons, neuroimaging in general, and magnetic resonance
imaging (MRI) in particular, are increasingly being regarded
as an essential part of the investigation of a patient with
dementia. This review deals with the changing roles of
structural MRI in dementia, its value in particular disorders,
its limitations, and its potential.

The exclusionary approach
Traditionally, computed tomography (CT) and MRI were
used to exclude other abnormalities that were potentially
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Figure 1. 71-year-old woman with rapidly progressive dementia. CT scan
before (left) and after (right) contrast enhancement shows a huge space-
occupying lesion. The pathological diagnosis was glioma.
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amenable to (surgical) treatment, such as a tumour (figure 1),
haematoma, or hydrocephalus. The yield of such a procedure
is probably less than 1%. In Farina and co-workers’ study3 of
use of CT in 513 patients referred to a memory clinic, 362
were found to be demented. A potentially reversible cause of
dementia was detected in only 26 (7·2%). However, CT did
not reveal findings that had not been discovered clinically in
any patient. Foster and colleagues4 carried out a systematic
review on the use of CT in dementia. Comparing costs and
outcome, they concluded that the most cost-effective
approach would be scanning of all patients under 65 years of
age and treatment of only those with subdural haematoma.
Treatment of apparent normal-pressure hydrocephalus
actually reduced quality-adjusted survival. Chui and
colleagues5 also found that imaging did not reveal reversible
disease in many cases, but directed diagnostic revisions that
had an influence on care of the patient.

The inclusive approach
Imaging is increasingly being used to add positive or
negative predictive value in the diagnosis of the more
common dementing illnesses. The development of
diagnostic clinical criteria has improved diagnostic
accuracy, but it is still far from perfect. From
clinicopathological correlation, the accuracy of criteria for
Alzheimer’s disease6,7 is limited and depends on the
expertise of the clinical centre, with specificity ranging
between 76% and 88%, and sensitivity between 53% and
65%.6–8 In population settings, reflecting more closely the
common practice in non-specialised centres, the
neuropathological confirmation rate of “probable”
Alzheimer’s disease is as low as 65%.9 Varma and

colleagues10 found a very low specificity of 23% when using
the criteria of the National Institute of Neurological
Communicative Disorders and Stroke–Alzheimer’s Disease
and Related Disorders Association (NINCDS–ADRDA) to
distinguish patients with Alzheimer’s disease from those
with frontotemporal dementia. Diagnostic clinical criteria
have also been developed for frontotemporal, vascular, and
Lewy-body dementias.11–13 The diagnostic accuracy of these
criteria needs to be further defined. Neuroimaging is
increasingly being used to add support to a clinical
diagnosis. Imaging already forms an essential part of some
clinical criteria for vascular dementia. Imaging evidence of
cerebral atrophy, especially if progressive, has long been
cited in criteria for Alzheimer’s disease as lending support
to this diagnosis. Similarly, frontal and temporal atrophy
form part of the supporting evidence in consensus criteria
for frontotemporal dementia. The value of imaging in
dementia in clinical practice (ie, outside the research
setting) is still not well defined. Nonetheless, there is clear
potential for research findings to be used in routine clinical
practice, and the recent advice from the American Academy
of Neurology recommends that neuroimaging (CT or MRI)
should be done in all cases of dementia.14

Medial-temporal-lobe atrophy
Neuropathological studies have implicated the medial
temporal lobe as an early site of pathological involvement in
Alzheimer’s disease (consistent with the characteristic
amnestic presentation in this disorder), and many imaging
studies have therefore focused on this part of the brain.
Although visibility of the medial temporal lobe is limited on
CT, some CT studies have used assessments of structures in

Review MRI in dementia assessment

Table 1. Visual and linear measurements of atrophy in the medial temporal lobe on MRI in dementia

Ref Individuals studied Field Slice Anatomy assessment Results

strength (T) thickness
(mm)

19 28 AD, 28 controls 1·5 1·3 Radial width of temporal horn corrected for age Largest width sensitivity 75%, specificity 93%

23 21 AD, 21 controls 0·6 5 Coronal, 0–4 scale Sensitivity 81%, specificity 67%

24 34 AD, 39 controls 1·5 3–5 0–4 rating scale plus linear assessment Sensitivity 41%, specificity 90%

25 26 AD, 21 controls 1·5 1 Linear measurement Sensitivity 81%, specificity 96%

26 130 controls, 72 MCI, 1·5 6 Axial, 0–3 rating scale; k=0·92 Sensitivity 95%, specificity 85% on discriminant analysis
73 mild AD, 130 AD

27 77 AD, 61 depression, 0·3 5·1 Coronal, 0–3 scale, anterior hippocampal Sensitivity 83%, specificity 80% vs controls and 89% vs
44 other dementias, atrophy best other dementias
40 controls

28 10 AD, 41 controls 0·6 5 Coronal, 0–4 scale Sensitivity 70%, specificity 76%

29 39 AD, 15 other 1·0 3 Coronal, linear measurements Left hippocampal height: sensitivity 79%, specificity 69%
dementias, 33 controls

30 28 AD, 26 DLB, 24 1·0 5 Coronal, visual 0–4 scale AD vs controls: sensitivity 100%, specificity 96%
vascular dementia, DLB vs AD: sensitivity 38%
26 controls

31 24 AD, 15 controls 0·3 5·1 Coronal, visual 0–3 scale Sensitivity 92%, specificity 93%

32 41 AD, 36 other 1·5 2·8 Coronal, 0–4 scale Sensitivity 95%, specificity 96% vs controls and 85% vs
dementias, 66 controls other dementias

33 38 AD, 21 controls 1·5 5 Coronal, 0–4 scale CDR 0·5: sensitivity 58%, specificity 81%
CDR 1: sensitivity 79%, specificity 81%
CDR 2: sensitivity 83%, specificity 95%.

AD=Alzheimer’s disease; MCI=mild cognitive impairment; DLB=dementia with Lewy bodies; CDR=clinical dementia rating.
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this region with success.15–17 The technique of Jobst and co-
workers15 required slices of 3 mm or thinner, oriented
parallel to the medial temporal lobe, and skilful handling of
the calliper. Studies in which this technique was used
showed sensitivities between 70% and 92% and specificities
between 80% and 95% in differentiating patients with
Alzheimer’s disease from controls.18 However, the patients in
these studies were moderately demented. An attempt to
replicate these results by Frisoni and colleagues19 gave
maximum sensitivity of 74% (with specificity set at 95%). In
addition, they found the reliability of the technique quite
low, with intraclass correlation coefficients of 0·74 within
raters and 0·78 between raters. Interestingly, they
experimented with the measurement of the radial width of
the temporal horn of the lateral ventricle and found that this
feature had higher sensitivity (93%), specificity (97%), and
reliability (intraclass coefficients between 0·94 and 0·98).
More complex analytical tools such as volume
measurements of the lateral and third ventricles on CT have
never reached those values.20

The availability of MRI enabled the study of specific
structures within the medial temporal lobe, such as the
hippocampus itself, the parahippocampal gyrus, subiculum,
entorhinal cortex, and amygdala. The Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) study
group21 and the work of Bobinski and colleagues22 showed
the close relations between atrophy on MRI of the temporal
lobe in the living patient and necropsy findings of
hippocampal atrophy. These structures have been measured
with various tracing techniques and anatomical boundaries.
Some studies have used linear or visual measurements.19,23–33

Because of their supposedly (but debatably) greater accuracy
and reliability, other studies have used volume measures of
structures in the medial temporal lobe. Comparative studies
have found good correlations between these assessment
techniques.31,34 Table 1 lists the pertinent studies that have
used these clinically applicable measurements for diagnostic
purposes in dementia.

Most of the studies listed involved selected groups of
patients. Thus, application of the results to the large and
diverse group of patients encountered in clinical practice is
difficult. Also, different techniques were used to assess
medial-temporal-lobe atrophy. Several studies used a
qualitative method that involves a visual rating scale, in most
cases of 4 or 5 points, ranging from absent to severe atrophy
(table 2, figure 2).23,24,28 Frisoni and co-workers25 used a
compound score of linear measurements that included the
temporal horn. Pucci and colleagues29 found the best
discriminating variable to be simply the height of the left
hippocampus. In a novel approach, Frisoni and co-workers19

used the radial width of the temporal horn of the lateral
ventricle on axial MRI as measured with a calliper on paper

printouts. Visual assessment is much
less time-consuming than volumetry
and easily applicable in clinical
practice.34 The drawback may be a
larger between-rater variability.35 From
table 1 the weighted (corrected for
number of people in the study)
sensitivity and specificity for detection
of mild to moderate Alzheimer’s
disease compared with controls can be
calculated as 85% and 88%,
respectively. Thus, we can conclude
that atrophy of the medial temporal
lobe is quite sensitive for Alzheimer’s
disease, but the absence of such
atrophy is more specific for normal
ageing.36 The practical implications of
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Figure 2. Coronal T1-weighted perpendicular to the long axis of the temporal lobe, indicating the
absence (left) and presence (right) of medial-temporal-lobe atrophy.

Table 2. Visual assessment of medial-temporal-lobe atrophy

Score Width of Width of Height of 
choroid fissure temporal horn hippocampus

0 Normal Normal Normal

1 ↑ Normal Normal

2 ↑↑ ↑ ↓↓

3 ↑↑↑ ↑↑ ↓↓

4 ↑↑↑ ↑↑↑ ↓↓↓

↑=increased, ↓=decreased. Reproduced with permission of BMJ Publishing Group.23

Figure 3. Post-test probability of disease with a test of sensitivity 85%
and specificity 88% for any given pretest probability (prevalence of
disease). The upper curve shows the incremental diagnostic gain from a
positive result of a test (ie, presence of hippocampal atrophy on MRI) and
the lower curve shows that from a negative result (ie, presence of
hippocampal atrophy on MRI).
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the results given in table 1 can be seen in figure 3, which
shows the incremental diagnostic gain of a positive and
negative result of a test (ie, presence or absence of
hippocampal atrophy on MRI) at any given pretest chance
(prevalence of disease). For instance, in the case of a pretest
probability of Alzheimer’s disease in a clinical setting of 0·60
(which is in line with the sensitivity values for the NINCDS-
ADRDA criteria as mentioned above), a positive result adds
0·31 to give a post-test probability of 0·91 and a negative
result lowers the post-test probability to 0·20.

Frontotemporal atrophy
Neary and colleagues7 listed frontal and temporal atrophy
as supportive diagnostic features for frontotemporal
dementia, but absence of these features does not rule out
this diagnosis. Asymmetrical, predominantly left-sided
perisylvian atrophy characterises progressive non-fluent
aphasia; asymmetrical anterior-temporal-lobe atrophy is
diagnostic of semantic aphasia. In both disorders, with
time, atrophy becomes more widespread but generally
remains asymmetrical (figure 4). In Galton and colleagues’

study37 of 30 patients with Alzheimer’s
disease, 17 with semantic dementia,
13 with the frontal variant of
frontotemporal dementia, and 18
controls, a new visual scale was used;
it was based on atrophy of the
temporal pole, parahippocampal
gyrus, and lateral temporal gyri, and it
could be helpful in distinguishing
Alzheimer’s disease from semantic
dementia, because the latter disorder
shows significantly more atrophy in
all these regions in both hemispheres.
In addition to asymmetry, a strong
anterior to posterior gradient of
atrophy within the temporal lobe also

suggests a diagnosis of frontotemporal dementia rather
than Alzheimer’s disease.38

Vascular dementia
Criteria for vascular dementia include definitions of
dementia, vascular disease, and a relation between the two.
Vascular disease can be diagnosed on clinical grounds, on
the basis of information from neuroimaging (CT and MRI),
or on both. In the diagnostic and statistical manual of
mental disorders, fourth revision (DSM-IV) criteria for
vascular dementia,4 imaging evidence of cerebrovascular
disease is exemplified as multiple infarctions involving
cortex and underlying white matter that are judged to be
causally related to the disturbance. The criteria of the State
of California Alzheimer’s Disease Diagnostic and
Treatment Centers (ADDTC) for ischaemic vascular
dementia were the first formulated in the format
possible/probable/definite vascular dementia.39 The criteria
are restricted to dementia caused by ischaemic vascular
disease, but leave room for multi-infarct dementia,
dementia after a single stroke, and Binswanger’s syndrome

Review MRI in dementia assessment

Figure 4. Coronal T1-weighted images of a patient with frontotemporal dementia, showing
asymmetrical atrophy of the right temporal lobe including the hippocampus.

Figure 5. Three consecutive diffusion-weighted MRI slices of a 42-year-old patient with Creutzfeldt-Jakob disease, showing focal high-signal
abnormalities in both temporal lobes.
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(widespread microvascular damage to the deep white
matter, for which explicit criteria are provided). Vascular
disease is defined both clinically and in terms of
neuroimaging results. The documentation of a temporal
relation between the dementia and stroke is taken as
indicative of a causal relation.

In the National Institute for Neurological Disorders and
Stroke–Association pour la Recherche et L’Enseignement
en Neurosciences (NINDS–AIREN) international work
group criteria for vascular dementia, brain imaging is
thought to be essential for the diagnosis, and without it
vascular dementia will be “possible” at best.12 In addition,
the criteria specify the vascular territories that are relevant
for vascular dementia. These include
large-vessel strokes, such as bilateral
infarcts in the area of the anterior
cerebral artery, infarcts in the area of
the posterior cerebral artery,
association areas, or in the watershed
regions. In the presence of findings
restricted to small-vessel disease,
some discussion may arise as to
whether the patient meets these
criteria. Although the exact nature of
white-matter changes on CT and MRI
is still debated, periventricular and
deep white-matter changes on CT and
MRI are generally believed to
represent damage in which vascular
changes may have an important role.
MRI is far more sensitive in this
respect than CT, but CT is more
specific, especially for symptomatic

cerebrovascular disease. The NINDS-AIREN criteria state
that white-matter changes alone may be sufficient to cause
dementia when 25% or more of the white matter is
involved. Although this proportion is set purely arbitrarily,
it accords with the findings of most studies that only severe
white-matter disease is associated with cognitive
dysfunction.40 Our recent study suggested that most
patients with vascular dementia diagnosed by the NINDS-
AIREN criteria have small-vessel disease only.41 This
conclusion led a group of investigators to formulate specific
criteria for subcortical vascular dementia.42 In practice, to
diagnose this disorder, a practicable and clinically valid
rating scale has to be used. In a review on existing rating

ReviewMRI in dementia assessment

Figure 6. Serial coronal MRI of an individual with Alzheimer’s disease. Progressive hippocampal atrophy is clearly shown (magnified region outlined in
yellow) but the pronounced sulcal and ventricular enlargement is evidence of continuing generalised atrophy.

Figure 7. These volume-rendered hippocampi (medial view) have been created by manual outlining
of the left hippocampus on serial MRI of a patient with early Alzheimer’s disease. Progressive
atrophy (8% per year) is shown from 1992 to 1995.
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scales in 1998, we concluded that the ideal rating scale did
not exist.43 On the initiative of the European Task Force on
Age Related White Matter Changes (ARWMC), a scale was
developed that is applicable to both CT and MRI and gives
an estimate of the vascular burden in six regions of the
brain (frontal, temporal, and parieto-occipital, left and
right). The scale has acceptable reliability within and
between raters.44 Use of high grades of white-matter changes
for a diagnosis of subcortical vascular dementia seems
prudent, however, as suggested by Erkinjunti and
colleagues.42 With the ARWMC scale, for example, a score
of 3 in at least two regions and a score of 2 in two other
regions could be sufficient.

Identification of vascular disease
As with Alzheimer’s disease, the prevalence of cerebrovascular
disease, both symptomatic and clinically silent, increases
greatly with age, and many pathological studies find
concomitant cerebral infarction in patients with definite
Alzheimer’s disease.45 Even small concurrent infarctions
significantly increase the likelihood of expressed dementia,
suggesting a synergistic effect. Current research aims to
elucidate the potential interaction between Alzheimer’s
disease, cerebrovascular disease, and expressed dementia.
Many studies have shown that silent cerebrovascular brain
injury is associated with diminished cognitive performance in
older people.46–48 More recent data have also suggested that
evidence of cerebrovascular disease on brain imaging is
associated with an increased risk of mild cognitive
impairment and conversion of such impairment to
dementia.49,50 In addition, brain-imaging evidence of
cerebrovascular disease may influence the clinical

presentation and neurobiology of
Alzheimer’s disease.51–56 Given that
concurrent cerebrovascular disease
may be amenable to targeted
interventions potentially ameliorating
disease progression, brain imaging may
prove important to clinical care of the
demented patient with coexisting
cerebrovascular disease. Preliminary
evidence from trials of antihypertensive
treatment in older people supports this
notion, although further prospective
clinical trials involving brain imaging
are necessary.57

Miscellany
In addition to the above, specific
imaging signs may include bilateral
caudate atrophy in Huntington’s
disease, hyperintense signal in the
putamen in sporadic Creutzfeldt-
Jakob disease, and hyperintense
singnal change in the pulvinar in
variant Creutzfeldt-Jakob disease.58

Diffusion-weighted MRI shows (the
earliest) focal changes in Creutzfeldt-
Jakob disease not yet apparent on

fluid attenuated inversion recovery (FLAIR) images, which
may widely involve the cortex (figure 5).59 Normal-pressure
hydrocephalus is a questionable disease entity, and whether
such a patient would benefit from a shunting procedure
may be difficult to decide. Vanneste concluded60 that strict
adherence to clinical and MRI criteria is important, 
with additional information from a positive—but 
not a negative—CSF tap and the occurrence of 
B-waves. These MRI criteria include widened ventricles
with normal sulci and without white-matter pathology. Of
more clinical relevance is dementia with Lewy bodies,
possibly the third most common degenerative dementia.
MRI has been reported to show medial-temporal-lobe
atrophy in a lower frequency than in Alzheimer’s disease,
leading Barber and co-workers30 to state that, “in the
differentiation of dementia with Lewy bodies from
Alzheimer’s disease and vascular dementia the absence of
medial-temporal-lobe atrophy is suggestive of a diagnosis
of dementia with Lewy bodies”.

Serial studies
Most imaging studies in dementia have been cross-
sectional, a characteristic that reflects current clinical
practice in which a single investigation is done to aid
diagnosis. Serial imaging allows assessment of progression.
The patient serves as his or her own reference baseline, and
rates of change (eg, in atrophy) can then be calculated. In
cases of diagnostic uncertainty, a follow-up scan may
support a diagnosis of a degenerative dementia by showing
continuing atrophy (figure 6). As long ago as the early
1980s, serial imaging studies (mainly CT) showed that
when patients were rescanned after an interval of more than

Review MRI in dementia assessment

Figure 8. Registered serial (1-year interval) MRI reveals widespread tissue loss (in red) in this patient
with Alzheimer’s disease.
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a year, rates of ventricular enlargement were significantly
greater in Alzheimer’s disease than in normal controls.61,62

Rates of atrophy of the medial temporal lobe on CT are also
increased in Alzheimer’s disease.63 By use of serial MRI, Jack
and co-workers64 showed that rates of hippocampal atrophy
were significantly higher in Alzheimer’s disease than in age-
matched controls (mean rate 4·0% vs 1·6% per year;
figure 7). Manual measurements such as these are time-
consuming and have not entered routine clinical practice.
Digital subtraction of serial-registered (positionally-
matched) images allows small amounts of diffuse atrophy
to be detected and displayed automatically (figure 8). Such
methods have shown that rates of whole-brain atrophy are
several times greater in Alzheimer’s disease than in normal
ageing (2·5 [SD 1·1] vs 0·4 [SD 0·4]% per year).65

Furthermore, rates of cerebral atrophy are already increased
in symptom-free individuals at risk of familial Alzheimer’s
disease who subsequently become clinically affected.66,67

Analysis of the presymptomatic images suggests that
atrophy rates increase first in the medial temporal lobe and
posterior cingulate regions, but by the time a clinical
diagnosis can be made atrophy is already generalised in
most cases (figure 9). Serial imaging is likely to be
increasingly used in clinical trials in the search for
treatments that slow diseases such as Alzheimer’s disease.
Demonstration of a slowing in rates of cerebral atrophy
would provide a strong suggestion that a therapy is actually
slowing degeneration rather than simply providing short-
term symptomatic relief. If and when such therapies are
found, there will be even greater interest in making an
accurate diagnosis earlier in these diseases, and MRI will be
used to support these diagnoses.

Conclusion
Exclusion of structural lesions remains an important
indication for CT or MRI in an individual with cognitive
decline, particularly if the presentation is in any way
unusual.14 The ability of CT, if done appropriately with
negative angulation and thin slices, and MRI to detect even
subtle atrophy of the medial temporal lobe helps to diagnose
Alzheimer’s disease and differentiate it from normal ageing
and non-dementia disorders (such as depression), but these
imaging methods cannot rule out other dementias. The
sensitivity of MRI to detect vascular pathology has boosted
research into, and clinical recognition of, vascular dementia
and aids tremendously in the distinction between
Alzheimer’s disease and vascular dementia; however, we
have also learned that there are overlap syndromes between
the two disorders, and operational definitions for “mixed”
dementia, indicating the presence of both Alzheimer’s
disease and vascular dementia, are still lacking. Definite
progress is being made in distinguishing normal ageing from
neurodegeneration by use of serial imaging. The pattern of
atrophy may indicate a focal dementia rather than
Alzheimer’s disease. Clinically useful measures that
distinguish the different neurodegenerative disorders from
each other at an early stage are still awaited. The most
difficult differentiation remains that between Alzheimer’s
disease and dementia with Lewy bodies.

Future perspectives
The most likely future use of imaging will be the
identification of patients at risk of Alzheimer’s disease or
with preclinical Alzheimer’s disease or mild cognitive
impairment. For MRI, this use will involve focusing on the
areas that are affected earliest in the disease (ie, entorhinal
cortex and hippocampus) with high-resolution structural
MRI.68,69 Work from several research groups has shown that
moderate medial-temporal-lobe atrophy, measured
qualitatively or quantitatively, is a strong predictor (positive
predictive value 80% and overall classification accuracy
more than 90%) of development to Alzheimer’s disease in
people with mild cognitive impairment.70–73 Medial-
temporal-lobe atrophy predicts Alzheimer’s disease in these
individuals independently of age, memory function, and
APOE genotype.70

With the ability to acquire rapidly high-contrast, 
high-spatial-resolution, three-dimensional brain images,
several laboratories are experimenting with sophisticated
brain-mapping algorithms.74 This process allows an
individual MRI to be compared with an “average” or 
“ideal” brain, enabling the detection of anatomical
differences at one point in time as well as change 
in anatomical structure over repeated observations. 
When this process is applied to brain MRI from a group 
of patients with Alzheimer’s disease, volume loss of 
the medial temporal and parietal regions is apparent.75 A
similar result is being achieved through voxel-based
morphometry.76 The first pilot study compared seven
patients with Alzheimer’s disease and seven controls, and
showed grey-matter volume differences in both medial-
temporal lobes, the left insula, and both caudate nuclei;
these findings were partially replicated by another group.77,78

A recent comparative study with this technique showed
preservation of the medial temporal lobe, hippocampus, and
amygdala in dementia with Lewy bodies compared with
Alzheimer’s disease.79

ReviewMRI in dementia assessment
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Figure 9. Serial MRI of an individual at risk of familial Alzheimer’s disease
shows progressive brain atrophy that preceded clinical diagnosis by
several years. TIV=total intracranial volume.
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Brain-mapping techniques can also be used to create
automatic (or nearly automatic) brain region identification
schemes. This approach has already been applied to
estimation of hippocampal volume.80 Further work,
however, is necessary to elucidate fully the sensitivity and
specificity of these procedures for diagnosis in the individual
patient. If these methods are validated, these algorithms
could be incorporated into regular brain-imaging protocols,
giving clinicians important additional information when
they are attempting to make an early and accurate diagnosis.
Imaging research is also likely to focus on measurement 
of progression and detection of therapeutic effect. As such,
MRI is already being used in clinical trials in mild cognitive
impairment, Alzheimer’s disease, and vascular dementia.

MRI is increasingly seen as an essential investigation in
dementia. Until novel biomarkers are found that can reliably
detect and track the underlying pathological processes in the
different dementias, MRI will continue to play an important
part in the diagnosis of patients with dementia and in
research into treatments.
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INVITED COMMENTARY 

Evaluating Dementia Using PET: How Do We Put 
into Clinical Perspective What We Know to Date? 

D ecreasing mortality, with conse- - 
quent progressive aging of the mature 
adult population, has led to a rising 
prevalence of senile dementia. The 
condition is tremendously costly to 
patients, their families, and society in 
general. Alzheimer's disease (AD) in 
the United States affects over 4 million 
people, who incur associated yearly 
expenses of nearly $70 billion; when 
indirect costs such as the lost productiv- 
ity of caregivers are considered, total 
annual expenditures approximate $100 
billion. As the "baby boomers" ap- 
proach senior citizen status in the 21st 
century, it has been estimated that over 
14 million Americans will suffer from 
AD by 2050 (1-4). 

Regional cerebral metabolic patterns 
of patients with dementia reflect patho- 
physiologic alterations, even before 
they lead to symptomatic expression 
(5). The use of PET in evaluating 
dementia has been studied since the 
early 1980s (69 )  and has been exten- 
sively reviewed in recent years (10- 
14). The best studied application of 
PET in dementia uses FDG to evaluate 
AD. Assessment of the diagnostic accu- 
racy of PET, even for this application, 
however, has been hindered by the 
paucity of data involving scans of 
patients undergoing subsequent neuro- 
pathologic examination. 

The article by Hoffman et al. (15) in 
this issue of The Journal of Nuclear 
Medicine addresses an issue of press- 
ing clinical relevance: the establish- 
ment of reliable estimates of diagnostic 
accuracy of FDG PET (the present 
imaging modality of choice in the 
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assessment of primary neurodegenera- 
tive dementias) for AD. In doing so, 
their article provides a substantial addi- 
tion to the currently limited base of 
data in the peer-reviewed scientific 
literature on patients studied by both 
brain PET and pathologic analysis. The 
authors sampled patients at a university- 
based memory disorder clinic, staffed 
by board-certified neurologists who spe- 
cialized in dementia evaluation; pa- 
tients were included if their impair- 
ment of memory was objectively 
documentable but the diagnosis was 
"challenging or difficult" according to 
the evaluating clinicians. A nuclear 
medicine physician who was unaware 
of clinical information and who inter- 
preted FDG PET was able to predict 
the ultimate diagnosis of AD in 13 of 
the 14 patients (92.9%) for whom that 
was the only evident neuropathology 
and for 14 of the 16 patients (87.5%) 
harboring AD-related changes in their 
brains. In comparison, a diagnosis of 
AD had been clinically suspected (con- 
sidered probable) in 64.3% and 62.5%, 
respectively, and considered possible 
in another 14.3% and 12.5%, respec- 
tively. Thus, under the best of circum- 
stances, AD would be clinically missed 
in 21% of these patients, whereas un- 
der those same circumstances, only 7% 
of AD cases would escape detection on 
FDG PET, even in the absence of 
knowledge of any other clinical infor- 
mation. Because of the lower diagnos- 
tic specificity found for FDG PET 
(75% vs. loo%), however, correspond- 
ing overall accuracies for clinical evalu- 
ation and PET were identical (86.4%). 
The difference in specificity was en- 
tirely accounted for by 2 cases-1 of 
Creutzfeldt-Jacob disease and 1 of 
Lewy Body disease-both with clini- 
cally evident diagnoses and associated 
with bilateral parietotemporal hypome- 

tabolism. Thus, if PET had been inter- 
preted in light of the available clinical 
information (as would likely occur in 
its routine clinical application), rather 
than blindly (as done here to address a 
specific research question), a diagnos- 
tic specificity of 100% would pertain. 
FDG PET did correctly classify as 
non-AD the cases (1 each) of progres- 
sive supranuclear palsy, preamyloid, 
mesio-limbo cortical degeneration, and 
nonspecific neuronal degenerative 
change, as did clinical evaluation. 

The most serious problem of the 
current investigation (15) is the inad- 
equacy of its statistical strength to 
meaningfully assess specificity, be- 
cause of the low number of patients 
included in the study who were found 
on histopathologic exam to be free of 
AD. This problem arises from the gen- 
eral difficulty, shared by all previous 
such studies, in obtaining sufficiently 
sizable samples of patients who have 
had brain PET and are followed to 
pathologic confirmation. Because of 
this, values are reported that would be 
substantially altered by shifts in the 
"truth tables" of just 1 or 2 patients. 
This statistical weakness can be appre- 
ciated quantitatively by considering that 
the 95% confidence interval (not re- 
ported by the Hoffman et al.) pertain- 
ing to the 75% specificity value ranges 
from 45% to 100%. In other words, the 
actual specificity for correctly identify- 
ing non-AD patients could range any- 
where from essentially perfect to a coin 
flip, given the number and distribution 
of cases included in the study. Another 
shortcoming with this study, as pre- 
sented, is that it is difficult to determine 
the appropriate setting to which it ap- 
plies, because the degree of cognitive 
impairment of the patients examined 
is nowhere quantified (e.g., by Mini- 
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Mental State Examination [MMSE] 
(16)) or otherwise described. 

Despite its limitations, the study does 
provide data derived from compilation 
of the largest PET-studied autopsy- 
biopsy series yet reported, which agree 
with data of other analyses. In a recent 
review (10) that provided a pooled 
analysis of another 20 patients with 
dementia for which both PET and au- 
topsy data were available (1 7-19), the 
sensitivity, specificity, and overall accu- 
racy were 92%, 71%, and 85%, respec- 
tively. In a preliminary analysis of a 
larger (n = 70) multicenter, pooled 
population that included the current 
sample, along with those from several 
other institutions in the United States 
and Europe, corresponding values were 
96%, 67%, and 87% (20). Those analy- 
ses agree with the values reported for 
the 22 cases in this study. Thus, diagnos- 
tic sensitivity has been found consis- 
tently to be quite high (range, 94% 2 
2%), with specificity falling in the 
range of 71% ? 4%. With respect to 
each of those analyses, it should be 
kept in mind that the patient samples 
were not generally representative of 
people who undergo dementia evalua- 
tions but of particularly diagnostically 
challenging cases-the small subset of 
patients for whom both brain PET and 
biopsy-necropsy had been obtained to 
help establish the diagnosis. This could 
in turn affect the assessment of diagnos- 
tic specificity, causing it to be underes- 
timated relative to a more routine clini- 
cal application of FDG PET in which a 
smaller proportion of non-AD patients 
would have, for example, Creutzfeldt- 
Jacob disease. 

In addition to the diagnostic value 
FDG PET may have in evaluation of 
dementia, it may also serve explicitly 
as a prognostic tool to determine likeli- 
hood of deterioration of mental status 
in the period after the time of scanning. 
For example, relative hypometabolism 
of associative cortex can be used to 
predict whether cognitive decline will 
occur (at a pace faster than would be 
expected for healthy aging) over the 
several years after a PET evaluation 
(21-23). Moreover, the magnitude of 
decline over a 2-y period for some 

standardized measures of memory was 
recently found to correlate significantly 
with the degree of initial hypometabo- 
lism of inferior parietal, superior tempo- 
ral, and posterior cingulate cortical 
regions (24), with Pearson correlation 
coefficients ranging as high as 0.71. In 
our experience, visually interpreted PET 
has had a prognostic sensitivity of 
90%93% and a prognostic specificity 
of 74%77%, with an overall accuracy 
of 83%85% for predicting pathologic 
clinical progression in the several years 
(up to 9 y; mean, 3 y) after the scan. 
This high sensitivity of FDG PET in 
patients with mild impairment (mean 
MMSE, 25/30) suggests that by the 
time a patient presents with symptoms 
of a progressive neurologic process, 
sufficient alteration of cortical activity 
generally has occurred to diminish me- 
tabolism of certain areas of the brain to 
an extent readily detectable on FDG 
images. At the same time, the lower 
specificity points to the existence of 
processes other than those poised to 
cause imminent cognitive deterioration 
capable of producing hypometabolic 
foci discernible with PET. This sensi- 
tivity-specificity situation, for clinical 
progression consequent to metaboli- 
cally evident disease, bears resem- 
blance to that pertaining to the well- 
established use of PET for evaluation 
of a solitary pulmonary nodule, where 
it is unusual for a focus that is not 
hypermetabolic to go on to demon- 
strate progressive growth at a rate indi- 
cating malignancy, although several 
benign diagnostic entities may cause 
focal hypermetabolism. 

