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Abstract

Purpose—To estimate the prevalence of refractive errors in adult Chinese Americans, and 

evaluate factors associated with myopia and high myopia.

Design—A population-based, cross-sectional study.

Methods—Chinese Americans 50 years and older residing in Monterey Park, California, were 

recruited. Noncycloplegic automated refraction with supplemental subjective refraction was 

performed. Myopia, high myopia, hyperopia, and high hyperopia were defined as a spherical 

equivalent of < −0.5 diopter (D), < −5.0D, > +0.5D, and ≥ +3.0D, respectively. Astigmatism and 

high astigmatism were defined as a cylinder of > 0.5D and > 2.25D, respectively. Risk factor 

assessment was guided by a conceptual model.

Results—Data from 4144 participants were analyzed. The overall prevalence of myopia, high 

myopia, hyperopia, high hyperopia, astigmatism, and high astigmatism was 35.1% (95% 

confidence interval, 33.6%–36.6%), 7.4% (6.6%–8.3%), 40.2% (38.7%–41.8%), 2.7% (2.2%–

3.3%), 45.6% (44.1%–47.2%), and 3.7% (3.1%–4.3%), respectively. The prevalence of myopia 

and high myopia was lower among older individuals (Ps < 0.05). Reversed age trends were 

observed for the other refractive errors (Ps < 0.05). There was no sex difference in the prevalence 

of refractive errors, except for a higher prevalence of hyperopia among females (P = 0.010). Age, 

acculturation, education, income, marital status, birth country, history of ocular disease, non-

Correspondence: Rohit Varma, USC Roski Eye Institute, Department of Ophthalmology, Keck School of Medicine of the University 
of Southern California, 1450 San Pablo Street, Ste. 4900, Los Angeles, CA 90033, Phone: (323) 442-6411; FAX: (323) 442-6412; 
rvarma@usc.edu.
*See Appendix I for members/affiliations of the Chinese American Eye Study Group.

Disclosure
Financial Disclosures: No financial disclosures.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Am J Ophthalmol. Author manuscript; available in PMC 2018 March 01.

Published in final edited form as:
Am J Ophthalmol. 2017 March ; 175: 201–212. doi:10.1016/j.ajo.2016.10.002.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ocular comorbidities, and recent eye exam were associated with prevalence of myopia. All of these 

factors, except for acculturation, were also associated with high myopia.

Conclusions—Our data present the first population-based estimates of the prevalence of 

refractive errors among adult Chinese Americans. Compared with whites, Hispanics, and blacks, 

Chinese Americans have a higher burden of myopia, high myopia, and astigmatism.

INTRODUCTION

Refractive error is a common vision problem affecting half of American adults.1 In the 

United States (US), the costs for detection and treatment of refractive error—including 

glasses, contact lenses, or refractive eye surgery for vision correction—exceed $3.9 billion 

annually.2 Furthermore, without adequate intervention, refractive error can be a major cause 

of visual impairment and blindness.3–5 Globally, 153 million people are estimated to be 

visually impaired and 8 million are estimated to be blind from uncorrected refractive error.6 

One type of refractive error, high myopia, can lead to blinding pathological complications, 

such as retinal detachment, degenerative maculopathy, and glaucoma,7–10 and some studies 

suggest that even mild and moderate levels of myopia can be associated with higher risk of 

these complications.11, 12

Striking racial/ethnic differences have been observed in the prevalence of refractive 

error.13–16 Individuals of Chinese ancestry were found to have one of the highest 

prevalences of myopia and astigmatism. This means that adult Chinese Americans are 

potentially a high-risk population for myopia, high myopia, and astigmatism. Despite our 

awareness of this fact, there is a lack of population-based data characterizing the prevalence 

of refractive errors among adult Chinese Americans. Some reports of the prevalence of 

refractive errors in Chinese Americans were provided by the Multi-Ethnic Study of 

Atherosclerosis (MESA).13 However, the MESA sample was restricted to adults without 

known cardiovascular disease, and therefore, its estimates may not be generalizable to 

Chinese Americans as a whole. In addition, its small sample size (N = 487) does not allow 

accurate estimates of age- and/or sex-specific prevalence of refractive errors, particularly 

high myopia and high hyperopia. Results from studies of Chinese living in Asia17–21 may 

not be generalizable to Chinese living elsewhere, because differences in lifestyle and 

environmental factors may contribute to changes in refraction at older ages.22 It is also 

unclear if Asians that emigrate to the US are representative of those living in Asia. It has 

been reported that compared with the population of their country of origin, recent Asian 

immigrants to the US have a higher level of educational attainment,23 a factor strongly 

associated with myopia.

