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1 Purpose 
The main purpose of this document is twofold. It is to: 
• Provide background information on myopia 
• Provide a rationale and study design for a pharmacological treatment for juvenile onset 

myopia. 

Novartis has been studying myopia for many years and considers it a serious ocular condition 
that warrants the development of new therapies.  Based upon discussions with various experts 
around the world, as well as with Health Authorities including the Food and Drug 
Administration (FDA), we are proposing a clinical trial design that we believe is adequate to 
assess the safety and efficacy of a pharmacological treatment of myopia. 

2 Background 

2.1 Introduction to myopia 
Juvenile onset myopia, or shortsightedness, is defined as refractive error where parallel rays 
of light come to focus in front of the retina due to axial elongation of the eyeball, resulting in 
blurred vision.  This does not include myopia secondary to other ocular, systemic, or 
neurodevelopmental conditions which are outside the scope of Novartis’ research.  Juvenile 
onset myopia usually occurs during the ages of 6 to 16 years (school-age myopia) with mean 
cessation ages ranging from 14.44 to 15.28 years for females and 15.01 to 16.66 years for 
males (Goss and Winkler 1983). 

The axial elongation results from uncontrolled growth of the sclera and leads not only to the 
refractive error in the optical system of the eye but also to stress on the tissues of the eye due 
to the resulting anatomical defect (Figure 1).  Depending on the degree, this stress can lead to 
serious ocular complications later in life.  While refractive error is most significant to the 
myopic patient, this defect is merely a symptom of the underlying pathophysiologic changes. 
These changes have the potential to lead to long-term complications such as retinal 
detachment, retinal degenerative changes, glaucoma, and cataracts.  The stages of myopia 
have commonly been categorized as low (-0.50 to less than -3.00 diopters (D)), moderate       
(-3.00 to less than -6.00 D), and severe (more than -6.00 D). 

Myopia is highly prevalent, increasing with age until maturity (Negrel, et al 2000).  Refractive 
errors are one of the most common causes of impaired vision in the United States (US), 
affecting approximately 25% of persons aged 12 to 54 years old (Sperduto, et al 1983, Wang, 
Klein, and Moss 1994).  Myopia is a significant problem, not only because of its high 
prevalence, but also because it can contribute to visual morbidity and increase the risk of 
vision-threatening conditions.  Although many researchers agree that children’s refractive 
status is in part genetically determined, evidence shows that visual experiences early in life 
(i.e., amount of near work) may affect ocular growth and eventual refractive status (Mutti, et 
al 2002). 

As the fifth most frequent cause of registrable blindness in developed countries (Curtin 1985), 
myopia is recognized as an important health concern by many public health organizations.  
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The World Health Organization (WHO) has selected five conditions to study with the goal of 
eliminating avoidable blindness.  Refractive error is one of these conditions.  Indeed, patients 
with myopic retinopathy are legally blind for an average of 17 lifetime years, compared to 5 
lifetime years of blindness due to diabetes and age-related maculopathy, and 10 lifetime years 
from blindness in glaucoma (Green, Bear, and Johnson 1986). 

The National Eye Institute (NEI) has included support for myopia-related research in its 5-
year strategic program.  The NEI plans to “identify human risk factors of myopia and 
abnormal eye growth and evaluate promising treatments for preventing the onset of or 
slowing the progression of myopia, such as special spectacles or contact lenses or 
phamacological treatments” (National Advisory Eye Council 1998).  The annual cost of 
myopia in the US is approximately $4.8 billion” (PolyTech University-Hong Kong 2003). 

Figure 1 Normal versus myopic eye 
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2.2 Prevalence of myopia 
As part of HANES (National Health and Nutrition Examination Survey) conducted by the 
National Center for Health Statistics in the US from 1971 to 1972, eye exams were performed 
on 9,882 of the 14,147 person sample.  From this dataset, the prevalence of myopia in the US, 
in persons aged 12 to 54 years old, was estimated to be 25% (Table 1).  Whites had 
substantially higher rates than blacks, and women had significantly higher rates than men up 
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to the age of 35.  Interestingly, the prevalence of myopia increased as family income rose and 
also increased markedly for all age groups as the number of years of school completed rose.  
With respect to geography, the prevalence of myopia seems to vary by country (Table 2; 
Wilson et al 1989). 

Table 1 Prevalence of myopia in the US 
Race and Sex All ages 

 
Age 

12-17 
Age 

18-24 
Age 

25-34 
Age 

35-44 
Age 

45-54 
All Races  

Both sexes 
25.0% 24.0% 27.7% 24.2% 24.5% 24.8% 

Men 22.8% 21.7% 22.5% 20.2% 26.1% 24.4% 
Women 27.1% 26.4% 32.5% 27.8% 23.2% 25.1% 

Whites 
Both sexes 

26.3% 25.8% 29.7% 25.6% 24.9% 25.5% 

Blacks 
Both sexes 

13.0% 12.0% 10.4% 12.3% 14.8% 17.3% 

Source:  Sperduto, et al 1983 

Table 2 Prevalence of myopia by country  
Country Myopia % 
China 70% 
US 25% 
UK 27% 
Sweden 33% 
India 22% 
Israel 18.4% 
Germany 13.8% 
Source:  Wilson and Woo 1989 

2.3 Natural history of myopia 
Progression of myopia is highly variable among individuals.  Once myopia appears in a child, 
it almost always increases in severity (Bücklers 1953).  Generally, a progression rate of -0.45 
D per year is observed in juvenile Caucasians (8 to 12-year-old)  (Goss and Cox 1985).  For 
juvenile onset myopia in Asians, the rate of progression typically observed is twice that in 
Caucasians (Saw, et al 2002). 

A correlation has been observed between the age of onset and final refractive status, where 
earlier onset seems to lead to a higher final amount of myopia (Goss and Cox 1985, 
Mäntyjärvi 1985, Table 3).  An important aspect of this trend may be the consideration of 
puberty, where onset of myopia prior to puberty may result in greater final myopia. 
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Table 3 Earlier onset leads to higher levels of myopia 
Age of the onset of myopia 

(years) Mean diopters at age 15 to 16 

7 to 8 5.00 
9 4.43 
10 4.16 
11 3.16 
12 2.75 
13 2.54 
14 2.11 
15 1.15 

Source:  Mäntyjärvi 1985 

2.4 Risk factors for developing myopia 
Generally, the causes of myopia are classified in terms of either genetic or environmental. 
(Mutti and Zadnik1995, Zadnik 2002, Mutti, et al 2002).  Studies have shown that the 
prevalence of myopia in children with 2 myopic parents is 32.9%, decreasing to 18.2% in 
children with 1 myopic parent, and to less than 6.3% in children with no myopic parents 
(Table 4).  The most common environmental factor cited is near work, where a statistical 
association between myopia, increasing education and higher amounts of near work has been 
observed.  

Table 4 Association between myopia in parents and children  
Parental Myopia  Prevalence of children 

with myopia 
Univariate odds ratios 

(95% CI) 
None 6.3 % --- 
1 myopic parent 18.2 % 3.31 (1.32-8.30) 
2 myopic parents 32.9 % 7.29 (2.84-18.7) 
Source:  Mutti, et al 2002 

2.5 Quality of life issues associated with myopia 
In trying to better understand the impact of myopia from the perspective of the patient on 
daily life, it is useful to consider 2 concepts, namely, the far point and the effect that myopia 
has on loss of visual acuity (VA).  The far point is the furthest point at which a person can see 
clearly.  For myopes, this point moves closer and closer to the eye, as the degree of myopia 
increases.  For example, the far point of -1.00 D myope = 40 inches; for a -2.00 D myope, the 
far point = 20 inches.  Objects beyond the far point are recognizable, however, they become 
progressively more “blurred” with increasing distance.  This change in the far point is what 
gives rise to the phenomenon of high myopes (-6.00 D or more of myopia) holding books 
very close to their face to read when they are not wearing their spectacle correction. 

To appreciate the magnitude of the impact of myopia with respect to loss of uncorrected 
visual acuity (UCVA), we can consider a “rule of thumb” relationship that is used by many 
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clinicians when they refract patients (Table 5; Bennett and Rabbetts 1989).  This provides an 
approximate relationship between unaided vision and spherical myopia. 

Table 5 Relationship between acuity and refractive error 
Visual Acuity* Spherical Error (D) 
20/20 -0.25 
20/30 -0.50 
20/40 -0.75 
20/60 -1.00 
20/80 -1.50 
20/120 -2.00 
20/200 -2.00 to -3.00 
*Uncorrected 

Based on this relationship, a -2.00 D myope would have an unaided VA of approximately 
20/120.  To better understand the significance of this decay in unaided VA, consider the 
following subjective clinical overview of vision requirements for various activities and 
professions (Table 6).  This list was compiled based on Novartis’ discussions with clinicians 
working in the field of myopia research. 

Table 6 Visual requirements for certain activities and professions 
Minimum Vision Required Activity 

20/20 20/25 20/30 20/40 20/50 20/60 
Hit an overhand baseball X      
Obtain a pilot license X      
See chalk board from back of class 
room 

 X     

Interpret coach/director instructions 
from field or stage 

  X    

Obtain an unrestricted drivers license 
in most states 

   X   

See necessary distances for diving 
and swimming 

   X   

Scan full distance of soccer 
 or football field  

   X   

Perform near work at comfortable 
distance 

    X  

Recognize faces across a crowded 
room  

     X 

 

In light of the effect of myopia on the far point as well as unaided VA, it is noteworthy to 
consider the significant number of people with myopia who have opted to undergo laser 
refractive surgery (Figure 2).  The fact that so many myopic patients choose this alternative 
when non-invasive treatment options exist appears to be reflective of the significance of 
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myopia on their daily quality of life and their dissatisfaction with these treatment options 
(Market Scope Research, 2003). 

Figure 2 US LASIK procedures by year 
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Quality of life measures are often difficult to quantify, and indeed, it is very difficult to find 
published studies in this regard with respect to myopia.  However, in the United Kingdome 
(UK), a study was performed to assess the effect of degree of myopia on quality of life.  The 
control group for this study was a group of keratoconus patients who were being treated with 
optical correction.  Quality of life was assessed using the VF-14 questionnaire as well as data 
from interviews.  It was determined that high myopes (more than -10.00 D) experienced an 
impaired quality of life similar to patients with keratoconus (Rose, et al 2000).  

2.6 Complications associated with myopia 
This section summarizes the main medical complications associated with myopia.  As seen in 
Figure 3, the effect of significant axial elongation on the structure of the eye can result in 
various complications which typically manifest later in life. 
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Figure 3 Potential complications of myopia 
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higher prevalence of pathologic signs at greater axial lengths (Curtin and Karlin 1971 and 
Gozum, et al 1997). 

Table 7 Prevalence of myopic retinopathy 
Spherical equivalent 
refraction (D) 

Myopia 
n (%) 

Myopic retinopathy 
n (%) 

> -1.00 3179 (87.0) 10 (0.3) 
-1.00 to -2.99 295 (8.1) 2 (0.7) 
-3.00 to -4.99 101 (2.8) 3 (3.0) 
-5.00 to -6.99 44 (1.2) 5 (11.4) 
-7.00 to -8.99 14 (0.4) 4 (28.6) 
< -9.00 21 (0.6) 11 (52.4) 
Source:  Vongphanit, Mitchell, and Wang 2002 

2.6.1.2 Lattice degeneration and myopia  
Estimates of the prevalence of lattice degeneration due to myopia range from 6% to 8% (Byer 
1979, Straatsma, et al 1974).  In eyes with retinal detachment due to myopia, (Straatsma and 
Allen 1962) previously found that 30% of eyes had lattice degeneration.  Törnquist had  
similar findings and noted patients experiencing retinal detachment with lattice degeneration 
were more likely to be younger and myopic (Törnquist, Törnquist, and Stenkula 1987). 

2.6.1.3 Retinal detachment 
Myopic eyes are at an increased risk for retinal detachment (Perkins 1979, Ogawa and Tanaka 
1988, The Eye Disease Case-Control Study Group 1993).  This increased risk occurs even at 
low degrees of myopia and increases in patients with higher myopia.  As one example, The 
Eye Disease Case-Control Study found that the risk for retinal detachment in eyes with -1.00 
D to -3.00 D of myopia is more than 4 times that compared to no myopia, whereas this risk 
for an eye with more than -3.00 D of myopia is nearly 10 times that of an eye with no myopia.  
In another case-controlled study, similar risks were found for mild and moderate levels of 
myopia compared to no myopia.  For eyes with severe myopia, the risk of retinal detachment 
is 26 times that of an eye with no myopia (Ogawa and Tanaka 1988). 

While the incidence of retinal detachment is relatively low, the cost of treatment and impact 
on vision are high. (Burton 1982) observed that only 40% of treated eyes recover to 20/50 or  
better acuity when the detachment involved the macula. 

2.6.2 Glaucoma and myopia 
An association between myopia and glaucoma has been recognized for decades.  Larger 
recent studies support a relationship between the two, even for low degrees of myopia.  In the 
Blue Mountains Eye study (Mitchell, et al 1999), an association was observed between degree 
of myopia and prevalence of glaucoma.  In this population-based study, persons with low 
myopia (-1.00 to -3.00 D) were twice as likely to have glaucoma (OR, 2.3; 95% CI 1.3 to 4.1) 
whereas those with moderate myopia (-3.00 D and greater) were 3 times as likely to have 
glaucoma (OR, 3.3; 95% CI 1.7 to 6.4).  Other studies have shown a correlation between 
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myopic refraction and increasing intraocular pressure (IOP) and an increased odds of having 
glaucoma in persons with myopia (Wong, et al 2003). 

2.6.3 Cataract and myopia 
An association between cataract and myopia has been reported in cross-sectional population 
based studies (Wong, et al 2001, Younan, et al 2002).  In the Blue Mountains Eye study, the 
strongest association was reported between high myopia and nuclear cataract, moderate to 
high myopia and posterior subcapsular cataract, and any myopia and cataract surgery.  In the 
Beaver Dam Eye Study, an association between any myopia and cataract surgery was 
reported, however, an association between nuclear, cortical and subcapsular cataracts was not 
observed. 

2.7 Current treatments for myopia  
The current treatments for myopia include spectacles with single-vision lenses, contact lenses, 
and refractive surgery.  These treatments only correct the refractive error due to myopia.  
They do not address the underlying pathophysiologic changes associated with excessive axial 
elongation of the eye.  A recently published article reinforces this point: 

“Popular (refractive) procedures seem almost irrelevant to the discussion of high 
myopia.  These procedures improve cosmesis, but provide no relief for the 
pathological process of high myopia” (Bell 1993). 

Reports of interventions attempting to retard the progression of myopia have included 
progressive addition and bifocal spectacles, contact lenses and eyedrops including atropine 
and the topical beta-blocker, timolol maleate (Saw, et al 2002, Gwiazda, et al 2003).  Studies 
involving bifocal spectacle lenses with various additions, progressive addition lenses (PAL), 
topical tropicamide and topical timolol have not demonstrated clinically significant effects 
with respect to slowing either the progression of refractive error or the increase in axial length 
growth.  Reports involving topical atropine in concentrations of 0.5% and 1.0% have 
demonstrated statistically significant effects.  However, the side-effects associated with 
topical atropine are generally considered unacceptable for long-term therapy, and therefore, 
topical atropine has not been accepted as a treatment for slowing progression of myopia.  In a 
recent review of all published interventions for slowing the progression of myopia, it was 
noted that “the latest evidence from randomized clinical trials does not provide sufficient 
information to support interventions to prevent the progression of myopia” (Saw, et al 2002).  

3 Proposal and rationale of a study design for a 
pharmacologic treatment of myopia  

3.1 Indication 
Novartis is proposing the following indication based on the population and primary variable 
being proposed for study:  Reduction of progression of myopia in patients diagnosed with 
juvenile onset myopia. 
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3.2 Population 
Eligible patients will be diagnosed with juvenile onset myopia, aged 6 to 12 years, and meet 
the following criteria: 
• Refractive status as determined by cycloplegic autorefraction: -1.00 to - 4.00 D 
• Astigmatism: ≤1.25 D in either eye 
• Anisometropia: ≤1.00 D (spherical equivalent between eyes) 
• No known ocular, systemic, or neurodevelopmental condition that might affect refractive 

development. 

3.3 Study design 
Prospective, randomized, double-masked, placebo controlled study.  For the purposes of 
registration, Novartis proposes a period of 30 months on-drug as being an adequate period of 
time to establish efficacy and safety. 

Given the patient population being studied, it is appropriate to have additional safety data 
resulting from an extended exposure period.  The length of exposure being proposed is 
consistent with feedback from experts in the myopia treatment community and exceeds the 
ICH guideline regarding the exposure period required for drugs intended for long-term 
treatment of non-life-threatening conditions (i.e., this guideline stipulates that 300 to 600 
patients should have exposure data for 6 months and a minimum of 100 patients should have 
exposure data for 12 months). 

An “off drug” period of 6 months is also being proposed to address the potential concern 
regarding rebound associated with discontinuation of therapy.  It is important to understand 
that cessation of therapy during the period of life where myopia is naturally progressing, will 
result in a resumption of progression of myopia.  This phenomenon is not a rebound effect.  
The concern regarding rebound centers around the potential for an acceleration of progression 
of myopia to occur upon cessation of therapy.  A period of 6 months is considered adequate 
for the manifestation of any rebound effect. 

3.4 Primary outcome measure 
The primary outcome measure is progression of myopia as expressed by the change from 
baseline in spherical equivalent refractive error (SER) assessed using cycloplegic 
autorefraction. 

3.5 Efficacy variables 

3.5.1 Primary 
Novartis proposes a primary efficacy variable based on a comparison of the proportion of 
patients in the treated versus placebo groups whose myopia progresses by -2.00 D or greater 
at a predetermined time point. 
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3.5.2 Secondary 
The proposed secondary efficacy variable is a comparison of change in axial length between 
treated and untreated groups. 

3.6 Rationale for the primary efficacy variable and treatment period 

3.6.1 Rationale for outcome measure 
The progression of myopia can be characterized as having 2 primary outcomes that are 
significant to the patient.  These are the change in refractive error that reduces unaided VA 
and the development of ocular complications.  The development of ocular complications 
results from the stress on the ocular system arising from axial elongation of the ocular globe 
due to increased vitreous chamber length.  The increased axial length of the ocular system 
leads to the change in refractive status of the system and results in the most immediate impact 
to the patient, a reduction in the ability to see clearly.  Using refractive error as assessed by 
cycloplegic autorefraction is the best method for assessing the refractive status of the ocular 
system.  It is an objective measure with minimal variability and is the approach generally 
accepted by experts in the field as being most relevant for clinical research.  Thus, change in 
refractive status as assessed by change in refractive error is a clinically significant outcome 
measure for a treatment of juvenile onset myopia. 

3.6.2 Rationale for magnitude of change  
To use change in SER as a primary measure of efficacy, we must define the magnitude of 
change that is clinically meaningful.  We will address this by defining: 
• The change in refractive error considered to be clinically significant based on objective 

criteria.  This change = 0.75 D. 
• The change in refractive error considered to be clinically significant based on subjective 

criteria.  This change = 1.00 D to 2.00 D. 

3.6.2.1 Change in refractive error considered to be clinically significant based 
on objective criteria 

When either best-corrected visual acuity (BCVA) or UCVA have been used as endpoints to 
approve new treatments in ophthalmology, a change that corresponds to a doubling of the 
visual angle has been considered clinically significant. 
• For Drugsa 3-line loss in BCVA on an Early Treatment Diabetic Retinopathy Study 

(ETDRS) chart has been accepted by the FDA as clinically significant for the purpose of 
approving new drugs for age-related macular degeneration (AMD); this change 
corresponds to a doubling of the visual angle. 

• For Deviceslasers approved for laser refractive surgery, the effectiveness endpoint 
based on VA defined in the FDA guidance document is “percentage of eyes with UCVA 
20/40 or better ([best-spectacle corrected visual acuity (BSVA)] 20/20 or better 
preoperatively).”  Thus, for eyes in which it is possible to correct to 20/20, a primary 
endpoint is based on the percentage of eyes whose UCVA does not decay beyond a 
doubling of the visual angle. 
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The change in refractive error that corresponds to a doubling of the visual angle can be 
calculated to be 0.75 D.  This number arises from evaluating VA decay with refractive error 
changes.  For this evaluation, we used a dataset of 45,206 physical examination records where 
7,482 refraction records were reviewed (Pincus 1946).  Figure 4 presents the UCVA data prior 
to dilation in the subset of patients that exhibited spherical myopia on cycloplegic refraction.  

Figure 4 Relationship between uncorrected visual acuity and refractive 
error 

 

 
Source:  Pincus 1946 
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myopia, patients have a variety of non-invasive and invasive treatments from which to 
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choose.  We considered the choice of a patient to pursue an invasive treatment option such as 
laser refractive surgery to be a significant indication of their dissatisfaction with their 
refractive status. 

We used the most prevalent form of laser refractive surgery (i.e., LAser in-SItu 
Keratomileusis (LASIK)) and a sample of over 6,000 LASIK patients undergoing this 
procedure during the years 1996 to 2002.  In considering the distribution of the percent of 
patients undergoing LASIK as a function of pre-operative myopia, a significant rise in the 
incidence occurs as the pre-operative refractive status approaches -2.00 D.  This rise does not 
occur as the pre-operative refractive status approaches -3.00 D or -4.00 D.  It is important to 
note that the prevalence of myopia in the population is highest at lower levels and is similar in 
the 2.00 to 5.00 D range.  Using this subjective criteria, a 2.00 D change in refractive error 
can be considered clinically significant. 

