


MEMORANDUM OF CALL 
Between Dr. Gilbert Leveille (McNeil Consumer Healthcare) 

and Dr. Sharon Ross (DSNP, ONPLDS, CFSAN, FDA) 
March 17, 2000 (3:45 pm) 

Re: Petition for Health Claim: Plant Stan01 Esters 

A call was placed to Gilbert Leveille by Sharon Ross to ask that McNeil verify the Chemical 
Abstract Service (CAS) registry numbers for sitostanol and campestanol. The number for 
sitostanol in McNeil’s petition was not the same as that for stigmastanol (which is a synonymous 
term for sitostanol) as cited in the Merck Index. 

Gilbert Leveille responded that he would verify the CAS registry numbers for these compounds 
through McNeil’s chemist and get back to the agency with the information. 

Gilbert Leveille also mentioned that the American Association of Clinical Endocrinologists 
Medical Guidelines make reference to stanol esters. Gilbert Leveille was asked to submit a copy 
as an addendum to the petition if he wished the agency to consider the guidelines in its review of 
their submission. 

Gilbert Leveille was also asked to make the agency aware when unpublished studies on the 
relationship between stanol esters and heart disease are published. Gilbert Leveille said he would 
keep the agency informed. 



McNeil Consumer Healthcare l Nutritionals Group 

March 2 1,200O 

Dr. Sharon Ross 
Room 2415E 
HFS 830 
200C Street SW 
Washington, DC 20204 

RE: McNeil Health Claim Submission for Benecol 

Dear Dr. Ross, 

This is in response to your telephone inquiry of March 17, 2000 requesting clarification of CAS 
numbers for sitostanol and campestanol. We have researched this matter further and can verify 
that the CAS number for sitostanol is 83-45-4 and the CAS number for campestanol is 474-60-2. 
Should you have any further questions regarding this matter please let me know. 

Enclosed please find two copies of a report entitled “The American Association of Clinical 
Endocrinologists Medical Guidelines for Clinical Practice for the Diagnosis and Treatment of 
Dyslipidemia and Prevention of Atherogenesis”. This was published in Endocrine Practice 6: 
162 - 213,200O. This document is being submitted as an addendum to our above referenced 
Health Claim Submission for Plant Stan01 Esters. 

I draw your attention to pages 168 and 184 where specific reference iis made to stanol ester 
containing margarine as a viable cholesterol lowering dietary modality. This reference, we 
believe, illustrates the widespread scientific agreement that exists regarding the cholesterol 
lowering attributes of plant stanol esters. We thought this would be important in your 
consideration of our health claim petition. 

Sincerely yours, 

Gilbert A. Leveille, Ph.D. 

Enclosure (1) 

7050 Camp Hill Rod, Fort Washingtm, PA 19034-2299 (21.5) 273-7000 
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INTRODUCTION 

Paul S. Jellinger, MD, FACE 

Chairman, Task Force 
Medical Guidelines for Clinical Practice for the Diagnosis and Treatment 

of Dysiipidemia and Prevention of Atherogenesis 

Atherosclerosis is the accumulation of lipid, inflam- 
matory cells, and fibrous tissue in the intima, which caus- 
es intimal thickening of large and mid-sized arteries. The 
clinical manifestations differ depending on the circulatory 
bed affected. The coronary arteries are particularly sus- 
ceptible to atherogenesis; atherosclerosis of the coronary 
aneries may lead to angina pectoris and myocardial infarc- 
tion (I). Dyslipidemia is a primary, major risk factor for 
coronary artery disease (CAD) and may even be a prereq- 
uisite for CAD, occurring before other major risk factors 
come into play (2). 

CAD is the single largest killer and cause of disabili- 
ty in both women and men in the United States (3). From 
13 to 14 million adult Americans have a history of CAD, 
and this year, approximately I. I million people will suffer 
a coronary event in the United States (3). Although men 
have traditionally been the focus of clinical study, mortal- 
ity from CAD is high in women (3.4). CAD accounts for 
46% of mortality in women, and twice as many women as 
men die within the first few weeks after occurrence of a 
myocardial infarction (MI) (5). In 1999, CAD and stroke 
accounted for approximately $150 billion in direct and 
indirect health-care costs in the United States (3). 

Recent epidemiologic data also suggest that hyper- 
cholesterolemia and perhaps coronary atherosclerosis 
itself are risk factors for ischemic stroke (6). As a result, 
advocacy for aggressive lipid-lowering therapy for pre- 
vention of stroke is increasing (6). Mounting evidence also 
points to insulin resistance-which results in increased 
levels of plasma triglyceride and low-density lipoprotein 
cholesterol (LDL-C) and a decreased concentration of 
high-density lipoprotein cholesterol (HDL-Q-as an 
important risk factor for peripheral vascular disease (7). 

Our understanding of the pathogenesis of atherogene- 
sis and the role of treatment of lipid disorders in prevent- 
ing and modifying this process has dramatically advanced 
during the past decade. For prevention of atherogenesis 
and CAD, all identifiable risk factors must be managed. 
Treatment of dyslipidemia-through nutrition therapy and 
physical activity, with or without drug therapy-is one 
essential component of both primary and secondary pre- 
vention. Compelling and abundant scientific, epidemio- 
logic, and clinical evidence shows that treatment of lipid 
disorders not only lowers the risk of primary and 

secondary coronary events but also can slow, prevent, or 
even reverse the progression of atherosclerosis (8). Angio- 
graphic studies have demonstrated plaque regression in 
many treated patients. Recently, the importance and value 
of treating the dyslipidemia of persons with diabetes even 
more aggressively than persons without diabetes have 
been elucidated. 

The important concept of plaque stability rather than 
plaque size has implications in our daily practice, as do the 
emerging roles of inflammation. hypercoagulable state, 
insulin resistance, and LDL phenotypes. The polycystic 
ovary syndrome (PCOS) with associated insulin resistance 
and dysiipidemia is likely the most common endocrine 
disorder among young women. 

We have been guided in our approach to the patient 
with dyslipidemia by the familiar National Cholesterol 
Education Program (NCEP) guidelines. A document writ- 
ten by clinical endocrinologists was considered necessary 
to emphasize areas recognized by clinical endocrinologists 
as important, such as the age of patients at screening, treat- 
ment of elderly patients, diabetes-associated dyslipidemia, 
role of triglycerides, and FCOS. Lipoprotein metabolism 
and the relationship of atherogenesis and dyslipidemia to 
insulin action and insulin resistance, the importance of 
hypertriglyceridemia, and aggressive treatment of risk fac- 
tors in patients with type 2 diabetes are familiar concepts 
to most endocrinologists. The American Association of 
Clinical Endocrinologists (AACE) accepted this challenge 
and in 1999 formed a Task Force for the creation of 
Medical Guidelines for Clinical Practice for the 
Diagnosis and Treatment qf Dyslipidemia and Prevention 
of Atherogenesis. 

This document, prepared by clinical endocrinologist 
members of AACE, is designed to review and sort out our 
current understanding of the diagnosis of dyslipidemia and 
provide a guideline for the treatment of lipid disorders and 
the relationship of these disorders to atherogenesis. These 
guidelines also analyze the growing body of evidence 
that suggests atherogenesis is not simply a manifestation 
of the total cholesterol burden. In these guidelines, we 
consider the small, dense LDL (pattern B) and the effect 
of clustered metabolic disorders on the process of 
atherogenesis-factors that add both complexity and 
opportunity to lipid management (8). 
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Case studies presented throughout the text illustrate 
treatment options and other concepts. Special sectrons 
address the cardiovascular dysmetabolic syndrome. dys- 
liptdemia of diabetes, dyslipidemia in pediatnc patients, 
PCOS, estrogen therapy, cost-to-benefit considerattons, 
and non-lipid-associated nsk factors. An introductory 
Clinical Summary is provided, reviewing the mam points 
of the document. 

With these guidelines, we hope to help reverse the 
current patterns of underevaluation and undertreatment of 
dyslipidemia (9). Currently, only one in four persons who 
need lipid-lowering therapy receives it, and only 4% of 
those identified as requiring treatment actually reach 
target cholesterol levels (10). 

Only with a clearer understanding of the pathogene- 
sis, familiarity with the emerging developments, and 
review of the available treatment options can we make 
further progress against America’s number one killer. We 
hope that this document is found to be a useful adjunct in 
clinical practice and is read in full by all those who treat 
patients with lipid disorders. 

I wish to thank the lipid guidelines committee 
members-Richard A. Dickey, MD, FACP, FACE, Om P. 

Canda. MD. Adi E. Mehta. MD, FRCP(C). FACE. Tu T. 
Nguyen, MD, FACE, Helena W. Rodbard, MD, FACE. 
John A. Seibel. MD, FACE, Mark D. Shepherd, MD. 
FACE, and Donald A. Smith, MD-for their outstandtng 
contnbutions to these gutdeiines. Although ail comnuttee 
members made very significant contnbuttons, Donald 
Smith and Adi Mehta deserve special recognition for their 
particularly comprehensive efforts. Apprectanon is also 
extended to the AACE Publications Committee for their 
review and to Alan Garber. MD, PhD. Ronald Goldberg, 
MD, and Robert Kreisberg, MD, who offered their ttme as 
spectal reviewers of this document. 

Periodically, these guidelines will be updated to 
reflect the latest advances in the prevention and treatment 
of dyslipidemia. They will be avarlable on the AACE 
home page on the Internet. Please visit our web site at 
www.aace.com for the most recent verston of these 
guidelines. 

Grateful acknowledgment is given to Dianne Hemn 
(Hen-in Communications, Rex 247, Brandamore Road. 
Brandamore. PA 19316; E-mail address: herrin@pond.com). 
who prepared the manuscript. 
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CLINICAL SUMMARY 

The purpose of this summary is to present an over- 
vtew of the diagnosis. evaluation, and management of var- 
ious lipid disorders. Spectal consideratrons in patients with 
diabetes and pediatric patients who have dyslipidemia are 
also outlined. After this prefatory summary, a more in- 
depth screnttfic analysts of these issues is presented. 

Risk Factors 

The lipid-associated and non-lipid-associated risk fac- 
tors for CAD are summarized in Table S-I. 

Patients with the common lipid rriad-hypertriglyc- 
eridemia. high LDL-C, and low HDL-C-have a high risk 
for CAD (34). This risk is even greater when the lipid triad 
is accompanied by insulin resistance, a procoagulant state, 
and hypertension-a condition known as the cardiovascu - 
lar dysmetabolic syndrome (34). 

Epidemiologic evidence also suggests that high 
HDL-C is a negative risk factor in that it confers cardio- 
protection in many (but not all) persons (18.22.47). 

Diagnosis and Risk Assessment 

Step I: Screen 
Screening for dyslipidemia is warranted for all adults 

up to 75 years of age regardless of CAD risk status and for 
adults more than 75 years old who have multiple CAD 

risk factors. The recommended screening schedules for 
dyslipidemia in various adult populations are as follows: 

For young adults ~20 years of age 
l Every 5 years when no CAD risk factors are present 
l More often if family history of premature CAD 

exists (that is, definite MI or sudden death before 55 
years of age in father or other male first-degree 
relative or before 65 years of age In mother or other 
female first-degree relative) 

For middle-aged adults 
l Every 5 years when no CAD risk factors are present 
l More often if CAD risk factors exist 

For elderly patients to 75 years of age 
l Every 5 years when no CAD risk factors are present 
. More often if CAD risk factors exist 

For elderly patients > 75 years o/age 
l Evaluate if patient has multiple CAD risk factors, 

established CAD, or a history of revasculatization 
procedures and good quality of life with no other 
major life-limiting diseases 

The recommended screening tests for cholesterol and 
triglyceride levels are outlined in Table S-2. 

Step 2: Assess Lipid-Related Risk 
Serum lipid concentrations that are considered 

borderline or high risk are shown in Table S-3. 
When dyslipidemia exists, secondary causes must be 

excluded, inasmuch as treatment of an underlying con- 
tributing disease may alleviate the lipid abnormality. Once 
secondary causes have been ruled out, a thorough family 
history and physical evaluation are needed to determine 
the presence of additional risk factors or any genetic fac- 
tors causing or contributing to the dyslipidemia. Genetic 
factors are particularly valuable prognostic indicators 
(27,34.50,51). The findings on the patient history, physi- 
cal examination, and basic lipid profile will dictate any 
need for additional diagnostic tests. For example, the 
following additional lipid tests may be useful in special 
circumstances: 

Postprandial triglycerides 
l Direct measurement may be useful when fasting 

triglyceride levels are marginally elevated (150 to 
200 mg/dL) (52-57). 

LDL subfraction B 
l Direct measurement of LDL subfraction B may be 

useful when fasting triglyceride levels are marginally 
elevated (I 50 to 200 mg/dL). 

Step 3: Determine the Basic Treatment Approach 
An isolated focus on LDL-C is not always sufficient 

to prevent heart disease in at-risk persons or to treat exist- 
ing atherosclerosis. In patients with hyperuiglyceridemia 
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Total cholesttrol, 
tliglycericie, and 
HDL-C profile 

E The 12- m 1Uour fasting pro* is preferable m the nonfasting ‘! 
profile whenever possible 

The 12- m 14bour fasting profile is essential when: 
A riodaing protilc reveals total choWI XXI0 mg/dL or 

who have increased LDL-C or decreased HDL-C, those 
with triglyceride levels of 150 to 250 mg/dL can be treat- 
ed with nutrition management and physical activity, 
whereas those with triglyceride levels that exceed 2.50 
mg/dL should receive drug therapy; the goal should be a 
triglyceride level ~200 mg/dL (27.58). The recommended 
treatment approaches for patients with dyslipidemia based 
on the number of CAD risk factors, the LDL-C level, and 
the HDL-C level are outlined in Tables S-4 and S-5. 

Management 

The approach to prevention of atherogenesis requires 
management of all known risk factors. The program 
should include smoking cessation, regular physical 
activity, weight management, antiplatelet or anticoagulant 
therapy, management of associated metabolic conditions, 
and control of blood pressure in addition to treatment of 
the dyslipidemia. 
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Table !3-4 
‘a..: Reummedcd Tmtment Approach 
,‘I’:-. BaaedonCortmaryArteryDkeaseRiskandLLGCLevel(27)* t 

ScttlaL 
Natritiom therapy, 

CAD risk factorst 
Q 
a 

With athmsclerodc disease 
With type 2 diakxm mcllitus 

Physical Acti@ and ~Vution Therapy 
A sound rationale exists for prescnbing some type of 

nutrition therapy plus physical activity for all patients with 
dyslipidemia (8,25,28.34,65-72). The American Heart 
Association (AHA)-NCEP Step I and Step II diets reflect 
a beneficial nutritional pattern that encourages limited 
intake of salt, calories, saturated and rruns fatty acids, and 
cholesterol (Table S-6) (27,73.74). The Step I diet is rec- 
ommended for the healthy US population older than the 
age of 2 years; the Step II diet is recommended for patients 
with established CAD (73). Patients with hypercholes- 
terolemia should adhere to the Step II diet if the Step I diet 
fails to lower LDL-C values to the goal level. 

initiated, unless the patienlt is at very high risk (27). In 
such cases, a Step II diet and lipid-lowering drug therapy 
are usually indicated concomitantly. 

Lipid-Lowering Drug Therapy 

Several other dietary approaches may also be appro- 
priate for individual patients, including low-fat diets high 
in soluble fiber (75). diets with plant stanol ester-contain- 
ing margarines (76-79). moderate consumption of alco- 
holic beverages (80-82). and diets containing 2 to 4 g of 
fish oils (omega-3 fatty acids) per day (primarily for 
hypertriglyceridemia) (83.84). 

Current lipid-lowering drugs include nicotinic acid 
(niacin), bile acid sequestrants (resins), hydroxymethyl- 
glutaryl-coenzyme A reductase inhibitors (statins), and 
fibric acid derivatives (tibrates). When drug therapy is 
prescribed, the physician and patient should establish each 
patient’s lipid goal together, and treatment should be tai- 
lored to achieve that goal. Pharmacotherapy may consist 
of one, two, or, in cases of extreme dyslipidemia, three 
agents (that is, a statin, fibrate, and niacin). The recom- 
mended pharmacologic approaches, which should be pre- 
scribed in conjunction with nutrition therapy and physical 
activity, are summarized in Table S-7. 

AaWtionul Treatment Considerations 

Nutrition therapy should be prescribed for at least Age.-In young adult patienrs with dyslipidemia, 
3 months and up to 6 months before drug therapy is lifestyle modifications (nutrition therapy, weight control, 
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and physical activity) are essential. Drug therapy should 
be considered for otherwise healthy men ~45 years old 
who have LDL-C levels >I90 mg/dL that do not respond 
to a maximum of 6 months of conservative therapy. For 
other young men at risk for CAD, especially those with a 
family history of premature CAD, drug therapy should be 
considered if the LDL-C level is 1160 mg/dL after 6 
months of conservative therapy (8). 

In elderly parienfs, as in other patient populations, 
global risk management is important (33). Drug therapy for 

either primary or secondary prevention is justified for high- 
risk patients between 65 and 75 years of age (33,98- 108). 