With the rapid growth of the Asian population in the US (from 10.2 million in 2000 to 14.7 

million 2010)24 and the worldwide rise in the prevalence of myopia in the past few 

decades,15, 25, 26 it is important to evaluate the current prevalence of refractive errors among 

Chinese Americans, who comprise the majority of Asian Americans. To our knowledge, the 

Chinese American Eye Study (CHES) is the largest, most comprehensive population-based 

ophthalmologic study of persons 50 years and older of Chinese ancestry living in the US, 

with standardized clinical measurements that allow for comparisons of refractive error 
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prevalence across studies. In this report, we aim to evaluate the presence and severity of 

different types of refractive errors in Chinese Americans, to compare these estimates with 

those from studies of Chinese in Asia and of other racial/ethnic groups in the US, and to 

identify demographic, lifestyle, anthropometric, clinical, and health care access/utilization 

factors associated with myopia and high myopia. Variations in ocular biometry, such as axial 

lengths and their relationships to refractive differences, will be reported in detail in a 

separate manuscript.

METHODS

Study Cohort

Details of the study design and baseline data have been reported.27 In brief, the study 

population consists of self-identified Chinese Americans, 50 years and older, residing in 10 

census tracts of the City of Monterey Park, California, from 2010 to 2013. A door-to-door 

census was completed, covering all dwelling units within the 10 targeted census tracts. 

Informed consent was obtained. A detailed in-home interview was conducted to determine 

demographic factors (e.g., age, sex, country of birth), level of acculturation, ocular and 

systemic medical histories, various risk factors, and access to medical and ocular care. Level 

of acculturation was determined based on the Suinn-Lew Asian Self-Identity Acculturation 

Scale (SL-ASIA).14, 15 All eligible participants were invited to the Local Eye Examination 

Center (LEEC) for a comprehensive ocular examination, including visual acuity and 

examination with LOCS II lens opacity grading. Institutional review board/ethics committee 

approval was obtained from the University of Southern California Health Sciences 

Institutional Review Board. All study procedures adhered to the principles outlined in the 

Declaration of Helsinki for research involving human subjects.

Refractive Error Measurements

If presenting visual acuity was 20/20 or better (≥ 55 letters) in each eye according to the 

Standard Early Treatment Diabetic Retinopathy Study protocol at 4 m, refraction was the 

presenting spectacle correction or plano. Otherwise, a noncycloplegic autorefraction 

(Humphrey Autorefractor; Carl Zeiss Meditec, Dublin, CA) was performed. For participants 

with visual acuity less than 20/20, refraction was further refined by subjective refraction, 

using standard protocols. During the phoropter refining process, autorefraction readings 

were used as the starting point, and then sphere choices in the plus direction were offered 

first to avoid over-minusing. If additional minus was preferred, a 0.5D increment was added 

each time and stopped at the least minus power at which the patient did not experience any 

improvement in visual acuity. When best-corrected visual acuity was achieved, the derived 

refraction was recorded as the final refraction. If different autorefraction and subjective 

refraction yielded identical visual acuity, subjective refraction was recorded as the final 

refraction. Cylindrical refractive error was measured and recorded in the positive form.