Figure 5 Percent of LASIK refractive procedures compared to pre-
operative refractive status 
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Source:  Market Scope Research, 2003 

3.6.2.2.2 Quality of Life Measure Associated with Change In Refractive Error 
The Refractive Status and Vision Profile (RSVP) is a validated questionnaire designed 
specifically to measure self-reported vision-related health status via evaluation of symptoms, 
functioning, expectations and concern in persons with refractive error. 
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The RSVP includes 8 subscales, and an overall score which assess physical-social 
functioning, driving, psychological functioning, symptoms, optical problems, glare, problems 
with corrective lenses, and expectations (specifically, expectations related to post-surgical 
outcome associated with refractive surgery). 

When the effect of changes in SER were considered in terms of reported patient satisfaction in 
patients who have not undergone laser refractive surgery, it was found that for every 
additional diopter of SER (i.e., with increasing severity of myopia), people are significantly 
more likely to report being dissatisfied with their vision, even after adjustments for age, 
gender, lens type (spectacles or contact lenses), and RSVP subscale quality of life measures.  
As expected, for every additional 2.00 D of change in SER, the reduction in satisfaction is 
even more pronounced (Vitale, et al 2000). 

3.6.3 Rationale for a dichotomous versus continuous variable 
Novartis is proposing a dichotomous variable as the primary variable because we believe it 
better reflects the treatment effect of a therapy for juvenile onset myopia. 

Given the population we are proposing to study, a dichotomous variable of 2.00 D reflects the 
treatment effect in preventing the progression of the population through significant steps of 
myopic progression (Table 8).  It reflects the difference between the treated and untreated 
groups in the percent of patients who progress from mild to moderate and from moderate to 
severe myopia. 

Table 8 Change in stage of myopia with –2.00 D progression 
Baseline myopia (SER) (D) Progression of 2.00 D and 

greater 
Stages reflected 

-1.00 to less than -3.00 D -3.00 to less than -6.00 D Mild to moderate 
-4.00 D -6.00 D and greater Moderate to severe 

Definitions of Stages of Myopia: 
-1.00 D to less than -3.00 D = Mild myopia 
-3.00 D to less than -6.00 D = Moderate myopia 
-6.00 D and greater = Severe myopia 

If a continuous variable were to be required, it would not be reasonable to impose a 
requirement of demonstrating a 2.00 D difference between groups at 30 months.  Novartis 
does not believe a continuous measure is a clinically meaningful as a dichotomous measure, 
but if it were to be required a different threshold for clinical significance should be applied.  
To better understand what this threshold should be, we undertook a statistical modeling 
experiment. 

We used as the basis for our modeling the recently published data (Gwiazda, et al 2003) from 
the Correction of Myopia Evaluation Trial (COMET). This study enrolled a population that is 
very similar to the population we are proposing to study.  These data were collected from a 
double-masked, randomized sample based in the US. 

When the sample size was determined for the COMET study, a potential treatment effect of 
33% was assumed as part of the calculation.  This magnitude of treatment effect was 
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considered clinically significant by the COMET study group.  We used this same assumption 
to model the theoretical difference in mean refractive error that could be achieved if a 
treatment exhibited a 33% treatment effect each year for a period of 3 years.  Additionally, we 
considered the potential treatment effect in the model if a 50% treatment effect were achieved 
(Tables 9 and 10). 

Table 9 Estimated changes from baseline (slopes) in mean refraction 
assuming active reduces myopic progression by 33% 

Interval Active Control Annual Treatment 
Effect 

Cumulative 
Treatment Effect 

0-1 Year -0.40 -0.60* 0.20 0.20 
1-2 Year -0.33 -0.49* 0.16 0.36 
2-3 Year -0.26 -0.39* 0.13 0.49 
Total -0.99 -1.48 0.49 -- 
*Estimated values from COMET SVL group (N=234; Mean age = 9.4 yrs; Mean 
refraction = -2.37 D). 

Table 10 Estimated changes from baseline (slopes) in mean refraction 
assuming active reduces myopic progression by 50% 

Interval Active Control Annual Treatment 
Effect 

Cumulative 
Treatment Effect 

0-1 Year -0.30 -0.60* 0.30 0.30 
1-2 Year -0.25 -0.49* 0.24 0.54 
2-3 Year -0.20 -0.39* 0.19 0.73 
Total -0.75 -1.48 0.73 -- 
*Estimated values from COMET SVL group (N=234; Mean age = 9.4 yrs; Mean 
refraction = -2.37 D). 

As can be seen from Table 9, a treatment of myopia that can maintain a 33% year-over-year 
improvement versus the control group will result in a treatment difference of - 0.49 D after 3 
years of treatment.  As seen in Table 10, a treatment of myopia that can maintain a 50% year-
over-year improvement versus the control group will result in a treatment difference of - 0.73 
D after 3 years of treatment.  Based on an assumption of a reasonable treatment effect, namely 
33% and 50%, it would not be possible to achieve a treatment effect difference (i.e., 
difference in mean refractive error between groups) of 2.00 D, even if the clinical study were 
to involve 3 years of treatment.  It may be possible, however, to achieve a treatment effect of 
0.75 D, which is consistent with the clinically significant effect we defined based on objective 
criteria.  

4 Conclusion 
The condition of myopia continues to be a problem in society.  The issues surrounding 
myopia can be characterized by the following: 
• Myopia has been recognized by governmental health agencies as a significant public 

health condition requiring research and new treatments. 
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• Patients diagnosed with myopia continue to search for treatments to alleviate this 

condition.  This is reflected by the significant growth in laser refractive surgery over the 
last decade, even when many non-invasive treatment options exist. 

• Current available treatments address only the optical defect associated with myopia, they 
do not affect the underlying pathophysiologic changes that lead to long-term 
complications. 

• An association between myopia and significant long-term complications has been reported 
by many investigators.  These complications include retinal detachment, myopic 
retinopathy and glaucoma. 

• Evidence also suggest an increasing risk for developing certain of these complications 
with higher degrees of myopia. 

• Patients diagnosed with myopia continue to search for treatments to alleviate this 
condition.  This is reflected by the significant growth in laser refractive surgery over the 
last decade, even when many non-invasive treatment options exist. 

A pharmacological approach to treatment represents the only avenue for addressing both the 
optical defect associated with myopia as well as the underlying pathophysiologic changes 
resulting from excessive axial elongation. 

Because the significant complications associated with myopia do not generally manifest until 
later in life, but the physiologic defect leading to these complications occurs early in life, a 
clinical development program based on the development of a complication associated with 
myopia is not feasible.  Therefore, another outcome measure is needed if new therapies are to 
be developed.   

Refractive error associated with myopia is the optimal alternative.  It represents the aspect of 
myopia that is most relevant to patients, has the greatest immediate impact on their life and is 
reflective of the underlying pathophysiologic changes that are occurring. 

Novartis has presented a proposal for an endpoint based on using change in refractive error as 
an outcome measure.  We have defined a clinically significant change in this parameter which 
can be used to measure a treatment effect based on various criteria and have proposed a 
treatment period that addresses the safety concerns reflective of the population being studied.   

We believe this approach represents the best balance between measuring a treatment effect 
using a parameter which is clearly important to the patient but also allows for the reasonable 
development of new treatments in a safe manner. 



Novartis  Page 21 
Briefing Document   
 

5 References 
NOTE:  Selected references are provided in Appendix 1. 

 
Avila MP, Weiter JJ, Jalkh AE et al (1984) Natural history of choroidal neovascularization in 
degenerative myopia. Ophthalmol; 91:1573-81. 

Bell GR (1993) Biomechanical considerations in high myopia: Part III – Therapy for high 
myopia. J Am Optom Assoc; 64:346-51. 

Bennett AG, Rabbetts RB (1989) Clinical visual optics. Second Edition, Chapter 6, 112. 

Bücklers M (1953) Changes in refraction during life. Br J Ophthalmol; 37:587-92. 

Burton TC (1982) Recovery of visual acuity after retinal detachment involving the macula. Tr 
Am Ophthalmol Soc; 80:475-97. 

Byer NE (1979) Lattice degeneration of the retina. Surv Ophthalmol; 23(4):213-48. 

Curtin BJ (1985) The myopias. Philadelphia: Harper and Row, Publishers. 

Curtin BJ and Karlin DB (1971) Axial length measurements and fundus changes of myopic 
exe. Am J Ophthalmol; 71(1):42-53. 

The Eye Disease Case-Control Study Group (1993) Risk factors for idiopathic 
rhegmatogenous retinal detachment. Am J Epidemiol; 137(7):749-57. 

Fried M, Siebert A , Meyer-Schwickerath G (1981) A natural history of Fuchs’ spot: a long-
term follow-up study. Doc Ophthalmol; 28:215-21. 

Goss DA, Cox VD (1985) Trends in the change of clinical refractive error in myopes. J Am 
Optom Assoc; 56(8):608-13. 

Goss DA and Winkler, RL (1983) Progression of myopia in youth: age of cessation. Am 
Optom Physiol Opt; 60:651-8. 

Green, JS, Bear JC, Johnson GJ (1986). The burden of genetically determined eye disease. Br 
J Ophthalmol; 70:696-699. 

Gozum N, Cakir M, Gucukoglu A, et al (1997). Relationship between retinal lesions and axial 
length, age and sex in high myopia. Eur J Ophthalmol; 7:277-82. 

Gwiazda J, Hyman L, Hussein M, et al (2003) A randomized clinical trial of progressive 
addition lenses versus single vision lenses on the progression of myopia in children. Invest 
Ophthalmol and Vis Sci; 44(4):1492-1500. 

Hampton GR, Kohen D, Bird AC (1983) Visual prognosis of disciform degeneration in 
myopia. Ophthalmol; 90:923-26. 

Hayasaka S, Uchida M, Setogawa T (1990) Subretinal hemorrhages with or without chorodial 
neovascularization in the maculas of patients with pathologic myopia. Graefes Arch Clin Exp 
Ophthalmol; 228:277-80. 



Novartis  Page 22 
Briefing Document   
 
The Hong Kong Polytechnic University (accessed August 18, 2003) www.polyu.edu.hk/~or/. 

Hotchkiss ML and Fine SL (1981) Pathologic myopia and choroidal neovascularization. Am J  
Ophthalmol; 91:177-83. 

Jalkh AE, Weiter JJ, Trempe CL (1987) Choroidal neovascularization in degenerative 
myopia: role of laser photocoagulation. Ophthalmic Surg; 18(10):721-725. 

Levy JH, Pollock HM, Curtain BJ (1977) The Fuchs’ spot: an ophthalmoscopic and 
flourescein angiographic study. Ann Ophthalmol; 9:1433-42. 

Mäntyjärvi MI (1985) Predicting of myopia progression in school children. J Ped Ophth 
Strab; 22:71-75. 

Mitchell P, Hourihan F, Sandbach J, et al (1999). The relationship between glaucoma and 
myopia. The Blue Mountains Eye Study. Ophthalmol; 106:2010-5. 

Mutti DO, Mitchell GL, Moeschberger ML, et al (2002) Parental myopia, near work, school 
achievement, and children’s refractive error. Invest Ophthalmol Vis Sci; 43:3633-3640. 

Mutti DO, Zadnik K (1995) The utility of three predictors of childhood myopia: a Bayesian 
analysis. Vision Res; 35:1345-1352. 

National Advisory Eye Council (1998) Vision ResearchA National Plan:  1999-2003. 
Bethesda (MD): National Institutes of Health, National Eye Institute 98-4120. 

Negrel AD, Maul E, Pokharel G et al (2000) Results from population-based refractive error 
studies in Chile, China and Nepal. Am J Ophthalmol; 129(4):421-26. 

Nobel KG and Carr RE (1982) Pathologic myopia. Ophthalmology; 89:1099-1100. 

Ogawa A and Tanaka M (1988) The relationship between refractive errors and retinal 
detachmentanalysis of 1,166 retinal detachment cases. Jpn J Ophthalmol; 32:310-315. 

Perkins ES (1979) Morbidity from myopia. The Sightsaving Rev; 49:11-19. 

Pincus MH (1946) Unaided visual acuities correlated with refractive errors: a study. Am J 
Ophthalmol; 29:853-58. 

Rabb MF, LaFranco Garoon, FP (1981) Myopic macular degeneration. Int Ophthalmol Clin; 
21:55-69. 

Rose K, Harper R, Tromans C, et al (2000) Quality of life in myopia. Br J Ophthalmol; 
Sep:84(9):1031-4. 

Saw S-M, Shih-Yen EC, Koh A, et al (2002) Interventions to retard myopia in children. 
Ophthalmol:109:415-427. 

Sperduto RD, Seigel D, and Roberts J, et al (1983) Prevalence of myopia in the United States. 
Arch Ophthalmol: 101(3):405-407. 

Steidl SM and Pruett RC (1997) Macular complications associated with posterior staphyloma. 
Am J Ophthalmol; 123:181-7. 



Novartis  Page 23 
Briefing Document   
 
Straatsma BR, Zeegen PD, Foos RY, et al (1974) XXX Edward Jackson Memorial Lecture. 
Lattice degeneration of the retina. Am J. Ophthalmol; 77(5):619-649. 

Straatsma BR and Allen RA (1962) Lattice degeneration of the retina. Trans Am Acad 
Ophthalmol Otolarygol; 66:600-613. 

Törnquist R, Törnquist P, Stenkula S (1987) Retinal detachmentA study of a population-
based patient material in Sweden 1971-1981. Acta Ophthalmol; 65:223-230. 

Vitale S, Schein OD, Meinert CL, et al (2000) The refractive status and vision profile: A 
questionnaire to measure vision-related quality of life in persons with refractive error. Am 
Academy of Ophthalmol; 107(8):1529-1539. 

Vongphanit J, Mitchell P, Wang JJ (2002) Prevalence and progression of myopic retinopathy 
in an older population. Ophthalmol; 109:704-711. 

Wang Q, Klein B, Moss S (1994) Refractive status in the beaver dam eye study. Invest 
Ophthalmol Vis Sci; 35:4344-47. 

Wilson A and Woo G (1989) A review of the prevalence and causes of myopia. Sing Med J; 
30:479-484. 

Wong TY, Klein BEK, Klein R, et al (2003) Refractive errors, intraocular pressure, and 
glaucoma in a white population. Ophthalmol; 110:211-217. 

Wong TY, Klein BEK, Klein R, et al (2001) Refractive errors and incident cataracts: the 
Beaver Dam Eye Study. Invest Ophthalmol Vis Sci; 42:1449-1454. 

Younan C, Mitchell P, Cumming RG, et al (2002) Myopia and incident cataract and cataract 
surgery: The Blue Mountains Eye Study. Invest Ophthalmol Vis Sci; 43:3625-3632. 

Zadnik K (2002) 16th Biennial eye research seminar: research to prevent blindness. 
www.RPBUSA.org. 



Novartis  Page 24 
Briefing Document   
 

Appendix 1 Publications 





























































































































































































































































































































































































































































A Randomized Clinical Trial of Progressive Addition
Lenses versus Single Vision Lenses on the Progression
of Myopia in Children

Jane Gwiazda,1 Leslie Hyman,2 Mohamed Hussein,2 Donald Everett,3 Thomas T. Norton,4

Daniel Kurtz,1 M. Cristina Leske,2 Ruth Manny,5 Wendy Marsh-Tootle,4 Mitch Scheiman,6

and the COMET Group7

PURPOSE. The purpose of the Correction of Myopia Evaluation
Trial (COMET) was to evaluate the effect of progressive addi-
tion lenses (PALs) compared with single vision lenses (SVLs) on
the progression of juvenile-onset myopia.

METHODS. COMET enrolled 469 children (ages 6–11 years) with
myopia between �1.25 and �4.50 D spherical equivalent. The
children were recruited at four colleges of optometry in the
United States and were ethnically diverse. They were randomly
assigned to receive either PALs with a �2.00 addition (n �
235) or SVLs (n � 234), the conventional spectacle treatment
for myopia, and were followed for 3 years. The primary out-
come measure was progression of myopia, as determined by
autorefraction after cycloplegia with 2 drops of 1% tropicamide
at each annual visit. The secondary outcome measure was
change in axial length of the eyes, as assessed by A-scan
ultrasonography. Child-based analyses (i.e., the mean of the
two eyes) were used. Results were adjusted for important
covariates, by using multiple linear regression.

RESULTS. Of the 469 children (mean age at baseline, 9.3 � 1.3
years), 462 (98.5%) completed the 3-year visit. Mean (�SE)
3-year increases in myopia (spherical equivalent) were
�1.28 � 0.06 D in the PAL group and �1.48 � 0.06 D in the
SVL group. The 3-year difference in progression of 0.20 � 0.08
D between the two groups was statistically significant (P �
0.004). The treatment effect was observed primarily in the first
year. The number of prescription changes differed significantly
by treatment group only in the first year. At 6 months, 17% of
the PAL group versus 30% of the SVL group needed a prescrip-
tion change (P � 0.0007), and, at 1 year, 43% of the PAL group
versus 59% of the SVL group required a prescription change

(P � 0.002). Interaction analyses identified a significantly
larger treatment effect of PALs in children with lower versus
higher baseline accommodative response at near (P � 0.03)
and with lower versus higher baseline myopia (P � 0.04).
Mean (� SE) increases in the axial length of eyes of children in
the PAL and SVL groups, respectively, were: 0.64 � 0.02 mm
and 0.75 � 0.02 mm, with a statistically significant 3-year mean
difference of 0.11 � 0.03 mm (P � 0.0002). Mean changes in
axial length correlated with those in refractive error (r � 0.86
for PAL and 0.89 for SVL).

CONCLUSIONS. Use of PALs compared with SVLs slowed the
progression of myopia in COMET children by a small, statisti-
cally significant amount only during the first year. The size of
the treatment effect remained similar and significant for the
next 2 years. The results provide some support for the COMET
rationale—that is, a role for defocus in progression of myopia.
The small magnitude of the effect does not warrant a change
in clinical practice. (Invest Ophthalmol Vis Sci. 2003;44:
1492–1500) DOI:10.1167/iovs.02-0816

Myopia is a significant public health problem that affects at
least 25% of adults in the United States1 and a much

higher percentage of people in Asia.2 It is a predisposing factor
for retinal detachment, myopic retinopathy, and glaucoma,
thus contributing to loss of vision and blindness. As might be
expected for such a prevalent condition, treatment costs are
high, with annual estimates in the United States for eye exam-
inations and correction by spectacles and contact lenses rang-
ing from $2.5 to $4.6 billion.3 If interventions to retard the
progression of myopia are successful, these costs should be
reduced.

At present, the mechanisms involved in the etiology of
myopia are unclear, and methods for prevention are unproven.
Even without a sound scientific rationale, many options for
slowing the progression of myopia have been evaluated. Most
of the intervention studies have had methodological limita-
tions, such as unmasked examiners and nonrandom assign-
ment to treatment groups. Results of most previous studies in
which lenses, mainly bifocals, were used have been equivocal
or have applied to restricted populations. Recently, the use of
bifocals in children with near-point esophoria was reported to
slow progression of myopia by 0.25 D over 30 months, com-
pared with children randomized to SVLs.4 PALs, sometimes
referred to as no-line bifocals or multifocal lenses, have been
reported to slow significantly the progression of myopia by
approximately 0.50 D after 2 years in one study of 80 Chinese
children,5 but not in two other studies of Chinese children.6,7

The mean difference in progression after 18 months was
0.21 D in 217 children in Taiwan6 and was 0.14 D after 2 years
of follow-up in 254 children in Hong Kong.7

The Correction of Myopia Evaluation Trial (COMET) is a
National Eye Institute/National Institutes of Health–supported
multicenter clinical trial designed to evaluate whether PALs
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slow the rate of progression of juvenile-onset myopia when
compared with conventional correction with SVLs. The ratio-
nale for COMET was based on reports in animal and human
studies suggesting that increased retinal defocus is a factor in
the pathogenesis of myopia.8–10 Many studies have docu-
mented that the eyes of animals exposed to continuous retinal
defocus become myopic.8,9 In humans, high accommodative
lag at near has been associated with myopia.10,11 Insufficient
accommodation when children are engaged in near-work ac-
tivities may result in retinal defocus, and accurate accommo-
dation may be critical to reduce excessive defocus and thus
slow axial elongation.10 One of the major unknowns is how
much defocus must occur and over what period, to stimulate
eyes to elongate. Providing children who have myopia with
lenses that produce clear vision over a range of viewing dis-
tances from near to far, as PALs do, could reduce defocus and
slow the progression of myopia.

This report presents 3-year outcome measurements of re-
fractive error and ocular components from children enrolled in
the COMET and randomized to either PALs or SVLs.

METHODS

Details of the study design and demographic characteristics of the
study population have been presented previously and are briefly sum-
marized herein.12,13 Four clinical centers located at schools and col-
leges of optometry in Birmingham, Alabama; Boston, Massachusetts;
Houston, Texas; and Philadelphia, Pennsylvania, enrolled 469 children
between September 1997 and September 1998, and took measure-
ments from them for at least 3 years. Children enrolled in COMET met
the inclusion criteria listed in Table 1. Before the baseline examination,
children and parents agreed to accept either SVLs or PALs as assigned
by the randomization scheme, attend follow-up appointments semian-
nually for at least 3 years, and refrain from wearing contact lenses
throughout the study. Children agreed to wear their COMET glasses
during all waking hours. The COMET study and protocols conform to
the tenets of the Declaration of Helsinki. The institutional review
boards of each participating center approved the research protocols.
Informed consent (parents) and assent (children) were obtained after
verbal and written explanation of the nature and possible conse-
quences of the study.

Study Design

Study Organization. COMET represents a collaborative effort
involving a Study Chair, a Coordinating Center, four Clinical Centers,
and the National Eye Institute (see Appendix). Three committees
(Executive, Steering, and Full Investigator) composed of study investi-
gators provided leadership to the study and reviewed its progress

regularly. Overall study performance and child safety were reviewed
by a Data and Safety Monitoring Committee (DSMC).