Patients >75 years old who are already receiving 
treatment should continue any therapy that was prescribed 
at an earlier age (33). The decision to initiate therapy in 
this patient population should be based on the degree of 
risk and on individual circumstances, such as physiologic 
age (27). 

Female Gender.--ln w’omen with dyslipidemia, spe- 
cial consideration should be given to the following factors: 
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l Polycystic ovary syndrome 
l Nutrition therapy 
l Drug treatment 
l Estrogen replacement therapy 

In the presence of polycysric ovary syndrome (PCOS). 
a triglyceride level of >I50 mg/dL and an HDL-C level 
~45 mg/dL may be considered specific nsk factors (109). 

In reference to nurrition rherapy, research has sug- 
gested that restnction of dietary fat tends to be less effec- 
tive for lowering the cholesterol level in women than in 
men (1 IO). Dietary therapy and weight reduction, howev- 
er, are effective for lowering triglyceride levels in women 
(25). For at-risk women with hypertriglyceridemia, a 
tnglyceride level of 2200 mg/dL should be the goal (11 I ), 
and pharmacotherapy should be initiated if this goal is not 
achieved with nutrition therapy alone. 

A strong rationale exists for as aggressive drug treat - 
menr of dyslipidemia in postmenopausal women as in men 
(111-114). 

Currently, estrogen replacement therapy (ERT) may 
have an important role in primary CAD prevention for 
women who are already receiving ERT for other reasons 
(115). For most postmenopausal women with dyslipi- 
demia. however, ERT should not be prescribed as an alter- 
native to lipid-lowering pharmacotherapy. It may be con- 
sidered lipid-lowering therapy only in lower-risk women 
with mildly increased LDL-C levels (130 to 160 mg/dL) 
and normal triglyceride levels. ERT may also allow use of 
a lower dosage of lipid-lowering medication. In women 
with hypertriglyceridetnia, ERT should only be used 
cautiously. 

Dyslipidemia of Diabetes 

More than half of all patients with type 2 diabetes 
mellitus have established CAD (I 16), and once athero- 
sclerotic disease is established diabetes worsens the prog- 
nosis. In comparison with patients who do not have dia- 
betes, patients with type 2 diabetes mellitus have a twofold 
to fourfold increased risk of CAD (28.29) and a dramati- 
cally higher risk of accelerated cerebral and peripheral 
vascular disease (29,117). Patients with diabetes who do 
not have CAD have the same risk of MI as those without 
diabetes who have had a coronary event (29). Mortality 
from CAD is also extremely high in this population (29). 

The same risk factors that contribute to CAD in the 
general population contribute to CAD in patients who 
have diabetes, but the overall effect of each risk factor is 
greater ( 1 I 8, I 19). 

Identification of Risk Factors 
Identifying all risk factors is important. A complete, 

fasting lipid panel should be measured at least yearly in 
adults with diabetes (29). Dyslipidemia in the patient with 
type 2 diabetes mellitus is characterized by moderate 
hypertriglyceridemia and low plasma HDL-C. 

Goals of Therapy 
Aggressive intervention for management of dyslipi- 

demia IS warranted for all patients with diabetes, whether 
or not they have established CAD (28,29.118,Il9). 
Appropriate goals for lipid levels in patients with type 2 
diabetes are shown in Table S-8. 

Nonpharmacologic ~ntervrnh*on 
Management of the hyperglycemia, nutrition therapy, 

weight reduction in overweight patients, and increased 
physical activity are essential in patients with diabetes and 
dyslipiderma. Nutrition therapy plus physical acttvity 
alone can be pursued for 6 months in patients without 
established CAD in an attempt to achieve lipid goals 
unless the LDL-C level is increased >25 mg/dL above the 
goal (29). In such cases, pharrnacotherapy can be started 
as early as 3 months after initiation of nutrition therapy 
and physical activity (29). In patients with esrablished 
CAD, nutrition therapy, physical activity, and pharma- 
cotherapy should be initiated concurrently. 

Nutrition Therapy.-Enlistment of the assistance of a 
registered dietitian is strongly recommended. In general, 
the patient should initially reduce total fat intake to ~30% 
of total calories, with ~10% saturated fat (AHA Step I diet, 
Table S-6). Furthermore, caloric intake should be con- 
trolled to maintain weight if the patient is lean or to reduce 
weight if the patient is overweight. If lipid goals are not 
achieved in 3 months with ‘use of the Step I diet, the Step 
II diet (modified as necessary, depending on the need for 
weight loss) is recommended (Table S-6) (I 17). 

Physical Activity.-Physical activity should be of 
moderate intensity, 30 to 45 minutes in duration, and 
performed 3 to 5 times a week. The pulse rate should be 
monitored to ensure that target levels are achieved. 
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. ._ 

Tabk S-9 
._~ ._ Recommended pllamadoglemrapy -’ . ‘.k .; 

‘7, : -: fii Patients with Type 2 Dhbetes MeJlitus and DysHpideiih* -* 

Hypercholesterolemia Stabiomwodrrrapy(29,116117,12f,lM),Considaarrsinotalow-dase 1 
statin + lesin cxmbination for n&ctory patients with substantially 

~ina+cduIu:without 

Hypertriglyce.ri&mia with 
or witbout low HDL-C 

Combination of 
hypercholesRcolcmim 
and hyputri&xeri&mia 

Phannocotherapy.-Treatment with glucose-lower- 
ing agents is important and should usually be initiated 
before specific lipid-lowenng pharmacotherapy. When 
control of blood glucose is not achieved or the lipid profile 
fails to normalize within 4 to 6 months, treatment with 
appropriately selected lipid-lowering agents is warranted. 
Of importance, waiting any longer is inappropriate. A 
borderline or normal LDL-C level should not obscure the 
need for pharmacotherapy, in light of the propensity for 
these patients to carry the small, dense LDL pattern (I 19). 
The choice of therapy should be based on the nature of the 
dyslipidemia and the special needs of the patient with 
diabetes (Table S-9). 

Dyslipidemia in Pediatric Patients 

There is growing consensus that primary preventive 
nutrition is warranted in the very young population (125 
131). The AHA Step I diet (Table S-6) is recommended 
for all healthy children >2 years old (131). 

Screening 
A total cholesterol, LDL-C. and triglyceride profile 

should be determined for all the following: 

l Children >2 years old and adolescents with a family 
history of premature CAD or dyslipidemia (or both) 
(131,132) 

l Children >2 years old and adolescents who smoke, 
have hypertension, are overweight or obese, or have 
diabetes (126,133) 

l All adolescents >16 years of age (126.134) 

When the lipid profile is interpreted in children and 
adolescents, the clinician should be aware that lipid levels 
fluctuate during childhood and adolescence (135). In 

addition, a low HDL-C level may not have the same impli- 
cations in children as it does in adults (136-138). Some 
investigators have found that girls tend to have higher 
plasma cholesterol levels than do boys throughout child- 
hood and adolescence (I 29). 

The lipid screen should be repeated when the LDL-C 
level exceeds I 10 mg/dL (13 1). Nutrition therapy, regular 
physical activity, and risk factor management are warrant- 
ed for a verified LDL-C level of I IO to 129 mg/dL; more 
intensive dietary therapy and pharmacotherapy may also 
be warranted in some pediatric patients with LDL-C levels 
2130 mg/dL (131). 

Intervention 
Dyslipidemia in pediatric patients necessitates 

global risk factor management and lifestyle counseling. 
This holistic approach is essential for children and 
adolescents. 

Nutrition ?Xerupy.-Low-fat diets can reduce the 
total cholesterol level and have a significant but modest 
effect on the LDL-C level in pediatric populations 
(129,136,139,140). When a low-fat diet is prescribed for 
children or adolescents, the following information must be 
considered: 

l Total cholesterol and HDL-C levels are positively cor- 
related until the age of 20 years, and lower-fat diets that 
reduce total cholesterol have been associated with 
HDL-C reductions (141,142). 

l Increased intake of carbohydrates may increase plasma 
triglyceride concentrations in children (143). 

l Fish oil supplements have a profound effect on serum 
triglyceride levels in children and have been used in 
pediatric patients with end-stage renal insufficiency 
(1W. 
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. Water-soluble fiber does not reduce the serum choles- 
terol level in children as it does in adults (145 148). 

Use of the AHA Step II diet may be attempted when 
a child or adolescent fails to respond to the Step I diet. 
Close monitonng of all lipid levels is imperative to ensure 
adequate intake of nutrients and energy. 

Drug Therapy.- Because the potential long-term 
effects of lipid-lowering drug therapy on growth, develop 
ment, and biochemical variables are unclear, the prescnb- 
mg decisions must be based on empiric and indirect 
evidence and the needs of the patient (129). When the 
need for lipid-lowering drug therapy is assessed in pedi- 
atric patients, the following factors must be considered: 

l The effectiveness of delaying treatment until adulthood 
l The nature of the pediatric dyslipidemia 

Beginning treatment in adulthood can halt atherogen- 
esis and may induce regression in some patients with poly- 
genie and familial combined hyperlipidemia (149,150). 
Children and adolescents with genetic dyslipidemias 
should be treated with lipid-lowering drugs, when needed, 
to achieve LDL-C levels c 130 mg/dL ( I5 I, 152). A persis- 
tent increase in LDL-C coupled with a parental history of 
dyslipidemia may predict the presence of an underlying 
genetic disorder (153). 

Cholestyramine and colestipol are the only approved 
drugs for treating hypercholesterolemia in children. They 
are not associated with systemic toxicity or other serious 
adverse or toxic effects (154-156). LDL-C reductions of 
15 to 20% are possible with relatively low dosages of 
cholestyramine (8 g/day) or colestipol (10 g/day) (154. 
157). These agents should not be used in children with 
hypertriglyceridemia (129,158). They should be pre- 
scribed in conjunction with multivitamin supplements, 
including folic acid and cholecalciferol (129,154.157). 

Long-term studies are needed to assess the potential 
effects of statins in children. Investigators have suggested 
that small doses of statins may be useful for boys with 
severely increased cholesterol levels who are approaching 
the end of the maturation process, as a supplement to 
dietary and resin therapy (I 59,160). 

Additional study is also needed before fibrates can 
be recommended. Niacin is not recommended for this 
population (161). 

Follow-Up and Monitoring 

For all patients receiving intervention of any type, the 
lipid status should be assessed 4 to 6 weeks after therapy 

IS instituted and agam at 6-week intervals until the treat- 
ment goal IS reached (27). At each &week interval, the 
physician should monitor l.he response to and side effects 
of therapy. Thereafter, once the lipid goal has been 
achieved, consultations should be scheduled at 6 to l2- 
month intervals. The precise interval depends on patient 
adherence to therapy and the consistency of the lipid pro- 
file. In addition, certam clinical circumstances warrant 
more frequent evaluatton. The lipid snafus shoufd always 
be reassessed in the following situations: 

l Control of diabetes has deteriorated over time 
l The patient has been prescribed a new drug known to 

affect lipid levels 
l The patient’s cardiovascular status has changed 
l The patient has gained considerable weight 
l A recent lipid profile has revealed an unexpected 

adverse change in any lipid level 
. A new risk factor has been identified 

Both triglyceride and HDL-C concentrations should 
be part of each follow-up lipid assessment, along with 
serum total cholesterol and LDL-C levels. These factors 
are especially important in patients with type 2 diabetes 
mellitus and in those with macrovascular disease. Some 
patients who have had their LDL phenotype determined 
may need reanalysis of the phenotype, particularly if their 
clinical status deteriorates or if lipid-lowering drug thera- 
py has been altered. This reanalysis should be performed 
only after the patient has received lipid-lowering drug 
therapy for >3 months. 

Consultation with an endocrinologist or lipid special- 
ist is recommended when uncontrolled diabetes and dys- 
lipidemia coexist, when unusual or refractory lipid levels 
persist despite treatment, or when CAD manifests despite 
favorable lipid levels. 

Cost-to-Benefit Considerations 

Economic studies have demonstrated that drug treat- 
ment of dyslipidemia is cost-effective for all patients with 
established CAD and for primary prevention when the 
patient has a moderately high or higher risk of CAD (162- 
165). Because of the accelerated rate of atherosclerosis in 
patients with type 2 diabetes mellitus, aggressive and early 
treatment should be cost-effective for these patients. 

Although economic data are useful for guiding treat- 
ment decisions, they should not dictate treatment 
approach. To be clinically effective and therefore cost- 
effective, any lipid-lowering drug therapy (whether for 
primary or secondary prevention) must be tailored to the 
individual patient’s dyslipidemia and risk profile (34). 
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LIPID DISORDERS AS A RISK FACTOR 
FOR ATHEROGENESIS 

Risk Factors for CAD 

Epidemrolopic evidence clearly shows that many peo- 
ple have multrple risk factors and that these factors expo- 
nentially Increase the nsk for CAD (166). An assessment 
of the Frammgham and Multiple Risk Factor Intervention 
Trial (MRFIT) data showed that approximately 85% of 
excess risk for premature CAD is due to one or more of the 
following major risk factors: advancing age, high serum 
total cholesterol level, high LDL-C concentration, type 2 
diabetes mellitus, hypertension, cigarette smoking, and a 
family history of premature CAD (definite MI or sudden 
death before 55 years of age in father or other male first- 
degree relative or before 65 years of age in mother or other 
female first-degree relative) (27,33). The following mate- 
rial reviews the major CAD risk factors. 

Advancing Age 
CAD is most commonly diagnosed after 65 years of 

age. Men 145 years old and women 255 years old or those 
who have experienced premature menopause and have not 
received ERT have an increased risk for CAD (27). 

High Total Chofesterol and ZBLC 
The association between high serum cholesterol level, 

especially high LDL-C, and CAD is causal and indepen- 
dent of other risk factors (1 I- 13.24). In fact, hypercholes- 
terolemia may be a prerequisite for the adverse effects of 
cigarette smoking or hypertension to take their toll (2). 
The risk attributed to cholesterol is not linear and increas- 
es sharply over the higher ranges (167). The MRFIT data, 
based on an epidemiologic review of 316,099 men, 
showed that a 20% reduction in the serum cholesterol level 
from 300 to 240 mg/dL reduced absolute CAD risk by 
approximately I4 per 10,000 men (168). When the base- 
line serum cholesterol concentration was 180 mg/dL and 
was reduced 20% (to 144 mg/dL). the absolute risk was 
reduced to 4 per 10,000 men (168). 

Small, Dense LDL 
The genetically influenced small, dense LDL-C parti- 

cle is believed to be especially atherogenic (14.15). and 
case-control studies in men suggest that this pattern com- 
monly precedes disease (169). The Boston Area Heart 
Health Project and the Stanford Five City Project showed 
that the small, dense LDL-C pattern was associated with a 
threefold increased CAD risk independent of many classic 
risk factors, including total cholesterol, HDL-C, body 
mass index, and apolipoprotein B (16.17). 

Some patients may carry the small. dense LDL pattern 
despite normal LDL-C levels, including premenopausal 
women with androgen excess and chronic anovulation 
(PCOS) and patients with underlying insulin resistance. It 
can manifest clinically as moderate hypertriglyceridemia 
and low levels of HDL-C. Increased non-HDL-C (that is. 
total serum cholesterol minus HDL-C) or apolipoprotein B 

levels (or both) are additIonal clinical markers of the 
small. dense LDL (8). 

Low HDL-C 
Numerous eptdemiologic and intervention studies 

have shown that a low level of HDL-C (~35 mg/dL) IS an 
independent risk factor for CAD ( 18-22, I70- 173). 
although the atherogenicity of low HDL-C can depend on 
both genetic and environmental factors (22). In rare cases, 
low plasma HDL-C is due to a genetic deficiency, but low 
HDL-C levels are usually the secondary consequence of 
increased plasma levels of very-low-density lipoprotems 
(VLDL) and intermediate-density lipoproteins (IDL) 
(chylomicrons and their remnants). 

Like hypertriglyceridenia, low HDL-C levels can act 
synergistically with other lipid risk factors to increase the 
risk of CAD. For example, I he ratio of total cholesterol or 
LDL-C to HDL-C is a clinically valuable and potentially 
more sensitive marker of CAD risk than HDL-C alone 
(174). 

The Air Force/Texas, Coronary Atherosclerosis 
Prevention Study (AFCAPSTexCAPS) results support the 
use of a low HDL-C level to justify aggressive treatment of 
borderline LDL-C in older men and postmenopausal 
women (18.22). For more information on the therapeutic 
approach to the patient with low HDL-C as the primary 
lipid abnormality, see Is&red Low HDL-C (page 19 I). 