Definition of Outcome Variables

To enable comparison with refractive errors defined in studies of Chinese in Asia, presence 

of any myopia (< −0.5D), high myopia (< −5.0D), any hyperopia (> +0.5D), and high 

hyperopia (≥ +3.0D) was based on the spherical equivalent refractive error of the right eye 
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(for phakic right eye). Spherical equivalent was calculated as the sum of the spherical 

diopter value and half of the cylinder diopter value. To enable comparisons with studies of 

other racial/ethnic groups in the US, we also estimated prevalence of myopia (defined as ≤ 

−1.0D), high myopia (≤ −5.0D), and high hyperopia (≥ +3.0D) for the worse eye (defined as 

the phakic eye with larger absolute refractive error). Presence of any astigmatism was 

defined as a cylinder power of greater than 0.50D without reference to the axis. This 

definition allows direct comparison of our estimates with those from other studies.20, 28, 29 

We also defined high astigmatism as a cylinder power of greater than 2.25D without 

reference to the axis. Astigmatism was further defined as with-the-rule (WTR) (+ cylinder 

axis 90° ± 15°) and against-the-rule (ATR) (+ cylinder axis 180° ± 15°); all other 

orientations were considered oblique (OBL).

Risk Factor Assessment

Candidate demographic, lifestyle, anthropometric and clinical, and health care access and 

utilization factors were obtained from interview and clinical examination. Demographic 

factors included age (by decade), gender, birth country, years residing in the US, level of 

acculturation (SL-ASIA score < the median −1.8, ≥ 1.8), level of education, annual 

household income, marital status, and employment status. Lifestyle factors were history of 

cigarette smoking and alcohol drinking. Anthropometric and clinical factors included height 

and body mass index, diabetes mellitus, hypertension, self-reported history of ocular disease 

(cataract, glaucoma, macular degeneration, or diabetic eye disease), and non-ocular 

comorbid conditions (arthritis, stroke or brain hemorrhage, angina, heart attack, heart failure, 

asthma, skin cancer, other cancers, back problems, and deafness or hearing problems). 

Health care access/utilization factors consisted of time since last complete eye exam, time 

since last health examination, and possession of health and vision insurance.

Statistical Analysis

Statistical analyses were conducted using SAS 9.2 (SAS Institute Inc., Cary, NC). All 

reported P values were two-sided. When comparing prevalence across studies, in order to 

reduce potential confounding due to different age and sex structures in each study, we 

obtained age- and sex-specific prevalence reported by each study, and calculated age- and 

sex-adjusted prevalence by direct standardization of the study samples to the Asian 

population in the 2010 US Census.24 Mantel-Haenszel Chi-square tests were conducted to 

evaluate differences by age groups. Logistic regression was used to test for age-adjusted sex 

differences.

The risk factor assessment was guided by a conceptual model, which includes 4 categories 

of potential risk factors: demographic, lifestyle, anthropometric/clinical, and health care 

access/utilization factors, as listed above. Potential risk factors were first explored by 

multivariate analyses of all factors within the same category. If a variable achieved a P value 

of < 0.10 in the multivariate analyses of all factors within its category, the variable was then 

selected for inclusion in the combined multivariable model. Variables from each of the 4 

categories were evaluated in the final analysis using a threshold of P < 0.05. Odds ratios 

(ORs) and 95% confidence intervals (CIs) were estimated using logistic regression. Given 

the known contribution of nuclear opacification (NO) to myopic refraction among older 
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participants, variables in the final model were further evaluated in analyses stratified by the 

presence of NO.

RESULTS

Study Cohort

Of the 5782 eligible participants, 4582 (79.2%) completed both a home interview and a 

clinical examination at the LEEC. The majority of the participants was first generation 

immigrants from mainland China (69.4% in total with 26.0% from Guangdong Province, 

8.6% from Hong Kong, 7.0% from Shanghai, 4.5% from Liaoning Province, 2.7% from 

Fujian Province, 2.4% from Tianjin, and 2.1% from Beijing) and Taiwan (13.4%). Most 

(75%) had lived in the US for more than 10 years and (98%) lived in the US year round. 

Compared to the Chinese population 50 years and older living in the US,30 CHES 

participants were similar in age (47% of CHES participants vs. 44% of US Chinese were 

50–59 years old), more likely to be female (63% of CHES vs. 52% of US Chinese), and 

slightly less likely to have more than 12 years of education (67% of CHES participants vs. 

77% of US Chinese). Among the 4582 participants, 303 had previous cataract surgery in 

both eyes, 41 had missing lens status, 3 did not have refraction data for both eyes, and 91 

reported having previous refractive surgery; these participants were excluded from the 

subsequent analyses. The remaining 4144 (90.4%) participants were our analysis cohort.