Intervention. Myopia in children was corrected either with

SVLs (the standard treatment) or PALs (Varilux Comfort lenses with a
�2.00 D addition; Essilor of America, St. Petersburg, FL). This add
power was chosen because it was shown to be more effective than
�1.50 D in slowing progression of myopia in a study by Leung and
Brown,5 and because in pilot testing it brought the focal plane of
children with myopia, who often show accommodative insufficiency,
to the plane of the test target (0.33 m). All lenses were polycarbonate.
PALs were fitted with the top of the channel, 4.0 mm above the pupil,
allowing at least 11 mm for distance vision.14 The fitting protocol was
designed to encourage the children to use the near-addition portion of
the lenses, because unlike adults with presbyopia, for whom the
glasses are typically prescribed, children can accommodate and thus
have no need for a near addition for close work.

Randomization. Children were randomized to either PALs or

SVLs. The randomization scheme was stratified by clinical center, using
a random permuted block design. Randomization assignments were
allocated centrally by the coordinating center after eligibility criteria
were verified. A child was considered to be enrolled in COMET once
the randomization assignment and study number were issued and the
child received the assigned lenses.

Masking. Several steps were taken to preserve and monitor

masking of study optometrists who collected outcome data. The fol-
lowing highlights the main measures, which have been reported pre-
viously.12,13 Study optometrists did not know the lens assignments;
therefore, parents and children were told not to discuss any issues
related to the study glasses with the COMET optometrists and not to
wear study glasses in their presence. A consulting optometrist, with
knowledge of lens assignment and not involved with collection of
outcome data, was available to handle any issues regarding visual
symptoms or child safety that could lead to unmasking of the study
optometrists. An effort was made to mask children and parents by
having all lenses fit as though they were PALs and providing uniform
wearing instructions based on PALs.

Procedures. Cycloplegic autorefraction was used to assess pro-

gression of myopia, the primary outcome measure. As with all data-
collection procedures, autorefraction was performed in both eyes by
experienced optometrists who were trained and certified on study
protocols (Hyman L, Hussein M, Gwiazda J, and the COMET Study
Group, ARVO Abstract 4348, 1998). An autorefractor/autokeratometer
(ARK 700A; Nidek, Gamagori, Japan) was used to take five consecutive
reliable readings, both before and after cycloplegia. The cycloplegic
agent was 2 drops of 1% tropicamide, administered 4 to 6 minutes
apart, after corneal anesthesia was obtained with either proparacaine
or benoxinate. The COMET protocol specified that cycloplegic autore-
fraction measures be taken 30 minutes after administration of the
second drop of 1% tropicamide. Tropicamide (1%) was found to be an
effective cycloplegic agent in this group of children with myopia, as
documented by residual accommodation measurements taken at base-
line by autorefractor (model R-1; Canon USA, Lake Success, NY).15

After cycloplegic autorefraction, ocular component dimensions
(anterior chamber depth, lens thickness, vitreous chamber depth, and
overall axial length [AL]) were measured by ultrasonography (A-2500;
Sonomed, Lake Success, NY). Five individual measures were attempted
per eye, with at least three measures per eye necessary to qualify for
inclusion in the study. Five measures were obtained for 96% of eyes at
all visits.

Subjective refraction was completed before cycloplegia according
to a standard protocol.12,13 At baseline, all children received new
glasses based on the distance prescription. At follow-up visits they
received new glasses if their myopia correction, determined by sub-
jective refraction, had increased by at least 0.50 D spherical equivalent
from their current prescription in at least one eye. Smaller prescription
changes were made if clinically indicated.

TABLE 1. Inclusion Criteria

Ages 6 to 11 years inclusive at baseline
Refractive criteria determined by cycloplegic autorefraction

Spherical equivalent: between �4.5 D and �1.25 D inclusive in
both eyes

Astigmatism: � 1.50 D in either eye
Anisometropia � 1.0 D (spherical equivalent between eyes)

Visual acuity (with distance correction): 0.20 logMAR units or better
(Snellen equivalent 20/32)

No strabismus by cover test at far (4 m) or near (33 cm) wearing
distance correction, or at 33 cm wearing �2.0 over distance
correction.

Birth weight � 1250 g
No known ocular, systemic, or neurodevelopmental condition that

might affect refractive development
No use of medications that might affect refractive development
No prior wear of progressive addition or bifocal lenses
No prior wear of contact lenses
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Sample Size and Power. A sample of 450 children was se-
lected, based on detecting a projected 33% reduction in the amount of
progression among the PAL versus the SVL group, assuming that the
SVL group would progress by a mean of 1.50 D (SD 1.10–1.35 D) after
3 years. This estimate was also based on using a two-sided 1% � level
to achieve 84% power, allowing for 20% attrition.

Outcome Measures

The primary outcome for COMET was progression of myopia, defined
as the change in spherical equivalent refractive error (SER) relative to
baseline (a continuous measure). A summary measure of SER was
calculated for each of the five autorefraction measurements per eye,
and the mean of the five SER measures was then computed. Progres-
sion of myopia was analyzed by expressing refractive error as three
components: M (spherical equivalent), J0 (dioptric power of a Jackson
cross cylinder at axis 0°), and J45 (dioptric power of a Jackson cross
cylinder at axis 45°), as determined by Fourier decomposition.16 Be-
cause oblique astigmatism is often mirror symmetric in the two eyes,
the average J45 values were calculated by transforming the axis values
between 91° and 180° to values between 0° and 90° for each eye and
then averaging them between the two eyes. The secondary outcome
for COMET was change in AL during follow-up relative to baseline
measured by A-scan ultrasonography. Before the beginning of data
collection, study examiners showed good consistency of both autore-
fractor and AL measurements with those of a gold standard examiner.17

Additional Measures

The study design also included an evaluation of changes in ocular
components (i.e., anterior chamber depth, lens thickness, and vitreous
chamber depth), by A-scan ultrasonography. Corneal curvature was
measured using the keratometry setting of the autorefractor (Nidek).
Accommodation at near (33 cm) and far (4.0 m) and concomitant
measures of phoria were taken using the autorefractor (Canon R-1),
with an attached motorized Risley prism operated by the child. Phoria
at near and far also was measured, with the cover test. These proce-
dures have been described in detail.12,13

Three measurements of each child’s normal reading distance for
standardized age-appropriate text were taken by the opticians at each
visit. The protocol called for measurement from the child’s eye to the
page of a book with a tape measure marked in inches. Additional data
collected at the annual visits included an assessment of adherence to
the use of COMET glasses based on both children’s and parents’
answers to a questionnaire administered separately and monitoring of
child safety.

Statistical Analyses

The balance of baseline clinical and demographic characteristics be-
tween the two treatment groups was evaluated by t-tests or the Wil-
coxon test for continuous variables and the �2 test or the Fisher exact
test for categorical variables. Follow-up data were analyzed by applying
an intent-to-treat principle according to the child’s original lens assign-
ment and the last known value of the outcome measures. For the seven
children lost to follow-up and thus without data at the third annual
visit, progression information from the latest follow-up visit was used.

The primary analysis for progression of myopia in COMET was
child based, using the average of both eyes to evaluate the magnitude
of change in SER between follow-up and baseline (Pearson correlation
coefficient between the eyes at 3 years � 0.90). The analytic strategy
was similar for SER and AL. Univariate analyses were conducted to
guide the selection of variables to be included in subsequent multivar-
iate analyses for the overall treatment effect. These analyses used
general linear modeling of the multiple linear regression approach,18 to
allow adjustment of the potentially most prognostic covariates: age,
gender, ethnicity, baseline refractive error, axial length, accommoda-
tive response, and phoria, all chosen because of their known relation-
ship to progression of myopia. In addition, interaction analyses adjust-
ing for multiple comparisons were conducted, using specific macros

(developed in SAS software; SAS, Inc., Cary, NC) to obtain preliminary
estimates of a possible differential effect of PALs among categories of
these selected covariates. The unadjusted and adjusted annual rates of
change were calculated for each year of follow-up. Linear modeling
techniques were used to evaluate the association between changes in
SER and AL.

RESULTS

Four hundred sixty-nine children were enrolled in COMET,
with 235 randomized to PALs and 234 to SVLs, as shown in
Figure 1. Each of the four clinical centers enrolled between
108 and 133 children. Three-year retention was excellent, with
only seven children, six in the PAL group and one in the SVL
group, who did not return for the 3-year visit. Two children
changed lens assignments, both from SVLs to PALs, due to
binocular vision problems. Of 2939 possible study visits of the
children with 3-year visits, only 10 (4 in the PAL group and 6
in the SVL group) were missed. Baseline characteristics were
balanced, with no statistically significant differences between
treatment groups, as shown in Table 2.

Primary Outcome

At baseline the SER was the same in the two treatment groups.
Mean change in SER and astigmatism (J0 and J45) at each annual
visit is plotted in Figure 2. The difference in progression of
myopia between the PAL and SVL groups occurred in the first
year, as illustrated by the dashed lines in Figure 2a. The treat-
ment effect based on the adjusted (for age, gender, ethnicity,
baseline SER, accommodative response, and near point phoria)
annual rate of change between baseline and 1 year was 0.18 D
(P � 0.0001). This difference persisted but did not increase
over the next 2 years, with the mean difference in the change
between treatment groups from year 1 to year 2 equal to 0.04
D and from year 2 to year 3 equal to �0.02 D. The addition of
these three annual differences resulted in an adjusted 3-year
treatment effect of 0.20 � 0.08 D, which is statistically signif-
icant (95% confidence interval [CI]: 0.06–0.33; P � 0.004).

J0, which was close to zero in both groups at baseline,
increased at each annual visit. Figure 2b shows that the change
in the first year was slight, but significantly greater in the SVL
than the PAL group (mean difference � 0.04 D, P � 0.002).
This difference was maintained in the second year (mean
difference � 0.04, P � 0.05), but not at 3 years (difference �
0.01, P � 0.74). As shown in Figure 2c, the change in J45 in
children in both the PAL and SVL groups was close to zero at
all annual visits. Overall, the mean amount of astigmatism
increased by slightly more than 0.25 D over 3 years, with no
significant difference between treatment groups.

Table 3 presents the adjusted 3-year mean progression rates
for both treatment groups and the corresponding adjusted
mean differences for each baseline characteristic in the table.
Significant differences between treatment groups were ob-
served in children with lower baseline myopia (0.30 � 0.11 D;
95% CI: 0.04–0.55; P � 0.0097) and lower baseline accommo-
dative response (0.33 � 0.11 D; 95% CI: 0.07–0.58; P � 0.005).
Table 3 also shows that the 3-year adjusted SER increased from
baseline by 1.28 � 0.06 D in the PAL group and 1.48 � 0.06 D
in the SVL group, resulting in the overall adjusted 3-year treat-
ment effect of 0.20 D.

Interaction analyses were conducted to identify whether
the treatment effect differed within any of the baseline char-
acteristics included in Table 3 (e.g., was there a greater treat-
ment effect in children with lower versus higher baseline
accommodative response?). A significant interaction was found
between treatment and baseline accommodative response,
with the treatment found to be more effective by 0.26 D (P �
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0.03) in children with lower versus higher accommodative
response. There was also a significant interaction between
treatment and baseline myopia, with the treatment more effec-
tive by 0.20 D (P � 0.04) in children with lower versus higher
myopia.

Progression is presented in Figure 3 for baseline myopia and
accommodative response, the only factors that showed statis-
tically significant interactions with treatment. The unadjusted
mean progression of myopia in the PAL and SVL groups is
plotted for lower (Fig. 3a) and higher (Fig. 3b) baseline myo-

pia, and lower (Fig. 3c) and higher (Fig. 3d) baseline near
accommodative response. At each annual visit, the difference
between treatment groups was larger in children with lower
than in those with higher baseline myopia, with a 3-year dif-
ference of 0.32 � 0.11 D in children with lower baseline
myopia and 0.07 � 0.10 D in those with higher myopia.
Similarly, at each annual visit the difference between treatment
groups was larger for children with lower compared with
higher accommodative response, with a 3-year difference of
0.34 � 0.11 D in the lower accommodative response group and
0.02 � 0.10 D in the higher accommodative response group.

FIGURE 1. Participant flow and randomization assignment of COMET children.

TABLE 2. General Baseline Characteristics of COMET Children by Study Group

Characteristic/Variable

PAL Children
(n � 235)

SVL Children
(n � 234)

P% Mean � SD % Mean � SD

Gender
Female 52 53 0.85

Ethnicity
White 46 47 0.75
African American 26 26
Hispanic 14 15
Asian 9 6
Mixed/Other 5 6

Age (y) 9.3 � 1.30 9.4 � 1.30 0.63
Cycloplegic autorefraction (D)

Spherical equivalent �2.40 � 0.75 �2.37 � 0.84 0.38
J0 0.03 � 0.25 0.05 � 0.24 0.51
J45 �0.02 � 0.07 0.00 � 0.08 0.15

Axial length (mm) 24.10 � 0.72 24.14 � 0.72 0.56
Accommodative response at near (D) 2.47 � 0.67 2.48 � 0.60 0.91
Phoria at near (PD) 1.86 � 6.49 2.57 � 6.88 0.25
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In a separate analysis, the treatment effect was found to be
larger in children with a reading distance closer than the
median of 12 in. In this group, the mean difference in progres-
sion of myopia between the PAL and the SVL groups was 0.22
D at 1 year (P � 0.0001), 0.26 D at 2 years (P � 0.002), and
0.23 D at 3 years (P � 0.03). In the group with reading
distances greater than 12 in., the treatment effect was 0.11 D
(P � 0.01), 0.15 D (P � 0.03), and 0.13 D (NS) for each year,
respectively. As with the other measurements, the main effect
was observed in the first year.

Consistent with the overall treatment effect occurring in the
first year, the number of prescription changes also differed
significantly by treatment group at both the 6-month and 1-year
visits. At 6 months 17% of the PAL group versus 30% of the SVL
group required one change in prescription, a statistically sig-
nificant difference (P � 0.0007). At 1 year, the pattern was
similar and also statistically significant (P � 0.002), with 43% of
the PAL group versus 59% of the SVL group requiring a pre-
scription change. At 3 years, however, there was no statistically
significant difference in the number of prescription changes
between treatment groups. Overall, 86% of the PAL group
versus 91% of the SVL group had at least one prescription
change.

Secondary Outcome

The adjusted mean AL increased from baseline to 3 years by
0.64 � 0.02 mm in the PAL group and 0.75 � 0.02 mm in the

SVL group, resulting in an overall adjusted 3-year treatment
effect of �0.11 � 0.03 mm (P � 0.0002; 95% CI: �0.16 to
�0.05). Figure 4 shows mean increases in the AL of eyes of
children in the PAL and SVL groups at each annual visit. The
mean change in AL was greater in the SVL group at the first
annual visit, and the magnitude of the difference between
groups increased through the second year. The adjusted annual
rate of change showed a statistically significant benefit of PALs
versus SVLs from baseline to the first year (difference �
�0.07 � 0.02 mm; P � 0.001) and a reduced but still signifi-
cant effect between the first and second years (difference �
�0.03 � 0.01 mm; P � 0.022). No additional treatment benefit
occurred between the second and third years (�0.01 � 0.01
mm; P � 0.34).

Progression and treatment effects for AL varied within some
baseline characteristics, similar to those reported in Table 3 for
SER. Significant differences between treatment groups were
observed in children with baseline characteristics of low my-
opia (�0.15 � 0.05 mm, 95% CI: �0.25 to �0.04), lower
accommodative response (�0.18 � 0.05 mm; 95% CI: �0.28
to – 0.07), orthophoria by cover test (�0.16 � 0.05 mm; 95%
CI: �0.28 to �0.03), and in girls (�0.12� 0.04 mm; 95% CI:
�0.22 to �0.01). Results of phoria measurements by the Mad-
dox rod-Risley prism were similar to those reported for both AL
and SER in the cover test. Interaction analyses revealed a
statistically significant interaction between treatment and base-
line accommodative response, with the treatment more effec-

FIGURE 2. Mean change in (a) spherical equivalent refractive error (M), (b) J0, and (c) J45 at each annual visit in the PAL and SVL groups. Dashed
lines are included for illustrative purposes to demonstrate the similarity of the two treatment groups at baseline. Error bars, SE.
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tive by 0.14 mm (P � 0.03) in children with lower versus
higher accommodative response. Overall, the Pearson correla-
tion coefficient between the change in AL and the change in
SER was 0.86 in the PAL group and 0.89 in the SVL group.

Mean (�SD) 3-year changes in ocular component measure-
ments in the eyes of children in the PAL and SVL groups,
respectively, were 0.06 � 0.11 and 0.07 � 0.09 mm (anterior
chamber), �0.01 � 0.10 and �0.01 � 0.08 mm (lens thick-
ness), and 0.56 � 0.33 and 0.65 � 0.34 mm (vitreous cham-
ber). The 3-year difference in vitreous chamber depth was
significant between groups (difference � �0.09 � 0.03 mm,
95% CI: �0.15 to �0.03; P � 0.002), but the differences in lens
thickness and anterior chamber depth were not significant.
Mean (�SD) changes in corneal radii were 0.03 � 0.03 D in the
PAL group and 0.03 � 0.07 D in the SVL group in the horizon-
tal meridian, and �0.01 � 0.05 D in the PAL group and
�0.01 � 0.05 D in the SVL group in the vertical meridian.
These values did not differ by treatment group.

Adherence and Masking

Self-reported adherence to wearing glasses was excellent, as
assessed by answers to questionnaires administered separately
to both children and parents at all visits. The number of
children and parents responding to the questions varied
slightly at each visit. Overall, at any visit, at least 211 (93%) of
229 of the PAL group and 224 (96%) of 234 of the SVL group
reported wearing their glasses most or all the time. Parental
reports of adherence were similar.

Masking of study optometrists regarding treatment assign-
ment was preserved for most children (464/469; 99%) during
the 3 years of follow-up, with unmasking being slightly more
frequent in the PAL (4/235; 1.7%) than in the SVL group
(1/234; 0.04%).

Data on the success of masking children and parents regard-
ing their lens assignment will be collected when they are
informed of the study results.

Safety Outcomes

No serious adverse events were reported during the 3 years of
COMET. Protocol deviations occurred relatively infrequently
and included children wearing the wrong glasses or contact
lenses and the PAL group being given frames that did not meet
the fitting protocol.

DISCUSSION

Synopsis

The COMET results demonstrate a statistically significant 3-year
treatment effect of PALs (P � 0.004), with an adjusted mean
difference in 3-year SER between the PAL and the SVL group of
0.20 D, which occurred in the first year. This difference is not
clinically significant, suggesting that PALs should not be rou-
tinely prescribed for children with myopia as is common in
some practices. The projected overall benefit in the PAL versus
the SVL group in the design of COMET was 33%, yet the
observed overall benefit, although statistically significant, was
14%. Changes in AL between the PAL and SVL groups were
similar to those in SER, and the progression of myopia was
highly correlated with changes in AL.

Possible Mechanisms

Although the mechanism regulating eye growth is poorly un-
derstood at present, the current data provide clues on the
possible involvement of active and passive models (i.e., the
roles of defocus and lens thinning), two of the prominent

TABLE 3. Adjusted 3-Year Myopia Progression and Mean Difference between Study Groups by Baseline Characteristics

Baseline Characteristics

PAL SVL

Difference
� SE†

Simultaneous
95% CIn Adjusted Mean � SE* n Adjusted Mean � SE*

Age (years)
6–9 120 �1.59 � 0.08 112 �1.78 � 0.08 0.19 � 0.11 (�0.06 to 0.45)
10–11 115 �0.97 � 0.08 122 �1.17 � 0.08 0.20 � 0.11 (�0.05 to 0.46)

Gender
Male 113 �1.18 � 0.08 110 �1.39 � 0.08 0.21 � 0.11 (�0.05 to 0.47)
Female 122 �1.38 � 0.07 124 �1.57 � 0.08 0.19 � 0.11 (�0.06 to 0.44)

Ethnicity
Asian 22 �1.22 � 0.16 14 �1.61 � 0.20 0.39 � 0.26 (�0.41 to 1.19)
African American 62 �0.96 � 0.10 61 �1.27 � 0.10 0.31 � 0.14 (�0.12 to 0.73)
Hispanic 33 �1.51 � 0.13 35 �1.39 � 0.13 �0.12 � 0.18 (�0.69 to 0.44)
White 107 �1.27 � 0.08 111 �1.49 � 0.07 0.22 � 0.11 (�0.10 to 0.53)
Mixed 11 �1.50 � 0.23 13 �1.64 � 0.21 0.14 � 0.31 (�0.83 to 1.10)

Cycloplegic autorefraction (D)§

Less myopia (� �2.25) 109 �1.17 � 0.08 127 �1.47 � 0.08 0.30 � 0.11 (0.04 to 0.55)�

More myopia (� �2.25) 126 �1.38 � 0.07 107 �1.48 � 0.08 0.10 � 0.11 (�0.15 to 0.36)
Accommodative response to 3 D

demand (D)§

Low (�2.57) 115 �1.27 � 0.08 119 �1.60 � 0.08 0.33 � 0.11 (0.07 to 0.58)�

High (� 2.57) 120 �1.28 � 0.08 115 �1.36 � 0.08 0.07 � 0.11 (�0.18 to 0.33)
Baseline near point (33 cm) Phoria

(�) (cover test)
Exo (�2) 45 �1.43 � 0.11 37 �1.38 � 0.13 �0.05 � 0.17 (�0.52 to 0.43)
Ortho (�1 to 1) 93 �1.27 � 0.09 108 �1.57 � 0.08 0.30 � 0.12 (0.00 to 0.60)
Eso (�2) 97 �1.18 � 0.08 89 �1.39 � 0.09 0.20 � 0.12 (�0.11 to 0.52)

Overall 235 �1.28 � 0.06 234 �1.48 � 0.06 0.20 � 0.08 (0.06 to 0.33)

*Adjusted for all other covariates presented in this table.
† (PAL � SVL).
‡ Adjusted for multiple comparison and interaction.
§ Statistically significant treatment effect (P � 0.01).
� Statistically significant interaction (P � 0.05).
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hypotheses proposed to account for human myopia. The dif-
ference between treatment groups in both SER and AL was
larger in children with poorer accommodative response and
lower amounts of myopia at baseline. An additional explor-
atory analysis combining these two significant covariates
showed a 3-year treatment effect of PALs of 0.55 D in children

with both poor accommodative response and low baseline
myopia. These results suggest a possible role for defocus in
human myopia, consistent with the rationale for COMET. Ret-
inal defocus resulting from insufficient accommodation when
children with recent onset of myopia are engaged in close
work may be a stimulus for increased axial elongation leading

FIGURE 4. Mean increases in the ax-
ial length of eyes of children in the
PAL and SVL groups at each annual
visit. Dashed lines are included for
illustrative purposes, to show the
similarity of the two treatment
groups at baseline. Error bars, SE.