Hypemiglyceridemia 
Triglyceride levels are an important part of the nsk 

evaluation in both men and women (27). Historically, the 
significance of hypertriglyceridemia as an independent 
risk factor weakened or disappeared when LDL-C and 
HDL-C concentrations were considered. Recent clinical 
evidence and epidemiologi’c studies, however, indicate 
that an increased triglyceride level is a strong, independent 
risk factor (1 I, 16.23-26). The importance of hypertriglyc- 
eridemia as a CAD risk factor in men seems to increase 
with advancing age, as triglyceride levels also increase 
with aging (16,25,26). In addition, a meta-analysis of 17 
population-based prospective studies showed that hyper- 
triglyceridemia was associated with approximately a 30% 
increase in cardiovascular risk in men and a 75% increase 
in women (175). After adjustments were made for HDL-C 
and other CAD risk factors, these relative risks declined to 
15% and 30%. respectively, but remained statistically sig - 
nificant (175). Because of the strength of this association, 
a triglyceride level >200 mg/dL is considered an addition- 
al, major risk factor, especially in women. 

Furthermore, studies suggest that high serum triglyc- 
eride levels may act synergistically with other lipid ab- 
normalities to increase the risk of CAD. Hypertriglyc- 
eridemia (Z200 mg/dL) has been shown to increase the 
incidence of definite CAD by approximately 2.5-fold in 
men and women with LDL-C levels 1155 mg/dL (24). 
Serum triglyceride levels may also predict coronary risk 
when they are associated with a high LDL-C:HDL-C ratio 
(>5) or when HDL-C levels *are low (11,22,24.54,176). In 
the primary prevention Helsinki Heart Study, patients with 
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the combination of triglyceride level >204 mg/dL and 
an LDL-C:HDL-C ratio >5 had the greatest risk of coro- 
nary events and benefited most from treatment with 
gemfibroztl (177). In addition, patients who have the 
common lipid rriad-hypertriglyceridemia, high LDL-C, 
and low HDL-C-are at high risk for CAD; this pattern is 
found in 50% of men with CAD (34). 

Although hypertriglycendemia can be an independent 
genetic disorder, it is also widely accepted as a marker of 
insulin resistance. Insulin resistance, often related to obe- 
sity, predisposes patients to type 2 diabetes mellttus and is 
associated with premature CAD, even in the absence of 
hyperglycemia (178). Hyperttiglyceridemia is also com- 
monly associated with a procoagulant state and hyperten- 
sion (28). The combination of the lipid triad, insulin resis- 
tance, a procoagulant state, and hypertension constitutes 
the very high-risk cardiovascular dysmetabolic syndrome. 
This syndrome increases the risk of CAD threefold, 
independent of other classic CAD risk factors (34). 

Type 2 Diabetes Mellitus 
Patients with type 2 diabetes commonly have other 

risk factors as well, including hypertension. low serum 
HDL-C level, and hypertriglycetidemia. (For a review 
of type 2 diabetes mellitus and dyslipidemia, see 
Dyslipidemia of Diabetes, page 194. For a more compre- 
hensive review of the treatment of diabetes, see the AACE 
Medical Guidelines for the Management of Diabetes 
Mellitus at www.aace.com.) 

Hypertension 
Systolic blood pressure ~130 mm Hg or diastolic 

blood pressure >85 mm Hg independently accelerates 
atherogenesis (30). and the risk of CAD increases as blood 
pressure increases. Hypertension has been identified as the 
chief precursor of left ventricular hypettrophy (179), and 
left ventricular hypertrophy was identified as a powerful 
cardiac risk factor in the Framingham analysis (180). 
Lowering of blood pressure reduces CAD risk, but 
hypertension remains a risk factor for CAD even when 
normalized with treatment (27). 

Obesity 
Approximately a third of the adults in the United 

States are overweight or obese, and the associated annual 
health-care costs total more than $70 billion (32). Obesity, 
particularly android or abdominal obesity, increases CAD 
risk. Whether the presence of excess visceral fat confers an 
independent risk is unknown, but obesity clearly increases 
the risk of CAD through an increased risk of dyslipidemia, 
hypertension, and diabetes (3 I .32). Mortality from cardio- 
vascular disease is almost 50% higher in obese patients 
than in those of average weight and is 90% higher in those 
with severe obesity (181). (For a comprehensive review 
of the treatment of obesity, see the AACE/ACE Obesity 
Position Statement at www.aace.com.) 

Cigaretrc Smoking 
Cigarette smoking is a powerful risk factor, especially 

for MI, peripheral arterial disease, and stroke. It acceler- 

ates development of cororlary plaques and may lead to 
rupture of plaques, and it is especially dangerous tn 
patients with advanced coronary atherosclerosis (33). 

Family History of CAD 
Atherosclerosis and CAD are often the result of a 

complex interaction between genes and the environment. 
Seventy-seven percent of coronary patients and 54% of 
their first- and second-degree relatives express a geneti- 
cally linked dyslipidemia (34). 

Other Risk Factors 
There are several other CAD risk factors. lhe 

Appendix (page 201) contains more information about 
their clinical relevance. A brief list follows: 

9 Increased Lp(a) lipoprotein 
l Factors related to blood clotting 
l Hyperhomocysteinemia 
l Markers of inflammation 

Lp(a) production is largely a genetic trait and is a 
strong marker of inherited CAD in certain populations 
(35-37). Increased fibrinogen and plasminogen activator 
inhibitor-l (PAI-1) are both possible CAD risk factors 
(38-42). Homocysteine. a metabolite of methionine, is 
highly reactive. It is thought to damage the vessel wall in 
several ways and thereby may induce intimal fibrosis 
(182.183). Research suggests that markers of inflamma- 
tion, including C-reactive protein, may predict the risk of 
atherosclerotic events (44-46). 

High HDL-C as a Negative Risk Factor 

When HDL-C exceeds 60 mg/dL, one nsk factor can 
be subtracted from the patient’s overall risk profile (27). 
An analysis of four of the largest epidemiologic studies 
adjusted for other variables suggests that for each 1 mg/dL 
increase in HDL-C. CAD risk decreases by 2% in men and 
3% in women (18,47). This cardioprotective effect may be 
due to the role of HDL in reverse cholesterol transport (see 
Lipoprotein Metabolism, Endogenous Pathway, page 17.5) 
and other mechanisms such as the ability of HDL to pre- 
vent LDL-C oxidation (18,184). Of importance, these 
results apply to the general population, and a high HDL-C 
concentration may not confer cardioprotection in every 
individual patient (22). 

LIPOPROTEIN METABOLISM 

Lipid metabolism is divided into two pathways- 
exogenous and endogenous ( I, 185). 

Exogenous Pathway 

Dietary triglyceride and cholesterol are absorbed in 
the intestinal mucosa and incorporated to form the core of 
nascent chylomicrons, which are then transported to plas- 
ma (Fig. 1). In peripheral tissues, chylomicrons interact 
with lipoprotein lipase, which removes most of the core 



tnglyceride from the lipoprotein particle. Tne resulting 
glycerol and fatty acids are taken up by adipose and other 
tissues, re-formed into triglyceride, and stored. Redundant 
surface material (apolipoprotein C. phospholipids. and 
cholesteryl ester) joins the HDL particle. The remnant chy- 
lormcron particles, which are now smaller and enriched in 
their core with cholesteryl ester and some remaining 
triglyceride. are t&en up by the liver. This dietary choles- 
terol can then be used for bile acid formation, incorporated 
into membranes, resecreted back into the circulation as 
lipoprotein cholesterol. or excreted into bile as cholesterol. 

Endogenous Pathway 

Triglycetides and cholesterol are also synthesized in 
the liver. This endogenous system, which conveys these 
lipids from the liver to peripheral tissues and back to the 
liver, is divided into two subsystems: the apo B-100 
lipoprotein system (VLDL-C, IDL-C, and LDL-C) and the 
apo A-l lipoprotein system (HDL-C). 

Apo B-100 Lipoprotein System 
In the liver, triglycerides and cholesterol are packaged 

with apo B-100 and phospholipids to form VLDL (Fig. 2). 
Once released into plasma. VLDL undergoes triglyceride 
removal by means of lipoprotein lipase; the resulting cho- 
lesteryl ester-rich remnants are the 1DL. Unlike the chy- 
lomicron remnants, IDL can be converted by further 
triglyceride removal to even smaller and denser LDL. 
During this process, the lipoprotein loses all its surface 
apolipoproteins except apo B- 100. 

Apo A-I Lipoprotein System 
HDL, rich in apo A-I. transports cholesterol from 

peripheral tissues to the liver (Fig. 3). Cholesterol-poor 
HDL, particles first form in plasma from coalescence of 
phospholipid-apolipoprotein complexes. Free cholesterol 
then transfers from cell membranes to HDb, where it 
converts into cholesteryl ester and enters the HDL core. 
The HDL3 can then accept more free cholesterol and 
become the larger, more cholesterol-rich HDb particle. 
HDL, is then metabolized by one of two main pathways: 
transfer to apo B lipoproteins (which are subsequently 
removed by the liver) by means of cholesteryl ester trans- 
fer protein or direct hepatic metabolism with removal of 
the HDL, apoproteins from plasma. 

LIPXDS AND ATHEROGENESIS 

Atherosclerosis is an inflammatory disease, with lipo- 
proteins, vascular endothelial cells, monocytes. macro- 
phages, smooth muscle cells, activated T lymphocytes, 
and platelets all interacting through adhesion molecules, 
cytokines, chemokines, and prothrombotic factor (186. 
187). Clinically. the importance of inflammation in the 
atherosclerotic process is demonstrated by the power of C- 
reactive protein to predict coronary events (45). (For more 
information on C-reactive protein, see the Appendir, page 
201.) 
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The development of the coronary plaque-from the 
benign fatty streak phase I lesions to the slow progression 
of fibrosis or rapid orgamzation of mural or occlusive 
thrombi into the phase 5 fibrotic and highly stenotic 
lesions-has been well described (I 87,188). Because 
extracellular lipids form the center of the necrotic core of 

Fii. 1. Transport of exogenously derived lipids from the intes- 
tine to the peripheral tissues ,mnd liver. FFA = free fatty acids; 
HDL = high-density lipoproteins; PL = phospholipase; TG = 
triglycerides. From Gin&&g (185). With pe&ssion. 

Fig. 2. Transport of endogenous hepatic lipids by means of very- 
low-density lipoproteins (KM.), intermediatedensity lipopro- 
teins (IDL), and low-density lipoproteins (LDL). HTGL = hepat- 
ic triglyceride lipase. For explanations of other abbreviations, 
see Figure 1 legend. From Ginsberg (185). With permission. 

+ 

Fii 3. High-density lipoprotein metabolism and the role of high- 
density lipoproteins in reverse cholesterol transport. CETP = 
cholesteryl ester transfer protein; LCAT = lecithin:cholesterol 
acyltransferase. For explanations of other abbreviations, see 
Figure 1 and 2 legends. From Ginsberg (185). With permission. 



176 AACE Lipid Guidelines, Endocr Pratt. 2000;6(No. 2) 

the atherosclerotic plaque, pathogenic dyslipidemias are 
central to understanding clinical CAD risk. Recent 
research has shown that plasma LDL-C can incite many 
early features of the atherosclerotic inflammatory 
response through oxidative modification (I 89). Oxidized 
LDL particles contribute to formation of unstable plaques 
by stimulating recruitment of monocytes from the 
circulation into the subendothelial space to form activated 
macrophages. lnvestlgators have observed that the small- 
er, dense LDL is pamcularly susceptible to oxidation and 
may have easier access to the subendothelial space than 
the large, buoyant LDL particle (169,190). 

The unstable plaques are susceptible to rupture or ero- 
sion, which results in hemorrhage into the plaque, throm- 
bosis, and occlusion (unstable angina or acute MI). 
Emerging evidence suggests that the unstable lesions have 
thin, rupture-prone fibrous caps, large lipid cores, and high 
amounts of lipid-laden macrophages (Fig. 4) (191-193). 
Progression of the unstable lesion can also activate genes 
that induce arterial calcification, which in turn changes the 
mechanical characteristics of the artery wall and further 
predisposes to rupture (192). Overall, rupture of the 
plaque occurs in approximately 80% of fatal coronary 
thrombotic occlusions, whereas severe stenoses and 
underlying denuded, broken, or irregular intima occur in 
the other 20% (194). 

LDL-C may also contribute to atherogenesis through 
other mechanisms, including stimulation of macrophage 
production of metalloproteinases, which can degrade the 
collagenous matrix and fibrous cap: production of 
cytokines capable of inducing apoptosis of smooth muscle 
cells, which produce collagen; and uninhibited engorge- 
ment of modified LDL by the macrophage. transforming it 
into a foam cell that, on cell death, adds to the cholesteryl 
ester liquid plaque core (195). Approximately 75% of 
human plasma cholesterol is contained in LDL particles, 
and both the LDL particles and their more triglyceride-rich 
precursors (IDL) can produce these cholesteryl ester-laden 

Fig. 4. Anatomy of stable and unstable (vulnerable) plaques. 
From Libby et al. (191). With permission. 

macrophages m vitro. A threshold plasma cholesterol SOI+ 
centration IS believed to exist, above which abnormal 
amounts of lipid accumulate m the artenes and transform 
macrophages into foam cells, although the precise thresh- 
old is unknown (I 96). 

Current angiognphic Ievidence also points to certain 
partially catabolized lipoproteins of chylomicrons and 
VLDL particles-which include small VLDL, IDL, and 
P-VLDL particles-as being atherogemc (14,178). 

Triglycerides may also contnbute to atherogenesis 
through a direct effect (54,197) or through their effect on 
other lipoproteins (25,198,199). Triglycerides are statisti- 
cally and clinically correlated with low HDL-C levels and 
clotting factor changes that produce a procoagulant state 
(25,178). Furthermore, increased triglycende levels in the 
core of LDL can promote aggressive lipolysis (triglycende 
removal) and the formation of the small, dense LDL pani- 
cles (25). High triglyceride levels may also adversely 
affect endothelial function, as demonstrated after con- 
sumption of a fatty meal when the level of triglycende 
increase is directly proportionate to the level of artenal 
dysfunction (200). 

CLASSIFICATION OF DYSLIPIDEMIAS 

Major Lipid Disorders 

Dyslipidemia can result from single-gene or poly- 
genie disorders, other disease states, or environmental fac- 
tors. The two primary classifications relevant to clinical 
practice are outlined in Tables I and 2. The Fredrickson 
classification (Table l), although very familiar to physi- 
cians, is used less commonly today than the classification 
presented in Table 2. 

Secondary Dyslipidemia 

Common secondary causes of lipoprotein abnormali- 
ties are outlined in Table 3. The mechanisms by which 
these conditions or therapies alter lipid levels are depicted 
in Figure 5. 

Additional causes of secondary dyslipidemia follow 
(60.201-203): 

Hypercholesterolemia 
. Acute intermittent porphyria (also associated with 

hypemiglyceridemia) 
l High saturated fat intake in patients with hyperab- 

sorption (increased total cholesterol and LDL-C) 
l Anorexia nervosa (isolated hypercholesterolemia 

occurs as a result of mobilization of cholesterol from 
tissues) 

Hypenriglyceridemia 
l Cushing’s syndrome (also associated with hyper- 

cholesterolemia) 
l Lipodystrophy and type I glycogen storage disease 
l Consumption of simple carbohydrates including 

fructose (increased VLDL secretion in some 
patients) 
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l Systemic lupus erythematosus 
. Retinoid therapy (also associated with low HDL-C) 
l Bile acid sequestrants (can exacerbate hypertriglyc- 

eridemia in patients with preexisting triglyceride 
elevation) 

Low HDL-C 
l Secondary to hypertriglycetidemia regardless of 

cause (except alcohol- and estrogen-induced hyper- 
triglyceridemia) 

l Anabolic steroids and probucol (can decrease HDL- 
C without increasing triglycerides) 

l Cigarette smoking 
l Sedentary lifestyle 
l Very-low-fat diet 
l MI or a major surgical procedure (can temporarily 

lower HDL-C) 

DIAGNOSIS AND RISK ASSESSMENT 

Identification of risk factors enables the physician to 
tailor the therapy for dyslipidemia to each patient’s risk 
level and thereby maximize treatment effectiveness (204). 

Step 1: Screen 
AACE advocates screening for dyslipidemia in all 

adults up to 75 years of age regardless of CAD risk status 
and for adults older than 75 years who have multiple CAD 
risk factors. 

Screening Considerations iby Age-Group 

Young Adults.-Even though the risk of CAD in 
young adults is very low, adults XI0 years old should be 
evaluated for dyslipidemia every 5 years as part of a global 
risk assessment. Autopsy srudies have demonstrated that 
atherosclerosis begins in late adolescence in males and in 
eariy adulthood in both sexes (205-207). and cholesterol 
levels and other risk factors predict the development and 
severity of atherosclerotic lesions and vascular disease 
later in life (206,208-210). .A young man with a total cho- 
lesterol level in the highest quartile has 9 times the risk of 
MI during the ensuing 30 to 40 years as does a young man 
with a total cholesterol level in the lowest quartile (2 11). 
As a result, screening may help promote lifestyle changes 
that can prevent or slow atherogenesis (72.211). More 
frequent assessments are warranted for young persons 
with a family history of premature CAD (definite MI or 
sudden death before 55 years of age in father or other male 
first-degree relative or before 65 years of age in mother or 
other female first-degree relative) (27). 