Ultimately, how much need there is 
for functional neuroimaging in the 
evaluation of dementia depends largely 
on the adequacy of a traditional diag- 
nostic work-up without imaging. What 
does the primary scientific literature 
reveal regarding accuracy of clinical 
diagnosis? Considering the critical im- 
portance of this question, surprisingly 
few studies have addressed it systemati- 
cally-with a representative patient mix 
and in a way capable of yielding mea- 
sures of true sensitivity and specificity. 
In 1 study that was so designed, of 421 
cognitively impaired patients being 

clinically followed, diagnostic compari- 
sons were made for the first 58 who 
died (25). The patients' mean age was 
79 y, and all but 3 subjects were at least 
65 y. Histologic review revealed that 
nearly half (28158) had neuropatho- 
logic hallmarks of AD, a diagnosis that 
was missed in 8 subjects. Conversely, 
the diagnosis of AD was made clini- 
cally in 8 of the 30 subjects who had no 
pathologic evidence for AD. The sensi- 
tivity, specificity, and overall accuracy 
were thus 71%, 73%, and 72%, respec- 
tively. Compared with PET studies, 
this represents a substantially lower 
sensitivity, at a comparable level of 
specificity; these numbers suggest that 
for every 100 patients with AD who are 
examined, PET would find about 20 
whose diagnosis would have been 
missed by clinical evaluation. Few clini- 
cal diagnosis studies have provided an 
analysis that is stratified for severity, as 
would be needed to address the issue of 
diagnostic accuracy in the earlier stages 
of disease. One study that did specifi- 
cally address the question of clinical 
detection of very-mild disease fol- 
lowed patients who initially appeared 
normal or minimally affected for an 
average of 4 y (26). Even by the end of 
this longitudinal follow-up period, a 
neurologist examiner detected AD in 
only 70% of the patients who were 
histologically positive. On the other 
end of the severity spectrum, 65 elderly 
patients with moderate to severe demen- 
tia were evaluated clinically and fol- 
lowed longitudinally until death (27). 
The mean duration of their symptoms 
was 8.9 y. Autopsies revealed that AD 
existed in 48 patients (10 of whom also 
had evidence of multiple infarcts). By 
the time those patients had reached this 
late stage of disease, sensitivity of AD 
diagnosis made clinically (45148 = 
94%) was similar to that made with 
PET at much earlier stages of disease, 
but 10 of the remaining 17 patients 
were also clinically (mis)diagnosed as 
having AD, indicating a specificity of 
only 41%. Another study was per- 
formed with 25 patients who had ad- 
vanced-stage dementia; hc t iona l  sta- 
tus had deteriorated to the point where 
they were living in a long-term care 
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facility. All of the patients met the 
Diagnostic and Statistical Manual for 
Mental Disorders, third edition (28), 
criteria for primary neurodegenerative 
disorder and National Institute of Neu- 
rological and Communicative Disor- 
ders and StrokeIAlzheimer's Disease 
and Related Disorders Association 
(NINCDSIADRDA) criteria for AD, 
yet only 68% were found on pathologic 
review to actually have AD. Most of 
the misdiagnosed cases were in youn- 
ger patients. Finally, in a study of 54 
patients with dementia who were not 
stratified by severity but included a 
good diagnostic mix (in descending 
frequency: AD, multiple infarct demen- 
tia, Parkinson's dementia, Creutzfeldt- 

time when little could be done to 
improve the cognitive symptoms of 
most patients with dementia. However, 
advances occurring over the last half- 
dozen years have changed that situa- 
tion. For example, tacrine, donepezil, 
and rivastiamine have been cleared by 
the U.S. Food and Drug Administration 
for improving cognition or slowing 
intellectual decline associated with mild 
to moderate AD. There is evidence 
accumulating that such cholinesterase 
inhibitors can also improve global hnc-  
tion and decrease the need for place- 
ment of patients in long-term care 
facilities (32,33) and that to derive 
maximal benefit, the use of these drugs 
should be initiated early in the course 

bolsters the use of FDG PET, to im- 
prove accuracy of evaluation of pa- 
tients with dementia, in meeting that 
challenge. 

Daniel H.S. Silverman 
Michael E. Phelps 

Universiv of California Los Angeles 
School of Medicine 

Los Angeles, California 
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Detection of T Proteins in Normal and Alzheimer’s Disease 
Cerebrospinal Fluid with a Sensitive Sandwich 
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Abstract: Alzheimer’s disease is a progressive degenera- 
tive dementia characterized by the abundant presence of 
neurofibrillary tangles in neurons. This study was de- 
signed to test whether the microtubule-associated protein 
7, a major component of neurofibrillary tangles, could be 
detected in CSF. Additionally, we investigated whether 
CSF 7 levels were abnormal in Alzheimer’s disease as 
compared with a large group of control patients. We devel- 
oped a sensitive sandwich enzyme-linked immunosorbent 
assay using AT1 20, a monoclonal antibody directed to hu- 
man 7, as a capturing antibody. With this technique, the 
detection limit for 7 was less than 5 pg/ml of CSF. Using 
AT8, which recognizes abnormally phosphorylated ser- 
ines 199-202 in T ,  the detection limit was below 20 pg/ml 
of CSF. However, with AT8, we found no immunoreactiv- 
ity in CSF, suggesting that only a small fraction of CSF T 
contains the abnormally phosphorylated AT8 epitope. Our 
results indicate that CSF 7 levels are significantly in- 
creased in Alzheimer’s disease. Also, CSF 7 levels in a 
large group of patients with a diversity of neurological dis- 
eases showed overlap with CSF T levels in Alzheimer’s 
disease. Key Words: Abnormally phosphorylated 7- 

Dementia-Diagnostic marker-Microtubule-associated 
proteins-Monoclonal antibody-Paired helical filaments 
-7 protein. 
J. Neurochem. 61, 1828-1 834 (1 993). 

tion causes a conformational change in T ,  probably 
resulting in self-association and formation of PHF. 
PHF-T is phosphorylated at several sites. We recently 
developed a monoclonal antibody (mAb), called 
AT8, that specifically recognizes phosphoserines 199 
and/or 202, found only in PHF-T (Biernat et al., 1992; 
Goedert et al., 1992). 

Previously, we reported the development of a 7-spe- 
cific sandwich enzyme-linked immunosorbent assay 
(ELISA) with a lower detection limit of 1 ng/ml 
(Mercken et al., 19923). By using this ELISA, based 
on the selective reaction of AT8 with PHF-T, we were 
able to distinguish Alzheimer brain homogenates 
from control brain homogenates (Mercken et al., 
19923). However, the assay using AT8 was not able to 
detect T in CSF. Therefore, we developed a more 
sensitive 7-specific catalyzed reporter deposition 
(CARD) ELISA with a higher sensitivity, using a new 
mAb directed to human T called AT120. CARD in- 
volves an analyte-dependent reporter enzyme (horse- 
radish peroxidase), which catalyzes the deposition of 
additional reporter molecules (biotin-labeled phe- 
nols) on the surface in a solid-phase immunoassay. 
This extremely sensitive assay allows the detection of 
T protein in nonconcentrated CSF. We used the 

Alzheimer’s disease (AD) is the most common 
form ofdementia in adults and is diagnosed clinically, 
primarily by exclusion of other forms of dementia. 
Neuropathologically, the illness is characterized by 
the presence of senile plaques and neurofibrillary tan- 
gles (NFT). NFT are neuronal inclusions that consist 
of paired helical filaments (PHF), of which the main 
protein component is a modified form of the microtu- 
bule-associated protein T (Brion et al., 1985). Under 
normal circumstances, 7 promotes microtubule as- 
sembly and stability (Weingarten et al., 1975). T pres- 
ent in PHF, called PHF-T, is abnormally phosphory- 
lated (Lee et al., 1991). This abnormal phosphoryla- 
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CARD ELISA assay to investigate whether the micro- 
tubule-associated protein T could be detected in the 
CSF of AD and control patients. 

MATERIALS AND METHODS 

CSF samples 
CSF samples from 190 patients at the Department ofNeu- 

rology of the University Hospital of Antwerp were obtained 
by lumbar puncture performed for routine diagnostic pur- 
poses. In addition, CSF samples from seven patients with 
AD, three patients suffering from amyotrophic lateral sclero- 
sis (ALS), and seven patients suffering from other neurologi- 
cal diseases (OND) were obtained from Athena Neuro- 
sciences Inc. (South San Francisco, CA, U.S.A.). All CSF 
samples were frozen and kept at -75°C in small aliquots 
until use. 

Basically, patients were divided into three different 
groups: 27 patients diagnosed with probable AD according 
to McKhann et al. ( 1984), 4 1-88 years of age (mean 67); S 1 
mentally intact control patients, who underwent lumbar 
puncture for radiculography, 5-80 years of age (mean 44); 
and 129 patients suffering from OND, 1 month to 85 years 
of age (mean 48). The OND group included inflammatory 
(n = 55) ,  vascular (n = 19), and other (n = 3 1) diseases. The 
OND group further contained a group of patients with neu- 
rodegenerative diseases (n = 241, such as adenoleukodys- 
trophy (n = I ) ,  frontal lobe-type dementia (n = I) ,  heredi- 
tary cerebellar atrophy (n = 2), Pick‘s disease (n = 2), pro- 
gressive supranuclear palsy (n = l), Parkinson’s disease (n 
= 2), olivopontocerebellar atrophy (n = I) ,  ALS (n = 7), 
polyneuropathy (n = I ) ,  external ophthalmoplegia (n = I) ,  
bulbar palsy (n = l), and miscellaneous others. For each 
patient, age, sex, and diagnosis were noted. Statistical differ- 
ences in T measures between patient groups were verified 
using an unpaired Student’s t test. 

Production and characterization of AT1 20 
Purification of PHF-T and production of mAb AT120, 

which is produced by a subclone of AT 12, were performed 
as described previously (Mercken et al., 19923). For charac- 
terization, AT 120 was tested by western blot on both nor- 
mal T and PHF-T. Reactivity of AT120 with normal T and 
PHF-T was tested in a sandwich ELISA with affinity-puri- 
fied polyclonal rabbit anti-human T antiserum as coating 
antibody, as described by Mercken et al. (19926). 

Normal T and PHF-T protein standards 
The preparations of affinity-purified normal T and PHF-T 

were described elsewhere (Mercken et al., 1992a,b). Purity 
of normal T and PHF-T standards was determined by so- 
dium dodecyl sulfate-polyacrylamide gel electrophoresis. 
Dephosphorylation was performed as described earlier 
(Mercken et al., 19923). The preparations used contained 
only T proteins of molecular mass 43-67 kDa. The samples 
were also analyzed on a 420 A/H amino acid analyzer (Ap- 
plied Biosystems B.V., Maarssen, The Netherlands) accord- 
ing to the manufacturer’s instructions. Both normal T and 
PHF-T showed the expected amino acid compositions. The 
exact protein concentrations of both affinity-purified nor- 
mal T and PHF-T were determined using an internal stan- 
dard peptide. The concentrations found were 7.7 pg/ml and 
380 ng/ml for normal T and PHF-7, respectively. 

AT120 ELSA for 7 detection in CSF 
AT1 20, purified from serum-free conditioned medium 

on a protein G column, was coated overnight at 4°C on 
high-binding microtiter plates (Nunc, GIBCO, Paisley, 
U.K.) in coating buffer at 3 pg/ml (10 mM Tris, 10 mM 
NaCI, 10 mMNaN,, pH 8.5). After overcoating for 30 rnin 
with I50 pl of 10% saturated casein in phosphate-buffered 
saline (PBS) to reduce nonspecific binding, the plates were 
incubated with 100 pl of an appropriately diluted T stan- 
dard, or with unconcentrated CSF samples, supplemented 
with 5% Tween 20, for 60 rnin at 37°C. The plates were 
washed five times with PBS/O.O5% Tween 20 (vol/vol), and 
100 p1 of affinity-purified rabbit anti-normal T was added at 
2 pg/ml and incubated for I hat  37°C. After washing, horse- 
radish peroxidase-conjugated donkey anti-rabbit serum 
(Amersham, Buckinghamshire, U.K.) was added for 30 min 
at 37°C. After another washing, the CARD enhancement 
procedure was done by adding a IOO-pl stock dilution of 0.3 
M biotin-tyramine (Sigma, Poole, Dorset, U.K.) prepared 
in dimethyl sulfoxide, according to Bobrow et al. (1989), 
diluted 1:lOO in conjugate diluent (SO m M  Tns-HCI, 
0.001% H,02,  pH 8), and incubated for 15 rnin at room 
temperature. Following washing with PBS/Tween 20, 100 
pl of streptavidin-biotinylated horseradish peroxidase com- 
plex (Amersham) diluted 1 : 1,000 was added for IS min at 
room temperature. A11 reagents, except the biotin-tyramine 
conjugate, were diluted in PBS with 10% casein. After a 
final washing, 100 pl of 0.42 mM 3,5,3’,5’-tetramethyibenzi- 
dine, 0.003% (vol/vol) HzOz in 100 mMcitric acid, 100 mM 
Na,HPO,, pH 4.3, were added as peroxidase substrate. The 
reaction was stopped with 50 pl of a 2 M H,S04 solution. 
Absorbance was read in a Titertek Multiscan (Flow Labora- 
tones, Eflab Oy, Finland) at 450 nm. Optical density values 
obtained from the CSF samples were compared with stan- 
dard curves generated from known quantities of affinity- 
purified normal human 7. 

We found that absorbance values of CSF samples were 
reproducible. However, frequent thawing and freezing of 
samples decreased T concentrations found in ELISA. 

AT8 ELISA for PHF-T detection in CSF 
AT8 ELISA for PHF-T detection in CSF of AD patients 

and control patients was essentially the same as the AT 120 
assay, except that AT8 instead of AT120 was applied as 
coating mAb. 

RESULTS 

AT1 20 characterization 
On immunoblots, the antibody reacted equally well 

with both normal T and PHF-T, as shown in Fig. 1. In 
contrast, the Tau-1 antibody (Binder et al., 1985) 
reacted solely with normal r and  the AT8  antibody 
(Mercken et al., 19923) only with PHF-r. 

AT120, AT8, and Tau-I mAbs were tested for 
phosphatase sensitivity of their epitopes by ELISA 
and by western blot on PHF-T antigen. The reactivity 
of the AT120 antibody with PHF-T was not sensitive 
to phosphatase treatment either in ELISA (Fig. 2) or 
o n  western blots (data not shown). The  reactivity of 
AT8 was completely abolished after alkaline phos- 
phatase treatment of the PHF-T antigen in ELISA. 
Dephosphorylation of PHF-T enhanced Tau- 1 immu- 
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FIG. 1. Western blots of AT8, AT1 20, and Tau-I antibodies with 
equal amounts of PHF-T and normal 7 loaded on a 10% sodium 
dodecyl sulfate gel. Lanes 1, 3, and 5: PHF-T; lanes 2, 4, and 6:  
affinity-purified normal human T. Lanes 1 and 2 were incubated 
with AT8, lanes 3 and 4 with AT120, and lanes 5 and 6 with 
Tau-I. Lane 7 contains prestained molecular mass markers in 
kDa. 

noreactivity, as described before (Papasozomenos 
and Binder, 1987). 

Both 7 standards, i.e., normal 7 and PHF-T, spiked 
in a CSF pool, were run in the amplified AT 120 sand- 
wich ELISA and the amplified AT8 sandwich ELISA. 
We found no significant differences in detection lim- 
its between normal T and PHF-7 detection for AT120 
(Fig. 3A). For AT8, no reaction was shown with nor- 
mal 7 (Fig. 3B), as reported earlier (Mercken et al., 
1992b). 
AT120 T detection in unconcentrated CSF samples 

A number of CSF samples were tested in the AT 120 
CARD assay for T detection. CSF samples of patients 
were first divided into three different groups, i.e., AD 
patients, control patients, and patients suffering from 
OND (Table l), and then subdivided according to age 
group (older or younger than 60 years). Table 1 and 
Fig. 4 clearly show that CSF 7 levels were increased 
significantly in AD patients. If a cutoff value of 1.1 1 
pg/mI is used (mean of control CSF 7 levels + 2 stan- 
dard deviations), 8 1 % (22/27) of all patients clinically 

O.D. 29 1 

FIG. 2. Reactivity of AT8 (0), AT120 (A), and Tau-I (0) with 
untreated (phosphorylated) and dephosphorylated PHF-T in 
ELISA. Samples were tested in triplicate and the data presented 
as optical density (OD) units. 

1.2- A 
O.D. 1 

1- 

0.8 - 

Blank 3.4 10 31 92 277 833 2500 

pdml  tau 

0 
Blank 6.2 20 61 185 555 1600 5ooO 

p g h l  Tau 

FIG. 3. Titration of normal r (0) and PHF-r (m), spiked in a CSF 
pool in the amplified (CARD) sandwich ELISA with AT1 20 (A) and 
AT8 (B). All dilutions were tested in duplicate and the data pre- 
sented as optical density (OD) units. 

diagnosed as AD showed higher CSF 7 levels, com- 
pared with 36% (47/ 129) for the group of patients suf- 
fering from OND and 4% (2/51) of the control pa- 
tients. A significant difference was found between the 
Alzheimer group in toto and the OND group ( p  
< 0.001), as seen in Fig. 4. This difference was also 
found between the OND and the control groups, and 
between AD and control groups ( p  < 0.001). 

When patient groups were examined in more de- 
tail, it was found that two control patients showed 
slightly positive 7 values (Fig. 4). However, as one 
control patient was 77 years old, we cannot exclude 
the possibility that he suffered from preclinical AD. 
Another striking observation is that in patients older 
than 60, 7 in CSF was clearly higher in AD than in 
OND (Table I), whereas for younger patients, the dif- 
ference was much less pronounced and did not reach 
significance ( p  > 0.78). When the group of OND pa- 
tients was analyzed in greater detail (Table I and Fig. 
5 ) ,  we found no diagnostic groups that consistently 
showed increased CSF 7. Several patients suffering 
from neurodegenerative diseases showed a strong in- 
crease of CSF 7 (hereditary cerebellar atrophy, olivo- 
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TABLE 1. CSF levels of r in AD and OND 

O0 

0 

Group (n) 

AD(27) 
Controls (5 1) 
OND ( 129) 

Degenerative (24)” 
Inflammatory (55)” 
Vascular (1 9)” 
Others (31)” 

~~ 

T in CSF (pg/ml) 

Age (yr) All ages <60 yr >60 yr 

14.3 f 8.5 6 1 +  13 10.9 f 4.9 4.1 +. 4.9 
4 4 +  15 0.1 f 0.5 0.05 +. 0.3 0.3 f 0.9 
48 18 3.9 +. 1.4 4.5 +. 8.3 2.1 f 5.1 

3.6 f 7.3 
0.7 f 1.8 
5.3 f 3.8 
0.5 f 1.4 

8.2 f 8.7 
3.8 + 7 
4.8 f 9.4 
4.6 f 10.5 

All data are given as means f SD. 
‘ Subpopulations of OND group. 

pontocerebellar atrophy, ALS, Parkinson’s disease). 
However, this increase was not consistent, as five of 
seven ALS patients had CSF r values within the range 
of the control group. A similar heterogeneity was ob- 
served for inflammatory nervous system diseases: 
four of 20 multiple sclerosis patients, five of 1 1  Guil- 
lain-Barri patients, two of three herpes simplex en- 
cephalitis patients, and one of three Lyme disease pa- 
tients had increased CSF 7. Patients suffering from 
cerebrovascular diseases and stroke patients showing 
multiple old and recent ischemic infarcts had the 
highest CSF r values in the OND group. More impor- 
tantly, three patients suffering from multiple infarct 
dementia and a patient suffering from vascular de- 
mentia and pseudobulbar syndrome had increased 
CSF r. Single diagnostic groups were too small to de- 
termine whether there was a correlation between the 
severity of CNS damage and the extent of r elevation. 
Two patients with hydrocephalus and an infant with 
sudden infant death syndrome showed extreme in- 
creases in CSF r ,  the significance of which remains 
undetermined. 

35 1 a 

0 

a 0 

0 
a 

8 1 
8 ’1 ; A ,  

0 
AD CON OND 

n=21 n=51 n=129 

FIG. 4. CSF T quantification in ELISA (100 pl/assay) of individual 
CSF samples, using the AT120 assay. The mean value of each 
group is indicated by horizontal bars. CSF T concentrations were 
based on standard curves with affinity-purified normal human T. 
Results are shown as pg of T/ml. CON, controls. 

Unconcentrated and concentrated CSF samples 
analyzed in the AT8 assay 

CSF samples of 20 AD patients, 10 control patients, 
and 10 OND patients were selected for PHF-r detec- 
tion using AT8 as a capturing antibody. AD CSF sam- 
ples having high 7 values in the AT120 assay were 
selected for PHF-7 detection. However, no PHF-r 
was found in these unconcentrated CSF samples, in- 
dicating that, in our assay, the sensitivity of 30 pg/ml 
PHF-7 was not sufficient for CSF detection of PHF-7. 

Moreover, when a pool of AD CSF samples was 
concentrated 12 times, resulting in a hypothetical sen- 
sitivity of less than 3 pg/ml PHF-7, again no signal 
was found. Thus, if PHF-7, as detected by the AT8 
immunoassay, is present in CSF, its concentration 
must probably be below 3 pg/ml. Consequently, ei- 
ther r proteins found in AD CSF samples with the 
AT120-based assay are not phosphorylated at the 

30 ”‘r 

_____ ’I;,; 5 

0 
Degenerative 

l o  

m l 
0 

0 0 

om 

Inflammatory Vascular 

FIG. 5. CSF T detection in ELISA (1 00 pllassay), sing the AT1 20 
assay on CSF of OND patient subgroups (see text). Each group is 
subdivided according to age (left data points: younger than 60; 
right data points: older than 60). The mean value of each group is 
represented by a horizontal bar. CSF T concentrations were 
based on standard curves with affinity-purified normal human 7. 
Results are shown as pg of T/ml. 
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AT8 site and could be normal 7 or dephosphorylated 
PHF-7, or the AT8 region is not present or available 
for immunoreactivity with the AT8 antibody. 

DISCUSSION 

AD is diagnosed clinically with a variable degree of 
certainty by excluding other causes of dementia. This 
diagnosis can only be confirmed histopathologically, 
by observing a sufficient number of NFT and senile 
plaques in the neocortex (Khatchaturian, 1985). No 
protein specific for AD has yet been found. However, 
PHF and amyloid plaques contain posttranslationally 
modified normal brain proteins. Because CSF offers 
the richest potential source of altered proteins in a 
neurodegenerative disease, we set up a sandwich 
ELISA that specifically recognized the microtu- 
bule-associated protein 7 ,  the principal component 
of PHF. 

Besides 7, other proteins that may play an impor- 
tant role in the pathogenesis of AD, like a,-antichy- 
motrypsin, ubiquitin, and amyloid precursor protein 
(APP), can also be detected in CSF. 

Recently, a,-antichymotrypsin, a senne protease in- 
hibitor and an acute phase protein found to be specifi- 
cally present in senile plaques (Abraham et al., 1988), 
was analyzed in CSF. Studies concerning a,-antichy- 
motrypsin CSF levels in AD versus control groups 
show contradictory results (Matsubara et al., 1990; 
Delamarche et al., 199 1; Vandermeeren, unpublished 
observations), so it would be premature to argue 
whether this protease inhibitor represents a discrimi- 
native marker for AD. 

Other groups investigated the potential usefulness 
of ubiquitin as an antemortem diagnostic marker for 
AD. It was found that ubiquitin reactivity of PHF 
could be measured in CSF (Wang et al., 199 1). The 
authors showed that there was a significant increase in 
AD ubiquitin CSF levels versus control CSF samples. 
However, overlaps between the two different patient 
groups were also reported. 

At first, analysis and quantitation of APP in CSF of 
AD and control patients demonstrated no significant 
differences (Chong et al., 1990; Henriksson et al., 
I99 I), i.e., only a small decrease in APP CSF levels 
was found in AD patients as compared with healthy 
controls. Palmert et al. (1 990), using western blot anal- 
yses, demonstrated a reduction of soluble APP forms 
in AD CSF. In addition, their data also suggested an 
age-dependent reduction in p-APP CSF levels. In a 
recent report (Van Nostrand et al., 1992), it was 
shown that 0-APP CSF levels were decreased signifi- 
cantly as compared with controls or a group of de- 
mented non-AD individuals. One limitation js that 
this assay does not distinguish between AD and heredi- 
tary cerebral hemorrhage with amyloidosis (Dutch 
type). 

PHF contain modified forms of7 as a major pro- 
tein component (Lee et al., 1991). Therefore, we in- 

vestigated the presence of this antigen in CSF. CSF 7 

concentrations are extremely low, so the 7 detection 
assay had to be very sensitive, a problem resolved by 
applying CARD amplification and a high-affinity 
mAb, called AT 120. Several authors reported the de- 
velopment of a 7-specific assay. One group clearly 
showed that PHF-7 could be detected in Alzheimer 
brain homogenates and not in normal brain homoge- 
nates (Ghanbari and Miller, 1990; Ghanbari et al., 
1990). Their ELISA was based on a combination of a 
highly specific polyclonal anti-PHF-r serum and the 
mAb Alz-50. The latter mAb, the epitope of which 
has been mapped to the N-terminal region (Ksiezak et 
al., 1990; Goedert et al., 199 l ) ,  had already been de- 
scribed as a powerful tool to detect PHF-7 (A68/ 
ADAP) in some concentrated Alzheimer CSF sam- 
ples with immunoblotting techniques (Wolozin and 
Davies, 1987). Unfortunately, these early findings 
have not been confirmed by other groups. Analysis of 
unconcentrated CSF samples by western blot with 
highly specific anti-normal T and anti-PHF-7 polyclo- 
nal antibodies showed that a single 55-kDa band was 
immunostained, quite different from T profiles that 
are observed in brain homogenates (Delacourte et al., 
1989). Finally, the development of competitive ELI- 
SAs for selectively detecting normal, soluble 7 and 
PHF-associated T protein in brain tissue has been re- 
ported (Harnngton et al., 1990, 1991). The authors 
did not discuss normal T or PHF-T CSF detection. 

In summary, we developed a highly sensitive sand- 
wich ELISA for the detection of 7 in unconcentrated 
CSF samples. The assay detects normal 7 and PHF-7 
equally well, i.e., applying affinity-purified normal 
and pathological 7 in the AT120 sandwich assay re- 
sulted in similar detection limits. The location of the 
AT120 epitope outside the repeat region (Vanmeche- 
len et al., unpublished observations) indicates that 
cross-reactivity with other phosphorylated proteins 
like MAP2, MAPI, and neurofilaments, which share 
parts of their sequence with 7 protein (Nukina et al., 
1987; Lewis et al., 1988), can be excluded. In fact, 
AT120 showed no reactivity in ELISA when the 
above-mentioned cytoskeletal proteins were applied 
in the coating phase (data not shown). 

Our results with the AT 120-based assay indicate 
that elevated normal T levels are found not only in 
AD, but also in different kinds of neurological dis- 
eases where neuronal death or damage occurs. Al- 
though some of these OND patients can be discrimi- 
nated clinically from AD patients, our results show 
substantial overlap between AD and other forms of 
dementia, reducing the predictive value of elevated 
CSF T .  However, especially in patients older than 60, 
CSF 7 is a useful marker for AD. 

Because of the exquisite specificity of the AT8 anti- 
body, showing no cross-reaction with normal 7, we set 
up a sandwich ELISA for the selective detection of 
PHF-T proteins in AD CSF samples. Unfortunately, 
we were not able to demonstrate any PHF-7 antigens 
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in unconcentrated AD CSF samples, nor in a 12-fold 
concentrated AD CSF pool. It remains unclear why 
we did not detect any AT8-reactive r in CSF. Con- 
trary to our own negative results, it was reported that, 
in some Alzheimer CSF samples, a positive signal 
with an assay based on the PHF- 1 mAb can be found 
(Ghanbari et al., 199 1). This discrepancy may be due 
to a different sensitivity of both assays. Also it is possi- 
ble that the AT8 epitope may be eliminated from 
PHF-r that would be present in CSF, either by pro- 
tease or phosphatase activity. In this respect, it may be 
significant that the AT8 epitope is more sensitive than 
PHF- 1 to phosphatase treatment (unpublished obser- 
vations). A selective loss of PHF-r epitopes from CSF 
could also be explained by the observation that AT8 
does not immunostain “ghost tangles” or extracellu- 
lar NFT in tissue sections. Extracellular NFT are not 
composed of full-size 7 (Tabaton et al., 199 1). Possi- 
bly some of the N-terminal epitopes outside the re- 
peat region, including the AT8 epitope, are digested 
by microglia (Cras et al., 199 1). 

Nevertheless, in brain extracts of AD patients, 
higher concentrations have been described, and it 
seems that this increase is due mainly to PHF-T 
(Ghanbari et al., 1990; Hamngton et al., 1991; 
Bramblett et al., 1992; Khatoon et al., 1992). These 
findings should stimulate further research on the de- 
velopment of a highly sensitive PHF-.r-specific assay 
for the study of CSF. 
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Visual rating and volumetry of the medial
temporal lobe on magnetic resonance imaging in
dementia: a comparative study

Lars-Olof Wahlund, Per Julin, Sven-Erik Johansson, Philip Scheltens

Abstract
Objectives—It has been shown that atro-
phy of medial temporal lobe structures
such as the hippocampus and entorhinal
cortex shown on MRI may distinguish
patients with Alzheimer’s disease from
healthy controls. However, the diagnostic
value of visual inspection and volumetry
of medial temporal lobe atrophy (MTA) on
MRI in a clinical setting is insuYciently
known.
Methods—Medial temporal lobe atrophy
in 143 patients was visually rated from
hard copies, using a 0–4 rating scale and a
comparison was made with the volumes
(cm3) of the medial temporal lobe as esti-
mated with volumetry, using a stereologi-
cal method. All patients were recruited in
an unselected way in a clinical setting in
the centre for memory impairments at the
Huddinge University Hospital. Patients
with Alzheimer’s disease (n=41), patients
with other dementias (vascular dementia,
frontotemporal dementia, and unspecified
dementia; n=36) as well as non-demented
subjects (n=66) were included. Medial
temporal atrophy and volumetry were
evaluated as a diagnostic tool by perform-
ing logistic regression analysis including
age, sex, and mini mental state examina-
tion (MMSE) score and calculating the
sensitivity and specificity and percentage
correct classification.
Results—Visual and volumetric analysis
yielded statistically significant diVerences
between patients with Alzheimer’s disease
and non-demented subjects, as well as
between those with other dementias and
non-demented subjects. Combining
MMSE scores and visually rated MTA rat-
ings yielded a sensitivity of 95% for
Alzheimer’s disease, 85% for other de-
mentias. Non-demented subjects were
identified with a specificity of 96%. Volum-
etry did not have an added value over the
MMSE score alone.
Conclusions—Visual rating of MTA is a
clinically useful method for diVerentiating
Alzheimer’s disease from controls and is
both quicker and more accurate than vol-
umetry.
(J Neurol Neurosurg Psychiatry 2000;69:630–635)

Keywords: dementia; volumetry; medial temporal lobe;
magnetic resonance imaging; Alzheimer’s disease

Magnetic resonance imaging (MRI) has be-
come a complementary diagnostic tool in the
evaluation of dementia.1 Many studies have
shown that medial temporal lobe atrophy
(MTA) is a sensitive marker for Alzheimer’s
disease.2 3 To estimate MTA several techniques
are available—namely, volumetric assessment,
linear assessment, and visual qualitative rating.4

Volumetric assessment techniques are mainly
used in studies on selected groups of patients
and controls. These measurement techniques
rely on specifically developed software and are
undertaken separately from the clinical exam-
ination procedures using postprocessing equip-
ment.

The evaluation of MTA as a tool in the diag-
nostic procedure of dementia in a clinical rou-
tine setting is far from complete. A clinically
accessible method for estimation of MTA must
be rapid, simple, and reliable, to be used
together with the clinical and neuroradiological
examinations. Moreover, the method must be
able to diVerentiate between Alzheimer’s dis-
ease and other dementias as well as between
Alzheimer’s disease and non-demented sub-
jects. A visual rating scale of MTA, with an
acceptable within and between rater reliability,
has been developed by Scheltens et al.5 6 In a
recent study,7 this method was found to corre-
late well with stereological assessments of
MTA in a large (n=194) sample of demented
and non-demented subjects. Visually rated
MTA was shown to have moderate sensitivity
and specificity for Alzheimer’s disease in small
selected (five) and unselected (three) samples.
Earlier volumetric work showed that volumetry
could distinguish patients with Alzheimer’s
disease from controls with sensitivity and
specificity figures over 80%,8 but the distinc-
tion with other types of dementia yielded lower
figures.9 10

To investigate further the diagnostic capacity
of the visually rated MTA and to compare it
with volumetry we used both methods in a
large number of consecutive patients screened
for dementia. We compared specificity, sensi-
tivity, and percentage correct classification of
both methods using the ultimate clinical
diagnosis at follow up as the gold standard.

Material and methods
SUBJECTS

The patients enrolled in this study have been
described in detail previously.7 Here we present
the results from a subsample of this population.
The diagnostic procedure was as follows. All
patients referred for dementia investigation at

J Neurol Neurosurg Psychiatry 2000;69:630–635630

Department of Clinical
Neuroscience,
Occupational Therapy
and Elderly Care
Research, Karolinska
Institute, Huddinge
University Hospital
L-O Wahlund
P Julin
P Scheltens

Department of
Statistics, Stockholm
University, Stockholm,
Sweden
S-E Johansson

Department of
Neurology,
Academisch
Ziekenhuis Vrije
Universiteit,
Amsterdam,The
Netherlands
P Scheltens

Correspondence to:
Professor Philip Scheltens
p.scheltens@azvu.nl

Received 23 April 1999 and
in final form
18 April 2000
Accepted 11 May 2000

www.jnnp.com

 on 13 June 2008 jnnp.bmj.comDownloaded from 

http://jnnp.bmj.com


the geriatric clinic at Huddinge University
Hospital from 1993 to 1995 were enrolled in
the study. A validated Swedish version of the
mini mental state examination (MMSE)11 was
used as the standard screening instrument. The
investigation further included a complete
physical, psychiatric, and neurological exam-
ination as well as comprehensive psychometric
tests. Brain MRI was performed as routine to
exclude other brain pathology. In addition, in
each patient blood and CSF samples were col-
lected and an EEG and SPECT scan were per-
formed. A cohort consisting of subjects se-
lected as control persons in a study on car
driving and dementia12 and of members of the
family with an APP mutation who were not
mutation carriers, were subjected to the same
procedure (except for SPECT ).