FIGURE 3. Mean progression of myopia in the PAL and SVL groups for two of the covariates, baseline myopia (a, b) and baseline accommodative
response (c, d). Error bars, SE.
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to myopia, similar to animal models. The larger treatment
effect found in children with a closer reading distance and a
preliminary analysis suggesting that the treatment effect was
larger in children with more hours of weekly near work are
also consistent with this hypothesis. A recent model suggests
that the interaction of accommodative response, the target’s
closeness, and time spent in near viewing could be important
factors in determining whether eyes become myopic or
whether extant myopia progresses.19

Lens thinning cannot account for the differential progres-
sion of myopia in the two treatment groups; we found no
evidence of lens thinning in COMET children during the 3
years of follow-up. This finding was unexpected, given the
reports of crystalline lens-thinning between 6 and 10 years of
age in a sample of children most of whom did not have
myopia.20 This does not support a role for crystalline-lens–
based interactions with eye growth in children with myopia.

One factor that has not been investigated in COMET but
could be related to the size of the treatment effect is familial
myopia. There is good evidence suggesting that myopia, espe-
cially high myopia, may be inherited.21–23 Most persons with
myopia, including COMET children, have a moderate refractive
error that is probably the result of a combination of genetic and
environmental influences. Whether the effectiveness of an in-
tervention that manipulates the visual environment is associ-
ated with familial myopia remains to be determined.

For both of COMET’s outcome measures, the treatment
effect occurred in the first year. There are several possible
reasons that PALs slowed progression of myopia more than
SVLs during the first year. One is that there may be limitations
on the ability of an environmental intervention to restrain
progression, and these limitations may be exceeded after 1
year. To the extent that genetic and environmental factors are
involved in development of myopia, PALs or other potential
treatments may be able to affect progression by only a certain
amount. If PALs reduce defocus, the mechanism may not be
straightforward. It is known that ocular aberrations are larger
in eyes with more myopia and that higher-order aberrations
cannot be corrected with conventional spectacles.24,25 Also,
aberrations inherent in spectacles increase with minus lens
power. After 1 year, some children in the PAL group may have
reached a level of myopia such that the reduction in defocus
during near work produced by the PALs was counteracted by
increased defocus from other sources.

Comparison with Other Studies

Several recent studies also have evaluated whether spectacle
interventions (bifocals or PALs versus SVLs) can slow the pro-
gression of myopia. The size of the treatment effect in COMET
is similar to that reported in other studies, ranging from slightly
less than 0.25 D in COMET (and in Refs. 4,6,7) to slightly more
than 0.50 D.5 The other studies had some methodological
limitations, including unmasked examiners and a relatively
small sample size,5 high losses to follow-up unevenly distrib-
uted across treatment groups,6 and inadequate statistical anal-
ysis of the data.7 Even with limitations and with differences in
study design, the similar magnitude of the treatment effect
across studies suggests that a spectacle lens intervention may
have a limited effect. The early effect of an intervention to slow
myopia is not restricted to COMET, although to our knowledge
it has not been addressed previously. Other reports of an effect
occurring in the first 6 to 12 months include recent investiga-
tions of PALs,7 atropine plus PALs,6 and RGP contact lenses.26

This result is important for guiding future myopia interventions
and has implications for mechanisms of myopia pathogenesis,
as has been discussed.

Strengths and Weaknesses

An evaluation of COMET results should consider methodologic
strengths of the trial. COMET recruited an ethnically diverse
group of children with moderate myopia from four different
geographic locations, suggesting generalizability of the results.
COMET had outstanding retention of children, with only 7 of
469 children lost to follow-up by the 3-year visit, resulting in
complete ascertainment of the study outcomes on 98% of
enrolled children. Balance by lens assignment was found at
baseline in all critical study measures. The protocol provided
standardization of key outcome measures across clinical cen-
ters and was designed to maintain masking of treating clini-
cians and family members. Very few examiners became aware
of a child’s lens assignment. Study personnel were certified
according to a standard protocol before collecting data. Reli-
ability of the outcome measurements, monitored throughout
the trial, was high. There were no serious adverse events and
very few protocol deviations.

A weakness is that COMET was not powered to look for
differences in progression of myopia between the PAL and the
SVL groups by ethnicity. In addition, aside from white children
who were represented at all four centers, most of the children
in the other ethnic groups were clustered at one or two clinical
centers, making it difficult to separate ethnic from possible
center differences. Future multiethnic investigations should
ensure adequate representation of each ethnic group at each
center.
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About 70 % of 17-year old school children in Hong Kong are short-sighted or myopic. If the 
population of China develops myopia to the same degree, some 700 million people in China will
become myopic in the next 20-40 years. Myopic degeneration is the second highest cause of low 
vision in Hong Kong. A treatment for myopia would improve the quality of life for more than half
a billion Chinese, and have considerable positive economic implications for the country. The
annual cost of myopia in the US is in the region of US$4.8 billion. China will soon have 18 times
more myopes than the US.  

  

 
  

 (Edwards, 1999) 

  

 
  

The huge increase in the prevalence of myopia in the younger compared with the older generation
in HK (see below) demonstrates an environmental influence.  

(Goh and Lam, 1994; Lam et al., 1994) 
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Parental Myopia, Near Work, School Achievement, and
Children’s Refractive Error

Donald O. Mutti,1 G. Lynn Mitchell,1 Melvin L. Moeschberger,2 Lisa A. Jones,1 and
Karla Zadnik1,2

PURPOSE. To quantify the degree of association between juve-
nile myopia and parental myopia, near work, and school
achievement.

METHODS. Refractive error, parental refractive status, current
level of near activities (assumed working distance-weighted
hours per week spent studying, reading for pleasure, watching
television, playing video games or working on the computer),
hours per week spent playing sports, and level of school
achievement (scores on the Iowa Tests of Basic Skills [ITBS])
were assessed in 366 eighth grade children who participated in
the Orinda Longitudinal Study of Myopia in 1991 to 1996.

RESULTS. Children with myopia were more likely to have par-
ents with myopia; to spend significantly more time studying,
more time reading, and less time playing sports; and to score
higher on the ITBS Reading and Total Language subtests than
emmetropic children (�2 and Wilcoxon rank-sum tests; P �
0.024). Multivariate logistic regression models showed no sub-
stantial confounding effects between parental myopia, near
work, sports activity, and school achievement, suggesting that
each factor has an independent association with myopia. The
multivariate odds ratio (95% confidence interval) for two com-
pared with no parents with myopia was 6.40 (2.17–18.87) and
was 1.020 (1.008–1.032) for each diopter-hour per week of
near work. Interactions between parental myopia and near
work were not significant (P � 0.67), indicating no increase in
the risk associated with near work with an increasing number
of parents with myopia.

CONCLUSIONS. Heredity was the most important factor associ-
ated with juvenile myopia, with smaller independent contribu-
tions from more near work, higher school achievement, and
less time in sports activity. There was no evidence that chil-
dren inherit a myopigenic environment or a susceptibility to
the effects of near work from their parents. (Invest Ophthal-
mol Vis Sci. 2002;43:3633–3640)

Of all the issues surrounding myopia in children, there is
probably none so contentious yet crucial as understand-

ing the relative contributions of environment—primarily near

work—and heredity. Several clinical studies have documented
an association between myopia and higher levels of children’s
near work.1–4 Level of education is often used as a surrogate
measure for near work with more myopia among the more
educated.5–10 Researchers in Asia point to their rigorous
schooling system and the long hours children spend studying
as being responsible for the high rates of myopia in Asia, rates
that may be on the increase.11–14 Support for an important role
for near work also comes from animal studies that have dem-
onstrated the plasticity of refractive error in response to envi-
ronmental stimuli. Neonatal chicks, tree shrews, or monkeys
experience increased ocular growth and become myopic or
less hyperopic after wearing minus lenses, presumably to
compensate for the hyperopic defocus produced by these
lenses.15–18 Hyperopic defocus from a deficient accommoda-
tive response in juvenile myopes is theorized to be the con-
nection between near work in human myopia and the minus
lens results from animal studies.19 The current environmental
model derived from these clinical and experimental studies is
that exposure to hyperopic defocus from accommodative lag
during prolonged near work leads to excessive growth of the
eye and a myopic refractive error.

An equally strong case can be made for the view that
refractive error is determined genetically. Parents who have
myopia tend to have children with myopia. The prevalence of
myopia in children with two parents with myopia is 30% to
40%, decreasing to 20% to 25% in children with one parent
with myopia and to less than 10% in children with no parents
with myopia.20–22 An increasing number of parents with my-
opia significantly elevates the odds of being myopic, with an
odds ratio of 5.09 reported for having two versus no parents
with myopia.23 Monozygotic twins tend to resemble each
other in refractive error more than do dizygotic twins. Herita-
bilities for refractive error calculated from twin data are typi-
cally very high, on the order of 0.82 or greater.24–26 Refractive
error and the axial length of children’s eyes are more closely
related to parental refractive error than to children’s near-work
habits.4 To date, genetic loci have been associated with patho-
logic myopia27,28 but not with juvenile myopia.29

Two hypotheses may reconcile these divergent views. The
first is a theory of inherited environment. The tendency for
myopia to run in families may be due to a shared intense
near-work environment within a family, rather than because of
shared genes. Parents with myopia would pass on their own
academic standards or love of reading to their children rather
than passing on a myopic refractive error itself. The same
argument would apply to twin data. Monozygotic twins may
share a more similar environment, as well as identical genes,
than do dizygotic twins, perhaps falsely inflating estimates of
heritability.

Another theory that may reconcile genetic and environmen-
tal evidence is that there is a genetic susceptibility to the
effects of environment. Both heredity and environment are
important, but the trait inherited is sensitivity to the myopi-
genic effects of near work, rather than myopia itself. A child
could perform intense near work but would not have myopia
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without the susceptibility genes. Another susceptible child
who performs the same level of near work would have a higher
risk of myopia. This theory has been suggested by several
investigators8,26,30,31 but rarely formally evaluated.32 Modifica-
tion of the risk of near work by parental history of myopia
should be detectable as a statistical interaction, with near work
having the strongest association with myopia when there are
two parents with myopia and the weakest association when
there are no parents with myopia.

Further complicating the task of unraveling the role of near
work is the association between myopia and intellectual abil-
ity. Children with myopia tend to have higher intelligence test
scores10,33–38 and higher achievement test scores,39 with bet-
ter vocabularies and grades in school, than do nonmyopes.40 It
is conceivable that children with a special aptitude for school-
work may be inclined to engage in more near work over a
longer time. Perhaps a child’s cognitive skills are more closely
related to refractive error than is near-work behavior. This
association also underscores the difficulty in using the highest
level of education achieved as a surrogate for near work.
Brighter children are more likely to do more near work41 and
to pursue higher education.

Untangling the relative importance of near work, heredity,
and intellectual ability is impossible without assessing all three
factors in the same subjects. To our knowledge, this analysis
has not been performed in a previous study. The purpose of
the present study is to evaluate the association between chil-
dren’s myopia and three important factors: parental myopia,
children’s visual activities, and children’s performance on a
standardized achievement test. In addition, the hypotheses of
inherited environment and inherited susceptibility to the envi-
ronment will be evaluated. A preliminary analysis of a subset of
these data has been reported previously.42

SUBJECTS AND METHODS

Subjects for this study were children in the eighth grade who partici-
pated in the Orinda Longitudinal Study of Myopia (OLSM), a commu-
nity-based cohort study of risk factors for predicting the onset of
juvenile myopia. Participants in OLSM included first through eighth
graders, but the increase in the prevalence of myopia with age required
restricting the age of participants.43,44 Only data from eighth graders
were used in this analysis to maximize the likelihood that any myopia
that would occur had occurred, thereby minimizing participation by
premyopes—children without myopia in whom it develops later. Par-
ents gave consent for their child’s participation after all study proce-
dures were explained in accordance with the Declaration of Helsinki.
Consent was obtained once for participation in OLSM and separately at
a later date to obtain achievement test scores. The Orinda Union
School District also gave permission to the investigators to obtain the
achievement test scores of participating children. There were 394 of
467 eligible OLSM eighth grade participants in 1991 to 1996 whose
parents consented to the release of their children’s achievement test
scores, a participation rate of 84%. Of these, four had incomplete
OLSM examination data, and 24 had incomplete achievement test data,
leaving 366 children for this analysis. The average age (�SD) of the
sample was 13.7 � 0.5 years. The sample was 45.5% female and
predominantly white (89.1%), with smaller proportions of Asian-Amer-
ican (8.7%), Hispanic (1.9%), and African-American (0.3%) subjects.
There was no difference in refractive error between participants and
nonparticipants (t-test, P � 0.0954). The mean spherical equivalent for
participants was �0.17 � 1.56 D, and the mean for nonparticipants
was �0.51 � 1.85 D. There was, however, a difference between the
two groups in the proportion of parents with myopia (�2 test, P �
0.033). Among the participants, 47% of the children had one parent
with myopia, and 25% had two parents with myopia. In the group of

children who did not participate, 38% had one parent with myopia and
20% had two parents with myopia.

Myopia was defined as at least –0.75 D and hyperopia as at least
�1.00 D in each principal meridian on cycloplegic autorefraction. This
definition was chosen to reduce the number of false-positive results for
myopia, to exceed the 95% limits of agreement of the autorefractor,45

to reach a level of myopia likely to produce clinical symptoms, and to
maintain consistency with the definition used in previous reports of
this project.46 Children in the eighth grade in 1991 to 1996 who
participated in this analysis enrolled in OLSM either as sixth graders in
1989 to 1991, as third graders in 1989 to 1991, or as first graders in
1989.

The variables in this analysis were children’s refractive status (my-
opic, emmetropic, or hyperopic), the number of parents with myopia
(none, one, or two), time spent in various activities, and standardized
achievement test scores. Children’s refractive error was measured each
fall by autorefraction (R-1; Canon USA., Lake Success, NY, no longer
manufactured) under tropicamide 1% cycloplegia. Tropicamide has
been found to be an effective cycloplegic for the measurement of
refractive error in this protocol.47,48 The measurement protocol has
been described in detail elsewhere.49 Parents’ refractive status was
determined for each parent by a survey filled out by parents at study
entry asking whether glasses were worn, for what purpose, and at
what age they were first prescribed. Each parent was classified as
myopic if he or she wore glasses only for distance viewing, or if glasses
were worn for both distance and near, as long as the glasses were first
prescribed before age 16 years. This method has been shown to
classify myopia correctly with a sensitivity of 0.76 and a specificity of
0.74.50 Children’s near work was assessed each spring after OLSM
testing by a survey completed by parents asking how many hours per
week outside of school the child spent in five activities: (1) reading or
studying for school assignments; (2) reading for pleasure; (3) watching
television; (4) playing video/computer games or working on the com-
puter at home; and (5) engaging in sports activities. These activities
were analyzed separately and as a composite variable for near work
weighted by the dioptric equivalent of an assumed working distance
for activities 1 to 4. The purpose of this weighting was to quantify
exposure to near work not just in terms of time, but also in terms of the
accommodative effort required during each activity.4 This diopter-
hours (Dh) variable was defined as: Dh � 3 � (hours spent studying �
hours spent reading for pleasure) � 2 � (hours spent playing video
games or working on the computer at home) � 1 � (hours spent
watching television).

The survey completed by parents when their children were in the
eighth grade was used as the measure of the current level of near work
in all analyses. Near-work activity during school was not quantified.
Parents are not in a position to report on the details of near work while
children are in school. The reliability of children as a source of near-
work survey information has not been established, although agreement
between parents’ and children’s near activities survey responses is
rated as only fair.51 We assumed that time spent in near work during
school did not add substantially to the variability in near work for
children of the same grade within the same school.

Achievement test scores were obtained from Form G of the Iowa
Tests of Basic Skills (ITBS; Riverside Publishing Company, Chicago, IL),
administered each spring by the Orinda Union School District, inde-
pendently from the OLSM. The national percentile score from the test
administered during each child’s eighth grade academic year consti-
tuted the primary ITBS data used in this analysis. The local percentile
scores, normed using students in the Orinda district alone, were
available and also analyzed for a subset of 306 children in 1991 to 1995.
The ITBS tests the mastery of skills important for school achievement
in three areas: reading, language, and mathematics. Correlations be-
tween ITBS scores and those from IQ tests, such as the Wechsler
Intelligence Scale for Children, are moderate, ranging from a low of
0.26 in third grade to high of 0.49 in fifth grade.52 The three areas of
the ITBS are intended to measure distinct skills,53 but the intercorre-
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lations between sections are significant.54 This may be because each
section uses similar sets of cognitive skills or psycholinguistic abilities.
Each ITBS section correlates with numerous sections of the Illinois Test
of Psycholinguistic abilities, such as auditory vocal association and
visual motor association.52 Although there are three sections to the
ITBS, factor analysis reveals that most of the variance in ITBS scores is
accounted for by one variable, termed general scholastic ability,53,55

which has been more specifically characterized as general reading
ability.54 The emphasis of the ITBS on reading ability make it particu-
larly well suited for determining whether cognitive skills important for
success in reading confound the relation between near work (primarily
reading) and myopia in children.

RESULTS

Of the 366 children in the sample, 67 (18.3%) were myopes, 28
(7.7%) hyperopes, and 271 (74.0%) emmetropes (Table 1). The
axial nature of the refractive errors can be seen by the corre-
lation between axial length and spherical equivalent (r �
�0.48, P � 0.0001). Survey results from parental report ac-
counted for an average of 33.7 hours per week outside school
(Table 1). On average, children spent nearly as much time
studying as they did watching television or engaging in sports
activities. Reading for pleasure occupied less than half the
number of hours children spent studying. Children spent the
least amount of time playing video games or working on a
computer at home. The time spent in these visual activities
varied as a function of refractive error. Consistent with previ-

ous reports, children with myopia spent more time engaged in
near activities (1 to 4) and less time engaged in sports36 (P �
0.0003), compared with emmetropes (Wilcoxon rank-sum test
comparing myopes and emmetropes; Table 1). In particular,
these near activities were studying for school assignments (P �
0.024) and reading for pleasure (P � 0.0019). As a result, the
composite near-work variable of diopter-hours was also signif-
icantly greater for myopes than for emmetropes (P � 0.0015).
Watching television and playing video games or working on
the computer at home did not differ between myopes and
emmetropes. Myopes also spent more time reading for plea-
sure (P � 0.034) and less time in sports (P � 0.049) and had
a higher number of diopter-hours per week than hyperopes
(P � 0.032; Wilcoxon rank-sum test comparing myopes and
hyperopes). Emmetropes and hyperopes spent comparable
amounts of time in all the various activities.

Study participants scored approximately 30 percentile
points higher on average than the national norm and approx-
imately 5 percentile points higher than the local norm in the
three main areas tested by the ITBS (Table 2). Despite this good
performance, variability was not severely compressed: One
standard deviation in scores was roughly one-fifth to one-third
of the entire possible range of scores. Again, consistent with
previous reports,10,33–35,37–40 myopes scored higher than em-
metropes in both national and local percentile scores in the
areas of Reading (P � 0.013) and Total Language (P � 0.0069;
Wilcoxon rank-sum test comparing myopes and emmetropes;
Table 2). Myopes also scored higher than hyperopes in national

TABLE 1. Hours Spent per Week in Various Activities Outside of School

Activity
All Subjects
(n � 366)

Myopes
(n � 67)

Emmetropes
(n � 271)

Hyperopes
(n � 28)

Studying 9.4 � 5.7 11.2 � 7.2* 8.9 � 5.2 9.4 � 4.9
Reading for pleasure 4.4 � 4.5 5.8 � 4.8† 4.1 � 4.6 3.6 � 2.9
Watching TV 8.3 � 5.9 9.2 � 6.8 8.3 � 5.7 6.6 � 4.5
Video games/computer 2.3 � 3.3 2.7 � 4.1 2.2 � 3.2 1.4 � 1.8
Diopter-hours 53.8 � 26.8 65.1 � 34.1† 51.5 � 24.4 48.2 � 21.2
Sports 9.3 � 6.4 7.4 � 6.7† 9.7 � 6.2 9.8 � 7.9

Wilcoxon rank-sum test comparing myopes or hyperopes with emmetropes. Wilcoxon testing was
used because of the non-normal distribution of variables. None of the comparisons between emmetropes
and hyperopes was significant. Comparisons between myopes and emmetropes were significant as
marked. Data are expressed as mean hours � SD.