Middle-Aged Ad&S.--Middle-aged persons should 
be assessed for dyslipidemia every 5 years when no CAD 
risk factors are present and more often when CAD risk 
factors exist. Intervention trials involving middle-aged 
men and women clearly show that treatment of dyslipi- 
demia is beneficial (see Lipid-Lowering Drug 7Xerapy. 
page 184). 
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Elderly Adults.- Regular screening for dyslipidemia 
every 5 years is warranted for elderly patients up to 75 
years old. The prevalence of CAD is highest in persons 
>65 years of age (98); up to 80% of deaths from CAD 
occur after age 65 years in both men and women (99). 
Although the association between high LDL-C concentra- 
tion and CAD weakens with age, increased serum 
cholesterol level is an important risk factor in elderly 
patients because it is associated with a greater number 
of acute coronary events in this population than in 
middle-aged or younger populations (98). In addition, 
hypertriglyceridemia and a low HDL-C level seem to be 
increasingly important risk factors with advancing age 
(99). 

Patients >75 years old should undergo lipid assess- 
ment if they have multiple CAD risk factors, established 
CAD, or a history of revascularization procedures and 
have good quality of life and no other major life-limiting 
diseases (99). 

Recommended Screening Tests 
A growing body of evidence suggests that an isolated, 

nonfasting total cholesterol determination does not suffi- 
ciently select and identify patients at risk for vascular dis- 
ease (212). The Framingham Study showed that 80% of 
patients with CAD had total cholesterol levels equivalent 
to those who did not have CAD (34,213). Furthermore, 
although LDL-C levels are powerfully linked to risk of 
atherosclerosis, reduction of LDL-C alone does not 

prevent CAD. In a substantial portion of patients receiving 
cholesterol-lowering therapy who achieve LDL-C 
reductions, ischemic heart disease still develops (34). 
Moreover, the total cholesterol level may overestimate 
risk of CAD in patients with high total cholesterol values 
due to high serum HDL-C; this situation occurs more often 
in women than in men (27). 

Therefore, a fasting total cholesterol, triglyceride, 
and HDL-C profile should be determined whenever 
possible. When the patient smokes, has CAD or peripheral 
vascular disease, diabetes or glucose intolerance, central 
obesity, hypertension, chronic renal disease, or a family 
history of CAD, a fisting lipid profile is essential 
(27,21 I). A 12- to 14-hour fast is needed to avoid the 
effect of food intake on chylomicron and VLDL 
triglycerides (8). Although a nonfasting assessment may 
be useful as a minimal screen, a nonfasting profile that 
reveals a total cholesterol level X00 mg/dL or an HDL-C 
concentration ~35 mg/dL (or both) dictates the need for a 
fasting profile. This approach will improve the accuracy of 
the diagnosis (27). 

LDL-C may then be calculated by using the 
Friedewald equation (27): 

LDL-C = (Total cholesterol - HDL-C) - Triglycerides 

5 
Results with use of the Friedewald equation will vary 

by about IO%, and the combined biologic and laboratory 
variability of triglyceride and cholesterol levels may be 
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Fig. 5. Mechanisms of lipid alterations. DM = diabetes mellitus; ET(JH = alcohol; 
/DL = intermediate-density lipoproteins; LDL = low-density lipoproteins; T4 = thyroxine; Vm,!, 
= very-low-density lipoproteins. 

>50 mg/dL (8). Therefore, an average of two calculated 
LDL-C levels should be used when drug therapy is being 
considered (8). The Friedewald equation is valid only for 
values obtained during the fasting state, becomes increas- 
ingly inaccurate when triglyceride levels exceed 200 
mg/dL, and is considered inaccurate when triglyceride 
values exceed 400 mg/dL (8). 

When fasting triglyceride levels exceed 250 to 300 
mg/dL, the direct LDL-C assay may be useful. If this is not 
feasible, the non-HDL-C (total serum cholesterol minus 
HDL-C) can be useful for determining a treatment goal. In 
addition, the direct assay, which also varies by about 10% 
(48). is especially useful for patients with diabetes and for 
those with known vascular disease who have fasting 
triglyceride levels >250 to 300 mg/dL (8). (For a complete 
discussion of assessment and treatment of dyslipidemia in 
the patient with type 2 diabetes mellitus, see Dysfipidemia 
of Diabetes, page 194.) 

When fasting triglyceride levels are marginally 
increased (150 to 200 mgAlL). two additional lipid evalu- 
ations may be warranted. First, direct measurement of the 
LDL pattern B phenotype is recommended when the 
patient has fasting triglyceride levels in this range. 
Second, evaluation of the postprandial triglyceride level 
can be useful in such a patient. A growing body of evi- 
dence suggests that the small triglyceride-rich lipoproteins 
produced postprandially are particularly atherogenic (52- 
57). Occasionally, a patient will demonstrate an exagger- 
ated postprandial increase in triglycerides, and this finding 
supports the need for treatment when fasting triglyceride 
levels are in the range of 150 to 200 mg/dL. The assess- 
ment of postprandial triglyceride levels has not been 

standardized, however, and a normal postprandial triglyc- 
eride reference range has not been established. 

Step 2: Assess Lipid-Related Risk 
Abnormal serum lipid concentrations are outlined in 

Table 4. 
Secondary causes of dyslipidemia (see Secondary 

Dysfipidemiu, page 176) must be ruled out with a thorough 
medical and dietary history as well as laboratory testmg 
for glucose, thyroid, liver, and renal functions. Increased 
plasma levels of large, triglyceride-rich VLDL particles 
due to alcohol consumption or estrogen use are unlikely to 
be atherogenic (27,50.51). Treatment of an underlying 
contributing disease may alleviate the lipid abnormality, 
although dyslipidemia in the patient with diabetes is an 
often overlooked indication for aggressive lipid-lowering 
therapy (see Dyslipidemia qf Diabetes, page 194). 

In addition to excluding secondary causes of dyslipi- 
demia. the physician should perform a thorough family 
history and physical evaluation to determine additional 
risk factors and any genetic factors causing or contributing 
to the dyslipidemia. Genetic factors are particularly valu- 
able prognostic indicators. The risk for CAD is approxi- 
mately 50% in siblings of patients with premature CAD 
(34). Furthermore,famifiul hypertriglyceridemia does not 
seem to be associated with a definitively increased risk of 
CAD (27,50,5 I). 

The patient history, physical examination, and basic 
lipid profile will reveal whether any additional diagnostic 
lipid tests are needed. The following are examples of 
patients who may require a more detailed lipid evaluation 
or other studies. 



Patients With Hypertt+glyceridemia and Low HDL-C 
A pattern wtth hypertriglyceridemia and low HDLC 

should prompt clinical suspicion for the presence of the 
small. dense LDL pattern or the extremely high-risk car- 
dtovascular dysmetabolic syndrome<specially when a 
family history of CAD or type 2 diabetes mellitus is pres- 
ent. Such a patient should undergo assessment for msulin 
resistance: a mtld increase in the fasting glucose level of 
100 to 125 m@dL suggests the presence of the syndrome 
(28). Other methods of identifying patients susceptible to 
the cardiovascular dysmetabolic syndrome are outlined in 
the following material. 

Measurement of Waist Circumference.-A waist 
ctrcumference >40 inches (102 cm) in men or >36 inches 
(9 I .5 cm) in women is considered “categorical abdominal 
obesity.” This finding is one of the most effective 
approaches to detection of the cardiovascular dysmeta- 
bolic syndrome (28). 

A 12- to 1CHour Fasting Triglyceride Study.--In 
any patient whose fasting triglyceride concentration 
exceeds 150 mg/dL, the presence of the cardiovascular 
dysmetabolic syndrome should be considered (28). 

Non-HDL-C Evaluation.-Many patients with the 
cardiovascular dysmetabolic syndrome have increased 
LDL and VLDL levels (28). A simple way to estimate risk 
from VLDL and LDL as well as IDL and Lp(a) in patients 
with moderate hypettriglycetidemia is to determine the 
non-HDL-C content (total cholesterol minus HDL-C) 
(214). Several researchers have proposed that non-HDL 
risk levels should be 30 mg/dL higher than established 
LDL-C risk levels (178,2 14.2 15). Therefore, because 
an LDL-C concentration of 130 mg/dL or higher is 
considered above normal (Table 4). a non-HDL-C 
concentration of I60 mg/dL or more should raise clinical 
suspicion of the syndrome. 
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Ambulutory Blood Pressure Assessment.--X care- 
ful, 24-hour or home blood pressure evaluation IS 
important (28) because even a slight elevation can increase 
the risk for CAD (see Risk Factors /or C.-\D. 
H~~errension, page 174) (I 1). Available evidence clearly 
suggests that insulin resistance predisposes pattents to 
hypertension (28). 

Apo A-Z Evafuafiom--A normal apo A-I level m a 
patient with low HDL-C ‘suggests adequate numbers of 
HDL-C particles that contain less cholesterol, an 
indication of less risk (8). 

Patients Wirh CAD and Relatively 
Normal Lipid Luvels 

Measurement of total plasma apo B can be useful in 
the assessment of patients with CAD who have relatively 
normal levels of lipids. A high apo B level (>I30 mg/dL) 
and LDL-C cl60 mg/dL with or without hypettriglyc- 
eridemia identify hyperapobetalipoproteinemia, or 
hyperapo B, which is a cause of premature CAD (8). The 
physician should also comider measuring Lp(a), plasma 
homocysteine, and factors contributing to a hypercoagulant 
state, especially in patients with premature CAD. 

Step 3: Determine the Basic Treatment Approach 
For the clinical management of patients with dyslipi- 

demia. a reasonable goal is to strive for target lipid levels 
in the range of normal based on population studies, and 
more aggressive goals can be set for higher&k patients. 
The recommended treatment approaches for patients with 
dyslipidemia based on the number of CAD risk factors and 
the LDL-C level are outlined in Table 5. Because an 
isolated focus on LDL-C is not always sufficient to pre- 
vent CAD in at-risk persons or to treat existing atheroscle- 
rosis, control of triglycerides and HDL-C (Table 6) is also 
an important goal. In patients with hypettriglyceridemia 
who have increased LDL-C or decreased HDL-C. 
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nutrition therapy and physical activity are recommended 
for those wtth triglycende levels from I50 to 250 mg/dL, 
whereas phannacotherapy is needed for those wtth triglyc- 
ende levels that exceed 250 mg/dL: the goal should be a 
triglyceride level ~200 mg/dL (27.58). Other important 
constderattons include patient age and gender and the 
presence of type 2 diabetes mellitus. These treatment 
considerattons are dtscussed in the next section of these 
guidelines (see Managemenr). 

MANAGEMENT 

When a patient has a lipid abnormality, treatment of 
that abnormality is just one component of a comprehen- 
sive approach to prevention of atherogenesis. The 
approach requires management of all known risk factors: 
the program should include smoking cessation, regular 
physical activity, weight management, antiplatelet or anti- 
coagulant therapy, management of associated metabolic 
conditions, and control of blood pressure in addition to 
treatment of the dyslipidetnia. 

Physical Activity and Nutrition Therapy 

Rationale 
A sound rationale exists for prescribing some type of 

nutrition therapy plus physical activity for all patients with 
dyslipidemia. The following four factors are important 
consequences of such intervention. 

Control of Other Coronary Risk Factors.-Nutrition 
therapy can help control other coronary risk factors. 
Weight reduction leads to improved lipid and glucose lev- 
els and better control of blood pressure (66-69). Physical 
activity and associated fat loss can substantially reduce the 
small, dense LDL-C mass while increasing overall LDL-C 
mass, for no net change in total LDL-C (70.71). 

Reduction of Progression of CAD.-Nutnuon thera- 
py plus physical actrvtty or smoking cessatton can slow 
the progression of CAD. Clinical trials that combtned 
nutrition therapy with physical activity or smoking cessa- 
[ton have shown sigmficant reducttons in progression of 
angiographic lesions and cardiovascular events m pattents 
with established disease (68,69). Furthermore. although 
statins can be effective without restriction of dietary fats, 
dietary saturated fat is ,associated with angiographic 
evidence of progression of CAD independent of LDL-C 
levels in patients treated with lipid-lowering drugs (8). 

Decrease in Trigiyce,ride Levels.-Hypettriglyceri- 
demia can be highly responsive to nutrition therapy. 
Triglyceride levels are more likely to decrease than other 
lipoprotein fractions as a result of dietary management, 
weight reduction, and physical activity. Accordingly, 
weight loss and physical activity are effective first- 
line therapy for patients with hypertriglyceridemia 
(25,28). 

Addition of Diagnostic Information.-Nutrition 
therapy has diagnostic significance. Patients who do not 
respond to nutrition therapy despite good adherence are 
more likely to have a genetic dyslipidemia (72). 

General Recommcndation.~ 
The Nutrition Committee of the AHA (216) and that 

of the American Diabetes Association (217) recommend 
similar diets for managing lipids and other risk factors that 
promote atherosclerosis (for example. hypertension and 
obesity). These nutritional guidelines encourage limited 
intake of salt, calories, saturated and truns fatty acids, and 
cholesterol (216,217). The resulting diet is rich in fruits 
and vegetables; whole grains and cereals; low-fat and 
skim dairy products; and fish. lean meats, and skinless 
poultry. The AHA-NCEP Step I and Step II diets, 
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Tabk 6 
Recoame&ed Treatment Approach for Patients With Isolated Low iiDL-C (lg,22,5944)’ I 

$. Weight loss, 

PbiBial advb, 
Gender smoking cessation Droe a--WY 

Male <35 mg/dL 05 mg/dL with strong rislr factors? 

Female <45 u@L <45 mg/dL with stnmg risk factors? ~45 mgidL$ or >55 mg/dLS 

*cm = coronary muy disuse: RDLC = high-density Iipopnxein chokscml: LDL-C = lowde&ty @protein 
chokstaoi. 

endorsed by the surgeon general and numerous medical 
specialty organizations (72) including AACE, reflect this 
beneficial dietary pattern (Table 7). The Step I diet is rec- 
ommended for the entire healthy US population older than 
the age of 2 years, and the Step II diet is recommended for 
patients with established CAD (73). Furthermore, patients 
with hypercholesterolemia should adhere to the Step II 
diet if the Step I diet fails to lower LDL-C values to the 
goal level. 

fatty acid, and cholesterol consumption), gender, and a 
host of genetic traits (8). For example, the size of the LDL 
particle can determine the dietary response: men and 
women with large amounts of the small, dense LDL 
particles (pattern B) can have a 2-fold greater LDL-C and 
a IO-fold greater apo B reduction in response to a decrease 
in dietary fat than patients with larger LDL-C particles 
(pattern A) (220,22 1). 

On average, the Step II diet has produced a modest 
decrease in LDL-C levels (4 to 5%) in outpatient clinical 
trials (72,73). Considerable individual variability has been 
noted, however, in the response to nutrition therapy. A few 
patients can experience remarkable lowering of LDL-C 
(by as much as 100 mg/dL); nevertheless, a substantial 
portion of patients with hypercholesterolemia have little or 
no response to diet (2 18.2 19). Numerous factors influence 
the response to diet, including adherence (73), baseline 
diet (for example, degree of baseline saturated fat, tram 

Several other nutritional approaches may also be 
appropriate for individual patients, preferably as a single 
intervention along with a low-fat diet to test for efficacy. 
Studies have provided information about the following 
dietary approaches. 

Low-Fat Diets High in Soluble Fiber.-Metabolic 
studies have shown that the fiber in oats, barley, and 
pectin-rich fruits and vegetables can reduce lipids even 
more than a diet with reduced total and saturated fat alone 
(75). Diets that are both high in fiber and low in fat can 
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yield cholesterol reductions of 10 to 15% (75). and studies 
of fiber supplements added to the Step I diet show an 
additlonal 9% decrease in LDL-C levels over the Step I 
diet alone (222). 

Diets Including Plant Stan01 Ester-Containing 
Margatines.-Clinlcal studies ranging from 4 weeks to 1 
year have demonstrated that substitution of conventional 
home dietary fats with a margarine containing plant stanol 
esters can reduce LDL-C levels by approximately 15 to 
20% (76-79). Plant stanol esters, wluch are virtually unab 
sorbable, selectively inhibit dietary and biliary cholesterol 
absorption m the small intestine. 

Moderate Consumption of Alcoholic Beverages.- 
Consumption of alcohol equivalent to one or two standard 
drinks for men and one drink for women on a daily basis 
has been associated with a lower incidence of heart disease 
(80-82). 

Diets Containing 2 to 4 g of Fish Oils (Omega-3 
Fatty Acids) per Day.- A critical review of 65 controlled 
crossover and parallel-group studies demonstrated that 
ingestion of 2 to 4 g of fish oils per day can decrease 
triglyceride levels by 25% or more while slightly increas- 
ing LDL-C levels (4% versus placebo) and producing no 
significant effect on HDL-C (83.84). This review also 
showed that a definite dose-response relationship exists, 
that the triglyceride-lowering effect of such supplementa- 
tion seems to persist as long as the supplementation is 
continued, and that the slight LDL-C increase seems to 
diminish with time (84). In addition, two controlled trials 
showed that fish oils-either ingested through a high-fiber 
diet containing approximately 600 mg of oily fish per day 
or given as daily supplementation of 2 g of the omega-3 
fatty acids eicosapentaenoic acid and docosahexaenoic 
acid-can lower cardiac events and associated mortality in 
men with CAD after I to 2 years (223-225). The only 
known side effect is eructation, which was reported with 
supplementation of a concentrated omega-3 fatty acid 
product (84). 