After this procedure all subjects were diag-
nosed using the guidelines in DSM-III-R13 for
assessing dementia, the NINDS-AIREN crite-
ria for vascular dementia,14 the Lund-
Manchester criteria for frontal lobe dementia,15

the ICD-10 criteria16 for unspecified dementia,
and the NINCDS-ADRDA17 criteria for
probable/possible Alzheimer’s disease. If none
of these diagnoses was applicable the subject
was designated as non-demented. After the
diagnostic investigation 10 patients had to be
excluded because of a space occupying lesion
and another nine were excluded because of
poor MRI quality, yielding 143 subjects whose
diagnoses were confirmed at follow up exami-
nations 6 months after the initial investigation
(table 1).

MAGNETIC RESONANCE IMAGING

All examinations were performed with a
Siemens 1.5 Tesla Magnetom. A standard
examination was first performed obtaining 24
T2 and proton density weighted, transaxial
images through the brain. The volumetric
measurements were based on a 3D magnetisa-
tion prepared rapid gradient echo sequence
(3D MP-RAGE, TR=10 ms, TE=4 ms, flip
angle=10°). This sequence yields 64 continu-
ous coronal slices covering the whole brain
with a good separation of grey and white mat-
ter and between brain tissue and CSF (T1
weighted). The slice thickness was 2.8 mm and
the partial volume eVect was small. The
coronal plane was chosen to be perpendicular
to the line intersecting the anterior and poste-
rior commissures in the midsagittal plane (the
AC-PC line).

VOLUMETRIC ESTIMATION

A description of the method has been pub-
lished previously.7 The volumetric measure-
ments were performed using the method of

stereology with a program, CV-Stereo, devel-
oped by Context Vision AB, Linköping,
Sweden. The point counting stereological
method used in this program is based on the
Cavalieri theorem of systematic sampling. The
computer program generated a grid which was
randomly placed on the MRI slices, and the
number of intersecting points over the area of
interest were counted. The size of the grid
depends on the the structure to be measured;
as a rule of thumb the total number of test
points should be around 100 to give a reason-
able accuracy. The volume was estimated with
the following formula: (number of measured
points)×(area of a square in the grid)×(distance
between slices). The requirements for this
method is that the structure should be sampled
at equal and perpendicular intervals, and the
sampling should begin at random. The above
described imaging technique meets the basic
requirements for the stereological method, as
the first slice intersects the brain at random.

The medial temporal lobe including the
amygdala, hippocampus, and parahippocampal
gyrus, was measured in 10 slices between the
anterior commissure and posterior commis-
sure, using a point distance of 0.5 cm in the test
point grid. The intracranial volume (ICV) was
defined as the whole volume inside the skull
with the lower border defined by the caudal
region of the cerebellum, temporal lobes, and
orbitofrontal cortex. The brain stem was not
included in the ICV. The ICV volume was
measured in eight slices with a test point grid of
2 cm. The within rater variation between two
measurements on the same image set was 3.5%
The within rater variation defined as the mean
diVerence between two measurements done by
one operator on two diVerent image sets of six
subjects being examined twice in the MRI
scanner with a time gap of 2 weeks, was 3.5%.
As these variations were identical, the measure-
ments seemed to be relatively independent for
image quality and positioning of the patient in
the scanner. The between rater variability
between two raters on scans of six subjects was
4.5%. The stereological method has also been
compared with a method using manual outlin-
ing plus thresholding.18 In 28 patients investi-
gated for suspected dementia bilateral medial
temporal lobe volumes were measured with
both methods. The stereological method gave
systematically lower medial temporal lobe
(MTL) volumes with a mean volume in the
patient group of 13,3 cm3 (SD 2.2) compared
with 14.9 cm3 (SD 2.4) with manual outlining
plus thresholding. This diVerence (−1.6 cm3)
was statistically significant (p< 0,001, paired t
test). The correlations between the two meth-
ods were high (0.84, p<0,001, Pearsson corre-
lation coeYcient 0.71, p<0.001 within class
correlation (Kendall ô)). Sex diVerences were
also detected by the two methods. Men (n=11)
had a 2.9 cm3 larger MTL than women (n=17)
using manual outlining+thresholding and a 2.2
cm3 larger MTL using stereology. Both diVer-
ences were statistically significant (p<0.01, t
test). These data clearly showed that despite
the not surprising systematic diVerence be-
tween the two methods there was a good

Table 1 Demographic data on the study groups

Diagnosis n (M/F) Age (SD) MMSE (SD)

AD 41 (16/25)* 62.6 ( 8.5) 18.1 (6.0)
OD 35 (21/15) 69.0 (9.2)† 21.6 (5.2)
ND 67 (38/29) 67.5 (11.5) 28.5 (1.6)

AD=Alzheimer’s disease; OD=other dementias (see text);
ND=non-demented subjects; MMSE=mini mental state exam-
ination.
*AD v OD and ND (p<0.01 for both, ÷2).
†OD v AD (p< 0.02, ANOVA).
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agreement in ranking the relative relation
between volumes within the group. This means
that the faster stereology method should be
comparable with manual outlining methods for
sensitivity.

VISUAL RATING

The MTA was assessed visually by one rater
(PS), who was blinded to the subjects’ age,
diagnosis, and sex. Scores ranged from 0 (no
atrophy) to 4 (severe atrophy). The rating scale
is based on a visual estimation of both the vol-
ume of the medial temporal lobe, including the
hippocampus proper, dentate gyrus, subicu-
lum, and parahippocampal gyrus and the
volume of the surrounding CSF spaces, in par-
ticular the temporal horn of the lateral ventricle
and the choroid fissure on both sides, left and
right side separately.5 Rating was performed on
T1 weighted coronal slices (hard copies)
according to example images published
earlier.6 This visual method of scoring has a

reasonably good between and within rater
reliability.6 For this study a modification was
made to rate left and right MTA separately.

STATISTICAL METHODS

One way ANOVA and ÷2 were used for group
comparisons. Tukey-Kramer HSD was used for
pairwise comparisons. The discriminative power
of volumetry and visual rating between the pair-
wise combinations of groups (Alzheimer’s
disease-non-demented, Alzheimer’s disease-
other dementias, and other dementias-non-
demented) were analyzed by using three logistic
regression models (main eVect models). The
first model included MMSE score only, the sec-
ond model MMSE score and volumetry and the
third MMSE score and visual rating (left and
right combined). We wanted to test the discrimi-
native power only of MMSE, volumetry, and
visual rating and not of age and sex. For this rea-
son we decided not to include them into the
models and found this to be justified by the
finding that including age and sex into the mod-
els resulted in only marginal changes.

The volumetry variables were continuous
and the visual rating variable comprised three
categories: 0 (reference), 1, and >1. The cross
classification was based on the estimated logis-
tic probabilities from the three models. The
chosen cut oV point was 0.5. Those with
predicted probabilities above 0.5 were classi-
fied into one group and those below 0.5 into a
second group. The results are shown as
sensitivity, specificity, and an overall rate of
correct classification (percentage), calculated
from the cross classification of observed and
predicted group membership. In addition, 95%
confidence intervals (95% CIs) were calculated
according to the method described by Car-
rington Reid19 as follows: sensitivity±1.96
(sensitivity×(1−sensitivity)/n). A p value>0.05
was considered not significant.

Results
The demographic data of the study group is
presented in table 1. The results of the visual
ratings and volumetry are presented in tables 2
and 3. Both methods yielded statistically
significant diVerences between the diagnostic
groups and non-dementias, but not between
Alzheimer’s disease and other dementias. The
patients with Alzheimer’s disease showed
significantly smaller MTA volumes than those
with non-dementias measured both visually
and with volumetry. Also the other dementias
group had smaller MTA than the non-
dementias group.

The first model including the variable for
MMSE score was significant in all compari-
sons. In the second and third models, the vari-
able for MMSE score and volumetry/visual
rating were significant (comparing Alzheimer’s
disease and non-dementias, and other demen-
tias and non-dementias). When comparing
Alzheimer’s disease and other dementias only
the variable for MMSE score was significant.
Thus the final diagnostic accuracy was calcu-
lated using the scond and third logistic
regression models adjusting for MMSE score.
In tables 4–6 the specificity, sensitivity, and

Table 2 Distribution of the rating of MTA in the study
groups AD, OD, and ND (left/right)

Score/
diagnosis 0 1 2 3 4 Total

AD 2/2 14/13 12/13 10/8 2/3 40
OD 4/4 8/8 13/13 6/7 3/2 34
ND 23/23 29/29 4/4 0/0 0/0 56

130

AD=Alzheimer’s disease; OD=other dementias (see text);
ND=non-demented subjects.÷2 test: AD v ND p<0.0001 (left
and right); AD v OD p>0.05 (left and right); OD v ND
p<0.0001 (left and right). Thirteen scans could not be rated for
technical reasons.

Table 3 Volumetry in AD, OD, and ND

Volumetry left
MTL/ICV

Volumetry right
MTL/ICV

AD (n=41) 0.0037 (0.00053) 0.0038 (0.00047)
OD (n=32) 0.0038 (0.00060) 0.0038 (0.00045)
ND (n=66) 0.0041 (0.00041) 0.0042 (0.00042)

Values are means (SD). AD=Alzheimer’s disease; OD=other
dementias (see text); ND=non-demented subjects.
MTL=medial temporal lobe (see text); ICV=intracranial
volume; ÷2: AD v ND p<0.0001 (left and right); AD v OD
p>0.05 (left and right); OD v ND p<0.0001 (left and right).
Four scans could not be measured for technical reasons.

Table 4 Diagnostic value for volumetry and visual rating of MTA.

AD v ND

MMSE

Left/Right MTA

MMSE+volumetry MMSE+visual rating

Sensitivity 81 (7) 88 (6)/90 (6) 93 (5)/92 (5)
Specificity 95 (4) 96 (4)/95 (4) 98 (3)/98 (3)
Correct classification 90 (46) 93 (5)/93 (4) 96 (4)/96 (4)

AD=Alzheimer’s disease; ND= non-dementias; AD and ND were compared. Sensitivity, specifi-
city, and correct classification are given in % (1.96 SE)

Table 5 Diagnostic value of volumetry and visual rating of MTA

OD v ND

MMSE

Left/Right MTA

MMSE+volumetry MMSE+visual rating

Sensitivity 75 (8) 78 (8)/78 (8) 82 (7)/82 (7)
Specificity 96 (4) 96 (4)/95 (6) 95 (4)/95 (4)
Correct classification 88 (6) 90 (6)/89 (6) 90 (6)/90 (6)

OD=other dementias; ND=non-dementias; OD and ND were compared. Sensitivity, specificity,
and correct classification are given in % (1.96 SE).
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percentage correct classification, based on the
three models, are given. The tables show that
visual rating yielded a diagnostic gain for
Alzheimer’s disease over the MMSE, whereas
volumetry did not. In separating the other
dementias from non-dementias, visual rating
added almost 30% to the sensitivity, but noth-
ing to the specificity, whereas volumetry did
not add to the MMSE despite the significant
variables. In distinguishing Alzheimer’s disease
from other dementias both MTA assessments
had no further predictive value (non-significant
variables) over MMSE score, adjusted for sex
and age.

To further clarify the results of the logistic
models we plotted the predicted probability for
each subject to group membership (only
Alzheimer’s disease or control) in the figure
A–C.

The actual time needed for volumetry (only
the point counting of the medial temporal lobes
and the volume) was 10–12 minutes/subject
and for visual rating 1–2 minutes/subject.

Discussion
In this study we compared two methods for
measuring medial temporal lobe atrophy in a

large sample of patients evaluated for demen-
tia. We found that both methods yielded
significant diVerences in patients with
Alzheimer’s disease compared with patients
with other dementias and non-dementias.
However, in terms of diagnostic gain over the
screening MMSE score only, visually rated
MTA added to the sensitivity in separating
Alzheimer’s disease and other dementias from
non-dementias. Visually rated MTA also added
to the sensitivity in discriminating Alzheimer’s
disease from other dementias whereas volu-
metric MTA assessments had a limited value in
this.

We investigated patients who were referred
to our clinic for evaluation of suspected
dementia. The patients were unselectively and
consecutively recruited and no exclusions were
made except for secondary dementias (n=10)
and those patients for whom the MR images
were of poor quality (n=9). By doing this we
tested the methods in a true clinical setting.
Using the clinical diagnosis made by clinicians
not involved in this study at follow up and hav-
ing the MR images evaluated by researchers
unaware of the clinical data, we aimed to avoid
investigation and review bias.19 In addition we
focused on the clinical usefulness of the meth-
ods, defined in this context as a method that is
both easy to use and gives satisfactory discrimi-
native power. To this end we used a diVerent
way of evaluating the sensitivity and specificity
for the methods by including a comparison
with the discriminative power of MMSE
scores, to reflect more the clinical decision
making situation, in which the MMSE is
usually done before ancillary studies are
ordered. Moreover, a comparison was made

Table 6 Diagnostic value of volumetry and visual rating of MTA

AD v OD

MMSE

Left/Right MTA

MMSE+volumetry MMSE+visual rating

Sensitivity 73 (10) 68 (10)/76 (9) 78 (9)/77 (9)
Specificity 50 (11) 53 (11)/61 (11) 64 (10)/60 (11)
Correct classification 63 (11) 62 (10)/73 (10) 71 (10)/70 (10)

OD=other dementias; AD= Alzheimer’s disease; OD and AD were compared. Sensitivity, specifi-
city and correct classification are given in % (1.96 SE).

Plots of predicted probability (p values) using three logistic regression models to diVerentiate patients with Alzheimer’s disease (AD) from controls (C).
Each circle represents one subject. The cut oV level used was 0.5, and the misclassified subjects are marked.
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between patients with Alzheimer’s disease and
patients with other dementias as well as
between these two groups and non-dementias.

We found the diagnostic accuracy to be very
high for the combination of MMSE and visual
rating of MTA, diVerentiating Alzheimer’s dis-
ease from non-demented patients with a sensi-
tivity of 95% (95% CI 88–98%), a specificity of
98% (95% CI 95–100%), and a correct classi-
fication of 96% (95%CI 92–100%). Our volu-
metric method showed a slightly lower degree
of correct classification (93% (95% CI 86–
98%)) which is in agreement with findings of
other groups. For instance, Laakso et al8

reported an overall correct classification of
92% discriminating Alzheimer’s disease from
controls using volumetry in a slightly larger
sample.

Of special interest is the reasonably high
sensitivity (82 (CI 75–69%)) of MTA for the
diagnosis of other dementias, which included
vascular dementia (n=21), frontal lobe de-
mentia (n=4), and unspecified dementia
(n=11), but were grouped together as other
dementias for statistical reasons versus non-
dementias. As could be expected the MMSE
had low sensitivity for other dementias, but the
added value of MTA suggests medial temporal
lobe involvement in some of these non-
Alzheimer’s disease dementias.20 21 This also
explains the weaker performance of MTA in
discriminating Alzheimer’s disease from other
dementias. Few other studies have considered
the problem of discriminating Alzheimer’s dis-
ease from other dementias using MTA or
MRI. Laakso et al9 have compared Alzheimer’s
disease with Parkinson’s disease (with and
without dementia) and vascular dementia and
found no diVerences between the groups for
medial temporal lobe volumes. Recently,
Frisoni et al10 compared volumetry of the hip-
pocampus and entorhinal cortex in patients
with Alzheimer’s disease and patients with
frontotemporal dementia and found equal
atrophy in the entorhinal cortex but more
severe hippocampal atrophy in Alzheimer’s
disease. However, in all these studies, includ-
ing ours, coexistence of Alzheimer’s disease
and the other dementias could not be ruled
out, despite a follow up period of 6 months in
our study. In a recent study on patients with
histologically confirmed dementia with Lewy
bodies and patients with Alzheimer’s disease;
however, visually rated MTA on MRI was able
to diVerentiate both groups with high
accuracy.22

Our volumetry focused on the MTL, but
visual rating probably also included more
lateral parts, which were found to raise the cor-
rect classification of Alzheimer’s disease from
80% to 91% in a study by De Leon et al.2 This
is further supported by findings from Frisoni et
al23 in which a sensitivity of 85% and specificity
of 95% were found in discriminating patients
with Alzheimer’s disease from controls, using a
combination of the width of temporal horn,
width of choroidal fissure, and height of
hippocampus.

It is not fully evaluated which substructures
of the medial temporal lobes best characterise

Alzheimer’s disease—the entorhinal cortex,24

the hippocampus,8 or both.25 Juottonen et al25

evaluated the discriminative power of the
entorhinal cortex and hippocampus. The
sensitivity in detecting Alzheimer’s disease was
similar for both (80%) but the entorhinal cor-
tex was 3% more specific (94%). Adding sex to
the regression analysis increased the sensitivity
to 90%, but had no influence on specificity.
This illustrates that including other variables
into the discriminant models may increase the
diagnostic accuracy. We also included, apart
from sex and age, MMSE scores into the
discriminative model and when adding rating
and volumetry this resulted in very high sensi-
tivity and specificity.

It could be argued that the comparison of
visual and volumetric analysis is hampered by
using a less valid stereological method instead
of semiautomated manual tracings and by
using a slice thickness of 2.8 mm instead of the
1.5 mm typically seen in studies such as this.
The first argument is dealt with in an earlier
study18 in which we compared both methods
and found that there was a good agreement in
ranking the relative relation between volumes
within the group under study. This means that
the faster stereology method should be compa-
rable with manual outlining methods for sensi-
tivity. Using a smaller slice thickness would
limit the investigation to highly selected
research samples as both scan time and image
analysis time would be significantly increased.
There is also a trade oV between high
resolution (and longer scan time) and move-
ment artifacts, especially in large clinical
samples such as these. The slice thickness we
chose may thus be regarded as a compromise.
Most importantly, the present paper compared
two diVerent methods on the same set of
images. Probably both methods could benefit
from a smaller slice thickness. However, this
was not regarded as a major objective of the
present study.

Taking into account that visual rating is rapid
(1–2 min/subject) and can be applied to all
kind of (coronal) MRI images regardless of
type of imager or protocol, the method could
be implemented into the standard clinical rou-
tines in dementia investigations, provided that
the rater has some experience in visual assess-
ment of MTA.
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The Karolinska Institiute Research Funds and Hjärnfonden.
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The aim of this international guideline on dementia was to present a peer-reviewed

evidence-based statement for the guidance of practice for clinical neurologists, geria-

tricians, psychiatrists, and other specialist physicians responsible for the care of

patients with dementia. It covers major aspects of diagnostic evaluation and treat-

ment, with particular emphasis on the type of patient often referred to the specialist

physician. The main focus is Alzheimer’s disease, but many of the recommendations

apply to dementia disorders in general. The task force working group considered and

classified evidence from original research reports, meta-analysis, and systematic re-

views, published before January 2006. The evidence was classified and consensus

recommendations graded according to the EFNS guidance. Where there was a lack of

evidence, but clear consensus, good practice points were provided. The recommen-

dations for clinical diagnosis, blood tests, neuroimaging, electroencephalography

(EEG), cerebrospinal fluid (CSF) analysis, genetic testing, tissue biopsy, disclosure of

diagnosis, treatment of Alzheimer’s disease, and counselling and support for care-

givers were all revised when compared with the previous EFNS guideline. New

recommendations were added for the treatment of vascular dementia, Parkinson’s

disease dementia, and dementia with Lewy bodies, for monitoring treatment, for

treatment of behavioural and psychological symptoms in dementia, and for legal

issues. The specialist physician plays an important role together with primary care

physicians in the multidisciplinary dementia teams, which have been established

throughout Europe. This guideline may contribute to the definition of the role of the

specialist physician in providing dementia health care.

Introduction

Dementia afflicts at least 5 million people in Europe [1]

and is associated with significant physical, social and

psychiatric disability in the patients and with significant

burden and distress in family caregivers. Furthermore,

Alzheimer’s disease (AD) and other dementia disorders

rank second in Western Europe when comparing the

burden of brain diseases by the loss of disability

adjusted life years [2]. The total health care costs in

Europe related to dementia amount to at least 55 bil-

lion € per year, not including indirect costs and costs in

young patients with dementia [1,3], and the majority of

the costs are spent on institutional care.

Despite the fact that there is significant evidence for

the benefits of early diagnostic evaluation, treatment

and social support, the rate of diagnosis and treatment

in people with dementia varies considerably in Europe

[4]. General practitioners play a major role in the

identification, diagnosis and management of patients

with dementia. In many places multidisciplinary teams

have been established to facilitate the management of

the complex needs of patients and caregivers during the

course of the dementia disease. The neurologist and

other specialist physicians play a major role in these
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teams and clinics together with other professionals with

special training in dementia.

In 2003, a task force was set up to develop a revision

of the EFNS guideline on dementia published in 2000

[5], with the aim to provide peer-reviewed evidence-

based guidance for clinical neurologists, geriatricians,

old age psychiatrists, and other specialist physicians

responsible for the care of patients with dementia. This

guideline addresses major issues in the diagnosis and

management of AD and other disorders with dementia.

Since the previous guideline was published in 2000

significant evidence has accumulated, and new methods

have become available for diagnosis and treatment.

The task force panel, appointed by the Scientific

Committee of the EFNS, included neurologists, and

representatives from geriatrics and old age psychiatry,

with clinical and research expertise in dementia, and a

representative from the patient organization, Alzheimer

Europe. The guideline applies to patients with suspec-

ted or diagnosed dementia, and covers aspects of

diagnostic evaluation, as well as treatment, with par-

ticular emphasis on the type of patient often referred to

the specialist. It does not, however, include treatment of

mild cognitive impairment (MCI). The main focus of

the guideline is AD, but there are many other condi-

tions, although lower in prevalence, which require

specific assessment and treatment, and many of the

recommendations apply to dementia disorders in gen-

eral. The guideline represents the minimum desirable

standards for the guidance of practice, but does not

include an analysis of cost-effectiveness of the recom-

mended diagnostic and treatment interventions.

The evidence for this guideline was collected from

Cochrane Library reviews, other published meta-

analyses and systematic reviews, other evidence-based

management guidelines in dementia, including the

practice parameters from the American Academy of

Neurology (AAN) [6–8], and original scientific papers

published in peer-reviewed journals before January

2006. For each topic, the evidence was sought in

MEDLINE according to pre-defined search protocols.

The scientific evidence for diagnostic investigations and

treatments were evaluated according to pre-specified

levels of certainty (class I, II, III, and IV), and the rec-

ommendations were graded according to the strength of

evidence (grade A, B, or C), using the definitions given in

the EFNS guidance [9]. In addressing important clinical

questions, for which no evidence was available, the task

force group recommended �good practice points� based
on the experience and consensus of the task force group.

Consensus was reached by circulating drafts of the

manuscript to the task force members and by discussion

of the classification of evidence and recommendations

at four task force meetings during 2004 and 2005.

This guideline may not be appropriate in all circum-

stances, and decisions to apply the recommendations

must be made in the light of the clinical presentation of

the individual patient and of available resources.

Diagnostic evaluation

Clinical diagnosis

With the remarkable exception of autosomal dominant

causes of dementia, there is no specific biological marker

for degenerative dementias. Therefore, in the absence of

neuropathological confirmation, the aetiological diag-

nosis of a dementia syndrome can only be made in terms

of probability. The clinical diagnosis should rely on cri-

teria that have been proposed to increase the reliability

and accuracy of the diagnosis. The accuracy of these

diagnostic criteria varies as a function of the dementia.

For AD, both theDiagnostic and Statistical Manual, 3rd

edn, revised (DSM-IIIR) [10] and theNational Institute of

Neurologic, Communicative Disorders and Stroke – Alz-

heimer� Disease and Related Disorders Association

(NINCDS-ADRDA) [11] criteria achieved a good sen-

sitivity (up to 100%, average 81% across studies), but a

low specificity (average across studies 70%) for �prob-
able� AD, based on class I–II studies with post-mortem

confirmation [7]. For dementia with Lewy bodies (DLB),

the Consortium for DLB diagnostic criteria from 1996

[12] showed rather low sensitivities in class I and II studies

[7]. For fronto-temporal dementia (FTD) [13,14]

advances in the understanding of the underlying patho-

physiology and genetic mechanisms have indicated that

the clinical syndromes are associated with several dif-

ferent neuropathological abnormalities, although gen-

erally, specific sets of pathological findings have not been

associated with specific clinical syndromes. For vascular

dementia (VaD), the National Institute of Neurologic

Disorders and Stroke and the Association Internationale

pour la Recherche et l Enseignement en Neuroscience

(NINDS-AIREN) diagnostic criteria [15] achieved a low

sensitivity (43%), but a good specificity (95%) in the only

published class I study [16]. Mixed pathologies and the

prevalent findings of vascular lesions in all patients with

dementia add to the complexity of the diagnosis of VaD.

Medical history

The clinical history is a corner stone of medical practice

and serves to focus the examination and investigations.

The history should include the cognitive domains

affected, the mode of onset, the pattern of progression

and the impact on activities of daily living (ADL). Past

medical history, current co-morbidities, family history

and educational history are important. Due both to the
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presence of cognitive deficit and to the possibility of

anosognosia it is important to obtain a history from an

independent informant. Several class I to II studies have

confirmed the value of informant based instruments,

such as the Informant Questionnaire on Cognitive

Decline in the Elderly (IQCODE) and the Blessed Roth

Dementia Scale (BRDS) in the detection of dementia

[17–22].

Recommendation: medical history

The clinical history should be supplemented by an

independent informant where available (Level A).

Neurological and physical examination

The neurological examination in early AD is un-

remarkable apart from the cognitive impairment.

However, for many of the other dementing disorders,

for example DLB and prion diseases, the presence of

additional neurological features, such as an extra

pyramidal syndrome or myoclonus, is a key component

of the diagnostic criteria. Moreover, many of the dis-

orders in which dementia is part of a broader range of

neurological dysfunction (the dementia plus syn-

dromes) or in which abnormalities on physical exam-

ination such as organomegaly occur, the examination is

critical in the diagnostic process. Furthermore, the

general physical examination may reveal relevant co-

morbidities. Whilst no formal studies have addressed

the issue of the added value of a neurological and

physical examination this is an important part of the

differential diagnosis of dementia.

Recommendation: neurological and physical

examination

A general neurological and physical examination

should be performed on all patients presenting with

dementia (Good Practice Point).

Assessment of cognitive functions

Assessment of cognitive function is important for sev-

eral reasons: (1) the diagnosis of dementia mainly relies

on the evidence of cognitive deficits (episodic memory,

instrumental and executive functions); (2) most of ae-

tiologies of dementia (e.g. AD, FTD and DLB) can be

identified by the nature of their cognitive and beha-

vioural changes; (3) as specialist physicians increasingly

see patients at early stages of the disease, it is now

important to be able to identify the specific degenerative

disorders at a prodromal phase before the symptoms

reach the threshold of dementia. Accordingly, an

evaluation of cognitive function by a physician and/or

by a clinical neuropsychologist is required for the

management of patients with a prodromal, mild or

moderate stage of dementia, whereas it is less essential

for severely demented patients. The battery should

investigate the following domains:

Global cognitive functions

The Mini-Mental State Examination (MMSE) of Fol-

stein et al. [23] may help for the detection of cognitive

impairment (I) and its sensitivity increases, if a decline

of the score overtime is taken into account. The 7-min

screen and the clinical dementia rating (CDR) (score ¼
1) demonstrate a specificity of 96% and 94% with

sensitivity of 92% for the diagnosis of dementia [24,25]

(IV) and can be useful for the detection of dementia.

These two tests can be used as screening instruments

for assessing general intellectual functioning. The

Mattis Dementia Rating Scale [26] takes longer time

and tests in addition several areas related to executive

functions. It is, therefore, more appropriate for the

assessment and follow up of FTD and fronto-subcor-

tical dementias.

Memory function

Memory has to be systematically assessed. Episodic

long-term memory impairment is required to fulfil the

diagnosis criteria for dementia. Word recall, such as

the Rey Auditory Verbal Learning Test (RAVLT), can

distinguish between patients with AD and those with-

out dementia (I) [27]. However, an effective encoding of

information should be controlled to exclude the influ-

ence of depression, anxiety and other emotional states

to cognitive problems. Semantic cueing may also help

for separating retrieval for storage deficits [28]. For

that reason, the Memory Impairment Scale (MIS)

(sensitivity of 60% and specificity of 96% for identifi-

cation of dementia [29]) and the �5 word� test (sensi-

tivity of 91% and specificity of 87% for the

identification of AD [30]) are short and simple memory

tests that can be useful for a first-line screening tool for

medical practitioners. Semantic memory should also be

assessed (category fluency test, pictures naming task,

word and picture definition), since deficits may be

observed in AD and be prominent in Semantic

Dementia (SD) [31].

Executive functions

Executive dysfunctions are observed in several demen-

tia conditions. This impairment results in decreased

verbal fluency with speech reduction, verbal stereo-

typies and echolalia; perseverations of mental set;

retrieval deficits; attentional disorders; concrete

thinking and in some cases disinhibition, impaired
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adaptation, and uncontrolled behaviours. These deficits

are currently assessed by the Wisconsin card sorting test

[32], the Trail Making test [33], the Stroop test [34], the

verbal fluency tests [35], and the digit ordering test [36]

which trigger the cognitive processes needed for exe-

cutive functions. In some dementias, executive dys-

function is only an epiphenomenon, part of a more

diffuse and global picture. By contrast, it can be a

prominent feature and essential for the diagnosis of

other dementias, such as FTD [37] and progressive su-

pranuclear palsy (PSP) [28].

Instrumental functions

Language (comprehension and expression), reading and

writing, praxis (execution and recognition), visuospatial

and visuoconstructive abilities can also be more or less

affected according to the type of dementia disorder.

These cognitive domains, often referred to as instru-

mental functions, are particularly impaired in diseases

with prominent cortical involvement such as AD and

DLB and may be the initial domain of dysfunction in

lobar atrophy [progressive aphasia syndromes, pro-

gressive apraxia, cortico-basal degeneration (CBD) or

posterior cortical atrophy].

Recommendations: assessment of cognitive functions

Cognitive assessment is central to diagnosis and man-

agement of dementias and should be performed in all

patients (Level A). Quantitative neuropsychological

testing, ideally performed by someone trained in neu-

ropsychology, should be considered in patients with

questionable, prodromal, mild, or moderate dementia

(Level C). The specialist physician should include a

global cognitive measure and in addition more detailed

testing of the main cognitive domains including mem-

ory, executive functions and instrumental functions

(Level C).

Assessment of behavioural and psychological

symptoms

Various terms including �behavioural and psychological

symptoms of dementia� (BPSD), �neuropsychiatric fea-

tures�, and �non-cognitive symptoms� are used to des-

cribe a range of symptoms that are common in

dementia and which contribute substantially to patient

distress and caregiver burden [38]. They are frequently a

major factor leading to the prescription of psychotropic

medications and to nursing home placement [39] (III).

Their presence may contribute to the process of differ-

ential diagnosis, e.g. visual hallucinations are a prom-

inent feature of DLB [12] (II), whereas disinhibition and

lack of personal concern are characteristic of FTD [40]

(II). Their temporal course also varies, e.g. apathy,

depression and anxiety tend to occur early in the course

of AD with delusions, hallucinations and agitation

appearing in the middle to late stages. BPSD may be

worsened or caused by somatic co-morbidity. Patients

with psychosis experience a more rapid cognitive de-

cline than those without, and neuropsychiatric features

may predict an increased rate of conversion to dementia

in patients diagnosed with MCI [41] (II).

The accurate identification of BPSD is essential both

for diagnosis and management of patients with

dementia, but often such symptoms may not be dis-

closed by patients or caregivers, until they are intoler-

able or they precipitate a crisis [42]. Earlier detection

can be achieved by routine and repeated enquiry.

Several rating instruments have been designed for this

purpose, enquiring not only about the presence or

absence of different symptoms, but also about their

frequency, severity and impact upon the caregiver. They

usually rely upon the report of an informant who

should have regular contact with the patient. Repeated

use of such scales can also be useful in monitoring the

effects of treatment interventions. Suitable scales

include the Neuropsychiatric Inventory (NPI) [43],

BEHAVE-AD [44] and the Manchester and Oxford

Universities Scale for the Psychopathological Assess-

ment of Dementia (MOUSEPAD) [45].

The most common neuropsychiatric feature of AD is

apathy (72%), followed by aggression/agitation (60%),

anxiety (48%) and depression (48%) [46] (II).

Apathy and inertia may occur independently of de-

pressed mood and may be particularly frustrating for

carers, especially in the early stages. Agitation and

aggression may be very persistent and frequent causes

of requests for institutionalization. Anxiety may mani-

fest physically with tension, insomnia, palpitations and

shortness of breath and also with excessive worrying

and fearfulness particularly if separated from the

spouse or carer. Depressed mood should be assessed

independently of weight loss, appetite changes, sleep

disturbances and retardation that may occur as features

of the dementia. Core psychological manifestations of

depression such as sadness, thoughts of worthlessness

and hopelessness, and statements about death and sui-

cide should be enquired about. Delusions are common

in dementia, usually of theft, intruders or imposters,

often rather vaguely expressed and transient. They are

typically based in forgetfulness and misinterpretation.

Hallucinations, misidentifications and illusions in

dementia are usually visual, particularly in DLB, but

perceptual disturbances can also be auditory, olfactory

or tactile. They are more common in those with im-

paired vision and hearing. Purposeless activities such as

pacing and rummaging are characteristic of AD, whilst
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compulsions and stereotyped behaviours are more

common in FTD as are disinhibition and euphoria

exhibited as impulsivity, hyperorality, socially inap-

propriate behaviour and emotional lability. Sleep dis-

turbances may be secondary to other psychiatric

features, may be associated with daytime drowsiness

and are particularly burdensome to carers who are also

likely to be kept awake. Rapid eye movement (REM)

sleep behaviour disorder is characteristic of DLB [47]

(II).