Prevalence of Refractive Errors in CHES

Figure 1 shows the distribution of mean spherical equivalent refraction by age. Spherical 

equivalent refractive error was more negative among younger groups, especially those 

younger than 70 years. Table 1 presents the prevalence of refractive errors in the right eye by 

age and/or sex.

The overall prevalence of myopia and high myopia in the right eye was 35.1% (95% CI, 

33.6%–36.6%) and 7.4% (6.6%–8.3%), respectively. The prevalence of myopia was lower 

among individuals older than 70 (P trend < 0.001). A similar trend by age group was 

observed for high myopia (P = 0.014). There was no sex difference in the prevalence of 

myopia or high myopia (P = 0.36 and 0.97, respectively). If subjects with any NO were 

excluded (Figure 2), the prevalence of myopia remained mostly unchanged, with significant 

overlap in confidence intervals. The prevalence of high myopia was reduced slightly for all 

age groups after exclusion of NO. There was no sex difference in the prevalence of myopia 

or high myopia (P = 0.36 and 0.97, respectively).

The overall prevalence of hyperopia and high hyperopia in CHES was 40.2% (95% CI: 

38.7%–41.8%) and 2.7% (2.2%–3.3%), respectively. There was an almost linear age trend, 

with the prevalence of both hyperopia and high hyperopia become consistently higher in 

older age groups (Ps < 0.001). Hyperopia was more common among females than males 

(41.4% vs. 38.3%), a sex difference that remained after controlling for age (P = 0.010). 

Similarly, high hyperopia was more prevalent in women than men, although there was no 

sex difference after adjusting for age (P = 0.21). The overall prevalence of astigmatism (> 

0.5D) and high astigmatism (> 2.25D) in CHES was 45.6% (95% CI: 44.1%–47.2%) and 
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3.7% (3.1%–4.3%), respectively. Prevalence of both astigmatism and high astigmatism were 

higher among older groups (P < 0.001). Similar trends were observed for both sexes. Both 

astigmatism and high astigmatism seemed less prevalent among women than men, but there 

were no sex differences after adjusting for age (Ps = 0.50 and 0.61). Overall, the prevalence 

of WTR, ATR, and oblique astigmatism were 3.8%, 16.8%, and 25.0%, respectively (Table 

2). The axis of astigmatism varied by age (Ps < 0.05), with older participants having a higher 

prevalence of ATR or oblique astigmatism and a lower prevalence of WTR than younger 

participants. Among participants with astigmatism, 44.7% had myopia, and 33.2% had 

hyperopia, representing a prevalence of 20.4% for myopic astigmatism and 15.1% for 

hyperopic astigmatism.

Comparison with Other Studies of Chinese and of Other Racial/Ethnic Groups in the US

We also compared our estimated prevalence of refractive errors among Chinese Americans 

in CHES with those reported by other population-based studies of Chinese in Asia and of 

other racial/ethnic groups in the US. To ensure compatibility in measurement methods and 

definitions across studies and to control for potential confounding from age, studies that did 

not perform subjective refraction or did not report proper age-specific prevalence were 

excluded. Age- and sex-standardized overall prevalence across all reported prevalences is 

presented in Table 3. We presented a range of the most commonly used definitions to 

facilitate comparison across studies. While estimates from most other studies of 

Chinese18–20, 28 and from some earlier US studies29, 31 were based on the refraction of the 

right eye, recent US studies1, 13, 14, 32 were mostly based on the refraction of the worse eye. 

Figures 3–6 are the plotted comparisons of age-specific prevalences of myopia, high 

myopia, hyperopia, high hyperopia, and astigmatism. In these figures, studies of Chinese 

were compared based on the refraction of the right eye, and studies of US populations were 

compared based on the refraction of the worse eye. Details of these comparisons are 

presented in the Discussion.