Duration 
Nutrition therapy should be prescribed for at least 3 

months and up to 6 months before drug therapy is institut- 
ed, unless the patient is at very high risk (27). In such 
cases, a Step II diet and lipid-lowering drug therapy are 
usually initiated concomitantly. 

Lipid-Lowering Drug Therapy 

Numerous well-designed clinical trials show 
irrefutably that lipid-lowering drug therapy is effective for 
both primary and secondary prevention (72). Recent clin- 
ical evidence suggests that lipid-lowering drug therapy 
can both prevent CAD from developing and stabilize 

early, occult lesions (226). In addition. occlusive lesions 
can be clinically reversed after aggressive treatment with 
lipid-lowering drugs (186). Such reversal takes 6 months 
to 2 years and probably Involves hydrolysis of cholesteryl 
esters and increasing the proportion of insoluble choles- 
terol monohydrate crystals, a process that stiffens the 
plaque and reduces stress on the fibrous cap. Decreasing 
plasma LDL-C also presumably decreases the suben- 
dothelial oxidative LDL stimulus for the recruitment and 
activation of macrophages, ultimately allowing for pro- 
duction of a thicker and stronger fibrous cap. Cholesterol 
lowering also improves endothelial function, which pro- 
motes vasodilation rather than constriction dunng 
ischemic periods (227,228). An improved vascular 
endothelium could also improve fibrinolysis and decrease 
thrombosis in the event of rupture of a plaque. 

Most intervention trials indicate that the clinical 
benefit of lipid-lowering drug therapy generally increases 
as cholesterol levels decline (IO) (see Tables 9 and IO), 
but whether there is a threshold lipid value or percentage 
reduction at which therapy yields no further beneficial 
effect is unclear. Some data indicate the existence of a def- 
inite point of diminishing returns, but other research 
suggests that high-risk patients can benefit from very 
aggressive lipid-lowering therapy. Moreover, low HDL-C 
may be an indicator that the patient may benefit from 
aggressive reduction of the LDL-C level (229). 

The Case for Aggressive Therapy 
Some investigators have repotted that aggressive 

LDL-C lowering to as low as ~85 mg/dL may benefit 
many patients-including certain patients with average or 
elevated LDL-C levels. those who have the small, dense 
LDL pattern B. and patients who have undergone a coro- 
nary artery bypass grafting (CABG) procedure. 

Patients With Average or Elevated LQLC.-The 
AFCAPS/TexCAPS data demonstrated that lovastatin (20 
to 40 mg daily) plus a low-saturated fat, low-cholesterol 
diet designed to achieve an LDL-C target of <l 10 mg/dL 
significantly reduced the risk of a first acute major 
coronary event in both men and women with marginally 
increased LDLC levels (mean, I50 mg/dL) and below- 
average HDL-C values (mean, 36 mg/dL) (229). In this 
trial, the mean LDL-C level declined to I 14 to 116 mg/dL 
after an average duration of 5.2 years. Triglycerides also 
declined 15%. and HDL-C levels increased 6%. In addi- 
tion, the Scandinavian Sirnvastatin Survival Study (4s) 
(230) showed that patients with documented CAD and 
mean baseline LDL-C of 188 mg/dL benefited from 
aggressive LDL-C lowering with simvastatin (mean 
LDL-C reduction, 37% [ 118 mg/dL]). In this trial, the risk 
of major coronary events decreased 34% with treatment 
after 5.4 years (230). The authors of this study estimated 
that each 1% reduction in LDL-C level decreased major 
coronary event risk by 1.7% (230). 
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Patients With the SmalA Dense LDL Pattern B.- 
SCRIP-Berkeley investigators reported that multtfactonal 
risk reduction produced significant arteriographtc benefit 
in patients wtth LDL-C levels <I25 mg/dL who had LDL 
pattern B but did not benefit patients with LDL-C levels 
< I25 mg/dL who had LDL pattern A (34.23 I). 

Patients Who Have Undergone CABG.-In the Post 
CABG Clinical Trial, which was prospectively designed 
to compare the efficacy of aggressive versus moderate 
cholesterol lowering, aggressive statin plus as-needed 
cholestyramme therapy (LDL-C goal, ~85 mg/dL) signif- 
icantly reduced the incidence of total obstruction, the per- 
centage of grafts showmg substantial progression of dis- 
ease, and the unwanted changes in saphenous vein graft 
luminal dimensions in comparison with moderate statin 
plus as-needed cholestyramine therapy (LDL-C goal, 130 
to 140 mg/dL) irrespective of age, gender, or certain CAD 
risk factors (232,233). On the basis of angiography per- 
formed 4 to 5 years after enrollment, the rate of progres- 
ston of disease was 31% lower in aggressively treated 
patients (with the LDL-C goal of ~85 mg/dL) than in 
patients treated in this same study with a higher LDL-C 
goal of 130 to I40 mg/dL (234). 

The Threshold Theory 
Other data from two major clinical studies suggest that 

an LDL-C threshold may exist, beyond which lipid-lower- 
ing drug therapy benefits the patient no further (235,236). 
In the West of Scotland Coronary Prevention Study 
(WOSCOPS) (mean baseline LDL-C. 186 mg/dL), patients 
with a mean LDL-C reduction of 24% after treatment with 
pravastatin (40 mg/day) had the greatest CAD risk reduc- 
tion (45% risk reduction), and patients with additional 
LDL-C reductions up to 39% had no further decrease in 
CAD risk (236). The second study, a post hoc subgroup 
analysis from the Cholesterol and Recurrent Events 
(CARE) Trial of post-Ml patients with average cholesterol 
levels (~240 mg/dL). suggested that LDL-C lowering 
reduced coronary deaths or recurrent MI by 24% but had 
no further benefit when LDL-C concentrations declined 
below I25 mg/dL (235). Contrary to the WOSCOPS analy- 
sis, this analysis showed that the percentage reduction in 
LDL-C level had little relationship to coronary events 
(235); rather, 125 mg/dL was the threshold value. 

Lipid-Lowering Drugs 
Current lipid-lowering drugs include nicotinic acid 

(niacin), bile acid sequestrants (resins), hydroxymethyl- 
glutaryl-coenzyme A reductase inhibitors (statins). and 
ftbric acid derivatives (fibrates). The primary metabolic 
effects and main drawbacks of these four drug classes are 
summarized in Table 8. 

The clinical efficacy of these pharmacologic agents 
for both primary and secondary prevention of coronary 
events and mortality, based on recent, large-scale con- 
trolled trials, is outlined in Tables 9 and 10. Most of the 
studies summarized in Tables 9 and 10 were not designed 
to demonstrate an overall reduction in mortality (72). but 

some follow-up research has revealed a long-term overall 
decrease tn mortality. The 4s investigation, a secondary 
prevention trial designed to test the effect of therapy on 
mortality, revealed a 30% decrease in total mortality nsk 
and a 42% decrease in coronary mortality risk after 5.4 
years (25 I). 

Monotherapy Versus Combination Therapy 
When drug therapy is prescribed, the physician and 

the patient should collaborate to establish the patient’s 
lipid goal, and then treatment should be tailored to achieve 
that goal. Pharmacotherapy may consist of one, two, or, m 
cases of extreme dyslipidemia, three agents (that is. a 
statin, fibrate, and niacin). 

Statin Monotherapy.- Major coronary prevention 
trials clearly show that statin monotherapy is beneficial for 
both primary and secondary prevention of acute coronary 
events in at-risk patients with increased cholesterol or 
average (~264 mg/dL with LDL-C <I90 mg/dL) choles- 
terol levels (Tables 9 and IO). One recent 18-month, 34l- 
patient controlled trial showed that aggressive therapy 
with atorvastatin (80 mg/day) was at least as effective as 
angioplasty plus subsequent lipid-lowering treatment in 
reducing the incidence of ischemic events (253). 

All statins produce a similar effect on serum total cho- 
lesterol, LDL-C, HDL-C, and triglycerides (8). although 
some differences in the magnitude of effect may be noted. 
The lipid-altering effects of various statins found in the 
Comparative Dose Efficacy Study of Atorvastatin Versus 
Simvastatin, Pravastatin. Lovastatin, and Fluvastatin 
(CURVES) are generally representative of those reported 
in the literature (Table 1 I) (256). This study suggested that 
atorvastatin had a greater LDL-C-lowering effect than 
other statins; however, the men and women in this study 
had very high LDL-C levels (192 to 244 mg/dL) (256). A 
separate study of patients with lower, albeit still elevated, 
LDL-C levels (baseline range, 170 to I75 mg/dL) demon- 
strated that the LDL-C-lowering effect of atorvastatin was 
comparable with that of lovastatin and simvastatin (258). 
The CURVES investigation also suggested that simva- 
statin may have a greater HDL-C-elevating effect than 
other statins (Table 11) (2568). 

Certain metabolic differences between statins. how- 
ever, may have clinical significance. Some research has 
shown that pravastatin and fluvastatin are both relatively 
safe for patients needing cyclosporine, but lovastatin ther- 
apy has been shown to result in rhabdomyolysis (8). The 
different statins also have vcariable effects on smooth mus- 
cle cell migration and prolrfemtion independent of their 
hypocholesterolemic properties as well as platelet reactiv - 
ity and function, although the clinical relevance of these 
differences is not clear (8). 

Statins do not seem to atlter LDL-C subfraction diam- 
eter (259-261). One small, retrospective study of patients 
with LDL pattern A (mean LDL-C, 240 mg/dL) suggested 
that atorvastatin may reducle the number of small, dense 
LDL particles (262). but additional prospective studies in 
patients with LDL pattern B are clearly needed. 
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Table 9 

Fibrate Monotherapy.-Both gemfibrozil and fenofi- 
brate are effective for treating patients with severe hyper- 
triglyceridemia and for patients at risk for CAD who have 
an increased triglyceride level or low HDL-C level (or 
both) as the primary lipid abnormality (27SO.51.263). 
The recent Veterans Affairs High-Density Lipoprotein 
Cholesterol Intervention Trial (64) and the Helsinki Heart 
Study (58) both demonstrated that fibrate monotherapy 
reduced triglyceride levels, increased HDL-C levels, and 
decreased cardiovascular events in men with or without 
CAD. Two recent angiographic trials supported these 
metabolic findings and revealed an independent effect of 
fibrate therapy on progression of lesions (264,265). In 
patients with the small. dense LDL pattern B, fibrate treat- 
ment can also significantly reduce small LDL and increase 
large LDL concentrations without altering the overall 
LDL-C concentration (266). Unlike gemtibrozil, fenofi- 
brate can also reduce total cholesterol and LDL-C in 
patients with type IIb hyperlipidemia (263). Fibrate 
monotherapy is preferable to niacin therapy in patients 
with type 2 diabetes mellitus because it does not seem to 
worsen glycemic control (267). 

Niucin Monotherapy.-Niacin is a powerful LDL-C- 
and triglyceride-lowering drug that also substantially 
increases HDL-C. It produces a more favorable lipid 
response than a fibrate (Table S), has been associated with 
angiographic evidence of regression of CAD, and has been 

associated with reduced mortality 9 years after discontm- 
uation of use (268-270). Generally, however, niacin is 
considered a second choice after fibrates for lowering 
triglyceride levels and raising HDL-C levels because of its 
side effect profile (Table 8). Flushing occurs in approxi- 
mately 75% of patients; this adverse effect can be amelio- 
rated with use of aspirin (Table 8). Side effects can be 
considerably reduced by slowly titrating the dosage 
upward. Recent studies suggest that a new formulation of 
extended-release niacin administered once nightly may be 
better tolerated (271,272). with the incidence of flushing 
reduced to 20%. but additional study is needed. Because it 
decreases Lp(a), niacin may be preferable for patients with 
associated Lp(a) elevations. 

Combination 7’herupy.-Certain clinical situations 
warrant use of a combination of lipid-lowering agents. The 
side effects of two or more drugs may be additive, and 
clinical judgment is needed to balance the risks and bene- 
fits of combination therapy. Combination therapy should 
be considered in the following circumstances: 

l The cholesterol level is severely increased, and 
monotherapy does not achieve the therapeutic goal 
(86,87,95) (see Therapeutic Considerations /or 
Specific Phenorypes, Hypercholesterolemia, page 188). 
In addition, statins yield only incremental, additional 
LDL-C reductions when the dose is doubled; therefore, 
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adding a drug with a complementary mode of action 
may be more cost-effective than increasing the statin 
dosage. 

l Lower dosages of two or more drugs may avoid or 
minimize toxicity associated with higher dosages of a 
single drug (86,95). 

l The patient has increased cholesterol and triglyceride 
levels. If high-dose monotherapy does not achieve the 
lipid goal, a combination regimen may be warranted to 
lower both cholesterol and triglyceride levels and to 
raise the HDL-C level (87,95) (see Therapeutic 
Considerations for Specific Phenotypes, The Lipid 
Triad, page 189). 

Therapeutic Considerations for Specific Phenotypes 

Hypercholesterolemia (Type Ha) 
Clear evidence indicates that a statin plus physical 

activity and nutrition therapy is appropriate for patients 
with increased LDL-C levels who require drug therapy 
(85). When needed, however, a resin can be added to the 

statin regimen to achieve the cholesterol target and contain 
costs (86-91). In relatively small doses, the bile acid 
sequestrants are generally better tolerated than large doses 
of nicotinic acid, and they are safe (85). In separate clini- 
cal trials, cholestyramine plus pravastatin or lovastatin 
produced decreases in LDL-C levels of 39% and 49%. 
respectively, and slight increases (6%) in triglyceride lev- 
els (93.94). In other independent trials, lovastatin plus a 
bile acid sequestrant decreased LDL-C levels by 18% 
more and lovastatin plus nicotinic acid decreased LDL-C 
levels by 14% more than lovastatin alone (92). 

For patients with severe familial hypercholes- 
terolemia, three drugs with complementary effects may be 
needed to achieve the cholesterol target (86.95). One 
15-month study (96) showed that colestipol (30 g/day), 
niacin (5.5 g/day, mean dose), and lovastatin (60 mgkiay) 
reduced total cholesterol levels by 58% and LDL-C levels 
by 69% in comparison with baseline in this patient 
population. Case I is an example in which multiple 
lipid-lowering drugs were needed to achieve the lipid 
goals (Table 12). 
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Fibrates are inappropriate for patients with isolated 
hypercholesterolemia; in the only study of fibrates in 
which a subgroup analysis of patients with type Ha versus 
type IIb hyperlipoproteinemia was conducted, the relative 
decrease in incidence of CAD was substantially less in the 
type Ila phenotype (85,273). 

The Lipid Triad (Types IIa, IIb, and IV) 
In this high-risk patient group, aggressive interven- 

tion is warranted, when needed, to meet the lipid goals. 
Nutrition therapy and physical activity designed to 
decrease or control body weight and favorably alter the 
LDL subfraction profile are essential (28.34.71,220,22 1). 
In patients with the cardiovascular dysmetabolic syn- 
drome, the insulin-resistant state should be directly treated 
with weight control and physical activity (28). 

Because hypertriglyceridemia increases the absolute 
risk of CAD above that conferred by the hypercholes- 
terolemia alone (85), many patients with this phenotype 
will also benefit from a combined regimen of a fibrate or 
niacin plus a statin (28.87). 

Statin-Fibrate Combinations.-Because they target 
different lipid variables, statins and Iibrates can favorably 
alter the entire lipid profile when used together. In addi- 
tion, gemfibrozil (1,200 mg/day) has been shown to 
reduce significantly the risk of major cardiovascular 
events in men with features of the cardiovascular 
dysmetabolic syndrome (64). 

In the past, use of statin-fibrate combinations was lim- 
ited because of reports of increased risk of a myopathy 

syndrome (87). Increasing evidence indicates, however, 
that statin-fibrate combinations can be used safely for pro 
longed periods in most patients (87.274276). In addition, 
two long-term investigations (one 3-year and one 4-year 
study) designed to assess the safety of this combination 
showed that statin-fibrate treatment did not cause myopa- 
thy and was not associated with any significantly abnor- 
mal biochemical markers of muscle malfunction (creatine 
kinase) (274,275). In one of these studies, five patients 
(1.3% of the cohort) were withdrawn from the study 
because transaminase levels increased more than 3 times 
the upper limit of normal (274); the other study revealed 
no biochemical marker of liver malfunction (275). With 
use of this combination, careful monitoring for liver 
toxicity is essential for all patients, and patients should be 
informed to alert their physician if they experience “flu- 
like” symptoms of myalgias and maiaise or severe muscle 
pain (28). 