Recommendations: assessment of behavioural and

psychological symptoms

Assessment of behavioural and psychological symp-

toms of dementia is essential for both diagnosis and

management, and should be performed in all patients

(Level A). Symptoms should be actively enquired

about from the patient and a closely involved carer

using appropriate rating scales (Good Practice Point).

Co-morbidity should always be considered as a possible

cause (Level C).

Assessment of activities of daily living

Decline in every day functional abilities is a major

component of the dementia syndrome. It has a great

influence on the quantity and quality of care and its

level is extremely important for the caregiver.

Assessment of function in daily life is part of diag-

nostic process and allows clinicians to evaluate the

need for personal and institutional care. Different

scales are used to objectively measure these abilities.

These are based mainly on the interview with the

patient and his/her caregiver. Two classical fields

measured are basic, or general (such as eating, dress-

ing, etc.) and instrumental activities (such as the use

of devices, shopping). Frequently used scales include

the Alzheimer Disease Cooperative Study (ADCS)

ADL Scale [48], Functional Activities Questionnaire

(FAQ) [49]; the Progressive Deterioration Scale (PDS)

[50], and the Disability Assessment for Dementia

(DAD) [51].

Recommendations: assessment of activities of daily

living

Impairment of activities of daily living due to cognitive

impairment is an essential part of the criteria for

dementia and should be assessed in the diagnostic

evaluation (Level A). A semi-structured interview from

the caregiver is the most practical way to obtain rele-

vant information, and a panel of validated scales are

available (Good Practice Point).

Assessment of co-morbidity

Co-morbidities are frequent, particularly in elderly pa-

tients (IV), and may rapidly worsen the cognitive and

functional status of the patient. There is a strong

association between medical co-morbidity and cognitive

status in AD (IV), and optimal management of medical

illnesses may offer potential to improve cognition [52].

Depression, cardiovascular disease, infections, adverse

effects of drugs, delirium, falls, incontinence, and

anorexia are frequently observed co-morbidities or

complications. Some of the co-morbid conditions which

were identified in a large postmortem study of patients

with dementia would have affected the clinical

management of the patient, had they been known

antemortem (IV) [53].

Recommendation: assessment of co-morbidity

Assessment of co-morbidity is important in the evalu-

ation of the patient with dementia, and should be per-

formed not only at the time of diagnosis, but

throughout the course of the disease, with particular

attention to episodes of sudden worsening of cognitive

or behavioural symptoms (Good Practice Point).

Blood tests

Laboratory screening with blood tests is recognized as

an important integral part of the general screening of a

patient presenting with cognitive disturbances. The

aims of blood tests include (1) to identify co-morbidity

and/or complications; (2) to reveal potential risk fac-

tors; (3) to explore the background of frequently asso-

ciated confusional states; and (4) more rarely to identify

the primary cause of dementia. Cognitive disturbances

may be associated with a wide range of metabolic,

infectious, and toxic conditions, which should be iden-

tified and treated. For most of these conditions, there is

no specific evidence from randomized controlled trials

that treatment will reverse cognitive symptoms. Yet, the

specialist physician is often dealing with patients with

confusional states, rapid progression or atypical pres-

entation, in whom blood tests may be of diagnostic

value.

Recommendations: blood tests

The following blood tests are generally proposed as

mandatory tests for all patients at first evaluation, both

as a potential cause of cognitive impairment or as

co-morbidity: blood sedimentation rate, complete

blood cell count, electrolytes, calcium, glucose, renal

and liver function tests, and thyroid stimulating
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hormone. More extensive tests will often be required,

e.g. vitamin B12 and serological tests for syphilis, HIV,

and Borrelia, in individual cases (Good Practice Point).

Neuroimaging

Traditionally, imaging was considered important solely

as a means of excluding treatable causes of dementia.

These conditions account for a small proportion of all

causes of dementia with far more common causes being

AD, VaD, DLB, and FTD [54]. Neuroimaging is now

the most important ancillary investigation in the work-

up of dementia to aid in differential diagnosis and

management decisions.

Computed tomography

Computed tomography (CT) is mostly used to exclude

other illnesses that are potentially amenable to (sur-

gical) treatment, e.g. tumours, haematomata, and

hydrocephalus. The yield of such a procedure has been

debated but probably lies somewhere between 1% and

10% and may even be lower [55,56] (II). Farina et al.

performed CT in 513 patients referred to a memory

clinic of whom 362 were found demented [57] (II). In

26 of them (7.2%) a potential reversible cause of

dementia was detected. However, in none of the cases

did CT reveal findings that had not been discovered

clinically. Foster et al. carried out a systematic review

on the use of CT scanning in dementia [58]. Com-

paring costs and outcome they concluded that scan-

ning each patient under 65 years and treating only

subdural haematomas would be the most cost-effective

approach. Recently, Condefer [59] showed that in a

memory clinic setting, routine CT impacted on diag-

nosis in 12% of cases and on management in 11%

(II), mainly because of the identification of vascular

changes. Because Gifford et al. [60] showed that there

is considerable uncertainty in the evidence underlying

clinical prediction rules to identify which patients with

dementia should undergo neuroimaging and applica-

tion of these rules may miss patients with potentially

reversible causes of dementia, it is generally felt that a

structural imaging investigation in the evaluation of a

patient suspected of dementia should be performed

routinely.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) may be used for the

same reason as CT but has the ability to increase

specificity to an already quite high sensitivity of the

clinical diagnosis.

Hippocampal atrophy in AD. Hippocampal atrophy is

an early and specific marker of the AD process [61–65]

(II–IV). This structure has beenmeasured using a variety

of tracing techniques and anatomical boundaries. Some

studies have employed linear or visual measurements

[66–71]. Because of their supposedly (but debatable)

greater accuracy and reliability, other studies have used

volumetric measures of medial temporal lobe structures.

Comparative studies have found good correlations

between these assessment techniques [72,73]. Several

studies used a qualitative method that involves a visual

rating scale, usually a four or five point scale ranging

from absent to severe atrophy [74]. Frisoni et al. used a

compound score of linear measurements that included

the temporal horn [75]. Pucci et al. found the best dis-

criminating parameter to be just the height of the left

hippocampus [76]. In a novel approach, Frisoni and

co-workers used the radial width of the temporal horn of

the lateral ventricle on axialMRscans asmeasuredwith a

calliper on paper printouts [66].Visual assessment is

considerably less time consuming than volumetry and

easily applicable in clinical practice [77]. The down-side

may be a larger inter-rater variability [68]. The overall

sensitivity and specificity figures for detection of mild to

moderate AD versus controls were 85% and 88% in a

meta-analysis [78], and the accuracy of hippocampal

atrophy in mild AD ranged from 67% to 100% in a

systematic review [79] (I–II).

Fronto-temporal lobar degeneration. Asymmetric, pre-

dominantly left-sided peri-sylvian atrophy characterizes

progressive non-fluent aphasia and asymmetric anterior

temporal lobe atrophy is diagnostic of SD. In both

conditions, with time, atrophy becomes more wide-

spread but usually remains asymmetric. The pattern of

atrophy may be more useful than atrophy of single re-

gions in the differential diagnosis of FTD versus AD

(II) [80–83].

Vascular dementia. In the most often used NINDS–

AIREN international work group criteria for VaD brain

imaging is thought to be essential for the diagnosis, and

without it VaD will be �possible� at best [15]. In addition,

the criteria specify which vascular territories are �rele-
vant� for VaD. These include large vessel strokes, such as

bilateral infarcts in the anterior or posterior cerebral

artery areas, in the association areas, or in the watershed

regions. Using operational guidelines on how to classify

radiological features as fitting into the NINDS–AIREN

criteria, inter-observer reliability of the diagnosiswent up

significantly from 40% to 60% [84] (II).

Identifying vascular disease in dementia. Like AD, the

prevalence of cerebrovascular disease (CVD), both

symptomatic and asymptomatic, increases dramatically

with age, andpathological studies oftenfind concomitant
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cerebral infarction in patientswith definiteAD [85]. Even

small, concurrent infarctions significantly increase the

likelihoodof expresseddementia, suggesting a synergistic

effect. Given that concurrent CVD may be amenable to

targeted interventions potentially ameliorating disease

progression, brain imaging may prove important to the

clinical care of the demented patient with coexisting

CVD. Preliminary evidence from anti-hypertensive

treatment trials of older individuals supports this notion,

although further prospective clinical trials involving

brain imaging are necessary.

Miscellaneous. In addition to the above specific imaging

signs may include bilateral caudate atrophy in Hunt-

ington’s disease, hyperintense signal in the putamen in

sporadic Creutzfeldt Jakob Disease (CJD) and hyper-

intense signal change in the pulvinar in new variant CJD

[86] (II). Diffusion-weighted MRI shows (the earliest)

focal changes in CJD not yet apparent on FLAIR

images, and may widely involve the cortex [87] (II).

Corticobasal degeneration shows a typical MRI pattern,

with striking, asymmetric parietal (peri-Rolandic) and

frontal atrophy, sparing medial temporal regions [88]

(II). Normal pressure hydrocephalus (NPH) is a ques-

tionable disease entity, and it may be difficult to decide

whether such a patient would benefit from a shunting

procedure. Strict adherence to clinical and MRI criteria

is important, with additional information from a pos-

itive – but not a negative – cerebrospinal fluid (CSF) tap

and the occurrence of B-waves [89] (II). These MRI

criteria include widened ventricles with normal sulci and

without white matter pathology. In DLB,MRI has been

reported to show medial temporal lobe atrophy in a

lower frequency than in AD, and therefore the absence

of medial temporal lobe atrophy may be suggestive of a

diagnosis of DLB [90] (II).

Single photon emission computed tomography and

positron emission tomography

Single photon emission computed tomography (SPECT)

and positron emission tomography (PET) are often used

as a part of the work-up especially in memory clinics and

as a complement to structural imaging in difficult dif-

ferential diagnostic questions. Here again, the quest

should be to increase specificity to augment clinical

diagnostic criteria and structural imaging. The most

often applied functional imaging studies include regional

blood flow measurements performed with SPECT

(99mTc-HMPAO or 133Xe) and measurement of glucose

metabolism performed with 18F-FDG-PET. A reduction

in blood flow or glucose metabolism in parieto-temporal

areas is the most commonly described diagnostic criter-

ion forAD. In a recentmeta-analysis, functional imaging

studies with SPECT in which AD was contrasted

against control subjects yielded pooled weighted sensi-

tivities ranging from65%to71%,with specificity of 79%

[91]. A very few SPECT studies have adequately ad-

dressed the comparison between AD and other demen-

tias. The few that did provided a pooled weighted

sensitivity and specificity forADversus FTDof 71%and

78%, respectively, and for AD versus VaD of 71% and

75%, respectively [91]. In a recent meta-analysis, the

summary sensitivity of PET in diagnosing AD versus

control subjects was 86%, and the summary specificity

was 86% [92]. The majority of SPECT and PET studies

were class II, although many did not have blinded eval-

uation of imaging results (IV). The fact that all positive

likelihood ratios were <5, indicates that cerebral blood

flow assessed with SPECT or glucose metabolism asses-

sed with PET moderately improves the diagnostic cer-

tainty either when AD is contrasted against controls or

against other dementias [93]. Interestingly, there is no

difference in diagnostic value between regional cerebral

blood flowassessedwith SPECTand glucosemetabolism

assessed with PET. Furthermore, a very few studies

addressed the additional value of functional imaging over

structural imaging. On the other hand, an international

consortium of investigators argued that, although FDG-

PET hadmoderate specificity (73–78%) for the diagnosis

ofADboth for clinical andpathological diagnosis, due to

its high sensitivity, a negative (i.e. normal) PET strongly

favours a normal outcome at follow up [94].

There have been studies suggesting that SPECT using

the pre-synaptic dopamine transporter ligand 123I-FP-

CIT (DAT-SPECT) can distinguish DLB from AD and

normal ageing. Low striatal dopamine transporter

activity is seen in idiopathic Parkinson’s disease (PD),

DLB, and PSP, but not in AD (II–III) [95–97]. The

positive outcome has led the consensus committee on

the diagnosis of DLB to include it in the most recent

version of its guidelines [98].

Recommendations: neuroimaging

Structural imaging should be used in the evaluation of

every patient suspected of dementia: Non-contrast CT

can be used to identify surgically treatable lesions and

vascular disease (Level A). To increase specificity, MRI

(with a protocol including T1, T2 andFLAIR sequences)

should be used (Level A). SPECTandPETmaybeuseful

in those cases where diagnostic uncertainty remains

after clinical and structural imaging work up, and should

not be used as the only imaging measure (Level B).

Electroencephalography

Electroencephalography (EEG) is widely available,

non-invasive and suitable for repeated recording.
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Generalized slowing of background rhythm is a feature

of AD and DLB. The EEG may be entirely normal in

advanced frontal lobe degeneration although abnor-

malities are relatively common in the overall group of

FTD [99]. There is an overall relationship between the

severity of dementia and abnormalities on the EEG in

AD and DLB. There have been many studies demon-

strating the ability of the EEG to distinguish clinically

diagnosed AD from controls with a sensitivity that is

comparable with other techniques such as neuroimag-

ing [100–103]. However, there is a paucity of studies

that explore the differential diagnosis of the dementia

and which have neuropathological confirmation. Rob-

inson et al. reported a series of neuropathologically

confirmed AD (86 patients) and mixed and VaD (17

patients) with blinded assessment of the EEG (II) [104].

Abnormalities on the EEG were frequent in uncom-

plicated AD with a sensitivity of 87%. Importantly, a

normal EEG had a negative predictive value of 82%

with respect to a diagnosis of AD. There have been few

studies exploring the added value of the EEG over and

above a full clinical and neuroimaging assessment.

Claus et al. investigated the added value of the EEG

in a study of 49 control subjects with and without

minimal cognitive impairment and 86 probable AD

patients (II) [103]. The maximum diagnostic gain of

38% for an abnormal EEG was found when the prior

probability was low at 30–40%. If there was a high

pre-test probability of 80–90% then the diagnostic

gain of an abnormal EEG was much lower, between

7% and 14%.

In some specific dementia conditions, the EEG has a

higher diagnostic contribution. Periodic sharp wave

complexes are part of the clinical criteria for the diag-

nosis of CJD, particularly the sporadic variety. Zerr

et al. reported on 805 patients with neuropathologically

confirmed CJD disease in whom the EEG was available

(I) [105]. The presence of periodic sharp wave com-

plexes provided 66% sensitivity and 74% specificity,

comparable with the smaller series of Steinhoff et al. (I)

[106]. The appearance of periodic sharp wave com-

plexes is, however, variable and can disappear during

the course of the disease making repeated EEG meas-

urements valuable.

Transient epileptic amnesia due to focal temporal

lobe seizure activity can masquerade as AD [107,108].

The EEG may be diagnostic in this situation.

Recommendation: EEG

The EEG may be a useful adjunct, and should be

included in the diagnostic work up of patients suspected

of having Creutzfeldt-Jakob disease or transient epi-

leptic amnesia (Level B).

CSF analysis

Examination of CSF (with routine cell count, protein,

glucose and protein electrophoresis) is mandatory when

inflammatory disease, vasculitis or demyelination is

suspected, and in cases of dementia with early onset,

rapid decline, marked fluctuations, or extensive white

matter changes on MRI or CT. A vast body of litera-

ture has emerged investigating the added value of

�specific� biomarkers in CSF such as amyloid b (1–42)

(Ab42), total tau (tau), phospho-tau and the 14-3-3

protein. Ab42 is decreased in the CSF of AD patients

possibly as a result of the deposition of fibrillar Ab42 in

senile plaques. Tau is increased in CSF of AD patients,

as a reflection of the release of tau in CSF with neuronal

loss. Phospho-tau derives from tangle deposition. The

presence of the 14-3-3 protein in CSF is a measure

for (acute) neuronal loss and brain damage and is

associated with CJD.

Alzheimer’s disease versus controls

Ab42 is decreased and tau increased in CSF of AD

patients compared to non-demented controls, patients

with depression, and patients with memory com-

plaints on the basis of alcohol abuse [109–111]. The

pooled sensitivity and specificity for Ab42 in AD

versus controls from 13 studies was 86% and 90%.

For tau the sensitivity was 81% and the specificity

90%, pooled from 36 studies (II–III) [110]. A recent

meta-analysis showed considerable differences in

absolute concentrations of Ab42 and tau between

laboratories, even when the same test kit was used

[112]. Using the combination of both markers for AD

versus controls, a high sensitivity (85–94%) and spe-

cificity (83–100%) can be reached (II) [113]. In pa-

tients with early onset AD compared with controls, a

sensitivity of 81% with specificity of 100% was found

(III) [114]. As the reference test, the clinical diagnosis

is usually used, sometimes also with a follow-up

period in which the diagnosis did not change

[114,115]. Only two studies had neuropathological

validation of the diagnosis [116,117]. In these studies,

the same high sensitivity and specificity for the dis-

tinction of AD from controls was found (I). One

study investigated and found an association between

number of senile plaques and concentration of Ab42
in CSF [118].

Alzheimer’s disease versus other dementias

A decreased CSF-Ab42 is being found in FTD

[114,119], DLB [120], VaD [121,122], and CJD [123]

when compared with controls (for AD versus FTD:

specificity 59–81% (I) [114–115,119]; for AD versus

VaD: specificity 71% (II) [124]). Tau is increased in
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many other dementias such as FTD (II)

[114,119,125,126] and CJD (I) [127]. In VaD conflicting

results have been reported; specificity varied between

14% and 83% (II–III) [124,128,129] compared with

AD. In FTD specificity varied from 26% to 75% (II–

III) [114,115,119]. In DLB tau is usually normal (II)

[120]. The combination of Ab42 and total tau increases

specificity and the negative predictive value (II): AD

versus total group other dementias: 58–85% [113]; AD

versus FTD: 85% [119]; AD versus DLB and VaD

specificity 67% and 48%, respectively, with a negative

predictive value of 95% (I) [130].

Alzheimer’s disease compared with an age matched

FTD group yielded good sensitivity (72%), and high

specificity (89%) and a very low negative likelihood

ratio ()LR ¼ 0.03) [114]. In general, for studies in

which phospho tau was added, specificity was even

higher (II–III) [110].

Creutzfeldt Jakob Disease

In CJD, very high tau levels have been reported, higher

than in AD, yielding a high sensitivity and specificity,

93% and 90–100% (I) [127,131]. Assessment of the 14-

3-3 protein in the sporadic form of CJD has a sensitivity

of 90–100% and a specificity of 84–96% (I–II)

[105,127,132–134]. False positive results are found in

cerebral infarcts, encephalitis, tumours and rapidly

progressive AD (I–II) [132,133,135]. When the clinical

suspicion of CJD is high, the combination of EEG [135]

MRI, and 14-3-3 assessment has the maximum

accuracy (I–II) [136].

Recommendations: CSF

CSF analysis with routine cell count, protein, glucose

and protein electrophoresis is recommended in patients

with a clinical suspicion of certain diseases and in pa-

tients with atypical clinical presentations (Good Prac-

tice Point). CSF total tau, phospo-tau, and Ab42 can

be used as an adjunct in cases of diagnostic doubt

(Level B). For the identification of CJD in cases with

rapidly progressive dementia, assessment of the 14-3-3

protein is recommended (Level B).

Genetic testing

Many degenerative dementias can occur as autosomal

dominant disorders with similar phenotypes to spor-

adic disease apart from an earlier age at onset. The

prevalence of autosomal dominant disease varies from

<1% in AD to nearly 50% in some series of FTD.

Three causative genes have been identified in familial

AD, the amyloid precursor protein (APP) gene and

the presenilin 1 and 2 genes. Tau mutations are found

in some cases of familial FTD and mutations in the

prion protein gene in familial CJD. There is an in-

creasing range of rarer genes, especially in the de-

mentia plus syndromes. The yield of mutation

screening in unselected populations is low, for ex-

ample, no tau mutations were found in a large series

of clinically diagnosed non Alzheimer dementias

[137]. However, with an appropriate phenotype an

autosomal dominant family history gene testing for

known mutations can provide a specific diagnosis.

This should only be undertaken in specialist centres

with appropriate consent and counselling. The iden-

tification of a known pathogenic mutation in an

affected family member can permit pre-symptomatic

testing, and the Huntington’s disease protocol for

predictive testing and counselling should be followed

[138]. Autopsy diagnosis in familial dementias can be

valuable for establishing the significance of gene se-

quence variation in a family for subsequent diagnosis

and counselling.

A variety of risk genes have been identified and the

most carefully studied has been the Apolipoprotein

(Apo) E4 polymorphism. The addition of Apo E testing

increased the positive predictive value of a diagnosis of

AD from 90% to only 94% in a neuropathologically

confirmed series [139]. In those patients with a clinical

diagnosis of non-Alzheimer dementia the absence of an

Apo E4 e4 allele increased the negative predictive value

from 64% to 72%.

Recommendations: genetic testing

Screening for known pathogenic mutations can be

undertaken in patients with appropriate phenotype

or a family history of an autosomal dominant

dementia. This should only be undertaken in spe-

cialist centres with appropriate counselling of the

patient and family caregivers, and with consent (Good

Practice Point).

Pre-symptomatic testing may be performed in adults

where there is a clear family history, and when there is a

known mutation in an affected individual to ensure that

a negative result is clinically significant. It is recom-

mended that the Huntington’s disease protocol is fol-

lowed (Good Practice Point).

Routine Apo E genotyping is not recommended

(Level B).

Other investigations

Additional investigations may provide critical infor-

mation in the differential diagnosis of dementia, e.g.

metabolic studies from fibroblast cultures, white cell

enzyme assays, urinary aminoacids, etc. Moreover,
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extensive imaging may provide diagnostic information

in paraneoplastic syndromes. Biopsies of specific tissues

can also be invaluable, for example, liver biopsy in

Wilson’s disease and skin and muscle biopsies in con-

ditions such as cerebral autosomal dominant arteriop-

athy with subcortical infarcts and leucoencephalopathy

(CADASIL) (100% specificity and 45% sensitivity)

[140], Lafora body disease and mitochondrial cyto-

pathies. Tonsillar biopsy can demonstrate the presence

of prion protein in variant CJD.

Cerebral biopsy can provide a specific histological

diagnosis but should only be undertaken where a

treatable disorder is considered, such as cerebral vas-

culitis. In general, a non-dominant frontal or temporal

pole full thickness biopsy to include leptomeninges and

white matter should be performed. In many cases, prion

disease cannot be excluded from the differential diag-

nosis and either disposable craniotomy instruments

should be used or the instruments should be quaran-

tined until a specific diagnosis has been made.

Recommendation: tissue biopsy

Tissue biopsy can provide a specific diagnosis some rare

dementias. This should only be undertaken in specialist

centres in carefully selected cases (Good Practice

Point).

Disclosure of diagnosis

Of particular interest to specialist physicians are laws

pertaining to the disclosure of diagnosis to the person

him/herself rather than his/her family. Most European

countries have not established the right to a diagnosis

into an absolute right without any possible exceptions

and most legislations allow doctors to refrain from

disclosing a diagnosis, if this is considered to be in the

�best interests� of the person or if such disclosure could

cause �serious harm� to the physical or mental health of

the patient [141]. Nevertheless, a growing consensus

[142] has emerged in favour of disclosing a diagnosis to

the person at a time when the person is capable of

understanding this. It has been shown that such dis-

closure relieves the anxiety of uncertainty and maxim-

ises individual autonomy and choice by providing

information necessary for decision making and advance

planning (IV) [143], including the decision to give in-

formed consent to research projects and autopsy.

Recommendation: disclosure of diagnosis

Disclosure of diagnosis should be done tactfully and

should be accompanied by information about the con-

sequences and the progression of the disease, as well as

useful contacts such as the local or national Alzheimer’s

association. In countries where this is possible physi-

cians may also wish to encourage patients to draw up

advance directives containing future treatment and care

preferences (Good Practice Point).

Management of Alzheimer’s disease and other
disorders associated with dementia

To address the complex needs of the patient with

dementia and the caregiver during the course of a

dementia disorder the specialist physicians should col-

laborate with other health care professionals with spe-

cial training in dementia. The specialist physician

should schedule regular follow-up visits, the purposes

of which include: (1) to assess cognitive, emotional, and

behavioural symptoms together with the functional

status; (2) to evaluate treatment indications and to

monitor pharmacological and non-pharmacological

treatment effects; (3) to ensure identification and

appropriate treatment of concomitant conditions and

of complications of the primary dementia disorder; (4)

to assess caregiver burden and needs; (5) to assess

sources of care and support; (6) to provide continuous

advice and guidance to patient and caregiver on health

and psychological issues, safety measures, driving, and

legal and financial matters; and (7) to administer

appropriate patient and caregiver interventions. The

primary caregiver, when available, should accompany

the patient with dementia at follow-up visits and

investigations.

In this guideline, the main emphasis is on recom-

mendations for pharmacological treatment, and many

important aspects of the care for patients with demen-

tia, e.g. living arrangements, cognitive rehabilitation,

nursing care and end-of-life issues are not covered. For

pharmacological treatment, this review is confined

dementia (not MCI) and to drugs which have been

clinically tested in dementia and which are available on

the market, although they may not be registered

for dementia worldwide. Negative results were also

included, if published, whereas experimental substances

were not covered. It must be emphasized that the class

of evidence does not necessarily reflect the effect size

and the potential clinical relevance thereof, which were

taken in consideration in making recommendations.

Treatment of Alzheimer’s disease

Cholinesterase inhibitors

Cholinesterase inhibitors (ChEIs) represent the first

class of drugs approved for the specific symptomatic

treatment of AD. Following the introduction of tacrine,

the first ChEI to be approved, donepezil, rivastigmine
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and galantamine became available. There are multiple

randomized, placebo-controlled, large scale clinical

trials with these substances establishing efficacy on

cognitive functions, overall evaluation, and ADL in

patients with mild to moderate AD, with modest effect

sizes [144–149] (I). The ChEIs are generally well toler-

ated, although gastrointestinal adverse effects such as

nausea, diarrhoea, and vomiting are the most common

adverse effects, and may lead to discontinuation of

treatment in some patients. The use of ChEIs in mild to

moderate AD has also been subject to systematic re-

views and meta-analyses, and their efficacy was con-

firmed [150–152]. Likewise, practice parameters such as

those provided by AAN, recommend that ChEIs should

be considered in patients with mild to moderate AD [8].

Although their appraisal report is currently being re-

vised, the National Institute for Clinical Excellence

(NICE) in the UK in their health technology appraisal

from 2001 recommended that ChEIs should be

considered in mild to moderate AD [153].

With regard to duration of efficacy the longest

lasting placebo-controlled studies with continuous

treatment were with donepezil, performed over 1 year.

These studies revealed that efficacy, in terms of dif-

ference from placebo treated patients, was maintained

for at least 1 year and there was a 38% reduction in

the risk of functional decline compared with placebo

[154,155] (I). A recent placebo-controlled study over

3 years, in which multiple withdrawal phases were

involved, revealed that cognitive scores and function-

ality were significantly better with donepezil over

2 years, but the differences were small and did not

translate into benefits in primary outcome measures

defined as institutionalization or progression of dis-

ability over 3 years [156] (II). There have been exten-

sions of placebo-controlled studies with follow-up up

to 5 years, where historical data or model-based pre-

dictions for non-treatment were used as a control.

These studies suggest a slower progression of symp-

toms in treated patients. Lack of control in these

studies and bias due to drop-outs, however, limit their

conclusions [157–159] (III).

The initial assessments of efficacy of ChEI were fo-

cused on cognitive functions, scales of global change

and ADL. Subsequently, small beneficial effects of

ChEI on behavioural symptoms of AD were also shown

[148,160,161] (I). With regard to disease stage, placebo-

controlled randomized trials with donepezil confirmed

efficacy in patients with early, mild AD as well as those

with moderate to moderately severe AD [160,162] (I).

There has been only one large randomized controlled

double-blind study with direct comparison of the

efficacy of cholinesterase inhibitors: a comparison of

rivastigmine with donepezil in a large, randomized

controlled trial over 2 years revealed that the efficacy

was comparable in the primary outcome measure, some

of the secondary efficacy measures favoured rivastig-

mine, and tolerability was better with donepezil [163]

(II). There is some evidence form open-label studies

that patients who do not tolerate or do not seem to

benefit from one AChE-I may tolerate or draw benefit

from the other (III) [164,165]. Several attempts were

made to quantify the clinical usefulness of ChEIs, which

are not considered to be disease modifying

[161,166,167]. A meta-analysis on the cost-effectiveness

of ChEIs concluded that on the basis of the current

evidence the implications of the use of donepezil,

rivastigmine or galantamine to treat patients with AD

are unclear [167]. A meta-analysis of 29 controlled

studies with ChEIs revealed a modest beneficial impact

on neuropsychiatric and functional outcomes, but there

seemed to be no difference between the different drugs

in this regard [161] (I).

Memantine

Memantine, an non-competitive N-methyl-D-aspartate

(NMDA) receptor antagonist, represents the second

class of drugs approved for the specific symptomatic

treatment of AD. The compound blocks the chronic

hyper-activation of NMDA receptors that is thought to

contribute to the symptomatology and pathogenesis of

AD. A number of large-scale, randomized placebo-

controlled trials with memantine were reported in

patients with dementia.

Two studies were performed in patients with

moderate-to-severe AD (I) [168,169], one of them in

patients on stable treatment with donepezil [169].

Another randomized placebo-controlled study was

performed in a mixed population of severe AD and

severe VaD patients [170] (I). To date, no studies in

mild AD have been published in peer-reviewed journals.

Recently, the available data were reviewed in a

Cochrane meta-analysis, and the authors concluded

from the published data that memantine at 6 months

caused a clinically noticeable reduction in deterioration

in patients with moderate to severe AD (I) [171]. This

was supported by less functional and cognitive deteri-

oration (I). Memantine was well tolerated when given

alone, and also in the study where it was combined with

donepezil (I) [169], and patients taking memantine

appeared to be less likely to develop agitation. Whether

memantine has any effect in mild to moderate AD is

unknown [171].

With the exception of Winblad and Poritis [170],

where no performance-based cognitive assessment was

performed, all of these studies showed statistically sig-

nificant superiority in the cognitive performance of

memantine treatment of the patients over placebo using
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the Severe Impairment Battery (SIB) (I). In the study of

Winblad and Poritis, statistically significant effects were

demonstrated in functional and global assessments (I).

One of the trials in moderate-to-severe AD included a

pharmaco-economic questionnaire and demonstrated a

reduction in caregiver time and in total societal costs

[172]. In the study by Tariot et al. [169], memantine

showed positive effects on the behavioural disturbances,

as assessed by the NPI (I).

Other drugs and interventions

There are several other treatment measures, which have

been suggested for the treatment of AD, including

gingko biloba, non-steroidal anti-inflammatory drugs

(NSAIDs), oestrogens and statins. Three randomized,

controlled trials with the gingko biloba extract Egb 761

were reported in AD. All of these studies involved

mixed patient populations including those with AD,

multi-infarct dementia, and in one study also patients

with MCI, and the duration of treatment was up to

1 year. In two studies some parameters measuring

cognition and behaviour significantly improved

[173,174], although assessment methods in one and

analysis of results in the other were not standard (II); in

the third study there were no significant differences

between gingko biloba and placebo (II) [175]. A meta-

analysis of all published data in patients with dementia

concluded that although overall there is promising

evidence of improvement in cognition and function, the

three more modern trials showed inconsistent results,

and there is a need for a large trial using modern

methodology [176] (I).

Anti-oxidants such as vitamin E have been studied to

see if they can delay progression in patients with AD. In

a large randomized, placebo-controlled study [177] in

patients with moderate AD, vitamin E (given at the

dose of 1000 IU, twice a day over 2 years) was found to

significantly delay the time to a composite outcome of

primary measures, indicative of clinical worsening, and

fewer patients receiving vitamin E were institutionalized

when compared with those receiving placebo (I). An

attempted meta-analysis of randomized, controlled

studies with vitamin E, which could find only the

above-mentioned study, concluded that there is insuf-

ficient evidence for the efficacy of vitamin E in the

treatment of AD, but there is sufficient evidence of

possible benefit to justify further studies (I) [178]. Fur-

thermore, a large meta-analysis of studies with vitamin

E has shown that high-dosage (£400 IU/day) vitamin E

supplements may increase all cause mortality (I) [179].

Chronic exposure to non-steroidal anti-inflammatory

drugs was suggested to be protective against AD in a

retrospective analysis of epidemiological data [180]. In

prospective studies, however, only indomethacin was

suggested to stabilize cognition in a 6-month trial with a

high drop out rate (I) [181–185]. Similarly, in a recent

large, randomized, double-blind, placebo-controlled

trial the cyclo-oxygenase-2 inhibitor rofecoxib, admin-

istered for 1 year, was not found to be effective in

slowing the progression of AD [186] (I).

Statins used for the treatment of hypercholesterol-

aemia were found to decrease the prevalence of AD in

two studies with retrospective or cross-sectional analy-

sis [187,188]. This effect was found to be independent of

indication bias (healthier cohort effect), but confined to

those below the age of 80 years [189], and appeared to

be modified by the presence of certain chronic medical

conditions, in that the reduced risk of AD was observed

amongst those with diseases such as hypertension and

ischaemic heart disease [190]. Pravastatin showed no

significant effect on cognitive function or disability

[191]; atorvastatin showed significant effect on cognitive

function at 6 months, but not at 12 months (III) [192].

A meta-analysis of available data concluded that there

is no good evidence to recommend statins for reducing

the risk of AD [193] (II).

In retrospective or cross-sectional analyses, post-

menopausal use of oestrogens has been suggested to

provide symptomatic benefits or reduce the risk of AD.