* P � 0.05.
† P � 0.005

TABLE 2. ITBS National and Local Percentile Scores

ITBS Subtest
All Subjects
(n � 366)

Myopes
(n � 67)

Emmetropes
(n � 271)

Hyperopes
(n � 28)

National
Reading 79.6 � 23.2 82.9 � 23.7* 79.2 � 23.1 75.3 � 22.9
Total Language 82.8 � 19.0 86.6 � 17.7† 82.2 � 19.2 79.0 � 20.2
Mathematics 83.8 � 19.8 84.1 � 21.4 83.5 � 20.0 86.3 � 13.6

Local
Number of test scores 306 58 229 19
Reading 53.7 � 29.6 62.5 � 31.0* 52.6 � 28.9 41.5 � 26.6
Total Language 55.1 � 28.8 64.2 � 29.7† 53.2 � 28.1 52.2 � 29.2
Mathematics 54.5 � 28.5 57.4 � 29.6 53.6 � 28.4 59.7 � 26.7

Wilcoxon rank-sum test comparing myopes or hyperopes with emmetropes. Wilcoxon testing was
used because of the non-normal distribution of variables. None of the comparisons between emmetropes
and hyperopes was significant. Comparisons between myopes and emmetropes were significant as
marked. Data are expressed as the mean score � SD.

* P � 0.05.
† P � 0.01.
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Reading (P � 0.011) and local Reading (P � 0.0095), in
national Total Language (P � 0.018), but not local Total Lan-
guage (P � 0.099; Wilcoxon rank-sum test comparing myopes
and hyperopes). Hyperopes have been reported to score lower
in reading achievement and IQ tests.38,56,57 The lower scores
for hyperopes compared with those of emmetropes in this
study did not achieve statistical significance, perhaps because
the number of hyperopes was small at this age, limiting statis-
tical power. Mathematics achievement test scores were not
different between any of the refractive groups. The higher
scores for myopes in Reading and Total Language seem un-
likely to be the result of greater visual comfort during testing.
The similar scores in Mathematics suggest that each refractive
group could see the test equally well, but that the groups may
differ in skills specific for language.

Consistent with previous reports of associations between
refractive errors in parents and children,20–22 parents with
myopia tended to have children with myopia (�2

2 � 21.0; P �
0.001; Table 3). This tended to follow a dose-dependent pat-
tern. Of the children in families with two parents with myopia,
32.9% had myopia compared with 18.2% of the children in
families in which only one parent was myopic and 6.3% of the
children in families with no parents with myopia.

Table 4 shows the univariate odds ratios calculated to quan-
tify the association between children’s myopia and the factors
identified as significant in Tables 1 through 3. Having either
one (OR � 3.31; 95% confidence interval [CI] � 1.32–8.30) or
two parents with myopia (OR � 7.29; 95% CI � 2.84–18.7)
significantly increased the odds of being a myope, in a dose–
response fashion. As suggested by the numeric values in Table
1, myopes tended to engage in more near work (OR � 1.018;
95% CI � 1.008–1.027) and to spend less time engaged in
sports activities (OR � 0.936; 95% CI � 0.892–0.983). Myopia
was significantly associated with local ITBS Reading (OR �
1.013; 95% CI � 1.003–1.024) and Total Language scores
(OR � 1.014; 95% CI � 1.004–1.025), but not with national

scores. This inconsistency, depending on the source of the
score, suggests that the association between myopia and read-
ing achievement as measured by the ITBS may be weak.

One of the difficulties in assessing these risk factors is their
interconnection, and therefore their potential, for confounding
the association with myopia. Perhaps myopes read more be-
cause they have better cognitive skills and therefore greater
potential for achievement. Perhaps myopes score higher on
school achievement tests because they study more. The most
important potentially confounding association is between near
work and parental refractive error. Perhaps parents with my-
opia have children with myopia only because they pass along
a myopigenic environment with intense near-work demands.
There were significant Spearman correlations between diopter-
hours and all ITBS scores and between diopter-hours and hours
of sports per week, indicating their potential for confounding
the association between each of these factors and refractive
error (Table 5). The number of diopter-hours did not differ
significantly as a function of the number of parents with myo-
pia (P � 0.31), indicating little potential for confounding,
because parents with myopia did not appear to pass along a
more intense near-work environment to their children.

Confounding was assessed in a multivariate logistic regres-
sion model (Table 4). The association between myopia and the
number of parents with myopia, near work in diopter-hours
per week, the number of hours spent in sports activities per
week, and local ITBS Reading scores was adjusted for the
effects of each other factor in this model. ITBS local Total
Language was not significant in the multivariate model and was
therefore excluded from the multivariate results in Table 4.
Despite their correlations, the risk factors had very little con-
founding effect on the association with myopia—that is, uni-
variate values were virtually unchanged when adjusted for the
other factors in the multivariate model (Table 4). The odds
ratio for having two compared with no parents with myopia
decreased by only 12% when adjusted for near work, sports
activities, and local ITBS Reading scores. Again, this suggests
that the association between children’s and parents’ myopia
may be due to heredity rather than to greater near-work de-
mands being placed on children with myopia by parents with
myopia. The odds ratio for near work did not change when
adjusted for the number of parents with myopia, sports activ-
ity, and school achievement. Near work appears to have an
independent association with myopia that is not explained by
greater academic aptitude in myopes or myopia in parents.
Similarly, myopes score higher in reading achievement inde-
pendent of the greater amount of time they spend in near
work.

TABLE 3. Proportion of Children with and Children without Myopia
as a Function of Number of Parents with Myopia

Parental Myopia

Child
with Myopia

(n � 63)

Child
without Myopia

(n � 276)

None (n � 95) 6.3 (6) 93.7 (89)
One parent (n � 159) 18.2 (29) 81.8 (130)
Two parents (n � 85) 32.9 (28) 67.1 (57)

�2
2 � 21.0; P � 0.001; n � 339. Data are percentage of each

parental myopia group, with the number of children in parentheses.

TABLE 4. Univariate and Multivariate Odds Ratios and Confidence Intervals for the Association
between Children’s Myopia and the Various Risk Factors

Risk Factor
Univariate

Odds Ratios
Multivariate
Odds Ratios

P
(Multivariate)

One myopic parent 3.31 (1.32–8.30) 3.32 (1.18–9.37) 0.023
Two myopic parents 7.29 (2.84–18.7) 6.40 (2.17–18.87) 0.0008
Diopter-hours per week 1.018 (1.008–1.027) 1.020 (1.008–1.032) 0.0013
Sports (h/wk) 0.936 (0.892–0.983) 0.917 (0.864–0.974) 0.0045
ITBS Reading local

percentile score 1.013 (1.003–1.024) 1.014 (1.002–1.027) 0.0276
ITBS Total Language local

percentile score 1.014 (1.004–1.025) Not in multivariate model NS

Data are odds ratios with confidence intervals in parentheses.
The multivariate model adjusts for all other factors listed.
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The hypothesis of inherited susceptibility to near work can
be evaluated statistically by testing whether there is significant
interaction between near work and parental history of refrac-
tive error. We modeled this interaction with near work as a
categorical and a continuous variable. Near work was dichot-
omized into high and low levels of near work split at the
median level (50 Dh). Odds ratios associated with being in the
higher compared with the lower level of near work were then
calculated at each level of parental myopia history (none, one,
or two parents with myopia). If the inherited susceptibility
hypothesis is true, the odds ratio associated with near work
should be the highest for two parents with myopia and the
lowest for no parents with myopia. As seen in Table 6, the odds
ratios were consistent across number of parents with myopia.
When modeled as an interaction term in a logistic regression
with near work as a continuous variable and parental myopia in
three categories, there was also no evidence of statistically
significant interaction (P � 0.67 for the interaction term, di-
opter-hours � number of parents with myopia).

Having found significant independent effects for parental
history of myopia and near work, it would be useful to com-
pare their relative impact. The total range of near work per-
formed by children can be approximated by four standard
deviations for diopter-hours, or roughly 100 Dh (4 � 26.8 Dh;
Table 1). A child would have to increase the time spent in near
work by more than half the total range of time in near work
(61.3 Dh) to equal the effect of one myopic parent on the risk
of myopia. Nearly the entire range of near work (94.7 Dh)
equals the effect of two parents with myopia on the risk of
myopia. Myopes and emmetropes differ by an average of only
13.6 Dh of near work (Table 1). This suggests that the smaller
differences in near work that are likely to occur between
children have less impact on refractive error than do hereditary
influences.

DISCUSSION

In this study, both heredity and near work were significantly
associated with myopia, with heredity being the more impor-
tant factor. We also found no evidence to support the theory
that heredity is important only because parents with myopia
have children who do more near work. Children of parents
without myopia did as much near work as children of parents
with myopia. This is consistent with previous studies that
report on both near work and parental history of refractive
error. Bear et al.58 found little change in correlations between
the refractive errors of family members after adjustment for the
current level of near work, suggesting a strong genetic com-
ponent independent of near work. Although Wong et al.59

reported significant odds ratios for both hours per day of
reading and familial tendency toward myopia, they did not
assess the effect of each variable on the other by comparing
univariate and multivariate odds ratios. In a sample of Singa-

porean conscripts with a highly myopic average refractive
error of �6.1 D, Saw et al.60 found that parental myopia was
significantly related to myopia, but neither past nor current
near work was a confounding variable, because near work was
not associated with myopia. Parental myopia became nonsig-
nificant when adjusted not for near work, but for educational
level and placement in a program for the gifted in school.

Individual components of near work had different effects.
The strongest associations between myopia and near-work
activities were for studying and reading for pleasure (Table 1).
In contrast to the concerns of parents, watching television,
playing video games, or working on a computer at home were
not associated with myopia. Having a television before the age
of 12 for 1 to 3 years59 and watching television from a close
distance have been associated with myopia in Asia.61 The risk
did not behave in a dose–response fashion, however; having a
television for longer periods was not associated with myopia.59

The nearly universal exposure to television in the United States
may make this a different variable than in Asia, where it may be
more related to socioeconomic status. National prevalence
estimates for myopia suggest that the impact of television is
low. Adults who were born between 1917 and 1927 (pre-
sumed minimal exposure to television as children) had a prev-
alence of myopia as 45- to 54-year-old adults in 1971 to 1972
nearly identical with those who were born between 1947 and
1960 (12–17 years old in 1971 to 1972) with a greater expo-
sure to television as children.9 A decrease in the prevalence of
myopia with age has been hypothesized to be due to increasing
near-work demands in more recent decades. For example,
prevalence estimates from the Framingham Offspring Eye
Study show that 52% of adults aged 35 to 44 years are myopic,
whereas only 20% of adults aged 65 to 74 years have myopia.62

Our comparison of studies conducted nearly two decades apart
argues against this assumption, indicating that this decrease in
prevalence is due to age rather than increasing near-work
demands placed on children with a more recent year of birth.63

Children with myopia also tended to engage in a lower
amount of sports activity. This result could be due to a more
introverted personality among myopes,64,65 limitations to
physical activities because of wearing glasses, or perhaps a true
protective effect for sports activities. An impractical clinical
trial randomizing children to various levels of sports activities
would be needed to establish such an effect. The positive
association between sports activity and diopter-hours in Table
5 is counterintuitive, considering that myopia is related to
higher levels of near work and lower levels of sports activity.
The correlation is driven by the positive correlation between
diopter-hours and sports activity in nonmyopes (Spearman r �
0.18, P � 0.002), but not in myopes (Spearman r � 0.016, P �
0.90).

We also find no evidence that children inherit a suscepti-
bility to the environment. In two previous studies, investiga-
tors have examined gene–environment interactions. Saw et
al.32 examined data for Singaporean children aged 7 to 9 years,
finding that the proportion of children with more than �3.00

TABLE 5. Spearman Correlations between Diopter-Hours and ITBS or
Hours of Sports per Week

Variable
Correlation with
Diopter-Hours P

ITBS Reading (national) 0.231 �0.0001
ITBS Total Language (national) 0.242 �0.0001
ITBS Math (national) 0.192 �0.0001
ITBS Reading (local) 0.243 �0.0001
ITBS Total Language (local) 0.266 �0.0001
ITBS Math (local) 0.224 �0.0001
Sports (h/wk) 0.123 0.0210

TABLE 6. Odds Ratios and Confidence Intervals for Myopia
Associated with Performing 50 Dh or More of Near Work
Compared with less than 50 Dh per Week

Parental Myopia Odds Ratio for >50 Dh

None 2.09 (0.364–12.0)
One parent 2.22 (0.941–5.25)
Two parents 1.57 (0.60–4.09)

Data are odds ratios with 95% confidence intervals in parentheses.
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D of myopia was higher if children read more than two books
per week than if they read two or fewer books. This increase
in myopia due to reading more books also varied by the
number of parents with myopia. It is important to note, how-
ever, that this increase did not follow the dose–response pat-
tern of the susceptibility hypothesis. The greatest increase
associated with reading more than two books per week was
with one parent with myopia (a factor of 4.46 times) with little
difference between two and no parents with myopia (factors of
2.12 and 2.44 times, respectively). The interaction term in their
model was significant, but the absence of a dose–response
relation provides no clear support for an inherited susceptibil-
ity hypothesis.32 Alternatively, near work and heredity may
operate differently in Asian children than in the predominantly
white sample in Orinda. Chen et al.66 reported a study from
Taiwan that showed a significant interaction between genes
and environment, but the hereditary factor in that study was
zygosity, not parental history of myopia. Therefore, that study
sheds no light on the hypothesis of inherited susceptibility to
near-work. However, their twin study offers some perspective
on the relative importance of near work and heredity. They
found that twins who are concordant in near-work habits are
also concordant in refractive error more often than discordant
twins, but by a greater amount if the twins are fraternal (by
24.2 percentage points) compared with identical (by 13.3
percentage points).66 This may represent a ceiling effect, con-
sidering that the overall concordance rate in refractive error for
identical twins was already high: 89.1% compared with 51.2%
for fraternal twins. The relative effects of near work and he-
redity may be inferred by comparing the concordance rate
among identical twins with similar near-work habits (92.4%)
with the concordance rate for identical twins with discordant
habits (79.1%). If the difference of 13.3 percentage points is
the effect of environment and 79.1% is the effect of heredity,
the ratio is 5.9:1.66 Consistent with the present study, heredity
may also be more important than near work in this sample of
Asian twins.

Despite a long history of association with myopia, near
work describes very little of the variance in refractive error
compared with heredity. Models of refractive error with near-
work variables generally have an R2 between 2% and 12%.1,2,4,7

This compares poorly with heritabilities of at least 0.82 in twin
studies.24–26 A limited role for near work is also supported by
the modest effect of bifocal spectacles in children with myopia
with esophoria at near. The progression of myopia is reduced
by only 20% in children wearing bifocals compared with chil-
dren wearing single-vision glasses.67 The higher prevalence
rates for myopia in Asia are consistently related to educa-
tion11,12,59,60 but have only been weakly associated with near
work.60,68,69 A recently reported significant odds ratio for near
work in Chinese schoolchildren is difficult to interpret, be-
cause it is unclear whether it represents the effect of near work
or an urban versus rural site.70 Location may be an important
confounding variable. After adjustment for location in a subse-
quent study, as well as for age, night-light use, and parental
myopia, the only significant association between myopia and
near work in a sample of Singaporean and Chinese children
was for the number of books read per week, but not for hours
of reading per day, a near-vision task index, additional classes,
or computer use.71 Similar to the present study, odds ratios for
parental myopia were higher (3.44 for two compared with no
parent with myopia) than for near work (1.43 for reading more
than two compared with less than two books per week).71 It
may be that universal exposure to near work in Asian schooling
makes it less important as a risk factor. As Saw et al.60 have
suggested, education may be a surrogate for intellectual ability
rather than near work. Intellectual ability may be a more

important risk factor than near work.40,41 The impact of intel-
lectual ability may be underestimated in the present study,
because the OLSM sample was from a district where the aver-
age ITBS scores were above the national average and most
students go to college. Alternatively, ITBS scores may be an
imperfect marker for general intellectual ability, because they
are only moderately correlated with IQ scores52 and heavily
emphasize skills important for reading.53,54

One limitation to the present study is that the survey used
may be a crude estimate of the true near-work activity of
children. Despite the greater detail of a survey conducted in
Asia where near work has been presumed to play a greater role
in myopia, the magnitudes of the association reported here and
in Asia are similar. For example, if reading more than two
books per week is taken to be a split at the median level of near
work, the odds ratio of 1.43 in the Singapore-China study71

compares well with our estimate of roughly 2.0 in Table 6. The
issue of how much detail is needed and which detail is the
most relevant has not been resolved. As stated earlier, books
read per week seems to be the single critical feature of near
work in studies in Asia.69,71 Future research may benefit from
measuring more specific components of near work and intel-
ligence in a more detailed fashion in both parents and children
to understand what is being transmitted genetically or environ-
mentally and what role these factors play in myopia.72

A further limitation of this study is that results are cross-
sectional rather than longitudinal, modeling the odds ratios
associated with being a myope rather than with becoming a
myope. Longitudinal follow-up analyses are needed to clarify
the relative roles of near work and heredity in the onset of
myopia. Our estimates of risk may also be affected by sampling
at only one age. Although in most cases myopia initially occurs
by the eighth grade,43 some myopia has its onset in high
school, college, and early adulthood. Our sample of em-
metropes no doubt contains some future myopes. This may
bias some of our estimates of risk toward the null.

We concluded from our cross-sectional data that both
heredity and near work are associated with myopia, but that
heredity is by far the more important factor. We also found
no evidence to support two alternate theories, either that
children with myopia resemble their parents because they
do more near work or that they inherit a susceptibility to the
environment.
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The Refractive Status and Vision Profile
A Questionnaire to Measure Vision-related Quality of
Life in Persons with Refractive Error

Susan Vitale, PhD, MHS,1,2 Oliver D. Schein, MD, MPH,1,2 Curtis L. Meinert, PhD,2

Earl P. Steinberg, MD, MPP3

Objective/Background: To describe the Refractive Status and Vision Profile (RSVP), a questionnaire that
measures self-reported vision-related health status (symptoms, functioning, expectations, concern) in persons
with refractive error.

Design: Cross-sectional study by survey.
Participants: The RSVP was self-administered by 550 participants with refractive error (or history of refractive

surgery) recruited from five refractive surgery practices and one optometric practice. Information on refraction,
uncorrected and best-corrected visual acuity, and history of refractive surgery was obtained from physicians’ records.

Methods: Internal consistency, test–retest reliability, agreement with global measures of vision (criterion validity),
discriminant validity, content validity, and construct validity (associations of scale scores with patient status variables)
were assessed using Cronbach’s a, Spearman rank correlations, factor analysis, and multitrait analysis.

Outcome Measures: Scores on the overall RSVP scale (S) and on eight RSVP subscales (functioning,
driving, concern, expectations, symptoms, glare, optical problems, problems with corrective lenses) were
calculated based on 42 items.

Results: Cronbach’s a was 0.92 for S and ranged from 0.70 to 0.93 for RSVP subscales, indicating good
internal consistency. Satisfaction with vision was more strongly associated with S than with refractive error or
with visual acuity. Individuals with more refractive error had significantly lower (worse) scores for S and for
subscales concern, functioning, driving, optical problems, and glare. Scores for S and for subscales concern,
functioning, optical problems, and driving remained significantly associated with satisfaction with vision after
adjustment for age, gender, corrective lens type, and refractive error.

Conclusions: The RSVP measures a range of visual, functional, and psychologic impacts of refractive error
that are likely to be important to patients. The RSVP would be a useful tool for evaluating interventions for
correction of refractive error and may be useful for assessing refractive surgery candidates in clinical practice.
Ophthalmology 2000;107:1529–1539 © 2000 by the American Academy of Ophthalmology.

Refractive error affects nearly 25% of adults in the United
States.1 Until recently, corrective lenses (contact lenses or

spectacles) were the only effective means of treating refrac-
tive error for most persons. Surgery to correct refractive
error was introduced into the United States in the late 1970s.
Today, surgical techniques that use the excimer laser pre-
dominate. With the increase in patients undergoing surgery
for refractive error and the ongoing introduction of new
approaches for treatment of refractive error, the importance
of systematic evaluation of candidates for surgery and com-
parison of the outcomes associated with different therapeu-
tic options has grown.

Traditional clinical measures of refractive status (refrac-
tion, uncorrected and best-corrected visual acuity [VA])
have been the primary considerations used in such evalua-
tions and comparisons. However, research on cataract sur-
gery has shown that patient-reported assessments of func-
tioning, satisfaction, and symptoms capture aspects not
detected by traditional clinical measures of the need for and
outcomes of surgery.2–4 The National Eye Institute has
recognized the need to“ . . . study quality of life and func-
tional status as perceived by the patient . . . toassess the full
impact of a treatment or disease process.”5 Although vali-
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dated questionnaires to measure disease-specific2–4,6,7 and
generic8 outcomes in ophthalmic research exist, these in-
struments may not be sufficiently sensitive or responsive
(able to detect changes in status) for clinical use in persons
with refractive error, especially those undergoing refractive
surgery. In this report, we describe the development and
properties of the Refractive Status and Vision Profile
(RSVP), a questionnaire specifically designed to measure
self-reported functioning, symptoms, health perceptions,
and expectations in individuals with refractive error.

Methods and Participants

Overview

Potential items for inclusion in the questionnaire were identified
from a review of items contained in published questionnaires,9–16

guided focus groups of eye care professionals and persons with
refractive error, and unstructured interviews with additional indi-
viduals with refractive error. The focus group discussions were
tape recorded and then subjected to content analysis. Specific
wording that focus group participants used to describe problems
with vision was maintained to the extent possible. A preliminary
version of the questionnaire was pilot tested in a group of 306
individuals with refractive error, and factor analyses and multitrait
scaling of the pilot test results were used to modify the question-
naire. The revised questionnaire was named the Refractive Status
and Vision Profile (RSVP). The RSVP was tested in a new
population of individuals, and a test–retest analysis was per-
formed. Analyses of RSVP subscales, as well as the reliability and
validity of an overall combined RSVP scale, are presented.

Identifying Areas of Health-related Quality of Life

Items identified from the transcripts were grouped into domains
based on judgments regarding the particular aspect of health-
related quality of life (HRQoL) they affected.17 The areas included
functioning (ability to carry out activities in daily life), symptoms
(sensations experienced by an individual), health perceptions (sat-
isfaction with health, self-rating of health), and expectations (be-
liefs about future health states). Within each area, items were
grouped into related topics (domains).