In order to decrease the risk of myopathy, the statin 
dosage should be kept low and statin-Iibrate combinations 
should be avoided in patients who are elderly, have acute 
or serious chronic illness (especially chronic renal dis- 
ease), are undergoing a surgical procedure, or are taking 
multiple medications (drug interactions increase the risk 
of occurrence of myopathy) (28). In addition, an altemate- 
day administration regimen may be considered. One 
recent study showed that simvastatin (IO mg) adminis- 
tered on alternate days with fenofibrate (250 mg) for corn- 
bined hyperlipidemia was as effective as the every-day 
combination of the same drugs but was associated with 
better tolerance and safety (277). 
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Case 2 provides an example of application of statin- 
fibrate combination therapy (Table 13). 

Statin-Niucin Combinatians.-Clinical evidence 
supporting combination statin-niacin therapy is limited. 
The sample sizes of clinical trials of this combination 
therapy have been relatively small-no more than 44 sub- 
jects per study (278). In addition, this combination is often 
avoided because of the risk of muscle and liver toxicity 
(278). Although clinical trials of combination statin-niacin 
therapy have not revealed any cases of myopathy or dis- 
continuation of treatment because of hepatic toxicity, one 
study designed to assess the safety and effectiveness of 
this therapeutic combination showed a 53% mean increase 
in alanine aminotransferase and a 42% mean increase in 
aspartate arninotransferase related to the use of sustained- 
release niacin at a target dosage of I g twice a day (279). 

Case 3 illustrates the strategy of using increasing 
dosages of niacin plus a low-dose statin to achieve lipid 
goals, including a dramatic increase in HDL-C, in a man 
with type IIb hyperlipidemia (Table 14). Alternatively, a 
higher statin dose could be administered in conjunction 
with a relatively low niacin dosage of 12 g/day, depending 
on the clinical circumstance. This combination can yield a 
moderate reduction in triglyceride level and increase in 
HDL-C level while minimizing hepatotoxicity. hyper- 
glycemia, and hyperuricemia (178). 

BiIe Acid Sequeslronfs.-Bile acid sequestrants may 
be used, but only after triglyceride levels have been 
reduced and controlled. 

Moderate Hypertriglycenklemia (Type Ill) 
When moderate hypettriglyceridemia is the primary 

disorder (in association with increased serum cholesterol 
or low HDL-C levels), physical activity and weight 
control are important. When drug therapy is needed to 
achieve the target triglyceride level, fibrate or niacin 
monotherapy is most effective (8.64.85). Although statins 
may enhance IDL clearance, they are generally not as 
effective for this disorder (85). Bile acid sequestrants are 
not indicated in this setting because they may increase 
serum triglyceride levels (85.92). 

Familial Hypertnglyceridemia 
Not all patients with elevated triglyceride levels have 

an increased risk of CAD, and patients with familial 
hypertriglyceridemia do not seem to have an increased 
risk (27,50,51). Treatment should focus on reducing the 
risk of pancreatitis as a result of an increased triglyceride 
level (27.50.5 1,97). 

Severe Hypertri~lyceridemia (Type V) 
Most patients with severe hypertriglyceridemia have 

type V hyperlipoproteinemia, signifying an increase in 
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both chylomicrons and VLDL (28). The need to lower 
triglyceride levels in this population is urgent, in order to 
prevent acute pancreatitis and the chylomicronemia 
syndrome. These patients often respond to tibrates or nico- 
tinic acid (28.92), and although serum triglyceride levels 
rarely return to normal, they usually decline enough (to 
cl,OOO mg/dL) to reduce the risk of these disorders 
substantially. 

In addition, ingestion of 2 to 4 g of fish oils (omega-3 
fatty acids) every day can decrease triglycerides by 25% or 
more (see Physical Activity and Nutrition Therapy. page 
182). Case 4 illustrates how low-dose fish oil capsules in 
combination with a fibrate helped achieve lipid goats in a 
70-year-old woman with type V hyperlipoproteinemia 
after low-dose niacin therapy had failed (Table 15). 

Isolated Low HDLC 
Isolated low HDL-C has been defined as HDL-C lev- 

els ~35 mg/clL, LDL-C levels ~160 mg/dL, and triglyc- 
eride levels ~250 mg/dL (6 I). Because no intervention tar- 
gets only HDL-C. it has been difficult to determine from 
clinical trials whether increasing the HDL-C level alone is 
clinically beneficial (22,47&t). The VA-HIT study. 
however, showed that increasing HDL-C and lowering 

triglyceride levels in patients with CAD whose primary 
lipid abnormality was low HDL-C (140 mg/dL in con- 
junction with triglycerides 5300 mg/dL and LDL-C <I40 
mg/dL) significantly reduced the rate of coronary events 
by 24% (64). Moreover, the AFCAPSffexCAPS results 
(229) (Table 9) have also been suggested as support for 
using low HDL-C as justification for more aggressive 
treatment of borderline LDL-C levels in older men and 
postmenopausal women without CAD (22). In light of 
these results and the epidemiologic evidence suppotting a 
cardioprotective role of HDL-C in the general population, 
intervention is appropriate when the HDL-C level is low, 
other risk factors exist (including borderline LDL-C levels 
from 130 to 159 mg/dL,, family history of premature CAD, 
or existing CAD), and secondary causes of low HDL-C 
have been excluded (sez Secondary Dyslipidemiu, page 
176) (l&22,47,59,64). The recommended HDL-C goals 
are outlined in Table 6. 

Physical activity, weight loss in overweight or obese 
patients, and cessation of smoking should be prescribed 
because they can all raise HDL-C levels (71.280,281). 
Nutrition therapy should be prescribed cautiously, howev- 
er, because a very low-fat, high-carbohydrate diet may 
further reduce HDL-C in some patients (13). 
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When drug therapy is needed to raise HDL-C to goal 
levels in the high-risk patient, a statin or low-dose niacin 
(or both) may be effective (l&22,61-63). A statin is 
appropriate if the LDL-C level is borderline (22). and 
adjunctive niacin can further increase HDL-C if clinically 
appropriate (22.63). Of the statins, simvastatin may yield 
the greatest HDL-C increase (Table 1 I). For the patient 
who has normal LDL-C, low-dose niacin monotherapy 
can effectively increase HDL-C. In one study of 55 
patients with cardiovascular disease (62), niacin (I g/day) 
increased the HDL-C level 31% and reduced the total 
cholesterol:HDL-C ratio by 27%. At this low dose, how- 
ever, unpleasant side effects were still an issue; a 40% 
dropout rate reflected poor tolerance. 

Additional Treabnent Considerations 

Age 
AACE believes that the lipid values outlined in Table 

4 should apply to all adults regardless of age, for the 
reasons outlined under Screening Considerations by Age- 
Croup, page 177. 

Young Adults.-For young patients with dyslipi- 
demia, lifestyle modifications (that is. diet, weight control, 
and physical activity) are essential. Drug therapy should 
be considered for otherwise healthy men ~45 years old 
who have LDL-C levels >190 mg/dL that do not respond 
to a maximum of 6 months of conservative therapy. For 
other young men at risk for CAD, especially those with a 
family history of premature CAD, drug therapy should be 

considered if the LDL-C level is 2160 mg/dL after 6 
months of conservative therapy (8). 

Elderly Patients.- As with other populations, global 
risk management in elderly patients is important. Smokmg 
cessation and treatment of systolic hypertension reduce 
the risk of CAD and stroke in all age-groups (33), and 
nutrition therapy is as efficacious in elderly patients as it 
is in younger patients (99). 

Clinical trial data supporting lipid-lowering drug 
therapy in the elderly population are limited, although 
subgroup analyses of the z&-year-old population in the 
4s. CARE, and Long-Term Intervention With Pravastatin 
in Ischemic Disease (LIPID) trials showed that these 
patients benefited from cholesterol-lowering drug therapy 
as much as younger patients (98.107,108). Angiographic 
studies have also shown that even advanced coronary ath- 
erosclerosis responds to cholesterol-lowering therapy 
(99). In addition, statin therapy does not seem to pose an 
increased safety risk for older patients with hypercholes- 
terolemia or established cardiovascular disease (99- 106). 
For these reasons, and because of the clear association 
between hypercholesterolemia and risk of CAD in elderly 
persons (99), drug therapy for either primary or secondary 
prevention is warranted for high-risk patients between 
ages 65 and 75 years (33). 

The use of lipid-lowering drugs in patients >75 years 
of age is controversial because no data are available for 
this population. Patients >75 years old who are already 
receiving treatment should continue any therapy that was 
prescribed at an earlier age (33). The decision to initiate 



AACE Lipid Guidellnes, Endocr Pratt. 2000;6(No. 2) 193 

Tabk 15 
.& .Chm -$s 70-iear-OId Woman Witb Dydipidemia and Crolm9s Disease 
V$mliadaFIistoydSmu&iagaud8F~lDstoydPrrrarntureC~~ . 
ii: Lipid v&e (m#dL) 

Weight TWElDL-t. Nom- 
(lb) TC TG HDL-C LDL-C! I-do HDCC Maaagement 

. . . 518 1,732 41 ..I. 
._:- 

118 449 1,567 37 5y4_ . i. _~ 12.1 = Sri- ~-; -; “‘.ve.;*. . ..- - .1 

120 217 302 29 

therapy in this population should be based, in part, on the 
degree of risk. Surgical coronary bypass is often per- 
formed in patients >75 years old. and the universal accep- 
tance of this aggressive treatment justifies the use of 
aggressive preventive therapy as well. The decision to ini- 
tiate therapy m this age-group should also be predicated on 
individual circumstances such as “physiologic” age. 
Elderly patients with advanced physiologic or chronolog- 
ic age or severe illnesses may not be candidates for drug 
therapy (27). 

Special pharmacotherapy considerations in the elder- 
ly population include the potential for drug interactions 
and constipation from bile acid sequestrants. Resins bind 
nonspecifically to other drugs: thus, absorption is usually 
reduced and serum levels are affected (99). Statins are 
associated with potential for myonecrosis if used in 
combination with cyclosporine. fibrates, or erythromycin 
(99). 

Female Gender 
The incidence of CAD is lower in premenopausal 

women than in men of similar age, potentially attributable 
to a cardioprotective effect of estrogen. After menopause 
and estrogen loss, the risk of CAD increases substantially 
in all women (99). Generally, plasma LDL-C levels 
increase and HDL-C levels decrease (both by approxi- 
mately IO to 20%) after menopause. 

The link between endogenous estrogen and cardiac 
protection for women should not obscure the clinical sig- 
nificance of classic risk factors in premenopausal women 
or postmenopausal women receiving ERT. CAD-related 
monality is exceedingly high in women; twice as many 
women as men die within the first few weeks after MI. As 

with men, serum cholesterol level is a strong predictor of 
risk of CAD in women until after 80 years of age 
(I 11.2 I I), although the link between LDL-C levels and 
CAD risk is weaker in women. Importantly, both HDL-C 
and triglyceride levels seem to be independently arsociat- 
ed with CAD risk in women, and as stated earlier, a 
triglyceride level >200 mg/dL should be considered an 
additional, strong risk factor in women (27). 

Special considerations in women with dyslipidemia 
include the following factors: 

. Polycystic ovary syndrome 

. Nutrition therapy 
l Drug therapy 
. Estrogen replacement therapy 

PCOS, which occurs in as many as IO to 15% of pre- 
menopausal women and is characterized by hyperandro- 
genism and anovulatory cycles, is another important indi- 
cator of CAD (109,282-2&4). PCOS is associated with 
high triglyceride levels, low HDL-C, a trend toward 
insulin resistance, and high testosterone (282). with no 
significant change in total cholesterol or LDL-C levels. In 
patients with PCOS, a triglyceride level of z-150 mg/dL 
and an HDL-C level ~45 mg/dL may be considered spe- 
cific risk factors (109). Emerging literature demonstrates 
the benetits of insulin sensitizer therapy (thiazolidine- 
diones or biguanides) in women with PCOS (285-287). 
but whether this therapy will help protect against diabetes 
or prevent the development or progression of CAD is 
unclear. 

Studies of nutrition therapy suggest that restriction of 
dietary fat tends to be less effective for lowering the 
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cholesterol level in women than in men (110). In contrast, 
however, nutrition management and weight reduction are 
effective for lowering triglycende levels in women and are 
considered first-line therapy for hypertriglycendenua In 
this population (25). For at-risk women with hyperttiglyc- 
eridemia, a triglyceride level of 5200 mg/dL should be the 
goal (1 1 I), and pharmacotherapy should be initiated if this 
goal is not achieved with nutrition therapy. 

A strong rationale exists for treating dyslipidemia as 
aggressively in postmenopausal women as in men (I I I). 
Lipid-lowering drug therapy can benefit women as much 
as it benefits men, according to subgroup analyses of 
major lipid-lowering trials (I I l-1 14). In addition, two 
recent lipid-lowering trials performed in postmenopausal 
women (288,289) demonstrated that statin therapy pro- 
duced significant reductions in LDL-C levels. In the 
Women’s Atorvastatin Trial on Cholesterol. up to 87% of 
postmenopausal women with hypercholesterolemia 
reached target LDL-C levels by week 16 of atorvastatin 
therapy (IO mg/day) (288). In a separate statin trial of 58 
postmenopausal women with hypercholesterolernia. 8 
weeks of therapy reduced total cholesterol and LDL-C lev- 
els by 26% and 36%. respectively. while iricreasing HDL- 
C and decreasing triglycerides (289). Case 5 illustrates use 
of statin monotherapy fo help achieve an LDL-C level 
cl00 mg/dL in a woman with hypercholesterolemia and 
multiple CAD risk factors (Table 16). 

ERT, with or without progestin. has been shown to 
reduce LDL-C levels by IO to 24% in postmenopausal 
women (289.290). ERT may be prescribed as lipid-lower- 
ing therapy in lower-risk postmenopausal women with 
mildly increased LDL-C levels (130 to 160 mg/dL) and 
normal triglyceride levels. ERT, however, should not be 
prescribed as an alternative to lipid-lowering pharma- 
cotherapy for most postmenopausal women with dyslipi- 
demia. The only large-scale, controlled clinical trial to 
assess the effect of ERT on CAD risk found no benefit 
when the therapy was prescribed for women with CAD 
(291). The recent Heart and EstrogenIProgestin 
Replacement Study (HERS) specifically showed that a 
standard daily conjugated equine estrogen-progestin regi- 
men administered for 4.1 years did not reduce the overall 
risk of any cardiovascular event in postmenopausal 
women ~80 years old (mean age, 66.7 years) who hadsig . 
nificanr CAD (291). The therapy was associated with more 
cardiovascular events during the first year of treatment and 
fewer events in years 4 and 5; whether continued therapy 
would have produced a late benefit is unclear. Perhaps 
more aggressive adjunctive treatment may have yielded 
greater benefit. Most of these women did not achieve uni- 
versally accepted LDL-C goals despite treatment with 
lipid-lowering agents; 37% achieved5130 mgfdL. and 9% 
achieved 1100 mg/dL. In this trial, hormone therapy was 
also associated with an overall increased risk of venous 
thromboembolic events and gallbladder disease (291). It is 
not clear whether these results apply to younger, healthy 
postmenopausal women. In addition. ERT is associated 
with triglyceride increases up to 25% (289,290); therefore, 

it should only be used cautiously in women with 
hypertnglyceridemia. 

ERT may have an important role in primary CAD 
prevention for women who are already receiving ERT for 
other reasons (such as menopausal symptoms or preven- 
tion of osteoporosis). In epidemiologic studies, ERT IS 
almost umversally linked with reduction of CAD risk. For 
this reason, and because of the potential for a late benefit, 
most authorities agree that women who are already recetv- 
ing hormone replacement therapy may benefit from Its 
continued use (11.5). 

DYSLIPIDEMIA OF DIABETES 

In comparison with patients who do not have diabetes, 
patients with type 2 diabetes mellitus have a twofold to 
fourfold increased risk of CAD (28,29) and a dramatically 
higher risk of accelerated cerebral and peripheral vascular 
disease (29,117). Patients with diabetes without known 
CAD have the same risk of MI as those without diabetes 
who have had a coronary event (29). In addition, more 
than half of all patients with type 2 diabetes mellitus have 
established CAD (116). and once atherosclerotic disease is 
established, the presence of diabetes worsens the progno- 
sis. Mortality from CAD is also extremely high in this 
population: the case fatality rate from onset of clinical 
symptoms of CAD through I year is 45% in men and 38% 
in women with diabetes (29). 

Diabetes negates the cardioprotective effect of estro- 
gen, and as a result, women with type 2 diabetes mellitus 
are particularly predisposed to early CAD (I 17). The rate 
of CAD in premenopausal women with type 2 diabetes 
mellitus is equal to that in men of the same age who do not 
have diabetes ( I 17). 

The same risk factors that contribute to CAD in the 
general population contribute to CAD in patients with dia 
betes (118); however, the overall effect of each risk factor 
is greater (119). and diabetes itself confers an independent 
risk. Most likely, the diabetic state causes added athero- 
genie insult through enhanced lipoprotein glycation and 
oxidation as well as accumulation of advanced glycation 
end products in the arterial wall (29,116). Furthermore. the 
VLDL particles in patients with diabetes are readily bound 
to macrophages and contribute more cholesteryl ester to 
macrophages than do those in patients without diabetes 
(29). 