Prospective, randomized, placebo-controlled studies,

however, failed to demonstrate symptomatic beneficial

effects of oestrogens, given up to 1 year, in women

with mild to moderate AD, with or without hyste-

rectomy (III) [194–196]. Although treatment with oes-

trogen elevated blood oestradiol and oestrone levels,

there was no association between hormone levels and

cognitive functioning after 1 year treatment [197]. A

meta-analysis concluded that oestrogen replacement

therapy is not indicated for cognitive improvement or

maintenance for women with AD (I) [198]. Likewise,

the results of the large, prospective, placebo-controlled

�Women’s Health Initiative Memory Study� revealed

that the use of oestrogen plus progestin in post-

menopausal women, after a mean follow-up time of

4 years, was associated with a significantly increased

risk of dementia [199] (I).

Meta-analyses for several other drugs including

selegiline [200], nicergoline [201], nimodipine [202], and

piracetam [203] concluded that there was not sufficient

evidence to recommend their use in AD (II).

Recommendations: treatment of Alzheimer’s disease

In patients with AD, treatment with ChEIs (donepezil,

galantamine, or rivastigmine) should be considered at

the time of diagnosis, taking into account expected

therapeutic benefits and potential safety issues (Level

A). Realistic expectations for treatment effects and
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potential side effects should be discussed with the

patient and caregivers (Good Practice Point).

In patients with moderate to severe AD, treatment

with memantine can be considered, alone or in combi-

nation with a ChEI, taking into account expected

therapeutic benefits and potential safety issues (Level

A). Realistic expectations for treatment effects and

potential side effects should be discussed with the

patient and caregivers (Good Practice Point).

Currently, there is insufficient evidence to consider

the use of gingko biloba, anti-inflammatory drugs,

nootropics, selegiline, oestrogens, vitamin E or statins

in the treatment or prevention of AD (Level A–C).

Treatment of vascular dementia

Cholinesterase inhibitors

After it became apparent that VaD is also associated

with cholinergic deficits, ChEIs were investigated in

patients with VaD. Along with patients with dementia

due to pure or predominant CVD, vascular pathology

can also co-exist with AD pathology, constituting

mixed dementia. There have been two large, random-

ized, placebo-controlled studies with donepezil in

patients with possible or probable VaD and one large,

randomized, placebo-controlled study with galanta-

mine in patients with VaD or AD combined with

CVD. In the two donepezil studies, there was a sig-

nificant improvement in the two main outcome

parameters (cognitive functions and overall scales),

ADL was significantly improved in one and showed a

trend for improvement in the second study at the end

of treatment period [204,205] (I). Results with galan-

tamine were similar: patients on active drug had sig-

nificant improvement on both primary end-points as

well as in ADL and behavioural scales, when com-

pared with placebo (I) [206]. Although the study was

not powered to detect changes in the two diagnostic

sub-groups (i.e. probable VaD and AD with CVD) the

cognitive and overall scales showed significant

improvement in AD with CVD group, whereas the

differences when compared with placebo were not

significant in the probable VaD sub-group [206]. An

open label 6-month extension of this study suggested

that the benefits may be maintained up to 1 year (III)

[207]. A Cochrane meta-analysis concluded that there

are some weak indications that galantamine is useful

in dementia secondary to vascular damage, but it was

associated with higher rates of adverse events and

withdrawal (I) [208]. From existing trial data (III–IV),

most of which are from open studies or post-hoc

analyses, there is some evidence of benefit of riv-

astigmine in vascular cognitive impairment, but larger

placebo-controlled double blind RCTs are needed

[209]. A meta-analysis of the two studies with do-

nepezil concluded that the evidence indicates that do-

nepezil is well tolerated and can improve cognitive

symptoms and functional ability in patients with vas-

cular cognitive impairment [210] (I).

Memantine

Two randomized placebo-controlled 6 month studies

are available in patients suffering from mild-to-

moderate VaD [211,212], using 20 mg/day memantine.

These studies included close to 900 patients and were

designed according to modern standards, using the

ADAS-Cog and a clinical global rating of change as

primary efficacy endpoints. They were summarized by

the recent Cochrane meta-analysis [171]: in the two

studies memantine improved cognition and behaviour,

but this was not supported by clinical global measures

(I). Memantine was well tolerated (I). In a subgroup

analysis of these studies [213], the cognitive benefit

seemed to be more pronounced in the subgroup of

patients with small vessel disease, which is more closely

linked to AD (III). In addition, a number of short-

term studies in less well-defined dementia populations

have been published and were also reviewed in the

Cochrane database, including studies in patients with

VaD, and with dementia of un-specified type. In

summary, there were beneficial effects on cognition

[214], ADL [214], behaviour and global scales

[214,215], and in global impression of change [214,215]

(III–IV). The meta-analysis concluded that patients

with mild to moderate VaD receiving memantine had

less cognitive deterioration at 28 weeks, but the effects

were not clinically discernible. The drug was well

tolerated in general and the incidence of adverse

effects was low [171].

Anti-aggregants and other drugs

There has been one small study with aspirin in patients

with VaD. In this study, where the control group was

no-treatment, patients treated with aspirin had a better

outcome on a cognitive scale by the third year and also

a significant improvement in cerebral perfusion in the

first 2 years [216] (III). A meta-analysis of available

data revealed that, despite its widespread use, there is

still no evidence that aspirin is effective in treating pa-

tients with a diagnosis of VaD [217]. In a systematic

review of clinical studies with pentoxifylline in VaD,

four studies were identified fulfilling the criteria (being

randomized, double-blind, and placebo-controlled),

which revealed a trend toward improved cognitive func-

tion, but no statistically significant differences versus

placebo [218] (I). When the calcium channel blocker

nimodipine was tested in patients with �multi-infarct

dementia� in a large, randomized placebo-controlled
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study, there were no significant benefits from nimodi-

pine treatment over placebo in cognitive, functional and

global assessments [219] (I). Furthermore, in a recent

randomized placebo-controlled trial in patients with

subcortical VaD there was no significant effect of ni-

modipine on the primary outcome measure, a global

clinical assessment scale [220]. Studies with gingko

biloba are mentioned above.

Recommendations: treatment of vascular dementia

ChEIs (currently evidence exists for donepezil) may be

considered in patients fulfilling diagnostic criteria for

VaD of mild to moderate severity (Level B). Realistic

expectations for treatment effects and potential side

effects should be discussed with the patient and care-

givers (Good Practice Point). In the presence of severe

focal neurological deficits, the accuracy of diagnosis

and expected therapeutic benefits should be carefully

considered based on the presumed contribution of

sensory-motor impairment versus cognitive deficits to

the overall disability of the patient (Good Practice

Point).

There is insufficient evidence to consider the use of

memantine in patients with vascular dementia (Level

B).

There is insufficient evidence to support the use of

aspirin, gingko biloba, calcium antagonists or pen-

toxifylline in the treatment of VaD (Level A–C).

Optimum management of vascular risk factors,

including anti-platelet drugs, should be ensured, not

only in vascular dementia, but also in patients with

other dementias or co-morbid vascular disease (Good

Practice Point).

Treatment of Parkinson disease dementia and dementia

with Lewy bodies

There are substantial cholinergic deficits both in Par-

kinson disease dementia (PD-D) and DLB, and ChEIs

have been tested in both of these indications. In total,

there have been 14 studies with four compounds

(tacrine, donepezil, rivastigmine and galantamine)

describing the use of ChEIs in patients with PD-D.

All of these studies were small (all including <30

patients), three of them were placebo-controlled, eight

were open studies and two case series. Improvement

in cognition and neuropsychiatric symptoms, notably

hallucinations, were described in the majority of these

studies, worsening of parkinsonism was infrequent,

and was mostly related to tremor [221,222]. A recent,

large, placebo-controlled study with rivastigmine

revealed that there was a statistically significant

improvement in favour of rivastigmine in both

primary endpoints with modest effect sizes [ADAS-cog

for cognitive functions and ADCS Clinical Global

Impression of Change (CGIC) for overall evaluation]

as well as on all secondary measures. Adverse event

profile was comparable with that seen in patients with

AD, nausea and vomiting being the most frequent

adverse events. In the rivastigmine group, 10% of

patients reported subjective worsening of tremor, and

1.7% discontinued treatment for this reason. There

were, however, no significant differences between

rivastigmine and placebo in objectively measured

motor scores [223] (I).

There have been eight studies reporting the use of

ChEIs in DLB, involving tacrine, donepezil and riv-

astigmine. One of these studies was placebo-con-

trolled, three were controlled, but not-randomized and

others were case series. All studies but one reported

improvement in cognitive functions, and half of them

reported improvement in neuropsychiatric symptoms,

commonly apathy and hallucinations; worsening of

parkinsonism was rare [221]. In the large, prospective,

randomized, placebo-controlled study, rivastigmine

was found to be significantly better than placebo for

one of the two main outcome parameters, cognitive

speed score. There was also more improvement in the

rivastigmine group for the other parameter, neuro-

psychiatric symptom score, in the last observation

carried forward (LOCF) and observed case analyses,

but not in the intention to treat (ITT) population. A

responder analysis showed significantly greater

reductions in NPI score in all three groups.

Rivastigmine did not cause worsening of motor

symptoms [224] (I).

The efficacy of memantine has not been formally

assessed in DLB. The very limited case report literature

available suggests that about two-thirds of DLB pa-

tients can tolerate memantine, but the symptomatic

effects are variable. A significant minority experience

worsening of agitation, paranoid delusions, and visual

hallucinations when exposed to memantine [225,226]

(IV).

Recommendations: treatment of Parkinson disease

dementia and dementia with Lewy Bodies

Treatment with ChEIs (currently evidence exists for

rivastigmine) can be considered in patients with PD-D

or DLB (Level A), taking in account expected thera-

peutic benefits and potential safety issues. Realistic

expectations for treatment effects and potential side

effects should be discussed with the patient and care-

givers (Good Practice Point).

There is insufficient evidence for the use of meman-

tine in PD-D or DLB (Level C).
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Monitoring treatment with ChEIs and memantine

in patients with dementia disorders

Monitoring treatment with ChEIs and memantine must

be guided by the adverse event profiles and the clinical

condition of the patient. Monitoring should include

regular assessments of compliance, efficacy (cognitive

functions, ADL, and behavioural symptoms), and side

effects. In patients with known cardiac disease or sig-

nificant cardoivascular risk factors a baseline ECG may

be helpful for future monitoring purposes. There is no

evidence from appropriately designed studies, which

can guide the clinician in determining when to stop

treatment.

Recommendations: monitoring treatment with ChEIs

and memantine

Efficacy and side effects should be regularly monitored

during treatment (Good Practice Point). In case of

rapid worsening or an apparent loss of efficacy dis-

continuation of treatment may be considered on a trial

basis. Such patients should be closely monitored in

order to assess withdrawal effects or worsening in

which case the treatment should be re-started (Level

C).

Treatment of other dementia disorders

There have been no large, randomized, controlled

studies in other types of degenerative dementias such as

FTD, PSP, or CBD. In a small open and another small

randomized, double-blind, placebo-controlled cross-

over study, donepezil was not found to be effective in

patients with PSP: there were at best modest effects on

cognition but deleterious effects on ADL and mobility

[227,228] (III). Selective serotonin reuptake inhibitors

(SSRIs), particularly paroxetine, were used in two open

and one small placebo-controlled cross-over study in

patients with FTD. Whilst the open studies suggested

some benefits, especially with regard to behaviour, the

placebo-controlled study suggested no benefits, rather a

deterioration of cognitive functions [229–231] (III).

Recommendations: treatment of other dementia

disorders

There are no drugs available for the specific treatment

of other degenerative dementias such as FTD, PSP and

CBD (Level C). A number of pathological conditions

and systemic or central nervous system disorders can be

associated with dementia. Their specific treatment must

be based on the underlying etiology (Good Practice

Point).

Treatment of behavioural and psychological symptoms

in dementia

It is the BPSD that contribute most to patient distress

and carer burden and which frequently need treatment,

sometimes urgently [38]. The sudden onset or worsening

of symptoms such as hallucinations, insomnia, anxiety,

agitation or aggression may be indicative of a super-

added delirium, as may apathy or apparent depression.

A physical re-evaluation should therefore always be the

first stage of managing BPSD, paying close attention to

recent changes in medications, signs of infection or

systemic toxicity and evidence for parallel decline in

cognitive function [42] (II). Drugs with potential to

worsen confusion and psychosis, e.g. anticholinergics,

are contra-indicated and should be avoided. Pre-inter-

vention measures of behavioural disturbance or psy-

chiatric symptoms should ideally be established using

an appropriate rating scale to help assess treatment

effects. Psychosocial interventions may be classified into

cognition-orientated, behaviour-orientated, emotion-

orientated and stimulation-orientated. There is limited

randomized controlled trial evidence about their speci-

fic effects upon BPSD, and they tend to be applied in an

individualized way or to group settings such as care

homes. Education, information and support groups for

patients and carers are helpful and should be offered by

a skilled multidisciplinary team. Environmental

manipulations can be important. A non-confronta-

tional approach to dealing with delusions, wandering,

agitation and aggression may be difficult for lone carers

to maintain at home and there may be considerable

value in providing day and respite care. Locked doors

may reduce concerns about wandering although may

increase patients attempts to escape from their sur-

roundings. Specific behaviourial interventions may help

reduce incontinence [8] (I), and good sleep hygiene may

reduce insomnia.

The pharmacological management of BPSD is par-

ticularly problematic since very few placebo-controlled

randomized controlled trials have been conducted [38].

A target symptom approach, e.g. a focus upon the

reduction of agitation or psychosis, is preferable to

attempting to reduce BPSD generally. Such fine dis-

tinctions may not always however be easy to apply in

clinical practice.

There has been recent interest in the potential role of

ChEIs for managing BPSD, e.g. rivastigmine reduced

apathy, anxiety, hallucinations, delusions and irritab-

ility in DLB [224] (I) and galantamine reduced the

emergence of neuropsychiatric features in mild to

moderately impaired AD patients [152] (I). ChEIs are

increasingly being used for BPSD in AD and other

dementias. Although they may impact on BPSD they
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may also need to be used in combination with other

agents. The mainstay of pharmacological management

of the symptom cluster agitation, delusions, halluci-

nations and irritability has been with neuroleptic

agents such as haloperidol [232] and more recently

with atypical antipsychotics, usually prescribed at a

third to half the young adult dose. There is little

consistent evidence that these drugs significantly

modify unwanted behaviours other than aggression

[233,234], and there is often a considerable side effect

cost with sedation, weight gain, extrapyramidal

features and falls. There are recent reports that atyp-

ical antipsychotic medication may be associated with

an increased risk of cerebrovascular events and mor-

tality in elderly patients with dementia [234–237].

However, a retrospective cohort study suggested that

conventional antipsychotic medications are at least as

likely as atypical agents to increase the risk of death

amongst elderly persons [238], and more information is

required to help clinicians make judgements about

risk-benefits in individual patients [38]. In DLB severe

neuroleptic sensitivity reactions are associated with a

two- to threefold increased mortality, and antipsych-

otics should only be used with great caution [239] (II).

Thus, in all elderly patients with dementia, conven-

tional as well as atypical antipsychotics should be used

with caution and only after careful estimation of risk-

benefits. Patients and caregivers should be informed

about the expected therapeutic benefits and risks, and

the treatment must be reviewed at close intervals.

Carbamazepine [240] and valproic acid [241] have both

been used to treat agitation in dementia, but with

inconsistent effects (II).

The principles of treatment of depression in dementia

are probably similar to that in non-demented people of

the same age, although adequately conducted trials are

lacking for most agents [242]. Selective serotonin re-

uptake inhibitors and other newer antidepressants are

less likely to induce confusion and the anti-cholinergic

effects typically seen with tricyclics. Emotional lability

and compulsive behaviours have been reported to im-

prove with SSRIs in FTD, and they may have similar

effects in other dementias [38] (II).

Recommendations: treatment of behavioural and

psychological symptoms in dementia

Clinicians treating patients with dementia should be

aware of the importance of treating behavioural and

psychiatric symptoms and the potential benefits for

patient and carer (Good Practice Point). Somatic

co-morbidity should be considered as the cause of the

symptoms (Level C). Non-pharmacological and then

pharmacological interventions for BPSD may both be

effective and should be applied in a targeted symptom

approach. The short, medium and long term benefits

and adverse effects of such interventions should be

regularly reviewed (Level C). Antipsychotics, conven-

tional as well as atypical, may be associated with

significant side effects and should be used with caution

(Level A).

Counselling and support for caregivers

In patients with mild to moderate dementia, the

assistance of a caregivers is necessary for many

complex ADL, for instance travelling, financial

matters, dressing, planning, and communication with

family and friends. With the progression of the

disease, increasing amounts of time must be spent on

supervision. In patients with moderate to severe

dementia caregivers often provide full time assistance

with basic ADL, dealing with incontinence, bathing,

feeding, and transfer or use of a wheelchair or

walker. The majority of AD caregivers provide high

levels of care, and at the same time they are burdened

by the loss of their spouse or good friend. Caregivers

are twice as likely to report physical strain and high

levels of emotional stress as a direct result of care-

giving responsibilities. They are more likely to report

family conflicts, to spend less time with other family

members, and to give up vacations, hobbies, and

other personal activities. Caring for someone with

dementia may also cause a high level of financial

strain. Interventions developed to offer support

for caregivers to patients living at home include

counselling, training and education programmes,

homecare/health care teams, respite care, information-

technology based support. Many small quantitative or

qualitative studies on the effectiveness of formal

interventions seeking to support carers and alleviate

the burden of caring have been published. Two meta-

analyses [243,244] and one systematic review [245] on

the effect of caregiver intervention have been pub-

lished. In general, there is evidence from a few class

II randomized trials to support the view that carers

to patients with moderate to severe dementia benefit

from structured support initiatives, which may reduce

depressive symptoms [246,247]. There is a lack of

appropriately designed randomized controlled studies,

particularly in mild dementia [248]. As a dementia

diagnosis is often established early in the course of

the disease, intervention programs should also include

support, counselling, and education activities for the

patient, but there are no appropriately designed

quantitative studies which have addressed the out-

come of supportive interventions directed towards the

patient with mild dementia.
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Recommendations: counselling and support for

caregivers

A dementia diagnosis mandates an inquiry to the

community for available public health care support

programs (Good Practice Point). Specialist physicians

should assess caregiver distress and needs at regular

intervals throughout the course of the disease (Level

C). Caregivers should be offered support and counsel-

ling (Level B). This includes information about patient

organizations (Good Practice Point).

Legal issues

Dementia involves a gradual loss of cognitive and

physical capacities and thereby affects memory, decis-

ion-making and the ability to communicate one’s

wishes to others. For these reasons, a person with

dementia may be unable to consent to treatment, take

part in research or be involved in decisions relating to

his or her care. In everyday life, problems may arise if

the person with dementia wants to continue driving,

make a will or carry out financial transactions. In many

cases, it may be necessary to appoint a guardian or

tutor [141].

In almost all countries specialist physicians play an

important role in the assessment of mental capacity or

incapacity, as they may be required to make an

assessment of capacity prior to medical treatment,

provide a medical certificate at a lawyer’s request as to a

particular capacity unrelated to medical treatment,

witness or otherwise certify a legal document signed by

someone, or give an opinion as to a particular legal

capacity which is relevant to court proceedings [249].

Although assessing a person’s capacity does not re-

quire a high degree of legal knowledge, the doctor

should understand the relevant legal terms in broad

terms as the doctor’s role is to provide information on

which an assessment of the person’s capacity can be

based [249].

Recommendations: legal issues

Specialist physicians responsible for the care of patients

with dementia should be aware of national legislations

relating to assessment of capacity, consent to treatment

and research, disclosure of diagnosis, and advance

directives (Good Practice Point).

A diagnosis of dementia is not synonymous with

mental incapacity, as a determination of capacity

should always involve a �functional� analysis: does the

person possess the skills and abilities to perform a

specific act in its specific context? (Good Practice

Point).

Driving

At the time of diagnosis, a patient’s driving skills should

also be assessed and discussed, since advice about dri-

ving is an essential part of the management of dementia

[250] and because patients with AD who continue to

drive are at an increased risk for crashes [251] (I). In

particular, drivers with mild AD (CDR 1) pose a sig-

nificant traffic safety problem [252]. There is, however,

considerable variability across Europe with respect to

the national driving regulations for patients suffering

from disorders associated with dementia, the role of

specialist physicians in the assessment of driving capa-

bilities, and the confidentiality of medical data with

regard to third parties, such as national driving licence

authorities [253].

Recommendations: driving

Assessment of driving ability should be done after

diagnosis and be guided by current cognitive function,

and by a history of accidents or errors whilst driving.

Particular attention should be paid to visuo-spatial,

visuo-perceptual, praxis and frontal lobe functions to-

gether with attention. Advice either to allow driving,

but to review after an interval, to cease driving, or to

refer for retesting should be given (Level A). This

decision must accord with the national regulations of

which the specialist physician must be aware (Good

Practice Point).

Conclusion

The assessment, interpretation, and treatment of

symptoms, disability, needs, and caregiver stress during

the course of AD and other dementia disorders require

the contribution of many different professional skills.

Ideally, the appropriate care and management of

patients with dementia requires a multidisciplinary

and multi-agency approach. Neurologists should be

involved together with old age psychiatrists and geria-

tricians in the development and leadership of multidis-

ciplinary teams responsible for clinical practice and

research in dementia. This review contributes to the

definition of standards of care in dementia by providing

evidence for important aspects of the diagnosis and

management of dementia.
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202. López-Arrieta JM, Birks J. Nimodipine for primary
degenerative, mixed and vascular dementia. The Coch-
rane Database of Systematic Reviews 2002, Issue 3. Art.
No.: CD000147. DOI: 10.1002/14651858.CD000147.

203. Flicker L, Grimley Evans J. Piracetam for dementia or
cognitive impairment. The Cochrane Database of Sys-
tematic Reviews 2004, issue 1. art. no.: CD001011. DOI:
10.1002/14651858.CD001011.

204. Black S, Roman GC, Geldmacher DS, et al. Efficacy and
tolerability of donepezil in vascular dementia: positive
results of a 24-week, multicenter, international, rand-
omized, placebo-controlled clinical trial. Stroke 2003; 34:
2323–2330.

205. Wilkinson D, Doody R, Helme R, et al. Donepezil in
vascular dementia: a randomized, placebo-controlled
study. Neurology 2003; 61: 479–486.

206. Erkinjuntti T, Kurz A, Gauthier S, Bullock R, Lilienfeld
S, Damaraju CV. Efficacy of galantamine in probable
vascular dementia and Alzheimer’s disease combined
with cerebrovascular disease: a randomised trial. Lancet
2002; 359: 1283–1290.

207. Erkinjuntti T, Kurz A, Small GW, Bullock R, Lilienfeld
S, Damaraju CV, GAL-INT-6 Study Group. An open-
label extension trial of galantamine in patients with
probable vascular dementia and mixed dementia. Clin-
ical Therapeutics 2003; 25: 1765–1782.

208. Craig D, Birks J. Galantamine for vascular cognitive
impairment. The Cochrane Database of Systematic Re-
views 2006, issue 1. art. no.: CD004746. DOI: 10.1002/
14651858.CD004746.pub2.

209. Craig D, Birks J. Rivastigmine for vascular cognitive
impairment. Cochrane Database of Systematic Reviews
2004, issue 2. art. no.: CD004744. DOI: 10.1002/
14651858.CD004744.pub2.

210. Malouf R, Birks J. Donepezil for vascular cognitive
impairment. The Cochrane Database of Systematic Re-
views 2004, issue 1. art. no.: CD004395. DOI: 10.1002/
14651858.CD004395.pub2.
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215. Görtelmeyer R, Erbler H. Memantine in the treatment of

mild to moderate dementia syndrome. A double-blind
placebo-controlled study. Arzneimittel-Forschung 1992;
42: 904–913.

216. Meyer JS, Chowdhury MH, Xu G, Li YS, Quach M.
Donepezil treatment of vascular dementia. Annals of the
New York Academy of Sciences 2002; 977: 482–486.

217. Rands G, Orrel M, Spector A, Williams P. Aspirin for
vascular dementia. The Cochrane Database of Systematic
Reviews 2000, issue 4. art. no.: CD001296. DOI: 10.1002/
14651858.CD001296.

218. Sha MC, Callahan CM. The efficacy of pentoxifylline in
the treatment of vascular dementia: a systematic review.
Alzheimer’s Disease and Associated Disorders 2003; 17:
46–54.

219. Pantoni L, Bianchi C, Beneke M, Inzitari D, Wallin A,
Erkinjuntti T. The Scandinavian multi-infarct dementia
trial: a double-blind, placebo-controlled trial on nimo-
dipine in multi-infarct dementia. Journal of Neurological
Science 2000; 175: 116–123.

220. Pantoni L, del Ser T, Soglian AG, et al. Efficacy and
safety of nimodipine in subcortical vascular dementia: a
randomized placebo-controlled trial. Stroke 2005; 36:

619–624.
221. Aarsland D, Mosimann UP, McKeith IG. Role of cho-

linesterase inhibitors in Parkinson’s disease and demen-
tia with Lewy bodies. Journal of Geriatric Psychiatry and
Neurology 2004; 17: 164–171.

222. Ravina B, Putt M, Siderowf A, et al. Donepezil for
dementia in Parkinson’s disease: a randomized double
blind placebo controlled crossover study. Journal of
Neurology, Neurosurgery, and Psychiatry 2005; 76: 903–
904.

223. Emre M, Aarsland D, Albanese A, et al. Rivastigmine
for dementia associated with Parkinson’s disease. New
England Journal of Medicine 2004; 351: 2509–2518.

224. McKeith IG, Grace JB, Walker Z, Byrne EJ, Wilkinson
D, Stevens T, Perry EK. Rivastigmine in the treatment of
dementia with Lewy bodies: preliminary findings from an
open trial. International Journal of Geriatric Psychiatry
2000; 15: 387–392.

225. Sabbagh M, Hake A, Ahmed S, Farlow M. The use of
memantine in dementia with Lewy bodies. Journal of
Alzheimer’s Disease 2005; 7: 285–289.

226. Ridha BH, Josephs KA, Rossor MN. Delusions and
hallucinations in dementia with Lewy bodies: worsening
with memantine. Neurology 2005; 65: 481–482.

227. Fabbrini G, Barbanti P, Bonifati V, et al. Donepezil in
the treatment of progressive supranuclear palsy. Acta
Neurologica Scandinavica 2001; 103: 123–125.

228. Litvan I, Phipps M, Pharr VL, Hallett M, Grafman J,
Salazar A. Randomized placebo-controlled trial of do-
nepezil in patients with progressive supranuclear palsy.
Neurology 2001; 57: 467–473.

229. Swartz JR, Miller BL, Lesser IM, Darby AL. Fronto-
temporal dementia: treatment response to serotonin
selective reuptake inhibitors. Journal of Clinical Psychi-
atry 1997; 58: 212–216.

230. Moretti R, Torre P, Antonello RM, Cazzato G, Bava A.
Frontotemporal dementia: paroxetine as a possible

treatment of behavior symptoms. A randomized, con-
trolled, open 14-month study. European Neurology 2003;
49: 13–19.

231. Deakin JB, Rahman S, Nestor PJ, Hodges JR, Sahakian
BJ. Paroxetine does not improve symptoms and impairs
cognition in frontotemporal dementia: a double-blind
randomized controlled trial. Psychopharmacology 2004;
172: 400–408.

232. Lonergan E, Luxenberg J, Colford J, Birks J. Haloper-
idol for agitation in dementia. The Cochrane Database of
Systematic Reviews 2002, issue 2. art. no.: CD002852.
DOI: 10.1002/14651858.CD002852.

233. O’Brien JT, Ballard CG. Treating behavioural and psy-
chological signs in Alzheimer’s disease (editorial). British
Medical Journal 1999; 319: 138–139.

234. Ballard C, Waite J. The effectiveness of atypical anti-
psychotics for the treatment of aggression and psychosis
in Alzheimer’s disease. The Cochrane Database of Sys-
tematic Reviews 2006, issue 1. art. no.: CD003476. DOI:
10.1002/14651858.CD003476.pub2.

235. UK Committee on Safety of Medicines New advice issued
on risperidone and olanapine, 2004. http://www.mhra.-
gov.uk (accessed February 24, 2006).

236. Carson S, McDonagh MS, Peterson K, et al. A system-
atic review of the efficacy and safety of atypical anti-
psychotics in patients with psychological and behavioral
symptoms of dementia. Journal of the American Geriatric
Association 2006; 54: 354–361.

237. Schneider LS, Dagerman KS, Insel P. Risk of death with
atypical antipsychotic drug treatment for dementia:
meta-analysis of randomized placebo-controlled trials.
Journal of the American Medical Association 2005; 294:
1934–1943.

238. Wang PS, Schneeweiss S, Avorn J, et al. Risk of death in
elderly users of conventional versus atypical antipsy-
chotic medications. New England Journal of Medicine
2005; 353: 2335–2341.

239. McKeith IG, Fairbairn AF, Perry RH, Thompson P,
Perry EK. Neuroleptic sensitivity in patients with senile
dementia of Lewy body type. British Medical Journal
1992; 305: 673–678.

240. Olin JT, Fox LS, Pawluczyk S, Taggart NA, Schneider
LS. A pilot randomized trial of carbamazepine for be-
havioral symptoms in treatment-resistant outpatients
with Alzheimer disease. American Journal of Geriatric
Psychiatry 2001; 9: 400–405.

241. Lonergan ET, Luxenberg J. Valproate preparations for
agitation in dementia. The Cochrane Database of Sys-
tematic Reviews 2004, issue 2. art. no.: CD003945. DOI:
10.1002/14651858.CD003945.pub2.

242. Bains J, Birks JS, Dening TD. Antidepressants for
treating depression in dementia. The Cochrane Database
of Systematic Reviews 2002, issue 4. art. no.: CD003944.
DOI: 10.1002/14651858.CD003944.

243. Brodaty H, Green A, Koschera A. Meta-analysis of
psychosocial interventions for caregivers of people with
dementia. Journal of the American Geriatric Society 2003;
51: 657–664.

244. Sörensen S, Pinquart M, Habil ??, Duberstein P. How
effective are interventions with caregivers? An up-
dated meta-analysis. The Gerontologist 2002; 42: 356–
372.

245. Pusey H, Richards R. A systematic review of the
effectiveness of psychosocial interventions for carers of

EFNS dementia guideline e25

� 2006 EFNS European Journal of Neurology 14, e1–e26



people with dementia. Aging and Mental Health 2001; 5:
107–119.

246. Mittelmann MS, Ferris SH, Shulman E, Steinberg G,
Ambinder A, Mackell JA, Cohen J. A comprenhesive
support program: effect on depression in spouse-care-
givers of AD patients. The Gerontologist 1995; 35: 792–
803.

247. Mittelmann MS, Ferris SH, Steinberg G, et al. An
intervention that delays institutionalization of Alzhei-
mer’s disease patients: treatment of spouse-caregivers.
The Gerontologist 1993; 33: 730–740.

248. Thompson CA, Spilsbury K, Barnes C. Information and
support interventions for carers of people with dementia.
(Protocol) The Cochrane Database of Systematic Re-
views 2003, issue 4. art. no.: CD004513. DOI: 10.1002/
14651858.CD004513.

249. British Medical Association. Assessment of Mental
Capacity: Guidance for Doctors and Lawyers. A Report of
the British Medical Association and The Law Society.
Plymouth: Latimer Trend and Company Ltd, 1995.

250. Johannson K, Lundberg C. The 1994 International
Consensus Conference on Dementia and Driving: a brief
report. Swedish National Road Administration. Alzhei-
mer’s Disease and Associated Disorders 1997; 11(Suppl.
1): 62–69.

251. Hunt LA, Murphy CF, Carr D, Duchek JM, Buckles V,
Morris JC. Reliability of the Washington University
Road Test: a performance-based assessment for drivers
with dementia of the Alzheimer type. Archives of Neur-
ology 1997; 54: 707–712.

252. Dubinsky RM, Stein AC, Lyons K. Practice parameter:
risk of driving and Alzheimer’s disease (an evidence-
based review): Report of the Quality Standards Sub-
committee of the American Academy of Neurology.
Neurology 2000; 54: 2205–2211.

253. White S, O’Neill D. Health and relicensing policies for
older drivers in the European Union. Gerontology 2000;
46: 146–152.

e26 G. Waldemar et al.