Formatting of Items and Response Options
Items. Items were worded to form short declarative statements
(e.g., “I have problems watching TV”). Items were prefaced with
the phrases “Because of my vision” and “In the past month.”

Responses. For each item, the amount of difficulty or bother
(“not at all,” “mild,” “moderate,” “severe,” “so bad that I don’t use
this type of correction”) or frequency (“never,” “rarely,” “some-
times,” “often,” “all the time”) was assessed. Responses of “not
applicable” were permitted on both the pilot questionnaire and the
RSVP.

Accounting for Corrective Lens Type. For all items relating
to satisfaction with vision, rating of vision, visual symptoms, and
visual functioning, patients were asked to respond for the correc-
tive lens types that applied to them (i.e., with glasses, with contact
lenses, and with no lenses). Persons who had not used a particular
type of corrective lens for more than 1 hour during the past month
were instructed to check “not applicable” for the panel of questions
for that lens type.

Scoring and Scaling
Derivation of Item Scores. Scores for each satisfaction-, func-
tioning-, or symptom-related item were based on the responses for
the type of corrective lens currently used by the patient. For those
who used both glasses and contact lenses, the score for either
glasses or contacts responses that was worse was used. (In the
initial phases of the analyses, we compared results obtained using
the worse score to results obtained using the mean score for glasses
and contact lenses. Results were nearly identical. We chose to use
worse score in the final analyses because it seemed to be a
clinically reasonable approach.)

Calculation of Scores. In the RSVP, all items had five re-
sponse options (see Table 1). Responses were coded to values of
1 through 5, with 5 indicating the most severe or frequent trouble.
For subscale and total scale (S) scores, the mean of values of
nonmissing responses for each subscale was calculated, without
weighting, because the standard deviations (based on identical
number of response options) were very similar. Subscales for
which all the items had missing responses were coded as missing.

Rescaling. The mean score for each scale and each individual
was rescaled to a 0-to-100 metric by subtracting the minimum
possible mean score (1) from the mean score for the scale, dividing
this difference by the possible range of the mean score (5 minus 1),
and multiplying by 100. Rescaling was performed to facilitate the
interpretation of scale and individual scores as percentages of
maximum difficulty. The total scale score,S, was calculated by
taking the sum of the recoded responses as described above for all
items included in all subscales of the RSVP and rescaling to a
0-to-100 scale.

Participants
Individuals. All participants gave oral consent to participate in the
study. The study protocol was approved by the Johns Hopkins
University Joint Committee for Clinical Investigation.

Clinical Information. Information on uncorrected and best
corrected VA, manifest refraction, and history of ocular conditions
and refractive surgery was obtained from the patient chart. Patients
found to have nonrefractive ocular conditions that potentially
affected vision or eligibility for refractive surgery (e.g., keratoco-
nus, cataract, glaucoma) were excluded from analyses.

Evaluation of the Refractive Status and Vision Profile. Co-
ordinators at participating sites (five refractive surgery practices
and one optometric practice [see Appendix]) were asked to give
the RSVP to consecutive patients undergoing refractive surgery
evaluation between May and December 1997. Eligible individuals
either had refractive error and no previous refractive surgery or
were at least 3 months post refractive surgery. The RSVP consisted
of a 64-item questionnaire that was self-administered by patients,
taking, on average, 10 to 15 minutes to complete (additional
questions to assess age, gender, and lens-wearing history are not
included in the 64).

Test–retest Assessment

The 40 patients who completed an RSVP during the months of
October or November 1997 who did not have intervening refrac-
tive surgery were asked to complete the RSVP questionnaire a
second time within 1 day to 1 week of their original completion of
the RSVP. Twenty-nine of the 40 completed a second RSVP. The
interval between the first and second questionnaire administration
ranged from 2 days to 3 weeks (and included their clinical eval-
uation for refractive surgery). A second assessment of test–retest
reliability was carried out in a convenience sample of 16 persons
with refractive error who were not undergoing evaluation for
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refractive surgery. The interval between the first and second RSVP
administration for this second group ranged from 1 day to 1 week.

Domains of the Refractive Status and
Vision Profile

Domains of the RSVP, items to assess them, and response options
are shown in Table 1. Domains include physical-social function-
ing, driving, perceptions (psychological functioning and concern
about health status), symptoms, problems with corrective lenses,
and expectations (what patients expected regarding their postsur-
gical visual outcome). In addition, patients were asked to rate their
vision and their satisfaction with vision separately for glasses,
contact lenses, no lenses, and for near vision. The items on
satisfaction and rating were used as global criteria for validating
the RSVP and its subscales rather than to measure a domain of
health perceptions. To assess the association between other patient
characteristics and vision-related results, two global health items
(concern about health and general rating of health) were included.

Additional questions to assess age, gender, and lens-wearing status
were also included.

Analysis of Refractive Status and Vision Profile
Evaluation of Questionnaire Items. The frequency distributions
of responses to each item were examined to identify problems and
symptoms that caused no difficulty or trouble for nearly all patients
or that caused severe difficulty or trouble for nearly all patients.
Such items did not have sufficient variability to be useful in
characterizing individuals. However, symptom items known to
result potentially from refractive surgery (halos, starbursts) were
retained, even if they were not frequently experienced before or
after surgery, because they were judged to be important in evalu-
ating outcomes of refractive surgery.

Identification of Subscales. Factor Analysis.Factor analyses
(Statistical Analysis System, version 6.09, SAS Institute, Cary,
NC) using squared multiple correlations as prior communality
estimates were conducted to extract item groupings (factors) that
fell into the broad categories of functioning, symptoms, and health

Table 1. Domains of the Refractive Status and Vision Profile Questionnaire

Domain
No.

Items Items Response Options

Function 12 Watching TV or movies; seeing an alarm clock; seeing clearly
when first waking up; seeing a clock on the wall; doing
activities outside; taking care of or playing with children;
doing one’s job; doing social activities; playing sports or
recreational activities; near work; swimming

Not applicable (never use this type of correction); No
difficulty at all; A little difficulty; Moderate
difficulty; Severe difficulty; So much difficulty that
I don’t do the activity with this type of correction;
Never do this activity for other reasons (not
related to vision)

Driving 3 Driving at night, during rain, under glare conditions Same as for function
Perceptions 7 Worry, concern, or frustration about vision; afraid to do some

activities because of vision; feeling less self-sufficient
because of vision; feeling vision held one back

Strongly agree; Agree; Neither agree nor disagree;
Disagree; Strongly disagree

Symptoms 13 Eyes feeling irritated; drafts bothering eyes; pain in eyes;
sensitivity to light; glare; seeing halo around lights; depth
perception; seeing in dim light; things looking different out
of one eye versus the other; judging distance when going
up or down steps; things appearing distorted; vision being
cloudy; change in vision during the day

Not applicable (never use this type of correction); No
trouble at all; A little trouble; Moderate trouble;
Severe trouble; So much trouble that I don’t use
this type of correction

Problems with
corrective
lenses

13 Wearing glasses or contacts bothers one, takes too much time;
glasses getting dirty; glasses getting fogged up or wet; losing/
looking for glasses; contact lenses moving around in the
eye; losing a contact lens; not being able to wear contact
lenses for as long as wanted to; being bothered by the
sensation of a contact lens in the eye

Not applicable (never use this type of correction); No
trouble at all; A little trouble; Moderate trouble;
Severe trouble; So much trouble that I don’t use
this type of correction

Expectations 6 Frustrating to use glasses/contacts to get best possible vision;
could accept less than perfect vision if didn’t need glasses/
contacts; only thing that would satisfy is to have very sharp
vision without glasses/contacts; as long as could see well
enough to drive without glasses/contacts, wouldn’t mind
having vision that was less than perfect; think vision will
be worse in the future; think will always have some trouble
with vision in the future

Strongly agree; Agree; Neither agree nor disagree;
Disagree; Strongly disagree

Vision preference 1 Trade-off between distance vision and near vision Excellent distance vision; poor near vision
Distance vision good but not excellent; near vision

good but not excellent
Poor distance vision but not as bad as now; excellent

near vision
Keep my current vision

Satisfaction with
vision

4 Satisfaction with current vision with glasses, with contact
lenses, with no lenses, with near vision

Very satisfied; Satisfied; Neither satisfied nor
dissatisfied; Dissatisfied; Very dissatisfied

Rating of vision 3 Rate vision with glasses, with contact lenses, with no lenses Scale of 0 to 10
0 5 completely blind
10 5 perfect vision

General health 2 In general, would you say your health has been: Excellent; Very good; Good; Fair; Poor
How concerned about your health have you been during the

past 1 month?
0 5 Not at all concerned
10 5 Very concerned
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perceptions. The factor solutions were rotated using the varimax
transformation18 to facilitate interpretation of factors. Items that had
factor loadings less than 0.1 were excluded from further analyses.
Items with factor loadings more than 0.9 were also excluded because
they indicated excessive redundancy. Factor analyses were rerun on
the remaining items, and thesolutions were used to identify HRQoL
subscales that could be used to characterize different subgroups of
patients. The remaining items within each subscale were examined
to assess their coverage of the intended domain (“face” or “con-
tent” validity).17

Multitrait Analysis. Multitrait analysis19 was used to assess the
groupings of the items into subscales (based on the factors iden-
tified by factor analysis; Multitrait Analysis Program, Version 2.0,
provided by J. E. Ware, Jr., New England Research Institute). This
technique is based on calculating the corrected item-to-total cor-
relation of each item with each subscale. Correlations of items
within subscales were examined (correlations should be at least 0.4
to demonstrate convergent validity [also known asinternal con-
sistency]). Discriminant validity was assessed by comparing, for
each item, the correlation of that item with its own subscale versus
the correlation of that item with each of the other subscales. Items that
did not have a correlation of at least 0.4 with any proposed subscale
were removed. Items with lower (positive) correlations with their
proposed subscale than with a different subscale were either removed
or placed into the alternate subscale. Items with insufficient conver-
gent or discriminant validity were either moved to a more appropriate
subscale or dropped. A “successfully” scaled item is one whose
correlation with its own subscale is greater than its correlation with
any other subscale. Summaries of multitrait scaling are expressed, for
each subscale, as the proportion of successful item-to-other-subscale
comparisons. (The denominator is all possible item-to-other-subscale
comparisons for items in that scale; i.e., [no. items in the subscale]3
[total no. subscales21]). The result of the multitrait analysis identi-
fied the subgroup of items of the RSVP that comprised clinically
meaningful and demonstrably valid subscales.

Assessment of Reliability and Validity. The internal consis-
tencies of the overall RSVP scale,S, and of each subscale were
assessed by calculating Cronbach’sa, an average of corrected
item-to-total correlations for the subscale.20 Criterion validity was
assessed by calculating Spearman correlations between each scale
and variables that assess patient status; for example, spherical equiv-
alent in the worse eye (absolute value, so that23.5 diopters [D]
would be more extreme than13.0 D), overall satisfaction with vision,
best corrected VA, and uncorrected VA. Associations betweenS
scores, as well as subscale scores, and several demographic charac-
teristics and traditional clinical measures were examined to determine
whether median scores differed among subgroups in a manner con-
sistent with hypothesized relationships (construct validity). The sub-
groups examined to assess construct validity were (1) those interested
versus not interested in refractive surgery and (2) different corrective
lens usage groups. In addition, the association of all subscales with
age, gender, refractive error, and corrective lens type was assessed so
that potential confounders of the association between subscales and
satisfaction with vision could be identified and included in multiple
regression models. Variables assessed as potential confounders in-
cluded amount of refractive error, age, different corrective lens usage
groups, and gender. Test–retest reliability was assessed using the
intraclass correlation coefficient (ICC)21 and the standard error of
measurement.22 The associations between the overall RSVP scale,S,
as well as subscale scores and each of the global measures (satisfac-
tion with vision and rating of vision) were evaluated by fitting mul-
tiple logistic or linear regression models, adjusting for traditional
clinical measures and demographic variables. Associations for which
thePvalue was less than 0.05 were considered statistically significant.

Results

A total of 550 patients completed the RSVP questionnaire (Table 2).
Most were female (59%). Nearly half used both glasses and contact
lenses. Nearly all (96%) had best corrected VA of 20/20 or better
in at least one eye, and 15% had a history of refractive surgery.

Refractive Status and Vision Profile Subscales

Factor analysis performed on all items revealed subscales (group-
ings of correlated items) consistent with domains chosen after the
pilot test. The first factor related to physical-social functioning and
optical problems. Other factors related to driving, ocular symp-
toms, concern, light and glare, expectations, problems with
glasses, and problems with contact lenses. The eight subscale
groupings suggested by the factor analysis were examined using
multitrait scaling methods. Separate subscales were formed for
physical and social functioning and optical problems. Items related
to problems with glasses and problems with contact lenses were
combined into a single subscale.

The final results of the multitrait scaling are shown in Table 3.
Eight subscales comprising a total of 42 items were identified:
concern, physical-socialfunctioning, expectations, driving, symp-

Table 2. Characteristics of Participants (N 5 550)

Characteristic Description

Age (yrs)
Mean (standard deviation [SD]) 37.2 (9.7)
Range 18–71

Spherical equivalent, worse eye
Mean (SD) 25.4 D (3.5 D)
Range 218.375–13.75 D

Health concern†

Mean (SD) 1.6 (2.4)
Range 0–10

Rating of vision‡

Mean (SD) 8.4 (1.4)
Range 0–10

Gender (n, %)
Female 325 (59.1)

Source (practice type, n, %)
Refractive surgery 508 (92.4)
Optometric 42 (7.6)

Corrective lens status (n, %)
Glasses only 196 (35.6)
Contact lenses only 105 (19.1)
Glasses and contact lenses 234 (42.5)
No lenses* 13 (2.4)

History of refractive surgery (n, %)
None 466 (84.7)
One eye 71 (12.9)
Both eyes 13 (2.4)

Best-corrected VA, both eyes (n, %)
$20/20 OU 472 (86.4)
$20/20; 20/25–20/40 52 (9.5)
20/25–20/40 OU 22 (4.0)

Health rating (n, %)
Very good or excellent 480 (87.9)

Satisfaction with vision (n, %)
Satisfied or very satisfied 304 (56.2)

D 5 diopters, OU 5 both eyes.

*Two additional participants wore glasses for reading only.
†0 5 not at all concerned; 10 5 very concerned.
‡0 5 completely blind; 10 5 perfect vision.
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toms, optical problems, glare, andproblems with corrective lenses.
The number of items per subscale ranged from 2 to 11. The
functioning subscale included items that involved distance and
near vision tasks. Two items in thefunctioningsubscale, swim-
ming and social activities, had only moderate corrected-item-to-
total correlations but were included because they increased the
content validity of this subscale.

Performance of the Overall Refractive Status and
Vision Profile Scale, S, and the Refractive Status
and Vision Profile Subscales

Internal consistency of the total scaleS and the RSVP subscales
was high (Cronbach’sa range, 0.70–0.93; Table 3). The average
S score was 26.6 (range, 0.7–100). Mean subscale scores ranged
from 12.8 (optical problems) to 58.7 (functioning). The distribu-
tion of subscale scores tended to be skewed toward scores reflect-
ing fewer problems, most markedly foroptical problemsand
functioning. Discriminant and convergent validities of the sub-
scales were excellent, with 90% to 100% of the item-to-total
subscale comparisons rated as successful (Table 3), indicating that
the scaling of the final 42 items into subscales was excellent.

Test–retest reliability ofS in the 29 individuals recruited from
refractive surgery practices was modest (ICC, 0.61) and less than
that of seven of the eight subscales (ICCs, 0.68–0.84; the eighth
subscale [expectations] ICC was 0.42). The test–retest reliability
of S and of the subscales was in general higher in the convenience
sample (except forfunctioning). The amount of change in score
that would be required to detect a statistically significant change
after an intervention (based on the standard error of measurement,
an alternate measure of reproducibility22) is shown in Table 3: for
S, this number is 5.5; for the subscales, it ranged from 8 to 14.

To assess criterion validity (association of scale scores with

traditional clinical measures of patient status), Spearman correla-
tions betweenS, the subscales, and each of the global measures
(satisfaction with vision and rating of vision) were compared with
Spearman correlations between each of the traditional clinical
measures (absolute value of refractive error, VA) and the global
measures (Table 4). The correlation between satisfaction with
vision andS (20.41) was greater than the correlation between
satisfaction with vision and either uncorrected or best-corrected
VA or absolute value of refractive error (0.05, 0.12, 0.15), indi-
cating thatS is more closely related to satisfaction with vision than
are the traditional clinical measures. Similarly, the correlations
between most RSVP subscales and satisfaction with vision were of
a higher magnitude (20.21 through20.42; exceptexpectations
and problems with corrective lenses) than for traditional clinical
measures. The correlation between rating of vision andS (20.42)
also was greater than the correlation between rating of vision and
either uncorrected or best-corrected VA or refractive error (0.15,
0.19, 0.21). Similar patterns were seen for correlations with rating
of vision (Table 4), indicating thatS and most RSVP subscales are
more closely related to the global measures than is VA.

Associations between S, the Refractive Status and
Vision Profile Subscales, and Traditional Clinical
Measures

Increasing age was associated with higher scores forsymptoms,
optical problems, and problems with corrective lenses. Type of
corrective lens used was associated withS, driving, functioning,
symptoms, optical problems, glare, andproblems with corrective
lenses(the subgroup using a combination of glasses and contact
lenses consistently had the highest scores, except forproblems
with corrective lenses). Female gender was associated with higher
scores forS, driving, expectations, symptoms, optical problems,

Table 3. Subscales of the Refractive Status and Vision Profile (RSVP)

Name
No.

Items

%
Correctly
Scaled* a† ICC‡

ICC (in
stable

group)§
2 3 Standard Error

of Measurement| Mean¶ Range

Concern 6 100 0.83 0.77 0.88 9.2 44.0 0–100
Driving 3 100 0.93 0.69 0.70 14.1 25.9 0–100
Expectations 2 100 0.70 0.42 0.91 13.3 58.7 0–100
Physical/social functioning 11 96.1;100 0.87 0.84 0.63 10.3 17.2 0–92.8
Symptoms 5 100 0.84 0.71 0.80 8.0 20.8 0–100
Optical problems 5 94.3;100 0.82 0.68 0.91 6.1 12.8 0–95
Glare 3 90.5;100 0.75 0.72 0.72 11.1 22.3 0–100
Problems with corrective lenses 7 100 0.82 0.76 0.78 13.1 34.0 0–100
S (overall scale) 42 0.92 0.61 0.88 5.5 26.6 0.7–100

ICC 5 intraclass correction coefficient.

*If all items within the subscale had significantly higher corrected item-to-total correlations with their own subscale than with any other subscale, this
number would be 100%. If some items had higher (but not statistically significantly higher) corrected item-to-total correlations with their own subscale
than with any other subscale, the first percentage indicates proportion with significantly higher correlations, and the second percentage indicates
proportion with higher (regardless of whether significantly so) correlations.
†Cronbach’s a is a measure of internal consistency. Values of 1.0 indicate perfect internal consistency; values of 0 indicate no internal consistency. Values
of 0.7 or higher are considered sufficient for comparing subgroups of persons.
‡Intraclass correlation coefficient to measure test–retest reliability. Measured in a subgroup of 29 participants who repeated the RSVP questionnaire within
2 days to 3 weeks after the first administration, with an intervening refractive surgery evaluation.
§Intraclass correlation coefficient to measure test–retest reliability. Measured in a convenience sample of 16 persons not from a refractive surgery practice
who repeated the RSVP questionnaire within 1 day to 1 week after the first administration.
\Two times the standard error of measurement (the reproducibility) represents the amount of change that would be required, after an intervention, to be
statistically significant.22

¶All subscale scores were rescaled to 0–100.
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and glare, and with lower scores forproblems with corrective
lenses. A greater degree of refractive error was associated with
higher scores forS, concern, driving, functioning, optical prob-
lems, andglare. Thus all these variables are potential confounders
of the relation between satisfaction with vision and at least one of
the subscales orS; hence, they were included in the multiple
regression analyses described below.

In evaluating construct validity, we hypothesized that scores for
functioning, symptoms, optical problems, andproblems with cor-
rective lenseswould be higher among those wearing both glasses
and contact lenses than among those wearing contact lenses only
or among those wearing glasses only (Fig 1). This was found to be
true for S (P 5 0.0001 [glasses only]), forfunctioning (P 5
0.0001 [glasses only];P 5 0.0001 [contacts only]), and for
symptoms(P 5 0.0001 [glasses only];P 5 0.0001 [contacts
only]), but not for problems with corrective lenses(although
wearers of contact lenses only were lower [P 5 0.04], wearers of
glasses only were higher,P 5 0.0001) oroptical problems(P 5
0.003;P 5 0.08, respectively). We also hypothesized that those
undergoing refractive surgery evaluation would have higher scores
than those from the optometric practice for subscalesconcern,
expectations, functioning, and problems with corrective lenses.
Indeed, scores forS (P 5 0.0001), concern (P 5 0.0001),
expectations(more willing to accept less-than-perfect vision,P 5
0.0001), andproblems with corrective lenses(P 5 0.0001)were

significantly higher, but not so forfunctioning (P 5 0.1) or
symptoms(P 5 0.5).