Risk Factors for Myopia and High Myopia

Table 4 presents the multivariate associations after a conceptual model-based model 

selection. Younger age, higher level of acculturation, more education, higher household 

income, never being married, birth in the US, history of ocular disease, lack of other non-

ocular comorbidities, and recent eye examination were all associated with a higher 

prevalence of myopia. Further analyses revealed that the association between history of non-

ocular comorbidities and myopia was driven mainly by an inverse association between 

history of arthritis and myopia. In addition, history of ocular disease was not associated with 

myopia if participants with NO were excluded. Factors associated with high myopia were 

similar to those associated with myopia, although there was no association between high 

myopia and level of acculturation.

DISCUSSION

As a large population-based study of eye diseases among Chinese 50 years and older living 

in the US, CHES provides robust estimates of overall and age- and sex-specific prevalence 

of refractive error. We have incorporated standardized ocular testing procedures and 
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definitions of refractive errors to allow comparison of prevalence of refractive error in CHES 

to those for Chinese in Asia and for other racial/ethnic groups in the US.

The prevalence of myopia and high myopia in CHES are similar to or slightly higher than 

those from other studies of Chinese,18, 20, 28 except the Handan Eye Study. 19 Compared to 

the Handan Eye Study, CHES has higher prevalence of myopia and high myopia among 

individuals younger than 70 years, but a lower prevalence among older individuals.19 It is 

important to note that participants in the Handan Eye Study were rural residents, while 

participants in the other studies were urban residents. The lower prevalence of myopia 

observed in the Handan Eye Study before age 70 may be partly due to differences in the 

myopia genic environment experienced by rural and urban residents. For example, only 3% 

of participants in the Handan Eye Study had high school or more education,19 while the 

corresponding figure was 68% in CHES. However, even after controlling for differences in 

education level,21 urban living is still associated with a higher prevalence of myopia, 

suggesting other contributing factors. Due to limited access to care in rural areas, rural 

residents older than 70 may be less likely to receive cataract surgery and more likely to have 

refractive myopia as a result. This hypothesis is supported by the higher prevalence of 

cataract surgery in CHES (9.9%) than in the Handan Eye Study (0.9%).33 Moreover, rural 

residency has been associated with more visual impairment after cataract surgery in China.34 

On the other hand, Chinese Americans in CHES have similar prevalence of hyperopia to 

both urban- and rural-living Chinese in Asia. However, there may be different age trends in 

hyperopia prevalence, which seemed to plateau or peak among Chinese in their 60s in Asia, 

but consistently increase among Chinese Americans in their 70s and 80s in CHES. This 

suggests potential environmental contributors to the development of hyperopia in older 

Chinese Americans.

Compared with other racial/ethnic groups in the US, especially blacks and 

Hispanics,29, 35, 36 Chinese Americans in CHES have a substantially higher prevalence of 

myopia. For high myopia, we saw similar patterns of an even greater magnitude. One 

contributing factor could be differences in the level of education, which has been 

consistently associated with rates of myopia.16 While 68% of Chinese Americans in CHES 

had at least 12 years of education, the corresponding figure was much lower for Hispanics 

and blacks: only 34% of Mexican Americans32, and 22% of blacks.29 However, differences 

in the level of education are unlikely to explain the higher prevalence of myopia and high 

myopia in Chinese Americans when compared with whites. For example, high myopia (≤ 

−5.0D) was almost twice as high among Chinese Americans in CHES as among whites in 

the Beaver Dam Eye Study,14, 31 despite similar levels of education. It is possible that the 

amount of time spent outdoors during childhood, which may be more biologically relevant 

for myopia development,16 could differ between whites and Chinese Americans, despite 

similar educational attainment. It is also possible that Chinese Americans may be more 

genetically susceptible to developing myopia and particularly high myopia, which is 

believed to have a larger genetic component.16 It has also been suggested that differences in 

myopia prevalence between populations may be related to differences in the prevalence of 

lens opacity; however, this hypothesis is difficult to directly evaluate because of between-

study differences in the classification of lens opacity. It is worth noting that the biggest 

racial/ethnic disparity was observed among individuals 50 to 70 years old, ages at which 
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cataract and cataract surgery are less frequent. Prevalence of any hyperopia (> +0.5D) is 

slightly lower, and prevalence of high hyperopia (≥ +3.0D) is much lower in Chinese 

Americans in CHES than in other racial/ethnic groups in the US. This is consistent with the 

higher prevalence of myopia in CHES, because factors associated with higher risk of 

myopia, such as level of education, are often associated with lower risk of hyperopia. 