� 2006 EFNS European Journal of Neurology 14, e1–e26



























NEUROLOGICAL REVIEW

Genome-Wide Association Studies
in Alzheimer Disease
Stephen C. Waring, DVM, PhD; Roger N. Rosenberg, MD

T he genetics of Alzheimer disease (AD) to date support an age-dependent dichotomous
model whereby earlier age of disease onset (�60 years) is explained by 3 fully penetrant
genes (APP [NCBI Entrez gene 351], PSEN1 [NCBI Entrez gene 5663], and PSEN2 [NCBI
Entrez gene 5664]), whereas later age of disease onset (�65 years) representing most cases

of AD has yet to be explained by a purely genetic model. The APOE gene (NCBI Entrez gene 348) is
the strongest genetic risk factor for later onset, although it is neither sufficient nor necessary to ex-
plain all occurrences of disease. Numerous putative genetic risk alleles and genetic variants have been
reported. Although all have relevance to biological mechanisms that may be associated with AD patho-
genesis, they await replication in large representative populations. Genome-wide association studies
have emerged as an increasingly effective tool for identifying genetic contributions to complex dis-
eases and represent the next frontier for furthering our understanding of the underlying etiologic, bio-
logical, and pathologic mechanisms associated with chronic complex disorders. There have already
been success stories for diseases such as macular degeneration and diabetes mellitus. Whether this
will hold true for a genetically complex and heterogeneous disease such as AD is not known, al-
though early reports are encouraging. This review considers recent publications from studies that have
successfully applied genome-wide association methods to investigations of AD by taking advantage of
the currently available high-throughput arrays, bioinformatics, and software advances. The inherent
strengths, limitations, and challenges associated with study design issues in the context of AD are pre-
sented herein. Arch Neurol. 2008;65(3):329-334

Alzheimer disease (AD) is the most com-
mon cause of dementia and the most
prevalent neurodegenerative disorder as-
sociated with aging.1 Alzheimer disease is

a heterogeneous disorder with a complex
etiology owing to genetic and environ-
mental influences as causal or risk modi-
fiers. The neuropathologic hallmarks of

disease are extracellular amyloid plaques
and intracellular neurofibrillary tangles of
hyperphosphorylated tau protein.2 Only
10% of AD cases occurring before 60
years of age (early-onset AD) are due to
rare, fully penetrant (autosomal domi-
nant) mutations in 3 genes: A� precursor
protein (APP) on chromosome 21,3 pre-
senilin 1 (PSEN1) on chromosome 14,4

and presenilin 2 (PSEN2) on chromo-
some 1.5,6 In contrast, most cases of AD
are later in onset (� 65 years of age)
(late-onset AD), are nonfamilial, and are
likely the result of highly prevalent
genetic variants with low penetrance.7 To
date, the only genetic risk factor for late-
onset AD remains the apolipoprotein E
gene (APOE), specifically the ε4 allele,
which is moderately penetrant, account-
ing for up to 50% of cases.8
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However, a robust literature reports numerous puta-
tive genetic risk alleles and promising genetic variants.
Recent reports from individual studies reveal signifi-
cant associations with the sortilin-related receptor (SORL1
[NCBI Entrez gene 6653])9,10 and glycine-rich protein
2–associated binding protein 2 (GAB2 [NCBI Entrez gene
9846])11 on chromosome 11; death-associated protein ki-
nase 1 (DAPK1 [NCBI Entrez gene 1612]),12 ubiquilin 1
(UBQLN1 [NCBI Entrez gene 299798]),13 and adeno-
sine triphosphate–binding cassette transporter 1, sub-
family A (ABCA1 [NCBI Entrez gene 19]), on chromo-
some 914; and low-density lipoprotein receptor–related
protein 6 (LRP6 [NCBI Entrez gene 4040]) on chromo-
some 12.15 All of these putative variants still lack repli-
cation in large representative populations but have rel-
evance to neuropathologic mechanisms and pathways that
may be associated with AD pathogenesis (Table 1).

A large meta-analysis from the AlzGene database16 rep-
resenting 1055 polymorphisms and 355 genes reported
in the literature as of August 2006 revealed the follow-
ing 13 additional potential AD-susceptibility genes: an-
giotensin I converting enzyme (ACE [NCBI Entrez gene
1636]); cholinergic receptor, nicotinic, beta 2 (CHRNB2
[NCBI Entrez gene 1141]); cystatin C (CST3 [NCBI En-
trez gene 1471]); estrogen receptor 1 (ESR1 [NCBI En-
trez gene 2099]); glyceraldehyde-3-phosphate dehydro-
genase, spermatogenic (GAPDHS [NCBI Entrez gene
26330]); insulin-degrading enzyme (IDE [NCBI Entrez
gene 3416]); 5,10-methylenetetrahydrofolate reductase
(MTHFR [NCBI Entrez gene 4524]); nicastrin (NCSTN
[NCBI Entrez gene 23385]); prion protein (PRNP [NCBI
Entrez gene 5621]); presenilin 1 (PSEN1); transferrin (TF
[NCBI Entrez gene 7018]); mitochondrial transcription
factor A (TFAM [NCBI Entrez gene 7019]); and tumor
necrosis factor (TNF [NCBI Entrez gene 7124]).17 All are
associated with relevant biological mechanisms and path-
ways but await replication to further elucidate their util-
ity as significant markers for AD.

Understanding the role that genetic defects play in the
pathogenesis of AD has been a major focus of investiga-
tion for several years. These collective efforts have pro-
vided valuable insights into the genetic and molecular
mechanisms associated with AD. Until recently, most re-
ports have been from linkage analyses and studies that
have examined the association of single-nucleotide poly-
morphisms (SNPs), usually in a single candidate gene.16

However, the completion of the Human Genome Project,18

along with the development of public databases to cata-

log variation between individuals (SNPs) and advances
in high-throughput, high-density genotyping technol-
ogy have led to a sharp increase in the number of stud-
ies now examining a large number of SNPs simulta-
neously in hypothesis-independent designs. Indeed,
genome-wide association studies (GWASs) have emerged
as an increasingly effective tool for identifying genetic
contributions to complex diseases and represent the next
frontier for furthering our understanding of the under-
lying etiologic, biological, and pathologic mechanisms
associated with chronic complex disorders. There have
been early success stories for diseases such as macular
degeneration19-21 and diabetes mellitus.22,23 Whether this
will hold true for a genetically complex and heteroge-
neous disease such as AD is not known, although indi-
cations from early reports are encouraging.

This review considers recent publications from stud-
ies that have successfully applied genome-wide associa-
tion methods to investigations of AD by taking advan-
tage of the currently available high-throughput arrays,
bioinformatics, and software advances. The inherent
strengths, limitations, and challenges associated with study
design issues are presented herein to help guide future
GWASs in AD.

GWASs IN AD

The recent decline in the cost of genotyping coupled with
technological advances that now allow simultaneous ex-
amination of up to 1 000 000 SNPs in a single high-
throughput assay has led to an explosion of GWASs of
common chronic diseases, including AD. Initial studies
focusing on AD have taken advantage of already amassed
robust data from case-control and longitudinal cohorts
with reliable information on the phenotype of interest
(eg, age at onset, diagnosis, and cognitive profile) and
DNA available for genotyping 24-27(Table 2).

A GWAS of neuropathologically confirmed AD cases
and control subjects from the United States and the Neth-
erlands revealed a significant SNP (rs4420638) in link-
age disequilibrium to the APOE ε4 variant on chromo-
some 19, thus providing support for the APOE locus as
the major susceptibility gene for late-onset AD, with an
odds ratio significantly greater than that for any other
locus in the human genome.24 That study also sup-
ported the feasibility of using the most recently avail-
able ultrahigh-density GWAS (502 627 SNPs) for AD and
other heritable phenotypes. A subsequent study on the

Table 1. Genetics of AD

Putative Genetic Variants (Selected Individual Source) Chromosome Consequences

DAPK1 (Li et al,12 2006) 9q34.1 Neuronal apoptosis
UBQLN (Bertram et al,13 2005) 9q21.32 Modulates accumulation of presenilin proteins
ABCA1 (Sundar et al,14 2007) 9q22-q31 Possible role in lipid regulation
SORL1 (Rogaeva et al,9 2007) 11q23 Involved with APP trafficking
GAB2 (Li et al,11 2004) 11q14.1 Scaffolding protein possibly affecting tau, amyloid, and other

AD-related pathologic mechanism
LRP6 (De Ferrari et al,15 2007) 12q13-q14 Altered Wnt/�-catenin signaling

Abbreviations: AD, Alzheimer disease; APP, amyloid percursor protein.
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same population enriched with clinical samples divided
into APOE ε4 carriers and noncarriers for discovery and
replication demonstrated a modifying effect on the risk
of AD associated with the GAB2 among APOE ε4 carri-
ers but not among noncarriers.25

The first GWAS to appear in the literature, and which
focused on putative functional variants (SNPs) in AD, ex-
amined 17 343 markers in a robust sample of 1808 late-
onset cases of AD and 2062 controls from the United States
and the United Kingdom. Results revealed 19 signifi-
cant markers associated with the risk of AD. Three of these
were galaninelike peptide precursor (GALP [NCBI En-
trez gene 85569]) on chromosome 19q13.42, nonrecep-
tor tyrosine kinase (TNK1 [NCBI Entrez gene 8711]) on
chromosome 17p13.1, and phosphoenolpyruvate car-
boxykinase (PCK1 [NCBI Entrez gene 5105]) on chro-
mosome 20q13.31, all with potential relevance to AD.26

The fact that 3 of the 19 SNPs were in linkage disequi-

librium to the APOE ε4 locus lends validity to the study
design. However, replication in large appropriately de-
signed studies is necessary for confirmation and further
elucidation of their relevance in AD pathogenesis.

A GWAS from a genetically isolated population in the
Netherlands of 103 patients with late-onset AD and 170
first-degree relatives from a complex pedigree of 4645
members focused on genetic variants associated with cog-
nitive endophenotypes in addition to risk of AD.27 This
was the first study to show significant linkage to 3q23
markers associated with AD. Findings also confirmed pre-
vious linkage to 1q25, 10q22-24, and 11q25 associated
with AD. Using cognitive function as the endopheno-
type, the authors27 concluded that RGSL2 (NCBI Entrez
gene 84227), RALGPS2 (NCBI Entrez gene 55103), and
C1orf49 (NCBI Entrez gene 84066) on chromosome 1;
HTR7 (NCBI Entrez gene 3363), MPHOSPH1 (NCBI En-
trez gene 9585), and CYP2C (NCBI Entrez gene 1559)

Table 2. High-Density Genome-Wide Association Studies on AD

Source Population
Total Markers

(SNPs) Examined Significant Markers Relevance

Coon et al,24

2007
Neuropathologically confirmed AD

(n=664) or healthy (n=422)
from United States and the
Netherlands)

502 627 (Affy
500k)a

rs4420638 on chromosome 19
in LD to APOE ε4 variant

Confirms strength of
association of APOE and
development of AD; would
have been missed except for
1 SNP; importance of
increased SNP density for
more complete coverage

Reiman et al,25

2007
Total: 1146 subjects from the

United States and the
Netherlands

Discovery: neuropathologically
confirmed cases of AD (n=446)
and controls (n=290)

Replication: neuropathologic
sample of 197 cases of AD and
114 controls; clinical sample of
218 cases of late-onset AD and
146 controls

312 316 (Affy
500K)a

rs2373115 (GAB2 ) on
chromosome 11q14.1

rs2373115 genotype GG
inferred significantly higher
risk (OR, 2.36) of AD among
APOE ε4 carriers compared
with genotypes GT or TT but
not among APOE ε4
noncarriers; GAB2 modifies
risk of AD in APOE ε4 carriers

Liu et al,27

2007
103 Patients with late-onset AD

and 170 first-degree relatives
from pedigree of 4645
members in the Netherlands

262 000 (Affy 250
Nsp arrays of
Affy 500k)a

Chromosomes 1q25 (RGSL2,
RALGPS2, and C1orf49 ),
3q22-24 (NMNAT3 and
CLSTN2 ), and 10Q22-24
(HTR7, MPHOSPH1, and
CYP2C )

Confirmatory for previous
linkage to 1q21-25 and
10q22-24; with cognitive
function as endophenotype,
authors conclude that RGSL2
on chromosome 1 and
NMNAT3 on chromosome 3
likely to be the relevant
genes; first to show
significant linkage to 3q23
markers

Grupe et al,26

2007
5 Case-control sample sets from

the United Kingdom and the
United States, including cases
of late-onset AD (n=1808) and
healthy controls (n=2062)

17 343 (Celera
cSNP)b

3 SNPs on chromosome 19 in
LD to APOE gene; rs3745833
(GALP ) on chromosome
19q13.42; rs1554948 (TNK1)
on chromosome 17p13.1;
rs8192708 (PCK1) on
chromosome 20q13.31

Three most significant SNPs in
LD to APOE lends to validity
of design; galaninelike
peptide precursor (GALP );
nonreceptor tyrosine kinase
(TNK1) and
phosphoenolpyruvate
carboxykinase (PCK1) show
direct or indirect effect on
metabolic, trafficking, or
signaling pathways that may
have relevance to AD

Abbreviations: AD, Alzheimer disease; LD, linkage disequilibrium; OR, odds ratio; SNP, single-nucleotide polymorphism.
aDetermined using Affymetrix GeneChip Human Mapping 500K Array set (Affymetrix, Inc, Santa Clara, California).
bAvailable from Celera Diagnostics (Alameda, California).
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on chromosome 10; and NMNAT3 (NCBI Entrez gene
349565) and CLSTN2 (NCBI Entrez gene 64084) on chro-
mosome 3 are likely to be the relevant genes. They failed
to confirm SORL1 on chromosome 11 but reported
OPCMS (NCBI Entrez gene 4978) and HNT (NCBI En-
trez gene 50863) to be the relevant genes. Another GWAS
of endophenotypes with relevance to AD from the
Framingham group focused on changes in brain volu-
metric measures on magnetic resonance imaging and cog-
nitive performance in 705 individuals free of dementia
and stroke.28 They found significant associations be-
tween SORL1 (rs1131497) and abstract reasoning and be-
tween CDH4 (rs1970546) and total cerebral brain vol-
ume. They also reported polymorphisms with 28 of 163
candidate genes for AD, stroke, and memory impair-
ment for the endophenotypes studied. Overall, these re-
sults indicate that genetic variants may be detectable with
subclinical phenotypes known to increase the risk of de-
veloping clinical neurological disease.28

Although these studies represent an excellent start, with
several new associations already detected within the past
year, they constitute only the beginning, as many of these
putative associations await validation in sufficiently large
and representative populations before their utility as ge-
netic markers for disease is completely understood. An
important consideration is that the results thus far show
very modest effect sizes in the order of relative risks (or
odds ratios) of less than 2.0, and most in the range of
1.1 to 1.5. As expected with most common complex dis-
eases with onset later in life,29 late-onset AD likely re-
sults from genetic variants with modest effect size that,
while statistically significant, are neither sufficient nor
necessary to explain all occurrences of disease.30 It is there-
fore incumbent that the synthesis and interpretation of
weak but consistent associations that are biologically plau-
sible afford distinction from spurious associations that
may result from bias and inferior study design.

GWAS DESIGN CONSIDERATIONS IN AD

Sample Size and Power

One of the most important and challenging steps in de-
signing large-scale GWASs on currently available high-
density genotyping platforms is assembling sufficiently
large study populations that will allow robust gene dis-
covery and replication. Sample size and power calcula-
tions for GWASs are statistically rigorous and beyond the
scope of this review. Interested readers are referred to re-
cent publications on the subject that take into account
the density and coverage of newer available genotyping
platforms and software.31,32 These reports and others point
to the importance of issues that must be taken into ac-
count when planning a study.

Power to detect a causal variant increases with sample
size and magnitude of effect (relative risk or odds ratio)
and can vary by genotyping platform and the popula-
tion studied. The effect of stratification on APOE and the
effect of population stratification need to be taken into
account. Owing to the large number of genetic variants
(SNPs) examined and the lack of independence with SNPs
in linkage disequilibrium to each other, multiple testing

and type I error are even greater threats to validity for
the modest effect sizes expected. In addition, power cal-
culations should take into account misclassification er-
ror, not just of the genotype but of clinical misclassifi-
cation error associated with the phenotype, particularly
when the trait of interest is disease status in the case of
AD (as discussed in the “Phenotype” subsection).

To overcome these inherent issues, large sample sizes
of well-characterized phenotypes and tiered strategies for
discovery and replication have proved to be the most suc-
cessful strategy for studies appearing in the recent lit-
erature. Most studies, such as those funded through the
Genetic Association Information Network33 and the Well-
come Trust Case Control Consortium,34 have included
2000 to more than 10 000 cases and controls to identify
truly significant results. Considering the current cost of
genotyping large-scale samples and the availability of large
numbers of well-characterized research subjects, some
of which have already been included in GWASs, a simi-
lar approach is both timely and feasible for AD, albeit not
without challenges and limitations.

Phenotype

Although the initial analyses for most GWASs of AD may
use disease status as the phenotypic trait of interest, test-
ing for associations with secondary traits such as clini-
cal and cognitive features, biomarkers including neuro-
imaging, and neuropathological features has considerable
merit. Because of established criteria for a diagnosis of
AD and the need for standardization across sites for large
multicenter studies, considerable effort goes into mak-
ing a clinical diagnosis of AD. However, establishing an
appropriate control continues to be a challenge. The pres-
ence of AD neuropathologic changes in brains of non-
demented individuals at autopsy is not uncommon, and
a number of patients with a clinical diagnosis of prob-
able AD also have cerebrovascular comorbidities that may
influence cognition. This has important implications for
designing GWASs, because most genetic defects will be
associated with neurobiological and biochemical pro-
cesses that lead directly to clinical AD through neuro-
degenerative changes (eg, formation of neurofibrillary
tangles and amyloid deposition) or indirectly through
other mechanisms (eg, cerebrovascular disease). In-
deed, the potential for biological heterogeneity among
individuals with clinical AD and among nondemented
controls presents a challenge in the design of a GWAS
and in the interpretation of the findings. Therefore, strat-
egies to minimize the effects of misclassification error as-
sociated with the phenotype of interest need to be de-
veloped for implementation in future large-scale studies.

Discovery and Replication Samples

Ideally, a GWAS for AD would begin with a discovery
sample that is sufficiently large with a wealth of quanti-
tative and qualitative information available for pheno-
typic structuring. Another large sample with similar phe-
notypic structure would then be used to further narrow
the most significant SNPs resulting from discovery geno-
typing to identify a much smaller number of significant
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SNPs. Those SNPs would then be examined in a larger
sample with similar phenotypic structure for replica-
tion (Figure). Finally, the most significant SNPs iden-
tified would then need to be subjected to further analy-
ses (gene expression, sequencing, fine mapping, and
functional studies) for final confirmation of relevant pu-
tative causal variants. Guidelines for replication of geno-
type-phenotype associations and GWASs have been pub-
lished recently.35,36

Although the numbers are arbitrary, because of the num-
ber of traits to be examined and the modest effect size ex-
pected for most traits, it is clear that multiple large samples
for discovery and replication are necessary to ensure a suc-
cessful GWAS.37,38 This will require forming consortia that
will afford pooling across studies because it is unlikely that
a single study will have adequate power to unequivocally
identify novel genetic risk factors for AD. To take advan-
tage of available data on a large number of patients with
AD and controls, plans to form consortia such as the Na-
tional Institute on Aging (NIA) Genome-Wide Associa-
tion Study Consortium are already under way. These col-
lective efforts will attempt to design and complete GWASs
in the near future to provide an excellent and timely foun-
dation for numerous studies to follow. These initial ef-
forts will likely include GWASs already completed or in
progress such as the Translational Genomics Research Ini-
tiative study of AD, the National Institute of Mental Health
AD sample, the Framingham Study, and the Texas Alzhei-
mer’s Research Consortium among other publicly funded
and public-private initiatives in progress or planned. Valu-
able resources such as the National Cell Repository of AD,
the NIA National Alzheimer Coordinating Center, and on-
going studies such as the Adult Changes in Thought, the
Washington Heights–Inwood Columbia Aging Project, and
the Chicago Healthy Aging Project should also be consid-
ered, along with ongoing biomarker and neuroimaging stud-
ies such as the Alzheimer Disease Neuroimaging Initia-
tive. All of these resources would be expected to have readily
available DNA from a large sample of well-characterized
research participants and could provide a robust pooled
sample that is immediately available to initiate a large-
scale GWAS.

The potential contribution from large family studies
such as the NIA Late Onset Alzheimer Disease centers,
particularly for discovery, should also be evaluated.
Although the “common disease–common variant”
hypothesis39 provided the conceptual framework for the
HapMap Project on which the commercially available
high-density genotyping platforms are based, multiple
rare variants would not be identified by the tagging
SNPs. However, their role in susceptibility to common
complex diseases may be significant.40,41

This discussion focuses on replication-based multi-
stage design analysis. However, some groups recommend
joint analysis as an alternative strategy for GWASs, whereby
data from both stages are analyzed together. This strategy
may be even more efficient and achieve greater power when
a large proportion of the study sample is genotyped in stage
1 and a relatively large proportion of markers is selected
for stage 2. An excellent review comparing joint analysis
with replication-based analysis is provided by Skol et al.42

The choice of analysis for multistage design is an impor-

tant study design issue that must be taken into account to
minimize genotyping cost and maximize statistical power
within the context of the available sample size.

CHALLENGES

Assembling large representative samples for discovery and
replication is certainly not without challenges. The extent
to which individual institutional review board–approved
protocols allow sharing of banked DNA and genetic infor-
mation must be verified. Logistical and technical issues as-
sociated with locating and assembling large DNA sample
sets and subsequent genotyping is a large and expensive
undertaking. Cataloguing all available data required to sup-
port the various endophenotypes to be tested initially and
transforming these data into a standardized format for en-
try into a unified database require considerable planning,
technical support, and funding. As evidenced by the suc-
cess of studies already completed, these initial large-scale
studies are expected to produce a number of candidate poly-
morphisms and haplotypes that will require replication and
confirmation in other samples. Expanding current stud-
ies now to include comparably collected information on
anticipated significant endophenotypes and collection of
biospecimens and neuroimaging will require tremendous
resources and planning. Research teams populated with sub-
ject matter experts representing the entire spectrum of ex-
pertise required must be in place to ensure success of such
an undertaking over the next 5 years and beyond and there-
fore becomes a matter of funding and prioritization of re-
search agendas among all respective stakeholders.

CONCLUSIONS

Although there are challenges to assembling a large rep-
resentative population for discovery and replication stud-
ies, the prospect of new insights that will further our un-
derstanding of the role of genetic defects in the
neuropathogenic mechanisms that lead to AD make the
GWAS an attractive and powerful tool worth the effort and
investment. However, there is tremendous work yet to be
done, not only in designing appropriately large and rep-
resentative studies that will lead to numerous new gene dis-
coveries but also in translating these discoveries to ad-

Discovery sample
2000 cases of AD/2000 controls

Top 10 000 SNPs

Phase 2 sample
3000 cases of AD/3000 controls

Top 150 SNPs

Replication
10 000 cases of 

AD/10 000 controls

Top 25 hits

Sequencing, expression,
fine-mapping, and functional studies

Figure. Hypothetical tiered design strategy for a large-scale genome-wide
association study of Alzheimer disease (AD). SNP indicates single-nucleotide
polymorphism.
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vance clinical practice. Indeed, the time has come to leverage
the wealth of advancing methods in genetics, neurosci-
ence, bioinformatics, statistics, and genetic epidemiology
that will lead to better treatment outcomes, drug discov-
ery, and prognosis for the millions of individuals already
affected by or at risk of developing AD.
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 Introduction 

 Dementia disorders are today considered to be a major 
driver of costs in health care and social systems of devel-
oped countries. The main reason is the ‘greying popula-
tion’, and pessimistic estimates of future dementia prev-
alence and costs have been presented  [1–3] . A new situa-
tion for the millennium is the ‘greying’ of the developing 
countries, which may present a scenario for dementia 
care and costs that is even more worrying. However, this 
view is affected by severe methodological problems. Even 
if there are controversies regarding how to perform cost-
of-illness studies and cost-effectiveness research in the 
developed countries, we are indeed facing great method-
ological problems if we intend to include developing 
countries in the analyses. Methodological challenges from 
the worldwide perspective include, for example, accuracy 
of dementia prevalence estimates, different care systems, 
issues related to the costing of informal care and, last but 
not least, the incompleteness of data in many developing 
countries. Nevertheless, we regard it as important to try 
to estimate the worldwide costs of dementia, since it may 
be of great interest for policy makers to have a rough es-
timate of dementia disorders’ contribution to global so-
cial and health care costs, particularly in light of the de-
mographic statistics showing that the majority of dement-
ed persons live in developing countries. Since the 
prognoses also show that the greatest increase in the num-
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 Abstract 
 Dementia disorders are today considered to be a major 
driver of costs in health care and social systems and wor-
rying estimates of future dementia prevalence have been 
presented. It is of great interest for policy makers to have 
an estimate of dementia disorders’ contribution to glob-
al social and health care costs, particularly in light of the 
demographic prognoses. The worldwide costs of de-
mentia were estimated from prevalence fi gures for dif-
ferent regions, and cost-of-illness studies from key coun-
tries using a model based on the relationship between 
direct costs of care per demented and the gross domes-
tic product per capita in each country. The worldwide 
direct costs for dementia in 2003 are estimated at 156 
billion USD in the main scenario based on a worldwide 
prevalence of 27.7 million demented persons (sensitivity 
analysis: 129–159 billion USD). Ninety-two percent of the 
costs are found in the advanced economies with 38% of 
the prevalence. Although there are several sources of 
uncertainty, it is obvious that the worldwide costs are 
substantial and the expected increase in elderly people 
in the developing countries presents a great challenge. 
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ber of demented will occur in these countries  [4] , an esti-
mate of the costs will have consequences for how these 
countries will organize and fi nance the care for demented 
persons. 

 Materials and Methods 

 Two basic sources for the calculations were used: epidemio-
logical data regarding the prevalence of dementia in different parts 
of the world, and available sources regarding cost of illness of de-
mentia. These sources are combined in a model which estimates 
the worldwide costs of dementia. The cost-of-illness model used in 
this paper refers to the methods in a paper by Andlin-Sobocki et al. 
 [5]  although the present model is somewhat simplifi ed due to the 
availability of data. The basic assumption is that there is a relation-
ship between the direct costs and resources for dementia care and 
the gross domestic product (GDP) per capita  [6] . 

 Epidemiology: The Worldwide Occurrence of Dementia 
 In a previous paper  [4] , we presented an estimate of the world-

wide occurrence of dementia. This estimate was based on the 
worldwide demographic statistics from the United Nations (UN) 
and the best available data on age-class-specifi c dementia preva-
lence  [7] . In the present paper, the prevalence fi gures are updated 
to 2003. 

 The UN presents demographic statistics (5-year age classes) 
and forecasts for countries, regions and the world  [8] . In the fore-
cast we used, the 1997 version, there is a deviation of just 0.3% 
from the latest prognoses. It is also assumed that the age-specifi c 
dementia prevalence is similar worldwide. In the sensitivity anal-
ysis, different sources for age-specifi c dementia prevalence are 
 tested  [9, 10] . 

 Cost of Illness 
 The cost of the illness due to a disease in question is equal to 

the value of what these resources would have produced if there 
had been no cases of the illness, i.e. opportunity costs. Two ap-
proaches can be used: an incidence approach or a prevalence ap-
proach  [11] . If the aim is to illustrate the economic consequenc-
es of various interventions, the incidence approach is preferable. 
If the aim is to estimate the economic burden during e.g. a year, 
the prevalence approach is recommended, as in the present 
study. 

 The perspective of a cost of illness assessment informs the read-
er of whose viewpoint the costs are calculated from. The societal 
perspective includes all costs, irrespective of the payer, and is rec-
ommended by most published guidelines for economic evaluations 
 [12] . In the case of dementia, this means that informal care is as-
signed a cost. However, due to the great methodological problems 
in calculating the costs of informal care from a worldwide perspec-
tive, this paper focuses on direct costs. 

 Costs    are    calculated    as    the    product    of    the quantities of re-
sources consumed (q) and a price vector (p). As defi nitions of care 
resources vary between countries and published cost-of-illness 
studies rarely disaggregate quantities and prices, this analysis was 
based on the total cost estimates reported in previous research. 

 The Worldwide Perspective 
 The worldwide perspective presents several methodological dif-

fi culties. Country-specifi c cost-of-illness studies are based on demo-
graphics of the elderly, dementia occurrence fi gures and an estimate 
or knowledge of how demented persons are distributed in the care 
organization and their use of resources. To these basic fi gures, a 
theory of costing must be added. Such a detailed approach is not 
possible when a worldwide perspective is applied. Even if there are 
several country-specifi c cost-of-illness studies published, such stud-
ies do not represent all the different regions of the world. The range 
of costs illustrates not only true differences in the costs of dementia, 
but also that the differences refl ect methodological aspects, such as 
whether costs of informal care are included or not and how informal 
care is costed. Other methodological problems are incompleteness 
of demographic statistics of the elderly and of information on how 
demented persons are distributed in various kinds of care organiza-
tions of the elderly in different parts of the world. Since a great 
proportion of costs occur outside the formal medical system, such 
as home services, nursing home care, informal care, it is not suffi -
cient to use medical register data. 

 Results are here presented as world continent fi gures but also 
according to International Monetary Fund/World Economic Out-
look’s (WEO) terminology as ‘advanced economies’ and ‘other 
emerging market and developing countries’  [13]  as well as accord-
ing to the UN terms ‘more developed regions’ (MDR) and ‘less 
developed regions’ (LDR)  [8]  and the World Bank’s 4-level classi-
fi cation  [14] . 

 The Economic Model 
 Since many countries lack specifi c cost data on dementia, a 

method for imputation of such data needs to be used. Imputation 
is based on a selection of cost data concerning dementia from coun-
tries where such data are available. Different imputation algo-
rithms based on international statistical data to reach the most ap-
propriate estimates for countries with no original cost data are used. 
From macro-economic research it is well known that there is a 
strong correlation between expenditures on health care per capita 
and the GDP per capita  [15, 16] . A similar relationship can be used 
to make an estimate of the worldwide costs of dementia, based on 
two approaches. The fi rst (which is the base option) assumes that 
the expenditures per demented person as a proportion of GDP per 
capita for the countries and regions where imputation is necessary 
is similar to the proportion in the countries where dementia cost 
data are available. It is accordingly assumed that differences be-
tween countries in unit costs, e.g. costs of hospital care, are refl ect-
ed in differences in the GDP per capita and year. Furthermore, it 
is also assumed that differences in GDP per capita also refl ect dif-
ferences in care resources (e.g. countries with a high GDP per cap-
ita and year have more costly caring resources, such as long-term 
care, than countries with low GDP per capita). 

 The second approach (in the sensitivity analysis) is based on the 
assumption that expenditures of health care per capita refl ect de-
mentia costs worldwide. 

 All costs are expressed as US dollars in 2003 (currency transfor-
mations by the use of Purchase Power Parities  [17] ) and for the 
time transformation of costs to the year of 2003 the Consumer Price 
Index for each source country was used  [18] . 

 The criteria for inclusion of cost-of-illness studies from the key 
countries was that transparent and established methods for cost-of-
illness calculations were used. It should also be possible to identify 
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included cost categories, and a minimum requirement was that at 
least direct costs were presented. Some recalculations were made 
in order to obtain comparable cost fi gures. 

 Fourteen eligible studies were used  [2, 19–31] . All studies are 
from the WEO’s category for advanced economies. Since the se-
lected studies represented countries with a wide range in the num-
ber of demented persons, the average ratio between direct costs of 
dementia and GDP per person was weighted versus the size of the 
dementia population in the countries from which studies were se-
lected. The average weighted ratio between direct costs per dement-
ed person and GDP per person, which is used in the base option, 
was 43.6% (unweighted 44.0%, median 41.2%). The estimated 
worldwide direct cost is the sum of the estimated direct costs of all 
countries worldwide. The model can be expressed as an equation 
(for e.g. country A): 

 direct cost (country A)  = direct cost per demented (key countries)   !  
[GDP (country A) /GDP (key countries) ]  !  prevalence (country A) . 

 Results 

 Direct Costs 
 In 2003, the estimated number of demented persons 

worldwide was 27.7 million ( tables 1 ,  2 ), of which 38% 
lived in the advanced economies (47% in the MDR part 
of the world). By far the greatest dementia population 
lives in China (5.2 million). The worldwide direct costs 
of dementia in 2003 were estimated to be 156.2 billion 
USD ( tables 3 ,  4 ). In contrast to how the prevalence was 
distributed, 92% of the costs occur in the advanced econ-
omies/high-income countries (93% in the MDR). The 
highest single country direct cost was in the USA, 48.6 
billion USD, followed by Japan with 24.7 billion USD, 
while in the EU-25 region it was 60.5 billion USD. In 
China, the costs were estimated at 2.5 billion USD. 

 Sensitivity Analysis 
 The sensitivity analysis of the direct costs ( table 5 ) 

showed a variation between 129 and 159 billion USD, 

Major areas/regions Population 
2003, n ! 1,000

Proportion of 
population, %

Demented
2003

Proportion of 
demented, %

Africa 838,462.8 13.4 1,354,033 4.9
Eastern 264,659.6 4.2 359,334 1.3
Middle 103,909.1 1.7 164,034 0.6
Northern 183,217.7 2.9 377,897 1.4
Southern 48,259.8 0.8 87,299 0.3
Western 238,416.6 3.8 365,469 1.3
Latin America 541,294.7 8.6 1,867,134 6.7
Caribbean 38,443.5 0.6 188,767 0.7
Central 142,284.7 2.3 426,847 1.5
South 360,566.4 5.7 1,251,521 4.5
Northern America 316,467.0 5.0 3,282,080 11.8
Asia 3,823,656.4 60.9 13,209,989 47.6
Eastern 1,518,013.8 24.2 7,204,199 26.0
South Central 1,565,087.1 24.9 4,011,709 14.5
South Eastern 540,117.4 8.6 1,449,370 5.2
Western 200,438.0 3.2 544,712 2.0
Europe 727,749.1 11.6 7,787,243 28.1
Eastern 305,056.1 4.9 2,501,209 9.0
Northern 94,422.0 1.5 1,216,518 4.4
Southern 144,017.0 2.3 1,756,113 6.3
Western 184,254.0 2.9 2,313,404 8.3
European Union 451,081.9 5,504,683
Oceania 31,523.6 0.5 230,078 0.8
Australia and 

New Zealand 23,382.2 0.4 215,726 0.8
Other 8,141.4 0.1 14,351 0.1

World 6,279,153.6 100 27,730,557 100

  Table 1.  The worldwide population and 
worldwide dementia population 
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where the variation of prevalence resulted in the lowest 
cost. The alternative, based on expenditures on health, 
gave almost the same result as with the base option, which 
is not surprising since GDP per capita and expenditures 
on health are highly correlated. However, particularly be-
tween North America (mainly the USA, 63.7 billion USD 
in this option) and Europe there was a shift, depending 
on the high expenditures on health in the USA. 