Association between S, the Refractive Status and
Vision Profile Subscales, and Satisfaction with
Vision

Multiple logistic regression analyses were performed to examine
the association betweenS, each of the RSVP subscale scores, and
satisfaction with vision (defined as “satisfied” or “very satisfied”;
Table 5). Age, lens usage, and spherical equivalent were consis-
tently significantly associated with satisfaction with vision (older
persons were less likely to be satisfied, those wearing glasses and
contact lenses were less likely to be satisfied, those with more
refractive error were less likely to be satisfied). After adjustment
for age, gender, lens type, and refractive error, higher scores (more
trouble) onS and on the subscales related toconcern, functioning,
driving, symptoms, optical problems, and glare were all signifi-
cantly associated with lower odds of satisfaction with vision. There
was a borderline association between higher scores (more trouble)
on theproblems with corrective lensessubscale and lower odds of
satisfaction with vision. Theexpectationssubscale was not asso-
ciated with satisfaction with vision. Similar results were noted for

Table 4. Spearman Correlation Coefficients between RSVP Subscales versus Global Items and Traditional Clinical Measures

Traditional
Measure S¶

Concern Expecta-
tions

Physical/
Social

Function Driving Symptoms
Optical

Problems Glare

Problems
with

Corrective
Lenses

Satisfaction
with

Vision§
Vision
Rating|

General
Health†

Health
Concern‡

Visual acuity
Uncorrected,
better eye

20.12* 20.15* 20.07 20.16* 20.13* 20.05 20.12*20.13* 0.01 0.05 0.15* 20.05 0.03

Uncorrected,
worse eye

20.16* 20.17* 20.10* 20.17* 20.18* 20.08 20.16*20.16* 0.02 0.05 0.14* 20.04 0.06

Best corrected,
better eye

20.05 20.00 20.07 20.06 20.16* 20.00 20.15*20.05 0.14 0.09* 0.19* 20.06 0.02

Best corrected,
worse eye

20.10* 20.05 20.10* 20.08 20.18* 20.01 20.15*20.09* 0.09* 0.12* 0.18* 20.09* 20.00

Spherical
equivalent
Better eye 20.19* 20.23* 20.11* 20.19* 20.24* 20.07 20.21*20.17* 0.06 0.12* 0.21* 20.05 0.03
Worse eye 20.21* 20.27* 20.13* 20.20* 20.25* 20.05 20.22*20.17* 0.08 0.15* 0.21* 20.06 0.05

S (overall scale) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.41* 20.42* 0.20* 0.23*
Concern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.21* 20.16* 0.19* 0.21*
Expectations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.09* 20.11* 20.04 20.03
Physical/social . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.42* 20.44* 0.13* 0.16*

functioning
Driving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.39* 20.47* 0.19* 0.13*
Symptoms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.22* 20.31* 0.14* 0.19*
Optical problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.39* 20.45* 0.17* 0.16*
Glare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.22* 20.26* 0.13* 0.12*
Problems with . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.06 20.02 0.11* 0.14*

corrective lenses
Satisfaction with. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.10* 20.08

vision§

Vision rating\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.15* 20.08

*Correlation coefficient differs significantly from 0 (P , 0.05).
†1 5 excellent; 5 5 poor.
‡0 5 not at all concerned; 10 5 very concerned.
§1 5 very dissatisfied; 5 5 very satisfied.
\0 5 completely blind; 10 5 perfect vision.
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self-reported rating of vision (using multiple linear regression
models with the 0–10 rating as the outcome variable).

Discussion

In ophthalmic research and practice, it is increasingly rec-
ognized that consideration of patients’ own evaluation of
their functioning and symptoms is important in assessing
the need for and outcome after treatment. Patient-reported
evaluations provide information complementary to that pro-
vided by traditional clinical measures, such as VA or re-
fractive error.2,5 Measurements of patients’ assessment of
their health status should be valid and reliable. When used
as outcome measures, they also should be sensitive (respon-

sive) to clinically meaningful changes in patients’ status.
Although generic instruments (i.e., those not specific to a
particular condition) are a useful measure of patients’ over-
all health status, they tend to be less sensitive than disease-
specific instruments to clinically significant symptoms and
to the specific functional impacts of a disease.23

Most well-known validated questionnaires developed for
use in an ophthalmologic setting were designed for use in
individuals with cataract, are targeted mostly toward func-
tioning (Visual Function-14-item,2,24,25Activities of Daily
Vision,3,26,27 Visual Activities Questionnaire,4 and oth-
ers28,29), and do not adequately address the problems or
expectations of individuals with refractive error. One ge-
neric ophthalmic instrument, the National Eye Institute Vi-
sual Functioning Questionnaire,8 was developed based on

Figure 1. Association between Refractive Status and Vision Profile subscale scores and type of corrective lens used. Distribution of scale scores are
expressed using box plots. The center white horizontal line represents the median. The shaded box extends from the 25th to the 75th percentiles. The
vertical lines extending from the box cover the extent of the data within 1.5 times the interquartile range (length of the box). Values in the data beyond
this range are indicated by horizontal solid lines. The indentations in the box centered on the median, in lighter shading, represent the extent of the
95% confidence interval for the median. The width of each box is proportional to the square root of the number of observations for that box. The
distributions of scores are shown for each type of corrective lens (CL 5 contact lenses only; GL 5 glasses only; GL/CL 5 both glasses and contact
lenses). The first P value listed is from the Kruskal-Wallis test assessing whether all three groups have the same median score for the subscale listed;
the next P values are from Wilcoxon rank-sum tests assessing whether each pair of groups, respectively, have the same median score.
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evaluation of patients with glaucoma, cataract, age-related
macular degeneration, cytomegalovirus retinitis, and dia-
betic retinopathy, conditions associated with either older
age or a serious systemic disease. The types of impairment
or concerns experienced by these individuals likely differ
from those of persons who have refractive error and no
other ocular condition. Another generic instrument that was
specifically designed to be broadly applicable to many oc-
ular conditions30 also is, by design, likely to be insensitive
to problems related to refractive error.

One instrument that was designed for use in persons with
refractive error is targeted toward symptoms and satisfac-
tion (the Prospective Evaluation of Radial Keratotomy
[PERK] study,)10 but includes only two items that assess
physical functioning:9 whether the patient could read news-
print without corrective lenses and whether a patient could
see a friend across the street without corrective lenses. The
validation of the questions used in the PERK study has not
been reported. In the PERK study, patient satisfaction 1 year
after the procedure was assessed using a standardized Sat-
isfaction Index.10 Patients who reported more trouble with
fluctuation of vision and glare were significantly more likely

to be dissatisfied with the results of their refractive surgery
than those who did not report such trouble. In a 6-year
follow up to the PERK study,31 individuals who needed to
use corrective lenses for reading or seeing a friend across
the street were significantly more likely to be dissatisfied
with the results of surgery. Another instrument used in
persons with refractive error has had its validity reported32

and measures functioning, symptoms, and health percep-
tions, but consists of an impractically large number of items
(more than 300) and was tested in a small group of patients
(N 5 45). We sought to develop an instrument brief enough
to be used in clinical practice that would address the full
range of problems related to refractive error and corrective
lenses and that would measure the impacts of refractive
surgery.

Other studies of patients undergoing refractive surgery
have assessed patient-reported symptoms11,12,14–16,33–41

(typically glare, fluctuation of vision, halos, and ocular
discomfort) and functioning,11,32,35,36but did not use vali-
dated instruments to measure these HRQoL outcomes (ex-
cept for one study32). Presence and severity of glare and
halo symptoms were found to be associated with less satis-

Table 5. Multiple Logistic Regression Analyses: Association between Each Refractive Status and Vision Profile Subscale Score and
Satisfaction with Vision, Adjusting for Age, Gender, Lens Type, and Refractive Error

Scale Name

Odds of Satisfaction per
Change in Scale Score*
(per 10-Point Increase

in Scale Score)

Change in Satisfaction per Change in Covariate

Age
(per 10 yrs)†

Gender
(M vs. F)‡

Lens Type
(CL only vs. GL only)§

Lens Type
(GL/CL vs. GL only)§

Spherical Equivalent
(Worse Eye\ per Diopter)

Overall (S) 0.48 0.66 0.88 1.51 0.66 1.09
(0.40, 0.59)¶ (0.54, 0.82)¶ (0.59, 1.31) (0.86, 2.66) (0.42, 1.03)# (1.02, 1.16)¶

Concern 0.81 0.68 0.90 1.60 0.50 1.10
(0.73, 0.90)¶ (0.56, 0.83)¶ (0.62, 1.32) (0.93, 2.74) (0.32, 0.76)¶ (1.03, 1.17)¶

Expectations 0.95 0.70 0.90 1.60 0.51 1.13
(0.88, 1.03) (0.58, 0.86)¶ 0.61, 1.31) (0.94, 2.74) (0.34, 0.78)¶ (1.06, 1.20)¶

Functioning 0.59 0.68 1.06 1.29 0.69 1.09
(0.51, 0.69)¶ (0.56, 0.84)¶ (0.71, 1.58) (0.74, 2.26) (0.44, 1.09) (1.02, 1.16)¶

Driving 0.73 0.68 0.72 1.38 0.55 1.08
(0.66, 0.80)¶ (0.55, 0.84)¶ (0.48, 1.08) (0.79, 2.42) (0.36, 0.86)¶ (1.01, 1.15)¶

Symptoms 0.79 0.68 0.93 2.14 0.78 1.13
(0.70, 9.90)¶ (0.56, 0.83)¶ (0.63, 1.36) (1.22, 3.76)¶ (0.48, 1.27) (1.06, 1.20)¶

Optical problems 0.57 0.72 0.79 1.44 0.55 1.09
(0.49, 0.67)¶ (0.59, 0.89)¶ (0.53, 1.18) (0.82, 2.53) (0.35, 0.86)¶ (1.02, 1.16)¶

Glare 0.79 0.70 0.83 1.65 0.57 1.11
(0.71, 0.88)¶ (0.58, 0.86)¶ (0.56, 1.23) (0.96, 2.83)# (0.37, 0.88)¶ (1.05, 1.18)¶

Problems with 0.89 0.70 0.96 1.38 0.46 1.14
corrective lenses (0.80, 1.00)# (0.58, 0.85)¶ (0.66, 1.41) (0.79, 2.42) (0.30, 0.71)¶ (1.07, 1.21)¶

CL 5 contact lenses; GL 5 glasses.

*An odds ratio less than 1.0 indicates that those who report more problems on the scale are less satisfied than those who report fewer problems. The odds
ratio indicates the change in odds per 10-point increase in subscale score.
†An odds ratio less than 1.0 indicates that those who are older are less satisfied than those who are younger.
‡An odds ratio less than 1.0 indicates that males are less satisfied than females.
§An odds ratio greater than 1.0 indicates that those who wear only contact lenses are more satisfied than those who wear only glasses, or that those who
wear glasses and contacts are more satisfied than those who wear only glasses (glasses only in the reference category).
\An odds ratio greater than 1.0 indicates that those who have worse refractive error are less satisfied than are those with less refractive error.
¶Statistically significant (P , 0.05).
#Borderline statistically significant (P , 0.07).

Each row of the table represents a single logistic regression model with satisfaction with vision (satisfied or very satisfied) as the outcome, adjusting for
the scale score in column 1 and the covariates in columns 3–7. Each table cell contains the estimated adjusted odds ratio and its 95% confidence interval.
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faction with vision in most of these studies as well as
difficulty with night driving and continued dependence on
corrective lenses. An instrument that seeks to measure the
relevant aspects of HRQoL in persons with refractive
error should address not only symptoms attributable to
refractive surgery but also symptoms related to use of
corrective lenses.

Because many individuals (nearly half in our study) used
a combination of glasses and contact lenses and some func-
tioned for at least part of the time without any corrective
lenses, it is important to assess functioning, symptoms, and
satisfaction separately for each type of corrective lens that
could be used by a patient: glasses, contact lenses, both, or
no lenses.

Instruments designed to assess HRQoL should address
the most common areas of concern to patients. We at-
tempted to do so by obtaining items for the RSVP from
several sources, including eye care providers, individual
patient interviews, and a focus group of patients with re-
fractive error. We also searched preexisting reports of re-
fractive surgery studies to identify additional items. Thus
we believe that the items in the RSVP, which underwent a
two-stage evaluation for their usefulness in distinguishing
among clinically important subgroups, address most of the
HRQoL-related problems that are likely to matter to indi-
viduals with refractive error.

The RSVP that we have developed is both valid and
reliable. The RSVPS and RSVP subscale scores forcon-
cern, functioning, driving, symptoms, optical problems, and
glare showed strong associations with satisfaction with
vision. Of particular note is the fact that the RSVP subscales
for functioning, driving, symptoms, optical problems, and
glare, as well as the overall scaleS, were more strongly
correlated with satisfaction with vision and patients’ overall
ratings of vision than were VA or refractive error, even
after adjusting for potential prognostic factors (refractive
error, corrective lens usage, age, and gender). Thus the
RSVP provides useful information regarding patient sta-
tus that is not reflected in traditional clinical ophthalmic
measures.

We examined the test–retest reproducibility of the RSVP
in two groups of patients. In persons with refractive error
who were not contemplating refractive surgery, the results
of repeated administrations of the RSVP were highly repro-
ducible, both for the overall RSVP and the subscale scores.
Scores were less reproducible in the group of patients who
were considering refractive surgery and who underwent an
evaluation for refractive surgery between the first and sec-
ond administrations of the RSVP. Rather than reflecting
poor test–retest reproducibility, we believe these findings
likely reflect patients’ reactions to information they received
during their office evaluation. This interpretation is sup-
ported by the finding that the subscaleexpectationshad the
lowest reproducibility in this group. We purposely included
questions related toexpectationsbecause we thought that
responses to these questions might help identify before
surgery those patients who might be dissatisfied after sur-
gery. It may be, however, that the domainexpectationshas

a limited role in direct comparisons of pre- and postrefrac-
tive surgery status. Nevertheless, these findings suggest that
the timing of administration of the RSVP (i.e., before or
after initial consultation with the refractive surgeon) may be
important in establishing “baseline” functioning, symptoms,
and perceptions for individuals considering refractive sur-
gery. Data regarding changes in RSVP scores after refrac-
tive surgery are currently being analyzed. Preliminary find-
ings (Vitale S, Schein OD, Steinberg EP. Invest Ophthalmol
Vis Sci 1999; 40[Suppl]; S532) showed that the RSVP
subscales are highly responsive to change, based on the
standard error of measurement shown in Table 3. Future
analyses on our pre- and postrefractive surgery data will
allow a determination of which RSVP subscales are useful
in identifying patients who experience a change in HRQoL
after surgery as well as which are predictive of actual
postoperative status. It is possible that subscales that are
strongly associated with subgroups of interest in cross-
sectional analysis will not be useful predictors of change in
status21; conversely, subscales with limited usefulness in
differentiating subgroups cross-sectionally may be respon-
sive to clinically significant changes.21

As would be the case for any HRQoL instrument, our
findings regarding the performance characteristics of the
RSVP may reflect, in part, the population in whom the
RSVP was studied. Our primary goal was to assess the
properties of the RSVP in a population representative of
those considering refractive surgery. A subgroup of persons
not considering refractive surgery was also included to
enhance the generalizability of conclusions to persons with
refractive error who are not seeking surgery. Our study
design called for the RSVP to be administered to consecu-
tive eligible patients at each participating site. However,
recruitment at some sites was lower than the stated patient
volume because of coordinator absence, other demands on
coordinators’ time, patient refusal, and different patterns of
scheduling surgery among practices. Our study design does
not allow a rigorous assessment of representativeness. Nev-
ertheless, subscale scores did not differ among the five
refractive surgery sites (except for theexpectationssub-
scale, which was significantly lower for one site). Differ-
ences in practice patterns or surgical techniques may ac-
count for observed differences in spherical equivalent
among refractive surgery sites. However, lens usage, rating
of vision, and age did not differ in any substantial way
among refractive surgery sites. This may indicate that vari-
ations in practice patterns and locales may not have a
substantial effect on RSVP measurements; that is, that the
RSVP will be useful for a broad spectrum of persons seek-
ing treatment from a refractive surgery practice. Alterna-
tively, it could be accounted for by homogeneity of patients
at different refractive surgery sites.

In conclusion, the RSVP, in aggregate and in its sub-
scales, has been demonstrated to be a valid questionnaire as
measured by accepted standards for psychometric instru-
ments. We believe the RSVP also is reliable and will be a
helpful adjunct for use in studies to evaluate devices and
procedures for correction of refractive error.
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Appendix

Refractive Status and Vision Profile Study Clinical
Sites and Investigators

Massachusetts Eye and Ear Infirmary, Boston, MA:
Dimitri Azar, MD (CD); David Rees (SC).

Gimbel Eye Center and the Gimbel Foundation, Cal-
gary, Alberta, Canada: Howard Gimbel, MD (CD); Maria
Ferensowicz (SC).

Cornea & Laser Vision Institute, Teaneck, NJ: Peter
Hersh, MD (CD); Bethann Hibbert (SC).

Washington Eye Physicians and Surgeons, Chevy
Chase, MD: Roy Rubinfeld, MD (CD); Kate Kelly (SC).

Wilmer Eye Institute, Johns Hopkins Medical Insti-
tutions, Baltimore, MD: Terrence O’Brien, MD (CD);
Nada Jabbur, MD (CI); Richard Schoen, OD (CI); Rebecca
Scarborough (SC).
(Abbreviations: CD5 clinic director; CI5 co-investigator;
SC 5 study coordinator.)
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Refractive Errors, Intraocular Pressure, and
Glaucoma in a White Population

Tien Yin Wong, MD, PhD,1,2 Barbara E. K. Klein, MD, MPH,1 Ronald Klein, MD, MPH,1

Michael Knudtson, BS,1 Kristine E. Lee, MS1

Objective: To examine the relation of refractive errors to glaucoma and intraocular pressure (IOP) in a
defined white population.

Design: Population-based cross-sectional and follow-up study.
Participants: Persons aged 43 to 86 years living in Beaver Dam, Wisconsin (n � 4926).
Methods: All participants received a standardized assessment of refraction, IOP, and glaucoma at baseline

(1988–1990), with IOP remeasured 5 years later (1993–1995). Refraction was defined at baseline as follows:
myopia as spherical equivalent of �1.00 diopters (D) or less, emmetropia as �0.75 to �0.75 D, and hyperopia
as �1.00 D or more.

Main Outcome Measures: Relation of baseline refraction to prevalent glaucoma (defined from IOP, optic
disc, and visual field criteria) and incident ocular hypertension (defined as IOP more than 21 mmHg at the 5-year
examination in eyes with IOP of 21 mmHg or less at baseline).

Results: A myopic refraction was correlated with increasing IOP at baseline (P � 0.001). After controlling for
age and gender, persons with myopia were 60% more likely to have prevalent glaucoma than those with
emmetropia (odds ratio [OR], 1.6; 95% confidence interval [CI], 1.1, 2.3). In contrast, controlling for age, gender,
and baseline IOP, persons with hyperopia were 40% more likely to have incident ocular hypertension than those
who were emmetropic at baseline (OR, 1.4; 95% CI, 1.0, 2.0). Myopia was not related to incident ocular
hypertension.

Conclusions: In these population-based data, there was a cross-sectional association of myopia with higher
IOP and prevalent glaucoma. Similar associations have been found in previous studies. Hyperopia may be
associated with 5-year risk of ocular hypertension, a finding that needs further investigation. Ophthalmology
2003;110:211–217 © 2003 by the American Academy of Ophthalmology.

The relationship between refractive error, intraocular pres-
sure (IOP), and glaucoma is uncertain.1 Earlier studies have
suggested that myopia, particularly high myopia, may be
associated with risk of primary open-angle glaucoma,2–8

low-tension glaucoma,4,9 and ocular hypertension,10–13but
less is known regarding the relationship of mild and mod-
erate levels of myopia or hyperopia to risk of glaucoma.14

Furthermore, existing evidence is derived mainly from clin-
ic-based studies.2–14 Two population-based studies have

evaluated the association of refraction and glaucoma. In the
Blue Mountains Eye Study in Australia, after adjusting for
age, gender, and other risk factors, glaucoma was two to
three times as frequent in eyes with myopia compared with
eyes with emmetropia or hyperopia.15 In the Barbados Eye
Study, a myopic refraction was one of several risk factors in
adult black people with prevalent open-angle glaucoma.16,17

However, in both studies, a possible relationship between
hyperopia and glaucoma was not examined.

The purpose of this study was to examine the relation-
ship of refractive errors to IOP and presence of glaucoma
among participants of a population-based study of white
Americans. Additionally, we evaluated the relationship be-
tween refractive error and the change in IOP among study
participants who returned for a five-year follow-up exami-
nation.

Materials and Methods

Study Population
The Beaver Dam Eye Study is a population-based study of ocular
diseases in adults, with its population, research methodology, and
findings described in detail elsewhere.18 Briefly, a private census
of the population of Beaver Dam, Wisconsin, composed predom-
inantly of white persons (99%), was performed from the fall of
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1987 through the spring of 1988. Of the 5924 people who were 43
to 86 years of age and were eligible for the study, 4926 participated
in the baseline examination. Comparisons between participants
and nonparticipants have been presented previously.18 Institutional
Review Board approval was obtained at all examinations.

Assessment of Refractive Status
Procedures in the assessment of refraction have been described in
detail elsewhere.19,20 Refraction was obtained by documenting the
refraction in the participant’ s current prescription (if available).
This was followed by a standardized refraction using an automated
refractor. This estimate was refined subjectively according to a
modification of the Early Treatment Diabetic Retinopathy Study
protocol to obtain the best-corrected visual acuity in cases where
the automated refraction yielded visual acuity of 20/40 or worse.
The results of the automated refraction were used in the analyses
for 96% of eyes at baseline, the results of Early Treatment Diabetic
Retinopathy Study refraction were used in 4% of eyes, and refrac-
tion from the current prescription was used in the remaining people
(�1% of eyes). Interexaminer and intraexaminer comparisons
showed no significant differences.19

The refractive status of a particular eye was defined according
to the baseline refraction. Myopia was defined as a spherical
equivalent of �1.00 diopter (D) or less, hyperopia as a spherical
equivalent �1.00 D or more, and emmetropia as a spherical
equivalent of between �0.75 and �0.75 D.