Identification of Risk Factors 

Identification of all risk factors is important (I 19). 
inasmuch as the benefit of treatment may be even greater 
in the patients with diabetes than in the general population. 
A complere. f&ring lipid panel should be measured at least 
yearly in adults with diabetes because changes in glycemic 
control will affect lipid values (29). 

Dyslipidemia in the patient with type 2 diabetes mel- 
litus is characterized by moderate hypertriglyceridemia 
and low plasma HDL-C level. The weight of evidence 
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shows that hypeitriglyceridemia may be the best lipid pre- 
dictor of CAD in patients with type 2 diabetes mellitus 
(I 19). likely because increased triglycerides are correlated 
with other components of the insulin resistance syndrome 
(29). Recent studies of patients with diabetes have demon- 
strated the triglyceride level to be a risk factor for ischemic 
heart disease independent of HDL-C level, despite 
glycemic control (23.119). In most patients with diabetes, 
the plasma triglyceride level is ~250 mg/dL; patients with 
levels >400 mg/dL likely have a genetic disorder of 
lipoprotein metabolism (292). In addition, total cholesterol 
and LDL-C levels may appear relatively normal, but the 
non-HDL-C profile (LDL-C, IDL-C, and VLDL-C 
combined) is often elevated (29,119). Patients with 
diabetes often have a higher proportion of the atherogenic 
small, dense LDL-C pattern B (I 19). 

whether or not they have established CAD (28.29, 
118,119). The goals of therapy for all patients with dia- 
betes should reflect the strictest goals previously outlined 
for patients with established CAD. The lipid targets for all 
patients with type 2 diabetes mellitus and dyslipidemia are 
presented in Table 17. 

Nonphannacologic Intervention 

For achievement of the recommended lipid targets, 
management of the hyperglycemia, nutrition therapy, 
weight reduction in overweight patients, and increased 
physical activity are essential. Nutrition therapy, weight 
loss, and daily physical activity for 30 minutes or more 
will often decrease insulin resistance, decrease plasma 
triglyceride and VLDL levels, increase HDL-C, and lower 
LDL-C 15 to 25 mg/dL (29). 

Goals of Therapy 
Nutrition Therapy 

Because available data show that intervention benefits Enlistment of the assistance of a registered dietitian is 
these patients, and because of the high CAD risk and strongly recommended. In general, the patient must ini- 
mortality in this population, aggressive intervention is tially reduce total fat intake to ~30% of total calories, with 
warranted for all patients with diabetes and dyslipidemia, ~10% saturated fat (AHA Step I diet; see Table 7) and 
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control caloric intake to maintain weight if lean or reduce 
weight if ovetweight. The patient should increase the 
intake of soluble fiber and, to compensate for the reduc- 
tion m saturated fat, increase complex carbohydrates or 
monounsaturated fats (29). If weight loss is a goal, a high- 
carbohydrate diet may be effective, although control of 
energy intake seems more important. One review suggests 
that a moderate-carbohydrate + moderate-fat diet may be 
more effective for both weight loss and lipid control than 
a high-carbohydrate + low-fat diet in patients with 
diabetes (293). In addition, because a high-carbohydrate 
intake can increase plasma triglycerides, the patient should 
select foods containing complex carbohydrates wtth a low 
glycemic index (that is, wtth low glucose-raising potency) 
(29,117). If weight loss is not needed, a diet higher in 
monounsaturated fats with a lower carbohydrate content 
of 50 to 55% of total calories may produce better meta- 
bolic effects (117). If lipid goals are not achieved in 3 
months with use of the Step I diet, implementation of the 
Step II diet (modified as needed, depending on the impor- 
tance of weight loss) is recommended (Table 7) (I 17). 

Physical Activity 
Physical activity should be of moderate intensity, 30 

to 45 minutes in duration, and performed 3 to 5 times a 
week while the pulse rate is monitored to ensure target lev- 
els are achieved. It is important to use caution and to 
supervise physical activity programs for patients who have 
complications that place them at risk while exercising. At 
the physician’s discretion, patients at risk may be tested 
for “silent” ischemia or myocardial disease or for labile 
hypertension exacerbated by physical activity. Extremity 
ulceration, peripheral neuropathy, or deformity may limit 
or result from a physical activity program. 

Duration of Nonpharmacologic Intervention 
Physical activity and nutrition therapy can be pursued 

for 6 months in an attempt to achieve lipid goals in patients 
without established CAD, unless the LDL-C level is >25 
mg/dL above the goal. In such a case, phannacotherapy 
can be instituted as early as 3 months after initiation of 
physical activity and nutrition therapy because diet and 
exercise are not expected to lower the LDL-C level by 
more than 15 to 25 mg/dL (29). In patients with esrablished 
disease, physical activity, nutrition therapy, and pharma- 
cotherapy should be initiated concurrently. 

Warmacotberapy 

Therapy with glucose-lowering agents is an important 
element of management of type 2 diabetes and in most 
cases, should be initiated before specific lipid-lowering 
pharmacotherapy. Triglyceride levels usually decline with 
better glucose control, and optimal glycemic control may 
decrease LDL-C levels by 10 to 15% (29). Metfortnin has 
a small but favorable effect on triglyceride and HDL-C 
levels. The United Kingdom Prospective Diabetes Study 

(UKPDS) (294) demonstrated that agents used to control 
blood glucose (including sulfonylureas, metfot-min. and 
insulin) did not increase the risk of cardiovascular events. 
In fact, metformin has been associated with a reduced rate 
of cardiac events in obese patients with diabetes (294). 
The thiazolidinediones, or “glitazones,” have a vanable 
effect on lipid factors, depending on the baseline triglyc- 
eride level and the particular agent (295,296). The glita- 
zones generally increase the LDL-C level but not the 
LDL-CHDL-C ratio, and evidence indicates that they 
may increase the proportion of the large, less atherogenic 
LDL-C subfractions (297). Case 6 illustrates use of a 
combined weight loss and glucose control program for 
successful management of hypertriglycetidemia in a 
young patient with type 2 diabetes mellitus (Table 18). 

Nevertheless, lipid levels rarely normalize with glu- 
cose-lowering therapy because the magnitude of plasma 
glucose control is not directly proportionate with that of 
the lipid control (117,119). When glucose control is not 
achieved or the lipid profile fails to normalize within 4 to 
6 months, treatment with appropriately selected lipid-low- 
ering agents is warranted. Any further delay is inappropri - 
are. Because of the propensity for these patients to carry 
the small, dense LDL, a borderline or normal LDL-C level 
should not obscure the need for pharmacotherapy (119). 
The choice of therapy should be based on the nature of the 
dyslipidemia and the special needs of the patient with 
diabetes. 

Hypercholesterolemia 
For the patient with hypercholesterolemia as the pri- 

mary lipid disorder, statins are recommended (29.1 16, 
117). Statins are generally well tolerated, do not affect 
glycemic control, and have been shown to have equivalent 
lipid-lowering properties in patients with and those with- 
out diabetes. In a limited trial of patients with type 2 dia- 
betes mellitus, lovastatin lowered total cholesterol levels 
by up to 268, LDL-C levels by 28%. and triglyceride 
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levels by 3 I % without affecting glycemic control and wit.h 
no significant change in HDLK levels (298). Subgroup 
analyses of patients with type 2 diabetes mellitus from the 
CARE and 4s intervention trials have clearly shown that 
statin therapy reduced CAD events in patients with dia- 
betes and existing CAD to a degree equal to or greater than 
that in patients without diabetes regardless of baseline 
LDL-C level ( I2 1,122). 

Patients with substantially increased LDL-C levels 
without concomitant hypertriglycetidemia who have 
failed to reach the LDL-C goal with use of maximal statin 
dosages may respond to a bile acid sequestrant or a 
combination of a low-dose statin and a bile acid seques- 
tram. In addition to lowering LDL-C. bile acid seques- 
trants may modestly improve glycemic control (120). 
Because these agents can increase triglyceride levels, they 
should be used cautiously in this population. In one limit- 
ed study of patients with type 2 diabetes mellitus with 
triglyceride levels ~300 mg/dL. cholestyramine decreased 
LDL-C levels by 28% but increased triglyceride levels 
13.5% (299). 

Niacin monotherapy has been “relatively contraindi- 
cated” in patients with type 2 diabetes mellitus (29). This 
recommendation, however, is based on a study of patients 
with type 2 diabetes mellitus, in which mean plasma glu- 
cose levels increased 16% (from 7.8 to 9.1 mrnoVL) and 
glycosylated hemoglobin concentrations increased 21% 
during therapy wtth a high daily dosage (4.5 g) of shott- 
acting niacin (300). Lower dosages may possibly have a 
lesser effect on glycemia while still producing a beneficial 
effect on lipid levels (301). Therefore, lower-dose niacin 
can be used cautiously in some patients with type 2 dia- 
betes mellitus. The physician must carefully monitor glu- 
cose levels and decide whether the lipid-lowering benefits 
outweigh any glucose-raising effect. 

Hypertrigiyceridemi With or Without Low HDLC 
Fibrates are the agents of choice for treating primary 

or isolated hypertriglyceridemia when efforts to control 
plasma glucose fail to lower triglyceride levels (117, 
120.123). Both gemftbrozil and fenofibrate can decrease 
plasma triglyceride levels and increase HDL-C levels in 
patients with type 2 diabetes mellitus without affectmg 
glycemic control (120,123); fenotibrate can also reduce 
total cholesterol and LDL-C levels in these patients (123). 
In a subgroup analysis of I35 men with diabetes who 
participated in the Helsinki Heart Study for primary 
prevention, treatment with gemfibrozil decreased coro- 
nary events 68% in the study population with diabetes 
versus 34% in the total population (267). Although this 
difference was not statistically significant because of the 
small numbers of events, these results suggest a trend. 
Glycemic control was unchanged (267). In addition, gem- 
tibtozil has been associated with a statistically significant 
24% reduction in cardiovascular events in patients wtth 
diabetes and CAD (64). 

Combined Hypercholesterolemia and 
Hypertriglyceridemia 

For patients with diabetes and increased levels of both 
cholesterol and triglycerides. aggressive glycemic control 
plus high-dose statin or fibrate therapy should be consid- 
ered (29). If this approach fails to achieve the lipid goals, a 
combination of a statin plus tibrate or a statin plus low- 
dose niacin may be considered for selected patients with 
type 2 diabetes mellitus and severe hypertriglyceridemia 
(29,120). although specific combination therapy with 
cerivastatin plus gemfibrozil is contraindicated. These 
combinations can achieve notable reductions in non-HDL- 
C and increases in HDL-C levels (120). This combination 
of statin and ftbrate increases the risk of myopathy (>5%). 
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although the myopathy IS rarely severe. The presence of 
renal disease may considerably increase the nsk of 
myopathy (28,178). It should be avoided in patients with 
increased creatrnme levels. Careful monitoring is essential. 

DYSLIPIDEMIA IN PEDIATRIC PATIENTS 

Because of the mounting evidence that atherosclero- 
sis begins early In life (205-207) and that the severity of 
early lesions IS related to serum lipid levels (206,208-210). 
there IS growmg consensus that primary preventive nutri- 
tion is warranted in very young subjects (125-13 I). 
Nevertheless, the most effective approaches to screening 
for and treatment of dyslipidemia in the pediatric popula- 
tion are far from clea: .:nd remain controversial. This sec- 
tion of the guidelines reviews recent evidence that is 
beginning to illuminate these areas of controversy and 
provides recommendations based on this evidence. 

Primary Preventive Nutrition 

A decade ago, experts almost universally agreed that 
low-fat diets were inappropriate for whole populations of 
children because of a concern that fat restriction could 
limit growth and intake of important vitamins and miner- 
als (127,302). Low-fat diets were generally reserved for 
the occasional, very-high-risk pediatric patient (127). 
Since then, however, clinical studies have Firmly demon- 
strated that normal growth and adequate or improved 
micronutrient intake can occur in children and adolescents 
who consume low-fat diets, provided energy needs are met 
with a variety of alternative, nutritious Foods (126,128, 
142,303-31 I). As a result, and because it is commonly 
believed that children need to be “imprinted” early with 
healthy lifestyle habits (130). the AHA Step I diet is rec- 
ommended for all healthy children >2 years old (see Table 
7) (131). 

Universal Versus Targeted Screening 

Currently, consensus groups emphasize targeted 
screening for children and adolescents (13 I-133.3 12). 
AACE agrees that physicians should screen plasma total 
cholesterol, LDL-C, and triglyceride levels of children >2 
years old who have a Family history of premature CAD or 
dyslipidemia (or both) (13 1,132). AACE also believes that 
children >2 years old and adolescents should be screened 
for dyslipidernia when they smoke, have hypertension, are 
overweight or obese, or have diabetes (126.133). The 
Bogalusa Heart Study showed that the severity of asymp 
tomatic coronary and aortic atherosclerosis in young 
people increases with the number of these coexisting risk 
factors (3 13). Furthermore, AACE recommends screening 
for dyslipidernia in all adolescents > 16 years ofage ( 126, 
134). Targeted screening misses many children with 
high plasma cholesterol levels (129.134); this more 
comprehensive approach will disclose a greater proportion 
of young adults with increased cholesterol or LDL-C 
levels ( 134). 

Several important points must be consldered when the 
lipid profile is interpreted in chddren and adolescents: 

l Lipid levels fluctuate during childhood and adoles . 
ccnce. In Caucasian boys. plasma cholesterol normally 
peaks before puberty, between the ages of 8 and I 1 
years, and often declines profoundly along with 
HDL-C during puberty (3 14). 

l Low HDL-C may no! have rhe same implicarions in 
children as it does in adults. More than half of the chll- 
dren with low HDL-C levels have normal HDL-C lev- 
els when they become adults (136,137). In addition. 
low HDL-C level is not a hallmark of insulin resistance 
syndrome in children; rather, obesity and hypertriglyc- 
eridemia are the best predictors of this syndrome 
(136,138). 

l Lipid levels naturally vary by gender. Girls tend to 
have higher plasma cholesterol levels than do boys 
throughout childhood and adolescence (129). 

Generally, an LDL-C level <I 10 mg/dL is acceptable 
in pediatric patients (131). Therefore, the lipid screen 
should be repeated and verified when the LDL-C level 
exceeds 110 mg/dL (131). Nutrition therapy, physical 
activity, and risk Factor management are warranted For a 
verified LDL-C of 110 to 129 mg/dL; more intensive 
nutrition therapy and pharmacotherapy may also be war- 
ranted in some pediatric patients when LDL-C is 2130 
mg/dL (131). 

Intfxvention 

As with dyslipidemia in adult patients, dyslipidemia 
in pediatric patients necessitates global risk factor man- 
agement and lifestyle counseling. This holistic approach is 
essential for children and adolescents, For several reasons. 
First, in pediatric patients with dyslipidemia, drug therapy 
should be avoided when possible and is usually reserved 
For those with genetic or severe dyslipidemias. Second, 
adverse habits such as smoking and physical inactivity 
synergistically degrade serum lipoprotein profiles in 
young adults (3 15). A 6-year study of adolescents showed 
that those who maintained a high level of physical actlvi- 
ty during transition into adulthood had higher HDL-to- 
total cholesterol ratios, lower serum triglyceride and 
serum insulin concentrations. and thinner skinfolds than 
those who remained physically inactive (3 16). Finally. as 
mentioned earlier, many authorities believe that lifestyle 
intervention is most effective early in life, when 
behavioral habits are being established (15 I,3 17). 

Nutrition Therapy 
Clinical studies have shown that low-fat diets can 

reduce total cholesterol level and have a significant but 
modest effect on LDL-C level in pediatric populations 
(129,136.139.140.318). The effect on LDL-C is only 
moderate, likely because LDL-C concentrations in 
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children with hyperlipidemia are primarily a reflectlon of 
seventy of disease ( 136,139). Of these dietary studies, two 
were major prospective controlled trials (141.142). One 
showed a modest reduction m LDL-C after 3 years In 
pubertal children 8 to IO years of age who received 28% 
of calories from fat, in comparison with children who con- 
sumed 33 to 34%- of calones from fat (141). The other 
study showed a sigmficant reduction of total cholesterol 
level m boys but not in girls (142). 

The followmg factors should be considered when a 
low-fat diet is prescribed for children or adolescents: 

l Total cholesterol and HDL-C levels are positively car - 
related until the age of 20 years, and low-fat diets that 
decrease total cholesterol levels have been associared 
with HDL-C reductions (141,142). This finding, con- 
sidered with the fact that low-fat diets do not usually 
yield substantial LDL-C reductions, may be clinically 
important because a reduction in HDL-C that is not 
associated with a similar LDL-C reduction may be 
atherogenic (3 IO). Data from a cross-sectional study of 
67 children with hypercholesterolemia suggest, howev- 
er, that HDL-C reductions can be avoided in children 
consuming low-fat diets by limiting the intake of - 
simple sugars but not necessarily of complex carbohy- 
drates ( 136,143). 

l Increased intake of carbohydrates may increase plas - 
ma triglyceride concentrations in children (143). For 
children with hypertriglyceridemia, high intake of car- 
bohydrate is not recommended. 

l Fish oil supplements have a profound effect on serum 
triglyceride levels in children and have been used in 
pediatric patients with end-stage renal insufficiency 
(144 

l Studies consistently show that water-soluble fiber does 
not reduce serum cholesterol levels in children as it 
does in adults ( 145- 148). 