 Discussion 

 It is important to stress the fact that the prevalence and 
cost fi gures presented in this paper must be seen as esti-
mates rather than exact calculations of costs. To transform 
and compare cost results between different countries is dif-
fi cult, as there are many ways to organize and fi nance care. 
Most sources also only cover some parts of the world, 
mainly the advanced economies. Another great problem is 
the incompleteness of data, both regarding demographics, 
care organization and costs. The use of macro-economic 
data, such as our GDP-based model, is a way to avoid these 
drawbacks. 

 The estimated number of demented individuals is also 
crucial for the estimation of the economic burden. Our 
prevalence fi gure, 27.7 million, which is an update of a 

previous calculation  [4] , is higher than fi gures presented 
in one WHO source (about 10 million  [32]  or 18 million), 
while it is lower than in another WHO publication (about 
34 million)  [33] . 

 The key question in this paper is whether the combi-
nation of cost-of-illness data from the key studies and 
macro-economic data are applicable to other parts of the 
world. The fi gures from Europe can be compared with the 
fi gures presented in the paper by Andlin-Sobocki et al.  [5] 
 where a much more comprehensive battery of sources 
could be used. Our cost per demented is about 91% of the 
cost in their paper for the corresponding countries. How-
ever, it is hard to say whether it is appropriate to assume 
that the relationship between GDP data and social and 
health care resources is also valid from a worldwide per-
spective, particularly since the key studies are all from 
advanced economies. The knowledge about formal and 
informal care for demented persons in the developing 
countries is limited  [34] . Even if it is logical to assume 
that in low-income countries the number of institutional 
resources is indeed low (or they are not existing), one can 
question the assumption that, for instance, an increasing 
GDP per capita correlates in a rather linear way to more 
(and costly) institutional care. The assumption that unit 
costs of dementia care correlate with GDP can also be 
questioned, although it is diffi cult from a worldwide per-

  Table 2.  The worldwide population and worldwide dementia population in different economic areas 

Major areas/regions Population
2003, n ! 1,000

Proportion of
population, %

Demented 
2003

Proportion of 
demented, %

World 6,279,153.6 100 27,730,557 100
IMF/WEO classifi cation
Advanced economies 921,770.2 15 10,540,885 38
Other emerging market and developing 

countries 5,357,383.4 85 17,189,672 62
UN classifi cation
MDR 1,194,840.0 19 12,969,903 47
LDR 5,084,313.6 81 14,760,654 53
World Bank  classifi cation
Low income 2,313,445.9 37 5,202,278 19
Lower middle income 2,694,142.8 43 10,371,024 37
Upper middle income 335,048.4 5 1,542,461 6
High Income 936,516.4 15 10,614,793 38
OECD countries 1,140,823.4 11,494,933

IMF = International Monetary Fund; Advanced economies = China Hong Kong SAR, Japan, Republic of Ko-
rea, Singapore, Cyprus, Israel, Denmark, Finland, Iceland, Ireland, Norway, Sweden, UK, Greece, Italy, Portugal, 
Spain, Austria, Belgium, France, Germany, Luxembourg, The Netherlands, Switzerland, Canada, USA, Australia, 
New Zealand; LDR = Africa, Latin America and the Caribbean, Asia (excluding Japan), Melanesia, Micronesia 
and Polynesia; MDR = North America, Japan, Europe, Australia, New Zealand.
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spective to confi rm or reject it. An indirect support for 
this assumption may be the well-known correlation be-
tween expenditures on health care and GDP (even if most 
of the direct costs of dementia care can be regarded as 
non-medical). Nevertheless, we think that the estimates, 
with all these drawbacks, represent a rather valid estimate 
of the worldwide direct costs of dementia. 

 The dichotomous way of dividing the countries in the 
world (as ‘advanced economies’ vs. the ‘other emerging 
market and developing countries’ or MDR vs. LDR) is 
rather rough since there are, indeed, differences between 
countries in these categories, and many countries are in a 
transition toward a better economic situation. The World 
Bank classifi cation offers somewhat more detailed infor-
mation and can also catch the transitions in a better way. 

 The ‘greying’ of populations not only in the advanced 
economies, but also in the developing countries with an 

expected increase in the prevalence of dementia  [4] , will 
put a stress on the care systems in all countries. However, 
whether it is good or bad to build up a formal care infra-
structure in the developing countries similar to that in the 
advanced economies (e.g. institutions, home medical 
care, day care) is hard to say, and the assumption that an 
economic transition with changing family patterns poses 
a threat to the elderly has been questioned  [35] . On the 
other hand, in many advanced economies there is a trend 
of deinstitutionalization, often combined with an eco-
nomic crisis in the public health and social systems, lead-
ing to other kinds of problems. Since dementia disorders 
are costly and also constitute a great part of the total costs 
in the welfare system, dementia disorders should be the 
focus for not only specifi c care planning on all levels in 
the society, but also for extensive cost-effectiveness re-
search. 

Major areas/regions Direct costs, 
billions US

Percent Costs, USD

per demented
person

per person
0+

Africa 0.53 0.3 393 0.6
Eastern 0.06 0.0 163 0.2
Middle 0.04 0.0 225 0.4
Northern 0.25 0.2 650 1.3
Southern 0.12 0.1 1,402 2.5
Western 0.07 0.0 189 0.3
Latin America 3.00 1.9 1,604 5.5
Caribbean 0.47 0.3 2,505 12.3
Central 0.98 0.6 2,298 6.9
South 1.54 1.0 1,232 4.3
Northern America 52.62 33.7 16,032 166.3
Asia 31.96 20.5 2,419 8.4
Eastern 28.87 18.5 4,007 19.0
South Central 1.11 0.7 276 0.7
South Eastern 0.88 0.6 610 1.6
Western 1.10 0.7 2,019 5.5
Europe 65.78 42.1 8,447 90.4
Eastern 3.60 2.3 1,439 11.8
Northern 16.38 10.5 13,462 173.4
Southern 15.65 10.0 8,912 108.7
Western 30.15 19.3 13,035 163.7
European Union 60.47 10,985 134.0
Oceania 2.30 1.5 10,071 73.5
Australia and 
New Zealand 2.30 1.5 10,671 98.5
Other 0.00 0.0 1,058 1.9

World 156.20 100 5,633 24.9

0+ = total population.

  Table 3.  The estimated worldwide direct 
costs of dementia in 2003  



 Wimo/Jonsson/Winblad 
  
  

 Dement Geriatr Cogn Disord 2006;21:175–181 180

 It is not easy to compare worldwide cost-of-illness stud-
ies, due to methodological issues (different methods for 
cost calculations, lack of data from many parts of the world, 
different care systems etc). The worldwide direct costs of 
diabetes, another long-lasting chronic disorder, has been 
estimated at 44.4 billion USD (in 1997)  [36] , giving a hint 
of the magnitude of the direct costs of dementia. 

 In conclusion, due to several sources of uncertainty, the 
range of cost estimates is relatively wide. The research da-
tabase is small, particularly in the developing countries, 
and there is a great need for extensive research in a broad 
way. It is also necessary to perform cost studies from coun-
tries with different ways of fi nancing and organizing care. 
Incomplete demographic statistics, different ways of fi -
nancing and organizing dementia care, available resources 
and the relative importance of informal care are examples 

of factors that contribute to between-country variability 
and uncertainty in estimates. Nevertheless, it is obvious 
that the worldwide costs are substantial and the expected 
increase in elderly people in the developing countries pre-
sents a great challenge for social and health care systems. 
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Major areas/regions Direct costs, 
billions USD

Percent Costs, USD

per demented 
person

per person
0+

World 156.20 100 5,633 24.9
IMF/WEO classifi cation
Advanced economies 143.53 92 13,617 155.7
Other emerging market and 
developing countries 12.67 8 737 2.4
UN classifi cation
MDR 145.44 93 11,214 121.7
LDR 10.76 7 729 2.1
World Bank classifi cation
Low income 1.1 1 216 0.5
Lower middle income 7.3 5 705 3
Upper middle income 3.7 2 2,411 11
High income 144.0 92 13,570 154
OECD countries 145.14 93 13,589 136.9

0+ = total population; IMF = International Monetary Fund.

  Table 4.  The estimated worldwide direct 
costs of dementia in different economic 
areas in 2003 

Base 
option

Prevalence
[10]

Prevalence
[9]

GDP-based
(outliers excluded)

Health
expenditures

Africa 0.53 0.55 0.43 0.51 0.70
Latin America 3.00 3.00 2.46 2.87 4.76
Northern America 52.62 51.41 43.40 50.49 67.79
Asia 31.96 31.84 26.44 30.67 25.76
Europe 65.78 64.78 54.68 63.12 57.30
Oceania 2.32 2.29 1.92 2.22 2.30

World 156.20 153.87 129.33 149.90 158.62

  Table 5.  Sensitivity analysis of the direct 
costs 
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Survival times in people with dementia: analysis from
population based cohort study with 14 year follow-up

Jing Xie, research associate,1 Carol Brayne, professor,1 Fiona E Matthews, senior research scientist,2

and the Medical Research Council Cognitive Function and Ageing Study collaborators

ABSTRACT

Objectives To provide estimates of survival after onset of

dementia by age, sex, self reported health, disability, and

severity of cognitive impairment.

Design Analysis of participants from prospective

population based cohort study in 1991-2003,with follow-

up of dementia status in all individuals after two and six

years (in one centre) and 10 years and in subsamples

additionally at six and eight years and mortality until

2005.

SettingMulticentre population based study in England

and Wales: two rural and three urban centres.

Participants 438 participants who developed dementia

froma population based study of 13004 individuals aged

65 years and over drawn from primary care population

registers.

Main outcome measures Sociodemographic factors,

cognitive function, specific health conditions, and self

reported health collected at each interview. Cox’s

proportional hazards regression models were used to

identify predictors ofmortality from the selected variables

in people who received diagnosis of dementia according

the study’s criteria.

Results By December 2005, 356 of the 438 (81%)

participants who developed dementia during the study

had died. Estimated median survival time from onset of

dementia to death was 4.1 years (interquartile range 2.5-

7.6) for men and 4.6 years (2.9-7.0) for women. There was

a difference of nearly seven years in survival between the

younger old and the oldest people with dementia: 10.7

(25th centile 5.6) for ages 65-69; 5.4 (interquartile range

3.4-8.3) for ages 70-79; 4.3 (2.8-7.0) for ages 80-89, and

3.8 (2.3-5.2) years for ages ≥90. Significant factors that
predictedmortality in thepresenceof dementia during the

follow-up included sex, age of onset, and disability.

Conclusion These analyses give a population based

estimated median survival for incident dementia of 4.

5 years. Such estimates can be used for prognosis and

planning for patients, carers, service providers, andpolicy

makers.

INTRODUCTION

Life expectancy is increasing globally. One conse-
quence is that the number of people affected by
dementia is estimated to double every 20 years to

81.1 million by 2040.1 A Delphi consensus study of
global prevalence of dementia estimated that 24.3
million people have dementia, with 4.6 million new
cases every year.1 Dementia is also a major cost to
health care and social systems in the developed world.
In theUnitedKingdom in 1998, the institutional cost of
people with cognitive impairment (n=224 000) was
estimated at 0.6% of the UK gross domestic product
(£4.1bn, €5.7bn, $8.2bn).2 Given its impact on society,
improvements in our understanding of causes, course,
and consequences of dementia are of key importance.
One frequently raised question in clinical and policy

settings is the impact of dementia on life expectancy.
People with dementia have markedly decreased
survival rates compared with those without
dementia3-5 and are two to four times more likely to
die at a given age than those of the same age without
dementia.6 7 Even mild cognitive impairment is asso-
ciated with the increased relative risk of mortality.6 8

Themedian survival timeof patientswith dementia has
been investigated in cohort studies and case series in
various settings and ranges from three to nine years.4 7 9

Characteristics reported to be associatedwith variation
in survival include age, sex, sociodemographic char-
acteristics, initial severity of dementia, type of demen-
tia, other comorbid conditions, and genetic
characteristics. The high mortality in people with
dementia persists into the older age group.3 6 10 Sex is
less related,11 12 although most studies report shorter
survival in men across all age groups compared with
women.10 The influence of education is also incon-
sistent, with some reports of increased mortality with
lower levels of education13 while others report no such
relation14 or even the reverse.15 The more severe the
dementia, the higher the risk of mortality over the long
term,10 16 but again, this finding is not consistent.17

Variation in survival might also be caused by
differences in study design. Some studies are popula-
tion based,18 19 others community based,3 4 10 and some
are institution based.20 Shorter survival is reported in
institutional compared with community based
settings.21 Some are control studies, others are case
control or case series.3 4 Different diagnostic criteria for
dementia and age at diagnosis might result in
differential survival time.13 22 Most studies are based
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on prevalent cases, which could lead to bias because of
the exclusion of patients with relatively rapid progres-
sive dementia.13 23 Analysis that uses incident dementia
avoids this bias, but introduces other difficulties such as
how to decide the time of onset, which could be based
on dates of first symptoms and first consultation,
median time between two interviews, or initial clinical
diagnosis. Few studies have investigated the difference,
but one study reported a median survival of 5.7 years
from diagnosis of dementia, but 10.5 years from onset
of first reported symptomatic sign.3

There is considerable uncertainty about what
influencessurvival of people with dementia in the real
population. Thisis an important public health issue and
provides information for policy makers, practitioners,
and families.24 We have already shown that dementia
and severe cognitive impairment can be present at the
end of life, increasingly so with increasing age.25 We
looked at overall survival for peoplewithdementia and
examined the association between factors that could
affect survival in incident dementia over a 14 year
follow-up.

METHODS

Study design and population

The Medical Research Council’s cognitive function
and ageing study (MRC CFAS) is a multicentre,
longitudinal, prospective population based epidemio-
logical study of cognitive function and disability in the
UK. The fieldwork methods were standardised for
Cambridgeshire, Gwynedd, Newcastle, Nottingham,
and Oxford, where at least 2500 people aged 65 years
and over were interviewed at each centre, divided
equally between two age groups: 65-74 and 75 years
and over. The sampling included institutions, and the
overall response rate (82%) provides good population
representation. Details of the study design and a
description of the baseline sample are reported

elsewhere.26 Incidence was measured at a two year
repeat of these.
Participants were re-interviewed over a 10 year

period and followed up for mortality for 14 years. All
participants underwent a screening interview for the
baseline examination, with 20% being assessed in a
moredetailed interviewafter amedianof threemonths.
At two years interviews consisted of an incidence
screen for those who had not previously been selected
for assessment followed by a selection of 20% for
assessment and a combined screen and assessment for
those who had been assessed previously at baseline.
The assessment sample (representing 20% of those
screened) at both baseline and two year interviews
represented all those with cognitive impairment (using
AGECAT algorithm and mini-mental state examina-
tion scores) and a random sample above mini-mental
state examination score cut points. The combined
screen and assessment interview was repeated at six,
eight, and 10 years. All interviews contained the mini-
mental state examination. The Cambridge centre
additionally interviewed the complete sample with a
combined screen and assessment interview at six years.
At the time of most assessment interviews, and when a
diagnosis of dementia was likely from the combined
screen and assessment interviews, a participant’s
relative or carer underwent an informant assessment
interview, also known as the history and aetiology
schedule. We included in the analysis incident
dementia cases in all individuals after two, six (in
Cambridge), and 10 years and in subsamples addition-
ally at six and eight years.
Participants were flagged at the Office for National

Statistics National Health Service Central Register so
we received an automatic notification of death. We
collected date of death for all those who died on or
before 31 December 2005.
All participants gave informed consent when appro-

priate and next of kin gave assent on the wishes of the
respondent when capacity tomake informed decisions
was impaired.

Definition of incident dementia

The assessment comprised standardised questions
required for the identification of major psychiatric
disorders of old age (the geriatric mental state
examination). Diagnosis of incident dementia was
based on the geriatric mental state examination
algorithm at the assessment interview.27 This is a
validated algorithm most similar to Diagnostic and
Statistical Manual of Mental Disorders (third edition). We
classed the time of onset of dementia as the midpoint
between the last follow-up without dementia and the
first follow-up with dementia.

Cognitive impairment within dementia

Cognitive functionwasmeasuredwith themini-mental
state examination.28 If a non-physical question was not
asked or any itemwas skipped, a person’s score was set
tomissing.Scores for thoseunable to complete all items
because of physical difficulties such as blindness were

Baseline screening
(n=13 004)

Year

Prevalence assessment
(n=2640)

Incidence assessment
(n=1463)

Combined screen and assessment (n=3145)
Incident cases (n=105)

Incidence screen
(n=7176)

0

2

6

8

10

Combined screen and
  assessment (n=2640)
Incident cases (n=136)

Incidence assessment
  (n=719)
Incident cases (n=22)

Combined screen and
  assessment (n=1732)
Incident cases (n=152)

Combined screen and
  assessment (n=390)
Incident cases (n=23)

Flowchart of incident dementia cases
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coded as zero. The score was divided into four groups
(≤17, 18-21, 22-25, and 26-30). Lower scores suggest
poorer cognitive function. If a score ismissing it means
that participants could not be tested and are consider-
ably impaired.

Associated factors

In keeping with the findings of other studies we
included variables known to have an association with
mortality: age, sex, marital status, accommodation
type, education level, social class, functional status, self
reported health, and area deprivation.3 4 6 13 22

Functional impairment (disability)—Functional health
status was measured using Blessed dementia scale
items. Scores ranged from 0-17. The score was
calculated for individuals for whom an informant was
interviewed—that is, at prevalence assessment, inci-
dence assessment, and at combined screen and
assessments at baseline and two, six, eight, and
10 years.We divided the scores into thirds for analysis.
Self reported health—Self reported health was mea-

sured with a four point scale, based on the question:
“Howwould you say your health is these days: Would
you say your health is excellent, good, fair, or poor?”

Table 1 | Characteristics of 438 incident dementia cases in theMedical Research Council’s cognitive function and ageing study.

Figures are numbers (percentages) unless stated otherwise

Variables* Women (n=311) Men (n=127) Total

Median (IQR) age at onset 84 (80-88) 83 (77-87) 84 (79-88)

Median (IQR) age at death 90 (85-93) (n=252) 87 (83-91) (n=104) 89 (84-92) (n=356)

Education in years:

≤9 217 (71) 91 (73) 308 (71)

10-11 56 (18) 25 (20) 81 (19)

≥12 34 (11) 8 (7) 42 (10)

Social class:

I/II 83 (27) 32 (25) 115 (26)

III 129 (41) 62 (49) 191 (44)

IV/V 82 (26) 31 (24) 113 (26)

Armed force/unclassified 17 (6) 2 (2) 19 (4)

Accommodation type:

Community† 188 (61) 90 (71) 278 (64)

Residential and nursing home 122 (39) 37 (29) 159 (36)

Marital status:

Married/cohabiting 30 (10) 12 (10) 42 (10)

Single 61 (20) 71 (58) 132 (31)

Widowed 213 (70) 39 (32) 252 (59)

Townsend deprivation index:

Top third 108 (36) 42 (33) 150 (36)

Middle third 105 (35) 40 (32) 145 (34)

Bottom third 84 (29) 44 (35) 128 (30)

Self reported health:

Excellent 44 (14) 15 (12) 59 (13)

Good 141 (45) 52 (41) 193 (44)

Fair 85 (27) 39 (31) 124 (28)

Poor 26 (12) 15 (12) 41 (9)

Missing 15 (5) 6 (5) 21 (5)

Blessed dementia scale:

Least impaired third 74 (24) 36 (28) 110 (25)

Middle impaired third 73 (23) 29 (23) 102 (23)

Most impaired third 82 (26) 23 (18) 105 (24)

Missing 82 (26) 39 (31) 121 (28)

Mini-mental state examination:

26-30 3 (1) 4 (3) 7 (2)

22-25 27 (9) 18 (14) 45 (10)

18-21 63 (20) 33 (26) 96 (22)

0-17 167 (54) 52 (41) 219 (50)

Missing 51 (16) 20 (16) 71 (16)

IQR=interquartile range.

*Missing data for 7, 1, 12, and 15 in education, accommodation type, marital status, and Townsend deprivation index, respectively.

†Community accommodation (own home, granny flat, or warden controlled accommodation).
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Deprivation—The Townsend deprivation score was
chosen as ameasure of area level deprivation. Basedon
the 1991 census data, we calculated the score from the
respondents’ postcodes at baseline screen.

Statistical analyses

We excluded individuals with prevalent dementia at
entry into the cohort from these analyses. All
participants alive on or after 31 December 2005 were
censored in the analysis. Person years of observation
weredefinedas the interval between thedateof onset of
dementia and death or 31 December 2005. We

excluded individuals seen only at baseline, two years,
and 10 years as we could not estimate the onset of
dementia between the two follow-ups.
We compared demographic and health character-

istics for those with dementia with Mann-Whitney
U test for continuous variables and with Person χ2 test
for categorical variables.
Potential predictors included in themodels were age

at onset of dementia (65-69, 70-79, 80-89, and
≥90 years), sex, educational level (≤9, 10-11,
≥12 years), marital status (married/cohabiting,
widowed/separated, and single), social class

Table 2 | Median (IQR) survival time in years of 438 incident dementia cases

Women Men All

Sex 4.6 (2.9-7.0) 4.1 (2.5-7.6) 4.5 (2.8-7.0)

Median age at onset:

65-69 7.5 (4.8-NA) NA (9.1-NA) 10.7 (5.6-NA)

70-79 5.8 (3.6-8.3) 4.6 (3.0-8.6) 5.4 (3.4-8.3)

80-89 4.4 (2.8-7.0) 3.7 (2.5-6.3) 4.3 (2.8-7.0)

≥90 3.9 (2.4-5.2) 3.4 (1.5-5.5) 3.8 (2.3-5.2)

Education (years):

≤9 4.7 (3.1-7.3) 4.0 (2.8-7.0) 4.6 (2.9-7.0)

10-11 4.5 (3.0-7.1) 3.3 (2.2-6.6) 4.0 (2.8-6.6)

≥12 3.6 (2.0-6.7) 4.2 (1.9-8.6) 3.7 (2.0-6.7)

Social class:

I/II 4.7 (2.7-6.8) 4.2 (2.2-7.0) 4.6 (2.7-6.9)

III 4.6 (3.2-7.5) 3.8 (2.5-6.6) 4.1 (2.9-7.0)

IV/V 4.9 (2.9-7.3) 5.2 (2.6-10.6) 5.0 (2.9-8.3)

Unclassified 3.3 (2.0-5.8) 4.0 (4.0-5.5) 3.8 (2.0-5.8)

Accommodation type:

Community 4.9 (3.2-8.3) 4.6 (3.1-7.9) 4.9 (3.2-8.2)

Residential and nursing home 4.0 (2.6-5.9) 2.8 (2.0-4.1) 3.7 (2.3-5.8)

Marital status:

Widowed 4.4 (2.8-6.5) 3.6 (2.5-5.2) 4.3 (2.8-6.4)

Married/cohabiting 7.0 (3.5-10.1) 4.2 (2.4-7.6) 5.0 (3.2-8.6)

Single 3.3 (2.5-5.9) 4.0 (2.8-9.6) 3.8 (2.6-7.0)

Third of Townsend deprivation scale:

First 4.7 (3.2-7.0) 3.8 (2.8-7.0) 4.6 (3.0-7.0)

Second 4.9 (2.9-7.0) 4.1 (2.8-6.5) 4.7 (2.9-7.0)

Third 4.0 (2.6-7.5) 4.0 (2.2-9.6) 4.0 (2.5-7.7)

Self reported health:

Excellent 5.0 (3.3-9.1) 4.5 (2.8-6.1) 4.9 (2.8-8.7)

Good 4.7 (3.0-7.0) 4.2 (2.6-9.1) 4.6 (3.0-7.0)

Fair 4.5 (3.0-6.5) 3.4 (2.2-6.8) 4.4 (2.8-6.6)

Poor 3.2 (2.0-5.8) 4.1 (2.4-7.6) 3.8 (2.3-6.3)

Third of Blessed dementia scale:

First 6.4 (4.0-10.0) 6.6 (3.9-10.4) 6.4 (4.0-10.4)

Second 4.0 (3.0-6.0) 4.6 (2.6-6.3) 4.2 (2.8-6.0)

Third 3.4 (2.4-5.4) 2.9 (1.5-5.1) 3.3 (2.2-5.3)

Missing 4.8 (3.2-7.0) 3.6 (2.8-5.5) 4.6 (2.9-7.0)

Mini-mental state examination:

26-30 NA (3.4-NA) NA (4.6-NA) NA (4.6-NA)

22-25 7.0 (4.6-NA) 4.6 (3.1-6.6) 6.1 (3.9-10.4)

18-21 4.9 (3.2-7.5) 4.6 (2.9-7.6) 4.7 (3.0-7.6)

0-17 4.5 (2.8-6.8) 3.8 (2.2-6.5) 4.3 (2.8-6.6)

Missing 3.9 (1.9-5.4) 3.0 (2.0-3.9) 3.6 (2.0-5.4)

IQR=interquartile range; NA=not available because of censored information on survival.
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(professionals (I), managerial and technical workers
(II), skilled non-manual andmanual (III), partly skilled
workers (IV), and unskilled manual workers (V)),
accommodation type (community v institution), third
ofTownsenddeprivation score,Blesseddementia scale
(least impaired, middle, and most impaired thirds),
score on the mini-mental state examination (≤17, 18-
21, 22-25, 26-30), and self reported health (excellent,
good, fair, or poor). The values of potentially time
dependent variables were taken from the interview
closest to the estimated onset of dementia. For the 40%
with missing data for self reported health, we took that
from the closest interview.

Mortality was calculated by dividing the number of
individualswhohaddiedbypersonyears at risk during
the 14 years of follow-up. We used the Kaplan-Meier
method to calculatemedian survival times fromdate of
onset of dementia and log rank tests to evaluate the
survival distributions of different groups. Factors
associated with death were analysed with Cox’s
proportional hazards regression model, which
included only those factors that were significant in the
univariate analysis. We used Schoenfeld residual tests
to evaluate the proportional hazard assumption and
checked interactions between variables. This model
generates regression coefficients for the independent
variables, the exponents of which reflect hazard ratios.
All data were analysed with Stata software, version 9.2

(Stata Corp, College Station, TX). The dataset we used
was version 8.1 of the Medical Research Council’s
cognitive function and ageing study.

RESULTS

Descriptive characteristics

At baseline, 13 004 participants were included in the
cohort. A total of 438 incident dementia cases were
available from 1991 to 2003 (figure). Of all the
participants, 41% had intervals of two years or less
between the interviews that measured the transition
from no dementia to dementia. Table 1 shows
characteristics of the participants.

The median age at onset of dementia was 84
(interquartile range 80-88) for women and 83 (77-87)
for men (P=0.001 for difference). Two thirds of
individual cases were women (311, 71%). Among the
356 who died, the median age at death was 90 for
women and 87 for men (P=0.001). Compared with
men, women were more likely to be widowed (70% v
32%, P=0.001) and living in residential and nursing
homes (39% v29%,P=0.001).Womenhad lower scores
on the mini-mental state examination (median 16 v 18,
P=0.006).

Impact of dementia on median survival time and mortality

We derived all median survival times from Kaplan-
Meier estimates from onset of dementia. During the

Table 3 | Hazard ratios (HR) for death of incident dementia cases, withmultiple adjustments for all variables shown

Univariate analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Sex:

Women 1
0.7

1
0.007

Men 1.0 (0.8 to 1.3) 1.4

Age at onset:

65-69 1

<0.001

1

0.03
70-79 3.3 (1.4 to 7.5) 2.1 (0.9 to 4.9)

80-89 4.5 (2.0 to 10.2) 2.7 (1.1 to 6.3)

≥90 6.4 (2.7 to 15.0) 3.1 (1.3 to 7.5)

Accommodation type:

Community 1
<0.001

1
0.14

Residential and nursing home 1.6 (1.3 to 2.0) 1.2 (0.9 to 1.6)

Marital status:

Widowed 1

0.005

1

0.2Married/cohabiting 0.7 (0.5 to 0.9) 0.7 (0.6 to 1.0)

Single 0.9 (0.6 to 1.3) 0.9 (0.6 to 1.4)

Third of Blessed dementia scale:

First 1

<0.001

1

0.002
Second 2.1 (1.5 to 2.9) 1.8 (1.3 to 2.5)

Third 2.9 (2.1 to 4.0) 2.1 (1.6 to 3.3)

Missing 1.9 (1.4 to 2.6) 1.6 (1.2 to 2.2)

Mini-mental state examination:

26-30 0.1 (0.03 to 0.5)

<0.001

0.3 (0.1 to 1.5)

0.3

22-25 0.6 (0.4 to 0.8) 0.8 (0.5 to 1.2)

18-21 0.9 (0.7 to 1.2) 1.2 (0.9 to 1.6)

0-17 1 1

Missing 1.3 (1.0 to 1.7) 1.2 (0.9 to 1.6)
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follow-up period, 356 (81%) individuals died. Survival
from estimated onset of dementia was 4.6 years for
women and 4.1 years for men (table 2), with a
significant trend for age.
In the univariate analysis, those with higher educa-

tion had slightly shorter survival than those with lower
education, but this did not reach conventional sig-
nificance. Social class showed no pattern. Though
those who assessed their health as “poor” before the
onset of dementia had shorter survival (3.8 years) than
those who assessed their health as “excellent”
(4.9 years), the difference was not significant. None of
these non-significant variables was put in the multi-
variableCox’s proportional hazards regressionmodel.
Married individuals with dementia had the longest
median survival (7.0 years for married/cohabiting,
4.4 years for widowed/separated, and 3.3 years for
single), while widowed men had the shortest survival
(table 3).
Those who were functionally impaired, older, and

male had predicted shorter survival, but accommoda-
tion type, marital status, and score on the mini-mental
state examination were no longer associated with
survival (table 3).

DISCUSSION

Summary of findings

In a large population based sample, survival after the
estimated onset of dementia was 4.6 years for women
and 4.1 years for men. Survival was influenced by age,
sex, and disability before onset. Accommodation type,
marital status, and self reported health were not
associated with survival once we controlled for other
factors. An estimate of the expected survival after the
onset of dementia is a useful measure for individuals,
families, and society. Clinicians and those providing
care for patients with dementia are often asked to
provide a sense of how long the patient might survive.
There is often a delay in recognition of dementia and
formal diagnosis, which clinicians need to consider
when using the best estimate in each clinical case.
Knowingwhich factors influence the length of survival
is also important.
Our findings might be limited because often we did

not exactly know the timing of onset of dementia and
used an estimate as the midpoint between interviews.

This is unlikely to have introduced bias as most
individuals were captured by the design.

Limitations

In our cohort participants who died rapidly after onset
could not be diagnosed and thus cannot be included in
the survival analysis of those with incident dementia.
This could lead to an overestimate of the survival time.
Analysis of attrition for this study has shown that
individuals who dropped out or refused follow-up
during the study tended to have impaired cognitive
ability and highermortality.29We therefore potentially
missed this type of incident case. Few previous studies
have investigated mortality with dementia in the
community based on incident cases but this is probably
the measure of most value to clinicians and families13

and can be adjusted by clinicians to take into account
the lag between onset and the time a clinician estimates
an individual would have fulfilled dementia criteria.
We did not attempt to split the sample further by
subtype as the neuropathology is often mixed in the
population.30 Clinical studies have examined the
relation between particular syndrome profiles and
survival, butwedidnot cover this andaimed toprovide
broad groups for easier application and which are
available for all individuals.

Findings in context of the literature

The Canadian Study of Health and Ageing used
estimated survival fromincidencebybasingananalysis
on prevalent cases but measuring survival from an
estimated earlier time of onset. Median survival times
are shorter, perhaps because of this design feature and
the shorter duration of follow-up (five years).19 The
estimates from a French epidemiological study on
brain ageing (PAQUID) are similar to ours.13 A further
study from theUSdid not include institutions, possibly
leading to longer estimated survival times than ours.10

As expected, we found significant trends of decreas-
ing survival with increasing age forwomen andmen, in
linewithothers.3 10 13The absolutedifferences are large,
with more than five years’ difference between the
youngest and oldest groups. Women with dementia
have longer survival than men in our study and
others.10 13

We did not find strong educational effects. Uni-
variate analysis suggests shorter survival for people
with more education, as reported in some of the
literature13 but not in other studies.31 These discrepan-
cies might be caused by variation in the nature of
variables adjusted in multivariable analysis. Although
individuals in institutions do live for a shorter time, this
is also accounted for by other factors measured in this
study.13 21

Lower cognitive function and dementia shorten
survival, but our analysis shows that once other factors
are controlled for, cognitive levelwithin dementia is no
longer significant. It is useful to know survival for
specific mini-mental state examination bands as these
canbe applieddirectly for clinical use. Survival is lower
by more than two years in those who cannot do the

WHAT IS ALREADY KNOWN ON THIS TOPIC

Dementia is associated with an increased risk of death

No estimate exists for actual survival with dementia in
England and Wales

WHAT THIS STUDY ADDS

People with incident dementia survive on average for
4.5 years

Survivalvariesbetween10.7and3.8yearsbetweenyounger
old and oldest old

Sex and disability influence survival
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mini-mental state examination compared with those
with higher scores, perhaps highlighting a more
aggressive course. Severe comorbidity is unlikely to
account for these findings as such individuals are less
likely to be interviewed and are under-represented.