Assessment of Baseline Intraocular Pressure and
Glaucoma
The assessments and definitions of IOP and glaucoma in the
Beaver Dam Eye Study have been described extensively.21–24 As
part of the baseline evaluation, each subject had a visual field
screening test of each eye using a Henson CFS 2000 perimeter
(Keeler Instrument Corporation, Broomall, PA). This device per-
formed threshold-related suprathreshold static perimetry using
multiple stimulus patterns.25,26 After establishing the threshold,
the screening was performed using patterns of two, three, or four
suprathreshold points within the central 25° of the visual field (26
stimuli in all).21 If any point was not seen at the first attempt, it was
retested, with any point missed twice on three attempts defined as
a confirmed miss, constituting failure of the screening test. Those
who failed the screen were submitted to the full perimetric testing,
involving testing 132 test points at 3° intervals across the central
visual field.21 Insensitivity to a stimulus at any point was retested
at progressively brighter light intensities, 0.5, 0.8, and 1.2 decibels
higher than the initial testing level. For those passing the screening
test, only the threshold was recorded.21

After visual field testing, the subject was examined at the slit
lamp for anterior segment abnormalities and anterior chamber
depth.24 If the examiner determined that the angle was too narrow,
the pupil was not dilated unless recent dilation was reported by the
subject or eye care provider.21 The IOP was measured with a
Goldmann applanation tonometer after instilling a drop of
flouresscein (Flouress Barnes-Hind Armour Pharmaceutical Co,
Kankakee, IL) in each eye.22 The tonometer was set to 10 mmHg
before measuring the IOP in the right eye, with the value recorded
only after the tonometer was moved back from the cornea. The
tonometer was then reset to 10 mmHg for measurement in the left
eye. If the examiner thought that the measurement was unreliable,
it was indicated and excluded from these analyses.

While the pupils were dilating, subjects were interviewed about
whether they had ever been told that they had glaucoma, were
taking medicines for glaucoma, or had had surgery for glauco-
ma.21,24 When in doubt, the participant’ s ophthalmologist was

consulted. Photographs of the lens and fundus were then taken.
Pertinent to this report, stereoscopic fundus photographs of field 1
(centered on the optic disc), as specified for the Early Treatment of
Diabetic Retinopathy Study,27 were taken with a Zeiss (Thorn-
wood, NY) fundus camera. Photographs were processed and
graded according to standardized protocols (see below).

There were 851 persons who completed the full visual field
test.21 These fields were evaluated by four glaucoma specialists
who were masked to subject characteristics, including refractive
status, and to each other’ s gradings. The grading classifications
were as follows: 1 � normal; 2 � suspicious (suggestive of
glaucoma-related changes); 3 � mild to moderate nerve fiber
layer-type defect; 4 � severe nerve fiber layer-type defect; 5 �
neurologic-type visual field defect; 6 � other visual field abnor-
mality. The consensus of three of four graders was obtained for
94.8% (807 of 851) of the visual fields.21 For this report, consensus
grading scores of suspicious, mild to moderate nerve fiber layer-
type defects, and severe nerve fiber layer-type defects were in-
cluded as abnormal visual fields compatible with the diagnosis of
glaucoma. Because full visual field testing was not performed on
subjects who passed the screening test, these persons were not
evaluated by the glaucoma experts.

Grading of optic discs and cups was performed according to a
detailed standardized protocol.23 The stereoscopic pairs were ex-
amined, and both vertical and horizontal disc and cup diameters
were measured with a template of graded circles. Specific ana-
tomic characteristics were used to define both the disc and cup
margins.23 Cup-to-disc ratios were computed for vertical and hor-
izontal meridians in each eye. The vertical ratio was used for these
analyses.

Criteria used to define the presence of primary open-angle
glaucoma in Beaver Dam have been published.21 These included
the following: 1 � visual field defect compatible with diagnosis of
glaucoma; 2 � cup-to-disc ratio of 0.8 or more or a difference in
the cup-to-disc ratio of 0.2 or more in the involved eye; 3 � IOP
of 22 mmHg or more in the involved eye; 4 � a history of taking
drops for or having surgery for glaucoma. The four factors in
combination (or singly for history of glaucoma with treatment)
were used to classify eyes as having definite or probable glaucoma.
Eyes having at least two of the first three criteria were considered
to be definite cases of glaucoma. Those with criteria four present
and fewer than two of the other three criteria in the same eye were
considered probable cases of glaucoma. Definite and probable
cases of glaucoma were combined for this study, because previous
analyses indicated these cases were similar.21,28 Cases that were
determined to be primary angle-closure glaucoma were excluded
from this analysis (n � 2).

Assessment of Change in Intraocular Pressure

All subjects identified during the initial census were invited for a
second examination 5 years after the first.29 Of the 4541 survivors
from the baseline examination, 3684 (81.1%) returned for the
follow-up examination from 1993 through 1995. Comparisons
between participants and nonparticipants at the follow-up have
been presented previously.29 At the 5-year examination, IOP was
reexamined for all subjects using the same standardized protocol.

We defined two summary variables to analyze change in IOP.
A “significant IOP increase” was defined as an increase in IOP two
standard deviations or more than the mean increase in IOP be-
tween the baseline and 5-year examination in the total population
(an increase of 6.35 mmHg). Incident ocular hypertension was
defined as an IOP of more than 21 mmHg at the 5-year examina-
tion in eyes with an IOP of 21 mmHg or lower at baseline.
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Other Variables

All other characteristics in this analysis were defined from baseline
data. Age was defined as the age at the time of the baseline
examination. Education level was defined as the number of years
of completed education. Blood pressure was measured with a
random-zero sphygmomanometer according to the Hypertension
Detection and Follow-up Program protocol, and the average of the
last two measurements of three was used for analysis.30 Hyper-
tension was defined as systolic blood pressure of 140 mmHg or
more, diastolic blood pressure of 90 mmHg or more, or the
combination of self-reported high blood pressure diagnosis and the
use of antihypertensive medications at the time of examination.
Diabetes mellitus was defined as a history of definite diabetes
(treated with insulin or oral hypoglycemic drugs, or diet, or a
combination thereof) or elevated glucose and glycosylated hemo-
globin, based on specific criteria.31

Statistical Analysis

We analyzed data from right and left eyes separately. We also
combined data from both eyes using the generalized estimating
equation method described by Liang and Zeger32 and by Zeger et
al,33 which adjusts for the correlation between the two eyes in a
single person. We compared mean baseline IOP by presence and
severity of refractive error versus emmetropia. We used logistic
regression to obtain the odds ratio and its 95% confidence intervals
for prevalent glaucoma, a significant 5-year IOP change and inci-
dent ocular hypertension, by refractive status at baseline. All
models were adjusted for age and gender. For analysis of IOP
change, we also adjusted for baseline IOP. In multivariate models,
we adjusted for education, hypertension, and diabetes, because
these may be possible confounders. SAS software (SAS Institute,
Inc., Cary, NC) was used for all analyses.

Results

Of the 4926 persons examined at baseline, we excluded 29 for
whom refraction data was missing, 208 with aphakia or pseu-
dophakia, and 19 with missing IOP or glaucoma data in both eyes,
leaving 4670 included in this study. Comparison of persons in-
cluded and excluded is presented in Table 1. In general, those

excluded were older, more likely to have diabetes and to have
higher systolic and diastolic blood pressure, and to be cigarette
smokers. Persons excluded also were more likely to have glau-
coma, but they did not differ by refraction and IOP from those
included.

In the study sample, 23.9% had myopia, 41.6% had hyperopia,
and the remaining 34.5% had emmetropia (using refraction data in
right eyes). The age- and gender-adjusted mean IOP was highest in
eyes with myopia, followed by emmetropia and hyperopia, al-
though the differences between groups were small (Table 2). When
myopia and hyperopia were subdivided further into different se-
verities, we found a progressive association between increasing
myopia and IOP (P � 0.001, test of trend). The difference in IOP
between eyes with refraction less than �3.00 D compared with
refraction more than �2.25 D was 0.85 mmHg.

The prevalence and odds ratio of glaucoma according to the
refractive status are shown in Table 3. In general, glaucoma was
more frequent in eyes with a myopic refraction (2.9%) or a
hyperopic refraction (3.7%) than in eyes with an emmetropic
refraction (2.1%). After adjustment for age and gender, hyperopia
was not associated with glaucoma, but eyes with myopia were 60%
more likely to have glaucoma than were eyes with emmetropia.
This association was similar for different levels of myopia (be-
tween �1.00 and �3.00 D and less than �3.00 D). Analyses
adjusting for education, hypertension, and diabetes had no sub-
stantial impact on these results (e.g., OR, 1.6; 95% CI, 0.9, 2.6).

The mean IOP change between the baseline and 5-year exam-
ination in the population was 0.1 mmHg, which is consistent with
our previous cross-sectional data that showed IOP was slightly
higher in older people compared with younger people (IOP of 15.6
mmHg in people 75 years and older versus 15.0 mmHg in people
43–54 years).21 Myopia was not related to change in IOP or to the
incidence of ocular hypertension (Table 4). In contrast, controlling
for age, gender, and baseline IOP, eyes with a hyperopic refraction
at baseline were 40% more likely to have a significant increase in
IOP (two standard deviations or more than the mean increase) and
incident ocular hypertension (more than 21 mmHg) at the 5-year
follow-up than eyes that were emmetropic at baseline, although the
absolute difference in risk between eyes with hyperopia and em-
metropia was small (Table 4). The association between hyperopia
and incident ocular hypertension persisted with further adjustment
for education, hypertension, and diabetes (e.g., OR, 1.4; 95% CI,
0.9, 2.3). Results were similar after excluding people with glau-

Table 1. Baseline Characteristics Comparing Persons Included and Excluded

Included Excluded

P* ValueNo.
Mean (Standard
Deviation) or % No.

Mean (Standard
Deviation) or %

Systemic characteristics
Age (yrs) 4,670 61.5 (11.0) 256 72.1 (10.3) �0.001
Female gender (%) 4,670 56.1 256 56.3 0.24
Education (yrs) 4,665 12.0 (2.9) 255 11.2 (2.9) 0.39
Hypertension (%) 4,662 63.6 251 50.2 0.40
Diabetes (%) 4,648 9.8 251 20.3 �0.001
Systolic blood pressure (mmHg) 4,668 131.9 (20.5) 255 136.2 (20.7) �0.001
Diastolic blood pressure (mmHg) 4,668 77.6 (10.9) 255 72.4 (11.5) �0.001
History of cigarette smoking (%) 4,667 55.2 254 56.3 0.02

Ocular characteristics, right eyes
Refraction (mean [diopters]) 4,670 0.25 (2.35) 19 0.43 (2.09) 0.59
Intraocular pressure (mmHg) 4,661 15.4 (3.32) 179 15.4 (3.93) 0.19
Glaucoma (%) 4,512 3.1 186 15.6 �0.001

*P value comparing included and excluded, adjusted for age.
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coma at baseline or after excluding people who had a cataract
extraction between baseline and follow-up (data not shown).

Discussion

Because refractive errors (myopia and hyperopia) are ex-
tremely common conditions in the population,19 determin-
ing their relationship to potential ocular morbidity is an
important goal in research. Myopia has long been linked to
the risk of glaucoma,1–14 although existing data have not
shown a consistent picture, particularly with regard to the
association of low and moderate levels of myopia and
glaucoma.1,14 Furthermore, most previous studies examin-
ing these associations were conducted among clinic-based
populations and may be subjected to selection biases (e.g.,
persons with myopia may be more likely to seek ophthalmic
care and to have glaucoma diagnosed).

In this population-based study of white American per-
sons aged 43 to 84 years, we found a cross-sectional asso-
ciation between myopia (defined as less than �1.00 D) and
prevalent glaucoma. After taking into account the effects of
age, gender, and other risk factors, persons with myopia
were 60% more likely to have glaucoma than were those
with emmetropia. We found that an increasing severity of
myopia was associated with progressively higher IOP, al-
though the difference in IOP between the extremes in re-
fraction was modest (0.85 mmHg, comparing eyes with
refraction less than �3.00 D and more than �2.25 D).
However, after 5 years, we found that persons with hyper-
opia at baseline were 40% more likely to have a significant
IOP increase (defined as more than two standard deviations
of the mean increase) and incident ocular hypertension
(defined as IOP more than 21 mmHg) than did those with
emmetropia at baseline.

The association between myopia and glaucoma provides

Table 2. Intraocular Pressure by Refractive Status, Right Eyes and Two Eyes

Baseline Refractive
Status

Right Eyes Only Two Eyes

No. of
Eyes

Age- and Gender-adjusted
Mean Intraocular
Pressure (mmHg)

Spherical
Equivalent P Value

No. of
Eyes

Age and Gender-adjusted
Mean Intraocular
Pressure (mmHg)

Spherical
Equivalent P Value

Myopia* 1114 15.71 0.10 0.02§ 2180 15.66 0.08 �0.001§

Emmetropia† 1610 15.41 0.08 — 3230 15.34 0.06 —
Hyperopia‡ 1937 15.22 0.08 0.10§ 3918 15.14 0.06 0.005§

Refraction (diopters)
Less than �3.00 358 16.09 0.18 �0.001� 717 15.89 0.13 �0.001�

�1.75 to �3.00 399 15.68 0.17 772 15.73 0.10
�1.00 to �1.50 357 15.39 0.18 691 15.52 0.10
�0.75 to �0.75 1610 15.41 0.08 3230 15.33 0.06
�1.00 to �1.50 738 15.37 0.12 1492 15.17 0.07
�1.75 to �2.25 558 15.31 0.14 1123 15.14 0.08
More than �2.25 641 14.93 0.14 1303 15.04 0.09

*Myopia � �1.00 diopters or less.
†Between �0.75 and �0.75 diopters.
‡�1.00 diopters or more.
§P value comparing intraocular pressure between myopia or hyperopia with emmetropia, adjusted for age and gender.
�P value represents test of trend.

Table 3. Prevalence and Odds Ratio of Glaucoma by Refractive Status, Right Eyes and Two Eyes

Baseline Refractive
Status

Right Eyes Only Two Eyes

No. of
Eyes at

Risk
% with

Glaucoma

Age- and Gender-adjusted
Odds Ratio

(95% Confidence Interval)

No. of
Eyes at

Risk
% with

Glaucoma

Age- and Gender-adjusted
Odds Ratio

(95% Confidence Interval)

Myopia* 1073 3.0 1.6 (0.9, 2.6) 2118 2.9 1.6 (1.1, 2.3)
Emmetropia† 1583 2.2 1.0 3181 2.1 1.0
Hyperopia‡ 734 4.0 1.1 (0.7, 1.7) 3766 3.7 1.0 (0.7, 1.4)
Refraction (diopters)

Less than �3.00 339 3.0 1.7 (0.8, 3.5) 691 2.9 1.5 (0.8, 2.6)
�1.00 to �3.00 734 3.0 1.5 (0.9, 2.6) 1427 2.9 1.6 (1.1, 2.4)
�0.75 to �0.75 1583 2.2 1.0 3181 2.1 1.0
�1.00 to �2.25 1256 3.7 1.1 (0.7, 1.7) 2525 3.4 1.0 (0.7, 1.4)
More than �2.25 600 4.7 1.1 (0.7, 1.8) 1241 4.2 1.0 (0.7, 1.4)

*�1.00 diopters or less.
†Between �0.75 and �0.75 diopters.
‡�1.00 diopters or more.
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support to the findings from two other population-based
studies, the Blue Mountains Eye Study of white Australian
persons 49 to 97 years of age15 and the Barbados Eye Study
of black persons 40 to 84 years of age living in Barba-
dos.16,17 In the Blue Mountains, a stronger dose-response
pattern was observed between increasing severity of myopia
and prevalence of glaucoma.15 Controlling for age, gender,
and other risk factors, persons with low myopia (between
�1.00 to �3.00 D) were twice as likely to have glaucoma
(OR, 2.3; 95% CI, 1.3, 4.1), whereas those with moderate to
high myopia (less than �3.00 D) were three times as likely
to have glaucoma (OR, 3.3; 95% CI, 1.7, 6.4) than those
with emmetropia and hyperopia. In the Barbados Eye Study,
a weaker association between myopia (less than �0.50 D)
and glaucoma was found (OR, 1.5; 95% CI, 1.1, 2.0).17 In
our current study, the association between myopia and glau-
coma in white persons (OR, 1.6) was weaker than in the
Blue Mountains Study, and a dose-response pattern with
increasing myopia severity was absent. Possible explana-
tions for these differences between the three studies may be
related to racial variations and other differences in the study
population (e.g., the participants in Blue Mountains Study
were slightly older), as well as ascertainment of glaucoma
(e.g., in the Blue Mountains and Barbados, all participants
had definitive visual field examinations and glaucoma was
defined without reference to IOP).

What are possible explanations for the association be-
tween myopia and glaucoma? First, this association may
reflect a biologic relationship between myopia and a risk of
glaucoma. The optic nerve head in myopic eyes appears to
be more susceptible structurally to glaucomatous damage
compared with nonmyopic eyes.1 The cup-to-disc ratio is
higher in myopes,34 which may predispose more nerve
fibers to damage at any level of IOP.7,35,36 Additionally,
connective tissue changes and shearing forces in the lamina
cribrosa have been observed to be exaggerated in eyes with
longer compared with shorter axial length with the same
IOP.37 Second, both glaucoma and myopia may share com-
mon pathways. The two conditions show changes in the
ocular connective tissue (in the sclera in myopia38 and in the
trabecular meshwork and lamina cribrosa in glaucoma39),
have a strong familial basis, and may share common genetic
links.40–42 Third, it is possible that increased IOP contrib-

utes to axial elongation and myopia in a previously em-
metropic eye, although this line of argument may be more
relevant to juvenile glaucoma.43–45 Finally, the association
may be an artifact. There is a tendency to overdiagnose
visual field and optic disc characteristics as glaucomatous in
myopic eyes. Myopic eyes are known to be associated with
a variety of nonglaucomatous visual field defects (e.g.,
enlarged blind spots, superotemporal defects),46–48 and
grading the cup-to-disc ratio and neuroretinal rim in some
myopic eyes, particularly those with tilted optic discs, is
extremely difficult.49 However, this is minimized, perhaps
because the examiners were masked to refractive status in
our study.

In contrast, we are unable to offer adequate explanations
for the finding that hyperopia at baseline was related to a
greater subsequent increase in IOP and a higher risk of
ocular hypertension. Unfortunately, we do not have a pre-
cise estimate of incident glaucoma in our 5-year follow-up
examination to determine whether hyperopia (or myopia)
was related to the risk of glaucoma. Hyperopia has been
reported to be associated with primary angle-closure glau-
coma, and it is possible that shallower anterior chamber
depth at baseline predisposes a person to higher IOP at the
5-year follow-up.50,51 However, we note that primary angle-
closure glaucoma was rare in our white population,21 and
the two cases were excluded from analysis. Alternatively, it
is possible that hyperopia may simply be a marker of
biologic aging with regards to risk of ocular hypertension.52

In this regard, we have previously reported an association
between hyperopia at baseline and a 5-year risk of incident
nuclear and cortical cataract.53 These data suggest that
further research is warranted in understanding the ocular
associations of hyperopia.

Strengths of this study include a large community-based
population; use of data from both eyes; high response rate at
both baseline and follow-up examinations; and standardized
assessment of refraction, IOP, and glaucoma. Several im-
portant limitations warrant consideration. First, it is not
clear whether measurement error or misclassification of
either myopia or glaucoma may have influenced the results,
because these data were based on single measurements (of
refraction, IOP, optic disc, and visual fields) during the
course of the study. Additionally, full visual fields were

Table 4. Change in Intraocular Pressure and Incident Ocular Hypertension between Baseline and 5-year Examination,
by Refractive Status, Two Eyes

Baseline
Refraction

5-year Intraocular Pressure Change 5-year Incident Ocular Hypertension

No. of
Eyes at

Risk

Mean Intraocular
Pressure Change

(mmHg)

% with Significant
Intraocular

Pressure Increase
Adjusted Odds Ratio

(95% Confidence Interval)*

No. of
Eyes at

Risk
% with Incident

Ocular Hypertension
Adjusted Odds Ratio

(95% Confidence Interval)*

Myopia† 1681 0.13 (2.81) 1.37 1.0 (0.6, 1.6) 1616 2.66 1.0 (0.6, 1.6)
Emmetropia‡ 2464 0.24 (3.12) 1.42 1.0 2368 2.24 1.0
Hyperopia§ 2735 0.27 (2.80) 2.82 1.4 (0.9, 2.3) 2609 3.72 1.4 (1.0, 2.0)

*Adjusted for age, gender, and baseline intraocular pressure.
†�1.00 diopters or less.
‡Between �0.75 and �0.75 diopters.
§�1.00 diopters or more.
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performed only on participants who failed the screening
visual field examination. Therefore, it is possible that glau-
coma cases may have been underdiagnosed. However, the
overall glaucoma prevalence reported in our study21 was
similar to other population-based estimates on white per-
sons,54 and misclassification would tend to bias the findings
toward the null. Second, refraction data were obtained in
adults 43 to 84 years of age at the time of the baseline
examination. As a result, these data do not reflect the effects
of “axial” or “early onset” myopia and risk of glaucoma.
Studies with ocular biometry would be useful in evaluating
such associations. Third, the population is composed mainly
of white American persons with a relatively low prevalence
of myopia. Our data, therefore, may be inapplicable to other
groups with a higher prevalence of severe myopia (e.g.,
Asians).55 Finally, as in any observational studies, the in-
ability to control for unmeasured factors may have masked
some association and accentuated others.

In summary, we found a cross-sectional association of
myopia with higher IOP and glaucoma, a relationship that
has been seen in other clinic- and population-based studies.
Additionally, we found a prospective association between
hyperopia and five year risk of ocular hypertension, a find-
ing that has not been reported previously. These data em-
phasize the need for future investigations to determine more
precisely the potential ocular morbidities that may be asso-
ciated not only with myopia but also hyperopia.
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