More aggressive nutrition therapy (AHA Step II diet) 
may be attempted when a child or adolescent with dyslipi- 
demia fails to respond to the Step I diet. Close monitoring 
of all lipid levels and nutritional intake is imperative, how- 
ever, to ensure that changes in the lipid profile are beneti- 
cial and that intake of both energy and nutrients is 
adequate. Children and young adults with low fat intake 
may be at risk for low intake of fat-soluble vitamins or 
minerals (151). 

Drug Therapy 
Evidence-based pharmacotherapeutic options for 

pediatric patients are limited because few lipid manage- 
ment trials have been conducted in this population. The 
potential long-term effects of lipid-lowering drug therapy 
on growth, development, and biochemical variables are 
unclear. For this reason, the prescribing decisions must be 
based on empiric and indirect evidence (129) and the 

needs of the patient. When the need for lipid-lowenng 
drug therapy is assessed in pediatric patients, the follow- 
mg factors must be considered: 

l The effectiveness of delaying treatment until adulthood 
l The nature of the pediatric dyslipiderma 

Beginning treatment in adulthood can halt atherogen- 
esis and may induce regression in some patients with poly- 
genie and familial combined hyperlipidernia (149,150). 
There is general consensus that children and adolescents 
who have genetic dyslipidemias associated with CAD 
(familial hypercholesterolemia and famihal combined 
hyperlipidemia) should be treated with lipid-lowenng 
drugs, when needed, to achieve LDL-C levels < I30 mg/dL 
(151,152). Clinical evidence shows that these children 
often experience a premature cardiovascular event as early 
as the third decade of life and that delaying treatment into 
adulthood may not reverse the major atherogenic effects of 
the childhood dyslipidemia (152,3 19-322). Although 
accurate detection of genetic dyslipidemia is difficult, a 
recent study designed to assess this diagnostic problem 
revealed that a persistent increase in LDL-C coupled with 
a parental history of dyslipidemia is a good predictor of 
the presence of an underlying genetic disorder (153). 

Bile Acid Sequesrmnrs.-Cholestyramine and 
colestipol are the only approved drugs for treating hyper- 
cholesterolemia in children. They are not absorbed from 
the gastrointestinal tract and are therefore not associated 
with systemic toxicity or other serious adverse or toxic 
effects (154- 156). Pediatric studies have generally demon- 
strated LDL-C reductions of 15 to 20% with bile acid 
sequestrant therapy, and recent evidence shows that these 
reductions are possible with relatively low dosages of 
cholestyramine (8 g/day) or colestipol (IO g/day) (154, 
157). For this reason, lower dosages are recommended for 
pediatric patients regardless of body weight, and the 
physician should consider initiating therapy with <8 g/day 
of cholestyramine or cl0 g/day of colestipol to maximize 
tolerability (154,157.323). 

Bile acid sequestrants should not be used in children 
with hypertriglyceridernia (129,158). These agents should 
be prescribed in conjunction with multivitamin supple- 
ments, including folic acid and cholecalciferol. because 
these nutrients may decrease when bile acid sequestrants 
are given to children ( 129.154.157). 

Other Age&.-Several recent studies of statin thera- 
py in children demonstrated significant LDL-C reductions 
(324-329). A recent controlled, l-year study of 132 ado- 
lescent boys with heterozygous familial hypercholes- 
terolernia (329) showed that lovastatin, in dosages from 10 
to 40 mgklay, decreased LDL-C levels by 17 to 27% over 
placebo. Clinical and biochemical assessments indicated 
that therapy did not significantly alter growth, hormonal, 
or nutritional status (329). Nevertheless, longer-term 
studies are needed to assess the potential effects of statins 
on these variables before universal recommendations can 
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be made for this population. Some investigators have 
suggested that small doses of statins may be useful for 
boys with severely increased cholesterol levels who are 
approaching the end of the maturation process, as a 
supplement to nutrition and resin therapy (159,160). 

Additional study is also needed before fibrates can be 
recommended for pediatnc patients. Niacin IS not recom- 
mended for this populatton because of a lack of tolerabtlity 
data and the potential for adverse effects (161). 

FOLLOW-UP AND MONITORING 

For all patients receiving intervention of any type. the 
lipid status should be assessed 4 to 6 weeks after initiation 
of therapy and again at 6-week intervals until the treatment 
goal is reached (27). At each 6-week interval, the physi- 
cian should monitor the response to and side effects of 
therapy. Thereafter, once the lipid goal has been achieved, 
the patient should be seen in consultation at 6- to 12- 
month intervals. The precise interval depends on patient 
adherence to therapy and the consistency of the lipid pro- 
tile. If adherence is a concern or if the lipid profile is 
unstable, the patient will likely benefit from a visit every 
6 months. In addition, certain clinical circumstances 
warrant more frequent evaluation. 77te lipid srarus should 
always be reassessed in rhe following situations: 

l Control of diabetes has deteriorated over time 
l The patient has been prescribed a new drug known to 

affect lipid levels 
l The patient’s cardiovascular status has changed 
l The patient has gained considerable weight 
l A recent lipid profile has revealed an unexpected 

adverse change in any lipid level 
9 A new nsk factor has been identified 

Because of the growing recognition of triglycerides 
and HDL-C as important lipid factors, both triglyceride 
and HDL-C levels should be part of each follow-up lipid 
assessment, along with serum total cholesterol and LDL-C 
levels. These analyses are especially important in patients 
with type 2 diabetes mellitus and in those with macrovas- 
cular disease. Some patients who have had their LDL phe 
notype determined may need reanalysis of the phenotype, 
particularly if their clinical status deteriorates or if lipid- 
lowering drug therapy has been altered. This reanalysis 
should be performed only after the patient has received 
liptd-lowering drug therapy for 3 months or longer. 

Consultation with an endocrinologist or lipid specialist 
is recommended when uncontrolled diabetes and dyslipi- 
demia coexist, when abnormal lipid levels persist despite 
treatment, or when CAD manifests despite favorable lipid 
levels. The treating physician must always keep in mind the 
considerably accelerated nsk of coronary and vascular 
disease that diabetes confers, even when the patient has nor- 
mal lipid levels. New therapies for type 2 diabetes mellitus 
can contribute to reduction of CAD risk by reversing 
insulin resistance and favorably affecting the lipid profile. 

COST-TO-BENEFIT CONSIDERATIONS 

Although clinical trials demonstrate that aggresstve 
lipid-lowering therapy is efficacious, the cost of this 
aggressive approach has been a major concern. Suffictent 
evidence is now available, however, to show that drug 
treatment of dysliptdemia is cost-effective for all men and 
women with established CAD and for pnmary preventton 
when the patient has dysliptdemia and other risk factors 
(Fig. 6) (162-165). Because of the accelerated rate of ath- 
erosclerosis in patients with type 2 diabetes mellitus, 
aggressive and early treatment appears to be cost-effective 
in these patients. 

Overall Cost-Effectiveness 

Usually, economic researchers evaluate CAD inter- 
ventions on the basis of the cost per year of life saved, a 
benchmark that considers the cost difference between the 
new therapy and any medical treatment avoided because 
of the new therapy, as well as any increased survival 
resulting from the new therapy (165). Generally, any inter- 
vention that costs 1$40,000 to $50,000 per year of life 
saved is considered acceptable (164,165). This is a 
universally accepted benchmark for interventions such as 
long-term hemodialysis. breast cancer screening, percuta- 
neous transluminal coronary angioplasty. and CABG 
procedure (165). As shown in Figure 6. statin therapy 
compares very favorably with other well-accepted medical 
interventions for CAD and is well within the acceptable 
range for patients who, according to these AACE guide- 
lines, qualify for drug treatment. Cost-effectiveness has 
also been demonstrated for drugs in all other major lipid- 
lowering drug classes (165). 

As shown in Figure 6, the cost-effectiveness of statin 
therapy for primary prevention is more variable than that 
for secondary prevention and depends on age, gender, and 
risk level. As would be expected, the younger the patient 
and the fewer the risk factors, the less cost-effective the 
primary prevention therapy. For example, one economic 
study demonstrated that the cost-effectiveness of primary 
prevention with lovastatin (20 mg/day) for men from 55 to 
64 years old with cholesterol levels Z300 mg/dL ranged 
from $20,200 per year of life saved for three risk factors to 
$78.300 per year of life saved for no risk factors (1993 
dollars) (164,330). In this same study, primary prevention 
was more expensive for women than for men but was still 
within the acceptable range ($40,000 per year of life 
saved) for women with cholesterol levels 2300 mg/dL and 
multiple risk factors (164,330). 

Clinical Application of Cost-Effectiveness Data 

Although these economic data are useful for guiding 
treatment decisions, they should not dictate the treatment 
approach. Prescribing statin monotherapy and relying on 
an isolated cholesterol goal for all patients with dyslipi- 
detnia may ignore the heterogeneity of certain patients 
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Fig. 6. Comparative cost-effectiveness of different medical strategies for management of coronary artery 
disease (CAD). MI = myocardial infarction. Modified from Hay et al. (165). With permission. 

with CAD (34,165). To be clinically effective and there- 
fore cost-effective, any lipid-lowering drug therapy 
(whether for primary or secondary prevention) must be 
tailored to each patient’s dyslipidernia and risk profile 
(34). 

APPENDIX: OTHER ATHEROGENIC FACTORS 

Several non-lipid-associated factors may have an 
important role in atherogenesis. An overview of the rela- 
tive risk for future MI among healthy middle-aged men in 
the Physicians’ Health Study, based on Lp(a), homocys- 
teine. and fibrinogen levels, is presented in Figure 7. 
Fibrinogen, in particular, was found to be a strong marker 
of CAD risk (44). 

Increased Levels of Lpta) 

Production of Lp(a). an LDL variant, is largely a 
genetic trait and is a strong marker of inherited CAD in 
Caucasians (35-37). It has been called the “enigmatic 
particle,” however, because its pathogenic mechanism is 

unclear and its concentrations and atherogenicity vary 
among ethnic groups (331). For example, no correlation 
has been found between Lp(a) and CAD in African 
Americans, even though this population generally has 
Lp(a) levels twice as high as those in Caucasians (332- 
334). 

Lp(a) screening of the general population is not rec- 
ommended because available prospective data demon- 
strating that Lp(a) levels improve the predictive value of 
total and HDL-C levels are inconsistent (44.331). Lp(a) 
measurement may be useful, however, for ascribing risk in 
Caucasians with CAD, a family history of CAD, or known 
metabolic disorders (44.331). as well as in adopted 
persons with an unknown family history. These patients 
who have Lp(a) values above the 80th percentile should be 
considered at increased risk for CAD (33 I ). 

Lp(a) is not influenced by diet or physical activity, but 
established therapies, including niacin and estrogen, can 
lower Lp(a) levels (331,335). No published prospective 
studies, however, have shown that Lp(a) reductions inde- 
pendently decrease coronary events. In addition, substan- 
tial lowering of LDL-C levels neutralizes the risk 
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Fig. 7. Relative risk for future myocardial infarction in healthy middle-aged men in the Physicians’ 
Health Study. Risks were computed for men in the top quartile compared with those in the bottom 
quartile for each marker. HDL-C = high-density lipoprotein cholesterol; Sens-CRP = sensitive C- 
reactive protein; TC = total cholesterol. Modified from Ridker (44). With permission. 

conferred by increased Lp(a) in men with CAD and ele- 
vated LDL-C levels (336-338). Therefore, aggressive 
management of all other risk factors should take priority, 
and targeted Lp(a) lowering should be reserved for the fol- 
lowing special situations: 

l Postmenopausal women with high L&a). The Lp(a) 
level increases in menopausal women by about 20% 
(35). Estrogen therapy should be considered for post- 
menopausal women with high Lp(a) because ERT has 
been shown to reduce Lp(a) levels (33 I). 

l Patients with veq high Lpfa) levels and a definite 
family histop of CAD. The physician should strongly 
consider targeting an increased Lp(a) level in this situ- 
ation but should also bear in mind that Lp(a) reduction 
in patients with isolated Lp(a) elevations has not been 
assessed in clinical trials. Before niacin or estrogen is 
prescribed, secondary causes of high Lp(a) should be 
evaluated and addressed. These factors include 
hypothyroidism, renal disease, consumption of truns 
fatty acids, and growth hormone treatment in some 
patients (339). 

Factors Related to Blood Clotting 

Fibrinogen 
An increased fibrinogen level is a strong, established 

marker of CAD risk in men and women (38-41), and it 
seems to increase the risk synergistically in patients with 
elevated LDL-C levels and hypertension (38). Prospective 
studies consistently show that adding fibrinogen to the lipid 
evaluation can significantly improve the prediction of CAD 
risk over the lipid evaluation alone (44). As with other 
novel CAD markers, however, fibrinogen evaluation should 
be reserved for patients with known metabolic disorders or 

for those with a personal or family history of premature 
CAD (44). Routine fibrinogen screening of the general 
population is not recommended for several reasons: 

l Nonstandardized assays. Currently, no universally 
accepted assay is available for measuring fibrinogen 
levels (40). 

l Lack of a universally accepted predictive value. As 
with Lp(a), fibrinogen levels vary among ethnic 
groups, and some groups with high fibrinogen levels 
have a low incidence of cardiovascular disease (41). 

l Increased fibrinogen levels can result from many fat - 
tors that may or may not relate to CAD, including 
chronic infection, stress, smoking, insulin levels, oral 
contraceptive use, and season of the year (38,39,41). 

l Lowering offibrinogen levels has not been shown effec - 
tive in reversing or preventing CAD. Reduction of fi- 
brinogen levels with ancrod, an experimental fibrino- 
gen-lowering drug derived from the venom of the pit 
viper snake, has not reversed or prevented CAD (41). 
In addition, although bezafibrate can reduce progres- 
sion of coronary atherosclerosis, this outcome has not 
been independently linked with fibrinogen reductions. 

Pkasminogen Activalor Inhibitor-1 
Available data suggest that PAI-I, the principal 

inhibitor of the plasminogen activators, may be a risk fac- 
tor for CAD (42). Studies of patients with diabetes suggest 
that a disproportionate PAI-I elevation may result from 
hyperinsulinemia and hyperproinsulinemia (340). Studies 
also suggest that glycemic control and insulin sensitizers 
may help attenuate vascular damage induced by increased 
PAI-I levels, through their PAI-l-lowering effects (330). 
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To date, however, not enough prospective data in healthy 
people are available to determine whether a reduced fibri- 
nolytic potential increases CAD risk (42,44). In addition, 
assay conditions for PAI- I are not fully standardized. For 
these reasons, general PAI-I screening IS not currently 
recommended. 

Hyperhomocysteinemia 

Homocysteine. a metabolite of methionine. is highly 
reactive and may damage the vessel wall in several ways 
and thereby induce intimal fibrosis (182.183). In general, 
prospective clinical studies of patients with CAD or risk 
factors for CAD have consistently associated increased 
levels of serum homocysteine (>I.5 pmol/L) with cardio- 
vascular events (182,341). One large, controlled, prospec- 
tive study in patients with CAD showed hyperhomocys- 
teinemia to be a strong and independent predictor of coro- 
nary mortality (43). Total plasma homocysteine levels, 
however, may increase afier acute MI (342-345), and 
results of prospective studies of healthy subjects are less 
consistent (44,182,34 I). Two recent studies, in particular, 
did not show an association between hyperhomocysteine- 
mia and subsequent disease in healthy subjects (346, 
347). 

On the basis of current evidence, then, a comprehen- 
sive risk evaluation in patients with irchemia-especially 
those with unremarkable lipid levels-should include 
determination of total homocysteine levels (182). These 
patients with hyperhomocysteinemia may benefit from 
nutrition therapy and vitamin B tablet supplementation 
(348-350). 

Markers of Inflammation 

C-reactive protein is a sensitive marker of inflamma- 
tion, and prospective data from epidemiologic studies of 
healthy men indicate that it improves the predictive value 
of lipid variables when the risk of occurrence of a first MI 
is being determined (44,45). One recent study showed that 
patients with unstable angina and increased C-reactive 
protein levels at dismissal from the hospital had a greater 
risk of refractory angina, MI, and death during the subse- 
quent 90 days than did patients with normal levels at dis- 
missal (46). The elevation in C-reactive protein is thought 
to reflect evolving inflammation at the coronary plaque or 
myocardial necrosis. 

No available therapies specifically reduce C-reactive 
protein levels, but one controlled trial suggests that 
patients with underlying inflammation (as evidenced by 
the C-reactive protein level) may be responsive to preven- 
tive therapy with pravastatin (351). For this reason, a sen- 
sitive C-reactive protein screening may be considered for 
patients with dyslipidemia, unstable angina, CAD, a fam- 
ily or personal history of CAD, or any combination of 
these factors. The Food and Drug Administration recently 
approved a highly sensitive assay for C-reactive protein. 
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