Disability with dementia is still associated with
shorter survival, even when other factors are taken in
account, as found inother studies,32with arounda three
year absolute reduction in survival between the most
and least disabled. This does suggest that the frailer
individuals are at higher risk even after age is
considered.

Other studies have estimated associations between
mortality and baseline variables without taking into
account changes in these variables during follow-
up.10 32 Our analysis uses values from the interview
closest to onset with the intention of providing more
clinically useful estimates. The major strengths of our
study include its representative sampling from the
population (including institutions), prospective study
design, detailed measures on individuals before onset
of dementia, and length of follow-up (14 years). Our
analyses provide robust population based estimated
survival for incident dementia by age, sex, and setting.
Some of these results may seem self evident but they
answer questions asked by those caring for and
advising people with dementia.We hope the estimates
will be valuable to patients, clinicians, carers, service
providers, and policy makers.
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Summary-A new Geriatric Depression Scale (GDS) designed specifically for rating depression in 
the elderly was tested for reliability and validity and compared with the Hamilton Rating Scale 
for Depression (HRS-D) and the Zung Self-Rating Depression Scale (SDS). In constructing the 
CDS a lC0-item questionnaire was administered to normal and severely depressed subjects. The 
30 questions most highly correlated with the total scores were then selected and readministered to 
new groups of elderly subjects. These subjects were classified as normal, mildly depressed or 
severely depressed on the basis of Research Diagnostic Criteria (RDC) for depression. The GDS, 
HRS-D and SDS were all found to be internally consistent measures, and each of the scales was 
correlated with the subject’s number of RDC symptoms. However, the GDS and the HRS-D 
were significantly better correlated with RDC symptoms than was the SDS. The authors suggest 
that the GDS represents a reliable and valid self-rating depression screening scale for elderly 
populations. 

INTRODUCTION 

MOST EXISTING depression rating scales have been developed and validated in younger 
populations and their applicability with older persons has not yet been demonstrated. 
The scale described in this article was specifically designed to measure depression in the 
aged, primarily as a screening instrument, and validated within this population. 

MEASURING DEPRESSION IN THE AGED 

The need for a geriatric depression scale is obvious. Between 5 and 20% of the 20 
million aged Americans are estimated to be depressed (GURLAND, 1976). Although one 
could apply existing general psychiatric depression scales to this population, the aged 
present unique problems for clinicians and researchers interested in the study and treatment 
of depression (SALZMAN and SHADER, 1978). 

A major problem is the confusion of dementia with depression in the elderly. The 
syndrome of “pseudodementia”, with psychomotor retardation and passive refusal to 
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respond appropriately to cognitive tests is depression mistaken for dementia (WELLS, 
1979; JARVIK, 1976). Depression in the elderly often is accompanied by subjective 
experiences of memory loss and cognitive impairment (KAHN et al., 1975), symptoms 
seen less frequently in the young. 

Conversely, somatic symptoms which are usually a key to diagnosis of depression in the 
young are less useful in the elderly. For instance, sleep disturbances are a common 
symptom of endogenous depression; but such disturbances are also common in the 
nondepressed elderly (COLEMAN et al., 1981), while rare in younger persons not suffering 
from depression. A host of other examples include the normal decline of sexual function, 
constipation, and the aches and pains associated with arthritis in the aged. 

The high prevalence of somatic complaints among the elderly and their unique cognitive 
complaints present both a problem and an opportunity in screening for depression in the 
elderly. The problem is that most existing scales are heavily loaded toward measuring the 
somatic symptoms of depression. Although somatic complaints are clearly part of major 
depressive disorders, this will not necessarily be the case in milder forms of depression. 
Moreover, to the extent one is interested in screening for depression rather than formal 
diagnosis or description, discrimination between depressed and nondepressed persons or 
between different degrees of depression would seem to be the primary concern. For this 
reason it may be necessary to weight somatic symptoms of depression less heavily than 
psychological symptoms having greater discriminative power. On the other hand, the unique 
cognitive complaints of the elderly may present an opportunity to devise screening 
instruments with enhanced discriminative power in the elderly. 

Another problem in the assessment of geriatric depression and other disorders experienced 
by the aged is that the elderly are typically more resistant to psychiatric evaluation than 
younger patients (SALZMAN and SHADER, 1978; WELLS, 1979). Consequently, one needs 
to design the items comprising a scale to fit this population; questions appropriate for 
use with the young may not be appropriate for the old. For example, questions about 
sexuality often make the elderly defensive, and yet they are included on many existing 
scales. Other questions may pose problems of patient acceptance as well as leading to 
problems of interpretation (BLUMENTHAL, 1975). For example, questions about suicidal 
intent, whether life is worth living, or whether one is hopeful about the future obviously 
have different meaning in those reaching the end of their lifespan. Of course these problems 
of patient resistance and unique interpretation can probably be dealt with adequately if an 
experienced interviewer administers the depression scale, and the scale is designed to elicit 
more open-ended responses from the patient in an atmosphere fostering good rapport. 
However, in designing a self-rating depression scale for the aged, these issues need to be 
adequately addressed in the scale’s initial development. 

It is also essential to provide a simple, easily understood format in the development of a 
geriatric depression scale. Several of the self-rating scales presently available may be too 
difficult for the elderly to complete by themselves. For example, Zung’s (1965) self- 
rating scale for depression uses a four-point scale that is likely to be more confusing than 
a yes/no format, because it involves a greater number of choices and subtle discriminations 
that must be made by the person. 

The scale reported here was designed to avoid most of these problems associated with 
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the measurement of geriatric depression by developing the scale with the aged in mind 
and by selecting items for the scale based on their performance within this population. 
Questions that proved to have inadequate power to discriminate depressed from non- 
depressed elderly were not incorporated into the scale while uniquely discriminating 
items that might not be as useful with younger groups were included. Furthermore, a 
yes/no format was used in order to make the scale a simple one that could be used in 
nearly all instances as a self-rating scale and one that would be acceptable to patient and 
physician alike. 

EXISTING DEPRESSION SCALES 

There are numerous depression rating scales currently available. These have been 
subject to several reviews (CARROLL et al., 1973; KOCHANSKY, 1979; MCNAIR, 1979; 
HEDLUND and VIE~EG, 1979) and include: Hamilton Rating Scale for Depression (HRS-D), 
Zung Self-Rating Depression Scale (SDS), Beck Depression Inventory, Phenomena of 
Depression Scale, Grading Scale for Depressive Reactions, Psychiatric Judgment of 
Depression Scale, NIMH Collaborative Depression GDS, SAD-GLAD, Verdum Depression 
Rating Scale, CES-D, SCL-90 Profile of Mood States, and the MMPI Depression Scale. 

These scales represent a mixture of observer-rated and self-rating scales. In some cases 
the same scale may also have been designed to function in either manner or an observer- 
rated measure of depression has been adapted for use as a self-rating scale. CARROLL 
et al.‘s (1973) adaptation of the HRS-D represents an example of the latter approach. A 
problem with adapting a scale from one format to the other, however, is that questions 
which may have been acceptable to respondents in an interview setting where good rapport 
is established by the interviewer may no longer be accepted by the respondent when the 
same questions are asked using a self-rating scale. We have found this to be the case, for 
example, with Carroll et al.‘s scale; mildly depressed subjects dislike the disease-oriented 
questions and have difficulty with questions which assume they are in a hospital setting. 

However, the primary problem with these depression scales is that they were not 
originally designed for use with the elderly and rarely have they been properly validated 
in this population. There are some exceptions. There has been an attempt to validate the 
SDS in the aged, but the ability of the SDS to discriminate nondepressed from depressed 
elderly was found to be limited (ZUNG and GREEN, 1973). Zung suggested using a 
classification criterion of 40 for depression; although this would correctly identify 88% 
of depressives, it leads to the false identification of normal elderly as being depressed in 
44% of the cases. Other comprehensive reviews suggest that there are still no better 
criteria that would reduce the number of false positives associated with the SDS (CARROLL 
et al., 1973; CARROLL, 1978). Thus, although this represents the best validation efforts 
in this population to date, the SDS still has limitations as a geriatric depression screening 
device. 

Despite the virtual absence of studies aimed at validating existing depression scales 
within elderly populations, these scales may prove to be useful even though they were not 
originally designed with the aged in mind. For this reason two of the existing scales were 
included in the present research. Their inclusion also was desirable so that comparisons 
between the GDS with currently existing measures could be made. The present research 
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was not aimed, however, at demonstrating the superiority of the proposed scale over those 
currently available. Indeed, the enormous number of existing scales would make this a 
tremendous undertaking. Rather, existing scales were included in order to provide 
additional information about the convergent validity of the GDS and to enable tentative 
norms for the GDS to be compared to those for other, more extensively researched 
measures. 

The first of these was the Hamilton Rating Scale for Depression or HRS-D (HAMILTON, 
1960). It was intended to be a measure of treatment outcome rather than as a screening 
device. Unlike the CDS it is designed to be completed by an experienced observer after a 
30 min clinical interview which assays most phenomena associated with “endogenous” 
depression, e.g. insomnia, decreased libido, loss of appetite (LYERLY, 1978). The HRS-D 
is probably the most widely accepted clinical interview for depression. It has been shown 
to be a rapidly learned and reliable measure (HAMILTON, 1967) capable of distinguishing 
between different degrees of depression (CARROLL et al., 1973; BIGGS et al., 1978; 
KNESEVICH et al., 1977) and to be one of the few scales available that is also useful as a 
diagnostic instrument (SCHNURR et al., 1976). 

The other scale included in the present research was the Zung Self-Rating Scale for 
Depression or SDS (ZUNG, 1965). It was administered because of its popularity and the 
availability of norms for elderly subjects. The SDS has been found to be internally 
consistent with split-half reliability coefficients in the range of 0.73-0.79. However, 
validity coefficients have shown greater variability across studies; correlations with the 
HRS-D have ranged from 0.22 to 0.95 (HEDLUND and VIEWEG, 1979). Although quite 
widely used among clinicians and researchers working psychiatry, the SDS has recently 
come under criticism as both a research measure and clinical screening device (CARROLL 

et al., 1973). 
Two studies were conducted in the process of developing and validating the Geriatric 

Depression Scale (GDS). In the first study, a large pool of items were constructed and 
then tested for the extent to which they appeared to measure depression in the aged. In the 
second subject, a subset of these items were selected, readministered to a new sample of 
subjects, and validated against an independent criterion of depression. The latter study 
also provided a basis for comparing properties of the GDS to other existing measures 
of depression due to the inclusion of the SDS and HRS-D. These studies will be discussed 
in turn. Finally, after describing the results of these studies, a number of recent investigations 
aimed at demonstrating the performance of the GDS in more specific elderly populations 

will be discussed. 

STUDY ONE: ITEM SELECTION 

Methods 
A team of clinicians and researchers involved in geriatric psychiatry selected 100 

questions believed to have potential for distinguishing elderly depressives from normals. 
In choosing these questions care was taken to include material covering a wide variety 
of topics relevant to depression, such as somatic complaints, cognitive complaints, 
motivation, future/past orientation, self-image, losses, agitation, obsessive traits, and 
mood itself. A yes/no format was chosen for ease of administration since our experience 
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with the SDS indicated that a range of possibilities often confused elderly patients. 
Questions also were phrased in a format that would not alarm patients or make them 
overly defensive. We thought that these features of the scale would maximize its use as a 
self-rating instrument of depression in the elderly. 

After selecting these items for inclusion in the questionnaire, it was administered in its 
self-rating form to 47 subjects. The subjects were either normal elderly living in the 
community with no complaints of depression and no history of mental illness, or subjects 
hospitalized for depression. Both male and female patients were included from a number 
of hospitals in Santa Clara County California. All subjects were over 55 years old. 

Results 
Data analysis was based on the rationale that the 100 item scale should have prima facia 

validity for depression and that those items which correlated best with the total score 
would be most likely to measure depression. The 30 items (Table 1) correlated highest and 
most significantly with the total score were chosen for inclusion in the GDS. The median 
correlation among these items was 0.675 (range=0.47-0.83). For the lOO-item, the median 
correlation was 0.51 (range = -0.07 to 0.83). 

TABLE 1. GERIATRIC DEPRESSION SCALE 

1. 

2. 
3. 
4. 
5. 
6. 
I. 
8. 
9. 

10. 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

Choose the best answer for how you felt over the past week 

Are you basically satisfied with your life?. . . . . . . . . . . . . . . . . . . 
Have you dropped many of your activities and interests? 
Do you feel that your life is empty? 
Do you often get bored? 
Are you hopeful about the future?. . . . . . . . . . . . . . . . . . . . . . 
Are you bothered by thoughts you can’t get out of your head? 
Are you in good spirits most of the time? 
Are you afraid that something bad is going to happen to you? 
Do you feel happy most of the time? 
Do you often feel helpless? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Do you often get restless and fidgety? 
Do you prefer to stay at home, rather than going out and doing new things? 
Do you frequently worry about the future? 
Do you feel you h,ave more problems with memory than most? 
Doyouthinkitiswonderfultobealivenow? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Do you often feel downhearted and blue? 
Do you feel pretty worthless the way you are now? 
Do you worry a lot about the past? 
Do you find life very exciting? 
Is it hard for you to get started on new projects? . . . . . . . . . . . . . . . . . . . 
Do you feel full of energy? 
Do you feel that your situation is hopeless? 
Do you think that most people are better off than you are? 
Do you frequently get upset over little things? 
Do you frequently feel like crying? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Do you have trouble concentrating? 
Do you enjoy getting up in the inorning? 
Do you prefer to avoid social gatherings? 
Is it easy for you to make decisions? 
Is your mind as clear as it used to be? 

. . . yes / no 
yes / no 
yes / no 
yes / no 

. . . . yes / no 
yes / no 
yes / no 
yes / no 
yes / no 

. . . . yes / no 
yes / no 
yes / no 
yes / no 
yes / no 

. . . . yes / no 
yes / no 
yes / no 
yes / no 
yes / no 

. . yes / no 
yes / no 
yes / no 
yes / no 
yes / no 

. . . yes / no 
yes / no 
yes / no 
yes / no 
yes / no 
yes / no 
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Although twelve of the 100 original items assessed somatic complaints (e.g. sleep 
disturbance, anorexia, weight loss, cardiac or gastrointestinal symptoms), none of these 
were among the 30 items which correlated strongest with the total score. The median 
correlation between the somatic items and the total score was 0.33 (range = 0.02-0.45). 
Thus, these items were excluded from the final scale, because they did not meet the purely 
empirical criterion adopted as a basis for an item’s inclusion. 

Of the 30 questions selected for inclusion in the CDS, 20 indicated the presence of 
depression when answered positively while ten others (Nos 1, 5, 7, 9, 15, 19, 21, 27, 29 
and 30) indicated depression when answered negatively. The questions were arranged in a 
30 item, one-page format and ordered so as to maximize patient acceptance of the 
questionnaire. Having arrived at a final version of the CDS, a validation study was 
implemented. 

STUDY TWO: VALIDATION 

Method 
Two groups of geriatric subjects were chosen for the validation phase. The first of 

these (n=40) consisted of normal elderly persons recruited at local senior centers and 
housing projects. These subjects had no histories of mental illness and were functioning 
well in the community. The second group (n = 60) consisted of subjects under treatment 
for depression. These subjects were both inpatients and outpatients, male and female, 
and in Veterans Administration, county and private treatment settings. 

The subjects under treatment were further differentiated into mild and severe 
depression groups. The frequently used criteria of outpatient vs inpatient groups was not 
used because in some settings, such as the county mental health service, many severe 
depressives were outpatients while in other settings, such as the Veterans Administration, 
many mild depressives were inpatients. Instead, it was decided to divide our group of 
clinically depressed subjects into mild and severe groups on the basis of whether or not 
they met Research Diagnostic Criteria (RDC) for a major affective disorder (depressed) 
(SPITTER et a/., 1978). These criteria, elicited during a clinical interview, involve eight 
symptoms: weight loss, sleep difficulty, loss of energy, psychomotor retardation, loss 
of interest or pleasure in usual activities, feelings of self-reproach or guilt, complaints of 
diminished ability to concentrate and recurrent thoughts of death or suicide. Five are 
required to make the diagnosis. Using these criteria it was possible to separate the 
depressives into a “mild” group (n = 26), having an average of 3.4 RDC criteria symptoms, 
and a “severe” group (n = 34) with an average of 5.9 RDC criteria symptoms. These two 
groups then became our second and third subject groups, respectively. 

The subjects in all groups were given a clinical interview lasting 30-60 min which involved 
a rating of the HRS-D and the administration of the two self-rating scales, the SDS and 
our CDS. The interviews were conducted by trained observers, the authors. lnterrater 
reliability on the HRS-D was 0.9. For those subjects who were unable to complete the 
self-rating scales without assistance, the examiner read the questions orally, elicited 
answers from the subject, and recorded his or her responses. The order in which the 
scales were administered was randomly determined for each subject. 
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Results 

Internal consistency and reliability 
Four measures of internal consistency were computed for each of the three depression 

scales. These included: (1) the median correlation between the individual items com- 
prising a scale and the corrected-item total score (total score minus score on the 
particular time involved); (2) the average intercorrelation among the scale’s individual 

items; (3) CHRONBACH’S (1951) alpha coefficient; and (4) the split-half reliability 
coefficient. Each of these measures or indices of interanl consistency provides a 
basis for judging the extent to which the scale’s items all measure the same underlying 
construct. In addition to computing these various indices of internal consistency, 
test-retest data are reported for the GDS. These data provide information regarding the 
reliability, i.e. stability, of GDS scores over time. 

The results of the internal consistency analyses are displayed in Table 2. Each of the 
indices computed for the depression scales are discussed in turn below. 

TABLE 2. COMPUTED INDICES OF INTERNAL CONSISTENCY FOR THE GDS, SDS 
AND HRS-D 

Index GDS 
Scale 

SDS HRS-D 

Median correlation with total score 0.56 0.44 0.56 

Mean interitem correlation 0.36 0.25 0.34 

Alpha coefficient 0.94 0.87 0.90 

Split-half reliability 0.94 0.81 0.82 

Correlation with total score. The median correlation between the items of the GDS and 
the corrected-item total scores was 0.56 (range=0.32-0.83), suggesting that all of the items 
on this scale do, in fact, measure a common latent variable. The comparable values for the 
SDS and HRS-D were 0.44 (range = 0.24-0.71) and 0.56 (range = 0.16-0.81), respectively. 
Based on these data it would appear that the GDS, HRS-D and SDS are all internally 
consistent measures. 

Inter-item correlations. The mean intercorrelation among items from the GDS was 0.36; 
the computed values for the SDS and HRS-D were 0.25 and 0.34, respectively. These values 
are in a range necessary for a high degree of internal consistency for each scale as a 
whole, as confirmed by the analyses which follow. 

Afpha coefficient. CHRONBACH’S (1951) alpha coefficient was utilized in order to provide 
an overall measure of the internal consistency of the GDS. The computed value of the alpha 
coefficient was 0.94, suggesting a high degree of internal consistency for the GDS. 
Computed values of the alpha coefficient for the SDS and HRS-D were 0.87 and 0.90, 
respectively. 
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Split-half reliability. An alternative index of internal consistency is the split-half 
reliability coefficient. This measure is typically derived by splitting a scale into two 
equivalent forms, calculating their intercorrelation, and then estimating the reliability of 
the composite scale using the Spearman-Brown formula (NUNNALLY, 1967). Employing 
this procedure, the reliability coefficients for the GDS, SDS, and HRS-D were found to 
be 0.94, 0.81, and 0.82, respectively. These values are reported in order to allow 
comparisons with previous research. 

Test-retest reliability. Test-retest reliability was calculated for the GDS by having 20 
subjects complete the questionnaire twice, one week apart. A correlation of 0.85 was 
obtained @ < O.OOl), suggesting that, at least within the time frame considered here, 
scores on the GDS reflect stable individual differences. 

Validity 
The primary test of the validity of the GDS as a measure of depression was provided 

by the classification of subjects as normal (i.e. nondepressed), mildly depressed, 
or severely depressed on the basis of RDC for major affective disorder. If both this 
classification variable and the GDS are valid indices of depression, one would expect 
normal subjects to receive the lowest GDS scores whereas severely depressed subjects 
should score the highest on this measure. As a test of this hypothesis, an analysis of 
variance was conducted in which the classification variable served as a between-subjects 
factor while the subjects’ total scores on the GDS served as the dependent measure. 
Similar analyses were also performed on the SDS and HRS-D. The results of these 
analyses provided evidence for each of the scales’ validity. In each analysis the main 
effect for the classification variable was highly significant [GDS: F (2, 97)= 99.48, 
p < 0.001; SDS: F(2,97) = 44.75, p < 0.001; HRS-D: F(2. 97) = 110.63, p < O.OOl], and as 
seen in Table 3, in each case the means were ordered as predicted. ?-Tests conducted 
between each pair of means within the same row of this table showed that subjects 
classified as normal scored significantly lower on each of the scales compared to the 
mildly and severely depressed subjects while the severely depressed group scored higher 
than each of the other two groups (all p < 0.001). These findings, then, provide evidence 

TABLE 3. MEANS AND STANDARD DEWAT~ONS FOR THE CDS, SDS, 
AND HRSAsA FUNCTION OFSUBlECTCLASSIFICATlON 

Group 
Mildly Severely Total 

Scale Normal depressed depressed sample 

GDS 5.75 15.05 22.85 13.98 
(4.34) (6.50) (5.07) (9.02) 

SDS 34.3 1 44.15 52.79 43.15 
(6.66) (11.39) (7.51) (1 1.53) 

HRS 5.43 13.35 25.42 14.29 
(4.98) (5.98) (6.45) (10.35) 

*Standard deviations appear in parentheses. 
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for the validity of the GDS as a measure of depression as well as validating the SDS and 
HRS-D. 

Given previous findings indicating that the SDS (ZUNG, 1965; HEDLUND and VIEWEG, 
1979) and HRS-D (CARROLL et al., 1973; HAMILTON, 1960, 1967; BIGGS et al., 1978; 
KNESEVICH et al., 1977) are valid measures of depression, positive correlations between 
these measures and the GDS would provide evidence for the scales’ convergent validity. 
The obtained correlation between the GDS and the SDS was found to be 0.84 while a 
correlation of 0.83 was found between the GDS and the HRS-D. The correlation between 
the SDS and the HRS-D was 0.80. All of these correlations were statistically reliable at or 
beyond the 0.001 level. 

These analyses provided additional evidence of the validity of each of these depression 
scales. However, given the criticism that the SDS often may not adequately distinguish 
between different levels of depressive symptomatology (CARROLL et al., 1973) a comparison 
was also made across the three scales to determine the relative strength with which each 
one was related to the RDC. The correlation of each of the depression scales with the 
classification variable derived from these criteria was computed, and then, following 
FERGUSON (1971), the magnitude of each correlation was compared to the other two. The 
obtained correlations between the classification variable and the GDS, SDS, and HRS-D 
were 0.82, 0.69, and 0.83, respectively. All of these represented statistically reliable 
correlations (all p’s < 0.001). However, comparing each of these correlations to the 
others showed that, whereas those associated with the GDS and the HRS-D did not differ 
significantly from each other, t (97) < 1, both of these were significantly greater in 
magnitude than that associated with the SDS [GDS vs SDS: t (97)=3.83, p < 0.001; 
HRS-D vs SDS: t (97) = 3.85, p < 0.011. It thus appears that, compared to the other two 
measures, the SDS discriminates less effectively between the normal, mildly depressed, 
and severely depressed subjects. 

DISCUSSION 

These results provide evidence that the GDS is a reliable and valid measure of geriatric 
depression. A high degree of internal consistency was found for the scale, and total 
scores on the GDS were reliable over a one-week interval. Evidence for the validity of the 
scale came from a comparison of the mean scores associated with subjects classified as 
normal, mildly depressed, or severely depressed based on RDC criteria for depression; the 
three groups’ means were reliably different and ordered as one would expect given their 
differing RDC scores. 

The primary purpose for constructing the GDS was to provide a reliable screening test 
for depression in elderly populations that would be simple to administer and not require 
the time or skills of a trained interviewer. The fact that the GDS was found to dis- 
criminate between groups of normal, mildly depressed, and severely depressed subjects is 
encouraging in this regard. However, one would ultimately desire information on the 
percentage of individuals correctly and incorrectly classified using particular scores on 
this measure. This can be accomplished by computing indices of sensitivity and specificity 
for the measure, where in this case sensitivity refers to the number of depressed persons 
correctly classified as depressed based on a particular criterion and where specificity refers 
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to the number of nondepressed persons correctly classified as such. Sensitivity is lowered 
to the extent depressed persons are missed using a criterion and classified incorrectly as 
nondepressed whereas specificity declines to the extent nondepressed persons are incorrectly 
labelled as suffering from depression. 

Sensitivity and specificity of the GDS was examined in a recent study conducted by our 
research group (BRINK et al., 1981). It was found that among elderly persons drawn from 
the same centers as those used in the present study, a cut-off score of 11 on the GDS 
yielded a 84% sensitivity rate and a 95% specificity rate. A more stringent cut-off score of 
14 yields a slightly lower, 80%, sensitivity rate, but results in the complete absence of 
nondepressed persons being incorrectly classified as depressed, i.e. a 100% specificity rate. 
Based on these findings BRINK et al. (1981) suggested that a score of O-10 be viewed as 
within the normal range while 11 or greater being a possible indicator of depression, 
Criteria for the SDS and HRS-D were also offered; these were scores of 46 and 11, 
respectively. A score of 46 on the SDS achieves 80% sensitivity and 85% specificity 
whereas a score of 11 on the HRS-D achieves 86% sensitivity and 80% specificity. The 
three scales, however, are best compared by holding either sensitivity or specificity 
constant. With specificity held constant at 80%, the sensitivities of the CDS, SDS and 
HRS-D were found to be 90, 82, and 86%, respectively. 

A geriatric depression scale should not only be applicable for screening depression in 
the physically healthy elderly but should also be useful with the physically ill, and 
cognitively impaired. There is some evidence that the GDS may fulfill this criterion. 
Using data from a study by GALLAGHER et al. (1981), we found that the GDS differentiated 
depressed from nondepressed elderly in a sample of subjects who all suffered from physical 
illness. These subjects were elderly arthritics who had been given the GDS after having 
been classified as either depressed or nondepressed based on a comprehensive clinical 
interview. Comparing the GDS scores of these two groups of arthritics it was found that 
the mean score of the depressed subjects (13.1, S.D. = 7.14) was indeed significantly 
higher than that of the nondepressed subjects (5.10, S.D. = 4.21), t (47) = 4.94, p < 0.001. 
These data, then, provide evidence that the validity of the GDS is not limited to elderly 
subjects who are physically healthy. 

In another recent study the GDS was found to differentiate depressed from non- 
depressed elderly undergoing cognitive treatment for senile dementia. These subjects were 
classified as demented by criteria of FOLSTEIN et al’s (1975) Mini-Mental Status Exam. 
It was found that those subjects categorized as depressed by a therapist blind to GDS 
scores received a mean score of 14.72 (s.D. =6.13) on the GDS vs a mean of only 7.49 
(s.D. = 4.26) for nondepressed subjects, t (41) = 4.4, p < 0.001. Although the results of this 
study should only be viewed as suggestive since the number of subjects was small 
(n=43), this study provides preliminary evidence that the GDS is a valid measure of 
depression with demented, as well as normal, elderly subjects. 

However, despite evidence for each of the three scales’ validity, they did not appear to 
perform equally well with respect to the task of differentiating between various RDC 
defined degrees of depression. Because the GDS and HRS-D were correlated with the 
number of RDC symptoms each subject had to a significantly greater extent than the SDS, 
one could argue that, among the two self-rating scales, the GDS appears to provide a 
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more sensitive screening instrument. Although the SDS was found to correlate more poorly 
with the RDC than either the GDS or HRS-D, differences in the content and format of 
the three scales should be considered in making this comparison. It is important to 
recognize, first of all, the similarity between the three scales and the criterion, the RDC. 
The HRS-D would be expected to be more strongly related to the RDC, and the group 
classification variable, than the other two scales simply because the RDC are heavily 
represented on the HRS-D. Thus, the GDS and SDS are at a disadvantage in the analyses 
undertaken in the present study, because they do not measure all of the symptoms 
comprising the RDC while measuring others (e.g. diurnal symptom variation) which are 
not reflected in these criteria. Moreover, the poorer performance of the SDS may have 
been due partly to the fact that the RDC measure the severity of depression while the 
SDS measures the frequency of symptoms, and the two may not correspond closely 
(CARROLL et al., 1973). 

The RDC were chosen as the basis for classifying the level of depression in subjects 
because of a consensus among researchers that it appears to capture the essential aspects 
of depressive disorders. Given its wide acceptance, and the lack of a better set of criteria, 
the failure of a scale to correlate well with the RDC probably reflects more upon the scale 
in question than the RDC. However, despite the differences in content between the RDC 
and the GDS, the GDS total score was found to still correlate as strongly with the number 
of RDC symptoms as the HRS-D whose content corresponds more closely with these 
criteria. Thus, emphasizing the subjective aspects of depression rather than the somatic 
and behavior aspects does not seem to have detracted from the validity of the GDS as it 
may have in the case of the SDS. Despite the differences in content betwen the GDS and 
HRS-D, the former scale did nevertheless appear to be as valid as the HRS-D in the 
present research. This finding is somewhat surprising given the absence of somatic 
symptoms on the former and reliance upon them in the latter. This may be explained in 
part by the fact that both scales assay mood dysphoria and other psychological symptoms 
of depression, which seem to best discriminate between the depressed and nondepressed 
aged. 

The issue of how well somatic items measure depression in the elderly and discriminate 
the depressed from nondepressed is one which deserves further attention. In the first study 
of the present series, the somatic items’ median correlation with the total score was only 
0.33, compared to 0.68 for the selected questions. A similar pattern emerged for both 
the SDS and HRS-D in the second study. On the SDS the items most highly correlated 
with the corrected-item total score were those concerned with the subjective, psychological 
aspects of depression while the items most poorly correlated with the total score were those 
dealing with the somatic aspects of depression. The four lowest correlations were those 
measuring constipation, decreased libido, appetite decrease, and somatic anxiety while 
the four highest correlations were those measuring personal devaluation, emptiness, 
depressed mood, and dissatisfaction. Nearly identical findings have been obtained by 
STEUER et al. (1980). They found total scores on the SDS to be most highly correlated 
with those items measuring dissatisfaction, depressed mood, emptiness and personal 
devaluation whereas the lowest correlations occurred with those items measuring 
constipation, somatic anxiety, decreased libido, and agitation. Moreover, they found 
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further evidence that the somatic items of the SDS may measure depression more poorly 
than subjective states in elderly patients by computing four sets of factor scores labelled 
well being, depressed mood, optimism, and somatic symptoms. Not only was the somatic 
factor correlated the least strongly with the SDS total score, but this factor was the only 
one found to be significantly correlated with physician health ratings. Thus, this study 
demonstrates how, even among individuals screened for serious illness, the poorer health 
of the aged may undermine the power of somatic symptoms to detect depression. 

Of course it is possible that the SDS simply does not contain good measures of those 
somatic symptoms accompanying depressive illness. But this interpretation does not 
explain the findings in which other measures of depression have been utilized. For example, 
although less marked than the results found with the SDS, a similar pattern of results 
was found in the present research when the items from the HRS-D were correlated 
with the total score: the somatic items generally correlated less strongly than the items 
measuring loss of interests, depressed mood and anxiety. Similarly, DESSONVILLE et al. 
(1981) using the Schedule for Affective Disorders and Schizophrenia (SADS) have 
found that, even though the somatic aspects of depression differentiated depressed from 
nondepressed elderly, the mean differences between the two groups were smaller on the 
somatic items than those measuring the subjective states of depression. 

Clearly more research is needed on the expression of depression within elderly subjects. 
The fact that the subjects in the present research were all relatively healthy, as were 
subjects in these additional studies, may have preserved the discriminability of some 
somatic questions. It remains to be determined whether the somatic items on these scales 
adequately measure depression in elderly persons who are less healthy. The CDS appears 
to avoid many of these problems by focusing on the psychological aspects of depression. 
This is not meant to imply that somatic symptoms should not be measured in cases of 
depressive illness. Such symptoms need to be assessed when one is concerned with formal 
diagnosis or when there is the desire to examine changes in the expression of depressive 
illness. However, when screening is the goal, discrimination between levels of depression 
is of primary important and somatic questions may be less powerful in this regard than 
items chosen empirically for their ability to differentiate the nondepressed from the 
depressed. 

Finally, it is important to distinguish instruments to be used for screening, diagnosis 
and assessment of change. As the above data indicate, all three may find use as screening 
instruments, even if this was not their original intent. None, however, is a diagnostic tool. 
Positive results on any of the three scales on screening should be followed up by a clinical 
interview if significant levels of depressive symptomatology are found and treatment is 
being considered. On the other hand, the HRS-D has also been shown to be quite sensitive 
to changes in the level of symptomatology over time (KNESEVICH et a/., 1977), and thus, 
may serve well, as it was originally intended, as a means of gauging changes in the 
severity of depression. The use of the SDS in outcome research is more controversial 
(CARROLL et al., 1973; CARROLL, 1978). It remains to be determined if the CDS may be 
useful for measuring changes in the severity of depression following treatment. 

In conclusion, though not a substitute for observer-rated scales or indepth diagnostic 
interviews, and not yet shown to be treatment sensitive, the CDS appears to be a promising 
and simple screening instrument which may find other applications through further research. 
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