Similarly, the high prevalence of astigmatism in CHES is probably partly due to the high 

prevalence of myopia. Myopia and astigmatism are highly correlated,37 and myopic 

astigmatism accounts for a large proportion of the astigmatism in CHES.

We observed a lower prevalence of myopia after age 70, even after controlling for other 

potential risk factors. Prior reports of age patterns for myopia have been inconsistent across 

studies, 14, 17–20, 32 possibly due to the combined effects of 3 factors, which vary across 

populations: a secular trend of higher myopia prevalence in recent generations due to a birth 

cohort effect, an age-related hyperopic shift due to intrinsic changes in the optic system, and 

the increasing prevalence of cataract surgery among older individuals and its association 

with myopia. For example, in the Handan Eye Study19 and the Tanjong Pagar Study,20 a 

reverse trend was observed, with higher prevalence of myopia among individuals older than 

70. This discrepancy in the age trend of myopia may be partly due to the higher prevalence 

of cataract surgery in CHES (9.9% in CHES, 0.9% in the Handan Eye Study,33 and 5.1% in 

the Tanjong Pagar Study38). As participants who had cataract surgery were often excluded 

from analysis, myopia prevalence may be underestimated among older groups due to 

myopia’s association with a higher risk of cataract surgery.39 This underestimation may be 

particularly pronounced in CHES, given its higher prevalence of cataract surgery. Prevalence 

of hyperopia and astigmatism are consistently higher among older CHES participants. This 

age-related pattern of hyperopia may be influenced by the hyperopic shift that occurs with 

older age or associated with a birth cohort effect related to more myopic refractive error in 

younger generations.14 The higher prevalence of astigmatism among older participants may 

be largely due to the higher prevalence of hyperopia among older adults, as our subtype 

analyses (data not shown) revealed that the age-associated increase in astigmatism was more 

pronounced for hyperopic astigmatism.

We did not observe any marked sex difference in the prevalence of myopia and astigmatism 

in CHES. However, prevalence of hyperopia appeared to be slightly higher among females. 

Results from previous studies have been mostly inconsistent regarding sex differences in the 

prevalence of refractive error. While many studies found no sex differences in the prevalence 

of myopia,17–19, 29, 40 the Barbados Eye Study found a higher prevalence of myopia among 

men, and other studies found a higher prevalence of myopia1, 21, 31 and high myopia1, 20, 21 

among women. As for hyperopia, several studies report a higher prevalence among older 

women,1, 14, 19, 29, 40 while other studies18, 20 reported no sex difference in hyperopia 

prevalence. As for astigmatism, some studies17, 19, 20 found higher prevalence among 

women, the Baltimore Eye Survey29 and the 1999–2004 NHANES1 reported lower 

prevalence among women, and other studies reported no sex difference.17, 20, 29, 40

In CHES, consistent with most previous studies,22 we found that level of education, income, 

and history of ocular disease were associated with prevalence of myopia/high myopia. The 

association between history of ocular disease and myopia/high myopia may be mostly 
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attributed to NO-related myopic shift, because history of ocular disease was no longer 

associated with myopia and high myopia after excluding participants with NO. A high 

acculturation score, being born in the US, and lack of non-ocular comorbidities were also 

associated with higher prevalence of myopia, independent of education and income level. It 

is possible that acculturation, lack of non-ocular comorbidities (mainly arthritis), and 

country of birth may be surrogate measures for socioeconomic status, occupations 

associated with near work,41 and some aspects of the educational system (e.g., time devoted 

to indoor-versus-outdoor activities, academic competitiveness) that were not adequately 

captured by household income and years of formal education.32 Unique to CHES was the 

finding that the prevalence of myopia and high myopia was associated with marital status, 

which was examined but not found in previous studies.32, 42 The association between recent 

eye exam and higher prevalence of myopia is consistent with previous observations that 

individuals with impaired vision are more likely to use eye care.32, 43

CHES has a number of strengths, including its large sample size, high participation rate, and 

the use of standardized protocols. However, our study also has a number of limitations. First, 

because eligible individuals who participated were more likely to be better educated than 

those who did not,44 we may have overestimated myopia prevalence. On the other hand, we 

may have underestimated prevalence of myopia among older participants, because those 

excluded from analysis were mostly individuals who had cataract surgery. Second, use of 

noncycloplegic refraction may have led to overestimation of myopia prevalence due to 

excessive accommodation. However, because all CHES participants were older than 50 and 

had limited accommodative amplitude (< 0.5D),45 this overestimation is most likely small (≤ 

2%46). Third, the actual differences in myopia prevalence between Chinese Americans, 

blacks, and whites may be smaller than what we observed, because data on blacks and 

whites were collected 10 to 25 years earlier, and older cohorts tend to have lower prevalence 

of myopia. Finally, the cross-sectional design of our study does not permit direct assessment 

of age-related changes in refraction and the establishment of temporal relationships between 

potential risk factors and myopia risk. In addition, we did not report our assessment of the 

contributions of ocular biometry and other ocular measurements to refractive error. Given 

the complexity of this subject, a comprehensive investigation will be reported in a separate 

manuscript.

In summary, we found that compared with other racial/ethnic groups in the US, Chinese 

Americans in CHES have substantially higher prevalence of myopia, high myopia, and 

astigmatism, but less hyperopia and high hyperopia. The particularly high prevalence of high 

myopia among Chinese Americans is an important public health concern, because high 

myopia can lead to a much higher risk of vision-threatening diseases, such as myopic 

retinopathy and glaucoma. The high prevalence of astigmatism among Chinese Americans 

can also be a concern given the crucial role of vision clarity for daily activities. Further 

evaluation of longitudinal changes in refraction are needed to identify causes of various 

refractive errors among Chinese Americans and to develop public health strategies to prevent 

the onset and development of myopia-related complications in this important and growing 

population.
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Figure 1. 
Distribution of Mean Spherical Equivalent Refractive Error (±Standard Error) in the Right 

Eye by Age in the Chinese American Eye Study (CHES).

Abbreviations: CHES = Chinese American Eye Study; RE = refractive error; SE = spherical 

equivalent
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Figure 2. 
Age-specific Prevalence of Myopia (< −0.5D) and High Myopia (< −5.0D) and 95% 

Confidence Intervals in the Right Eye Among All Participants and Participants without Any 

Nuclear Opacification in the Chinese American Eye Study (CHES).

Abbreviations: CHES = Chinese American Eye Study; NO = nuclear opacification
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Figure 3. 
Comparison of the Prevalence of Myopia in the Chinese American Eye Study (CHES) with 

Estimates from (top) Other Studies of Chinese and (bottom) Studies of Other Racial/ethnic 

Groups.

Abbreviations: BES = Baltimore Eye Survey; CHES = Chinese American Eye Study; 

LALES = Los Angeles Latino Eye Study; Proyecto VER = Proyecto Vision Evaluation and 

Research Study; US = United States
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Figure 4. 
Comparison of the Prevalence of High Myopia in the Chinese American Eye Study (CHES) 

with Estimates from (top) Other Studies of Chinese and (bottom) Studies of Other Racial/

ethnic Groups

Abbreviations: BES = Baltimore Eye Survey; CHES = Chinese American Eye Study; 

LALES = Los Angeles Latino Eye Study; Proyecto VER = Proyecto Vision Evaluation and 

Research Study; US = United States

Varma et al. Page 17

Am J Ophthalmol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Comparison of (top) the Prevalence of Hyperopia in the Chinese American Eye Study 

(CHES) with Estimates from Other Studies of Chinese and (bottom) the Prevalence of High 

Hyperopia with Estimates from Studies of Other Racial/ethnic Groups.

Abbreviations: BES = Baltimore Eye Survey; CHES = Chinese American Eye Study; 

LALES = Los Angeles Latino Eye Study; Proyecto VER = Proyecto Vision Evaluation and 

Research Study; US = United States

Varma et al. Page 18

Am J Ophthalmol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. 
Comparison of the Prevalence of Astigmatism (> 0.5D) In the Right Eye in the Chinese 

American Eye Study (CHES) with Estimates from Other Studies.

Abbreviations: BES = Baltimore Eye Survey; CHES = Chinese American Eye Study; 

LALES = Los Angeles Latino Eye Study
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Table 2

Prevalence of Subtypes of Astigmatism (> +0.5D) in the Right Eye by Age in CHES

Subtypes of astigmatism (> +0.5D)

WTR ATR Oblique

Total 3.8% 16.8% 25.0%

50–59 4.3% 10.6% 18.9%

60–69 3.6% 21.0% 27.4%

70–79 2.6% 27.3% 41.0%

80+ 1.5% 36.3% 43.0%

P age trend a 0.018 < 0.001 < 0.001

Abbreviations: ATR = against-the-rule; CHES = Chinese American Eye Study; WTR = with-the-rule; D=Diopters

a
P values were adjusted for sex.
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Table 4

Multivariate Analysis of Factors Associated with Myopia (< −0.5D) and High Myopia (−5.0D) in the Right 

Eye in CHES

Risk Factors
Myopia High Myopia

No/yes OR (95%CI) No/yes OR (95%CI)

Age (y)

 50–59 1328/751 1.00 1925/154 1.00

 60–69 909/524 0.92 (0.79–1.07) 1301/132 1.04 (0.79–1.36)

 70–79 297/120 0.58 (0.45–0.76) 403/14 0.24 (0.13–0.45)

 80+ 105/30 0.36 (0.22–0.58) 133/2 0.11 (0.03–0.41)

Level of acculturation

 Low (SL-ASIA score < 1.8) 1453/559 1.00 -

 High (SL-ASIA score ≥ 1.8) 1176/865 1.22 (1.05–1.42) - N/A

Level of education (y)

 0–5 129/37 1.00 160/6 1.00

 6–11 858/264 0.93 (0.63–1.39) 1080/42 0.86 (0.36–2.08)

 12 812/392 1.35 (0.91–2.01) 1139/65 1.23 (0.52–2.91)

 > 12 812/727 2.09 (1.41–3.09) 1351/188 2.30 (0.98–5.36)

Annual household income

 < $20,000 1465/641 1.00 1981/125 1.00

 $20,000–< $40,000 672//354 1.07 (0.91–1.27) 967/59 0.87 (0.63–1.22)

 ≥ $40,000 312/329 1.51 (1.23–1.85) 548/93 1.62 (1.17–2.24)

 Unknown/refuse to disclose 182/100 1.12 (0.84–1.50) 257/25 1.30 (0.80–2.14)

Marital status

 Married/with stable partner 2083/1035 1.00 2919/199 1.00

 Separated/Divorced/widowed 413/248 1.24 (1.03–1.49) 603/58 1.40 (1.01–1.94)

 Never married 112/127 2.11 (1.60–2.79)) 200/39 2.62 (1.76–3.88)

Country of birth

 Outside of US 2611/1393 1.00 3714/290 1.00

 US 16/31 1.92 (1.02–3.61) 35/12 2.19 (1.07–4.51)

History of ocular disease

 No 2048/1054 1.00 2905/197 1.00

 Yes 584/370 1.28 (1.07–1.54) 849/105 2.07 (1.54–2.78)

History of non-ocular comorbidities

 0 1099/662 1.00 1605/155 1.00

 1 1206/621 0.84 (0.72–0.97) 1711/116 0.65 (0.49–0.85)

 ≥ 2 326/140 0.83 (0.65–1.07) 435/31 0.86 (0.55–1.34)

Last complete eye exam

 More than 12 months ago 1843/865 1.00 2550/158 1.00

 Within 12 months 775/550 1.40 (1.20–1.63) 1182/143 1.63 (1.25–2.13)

Abbreviations: CHES = the Chinese American Eye Study; CI = confidence interval; OR = odds ratio; D=diopters; SL-ASIA= the Suinn-Lew Asian 
Self-Identity Acculturation Scale
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N/A = odds ratio not applicable, because the variable was not a significant independent predictor in the final model for the given disease (myopia or 
high myopia)
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