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Abstract

To determine the burden of vision impairment (VI) and ocular conditions, women (n=254, mean 

age 66.0 years) participated in a comprehensive vision assessment. Visual acuity (VA) and ocular 

disorders (diabetic retinopathy, macular degeneration, hypertensive retinopathy, glaucoma and 

cataracts) were defined clinically. Race, economic strain and education were self-reported. The 

prevalence of presenting VI (VA 20/40 or worse) was 11.0% and 75% was correctable (best-

corrected VI 2.8%). Black women and those with greater economic strain or less education had 

a higher prevalence of presenting VI. These disparities were no longer present after considering 

best-corrected VI. Ocular disease prevalence ranged from 3.3% (age-related macular degeneration) 

to 30.2% (hypertensive retinopathy), but most participants were unaware of their ocular diagnosis. 

The discordance of presenting versus best-corrected VI and lack of knowledge of ocular 

conditions suggests a need for increased vision services. Access to optimal vision correction may 

attenuate differences across sociodemographic groups.
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INTRODUCTION

Vision impairment (VI) and the prevalence of eye diseases increase with advancing age.1,2 

An estimated 11.4 million United States (US) adults are visually impaired and the number 

of people with VI is anticipated to increase substantially in the coming years due to aging 

of the population.3 VI adversely affects a wide range of outcomes in aging adults including 

physical4-7 and cognitive functioning8, mental health status9, and increased risk of falls 

and fractures.10,11 Population-based studies in the US, Australia and Europe show that the 

prevalence of VI increases dramatically between mid-life (ages 40-65) and late adulthood 

(ages 65 and older)1,12, thereby suggesting that this transition may be an optimal time 

for interventions. The vast majority of VI is correctable12,13, yet vision services are under-

utilized.14 Thus, identifying groups most in need of vision intervention services and those 

most vulnerable to adverse outcomes associated with VI is needed to inform research and 

clinical care.

Studies suggest that women have a disproportionate burden of VI as compared to 

age-matched men.3,15 Further, women experience more rapid declines in physical 

functioning16,17, fall more often at every age18,19, and have worse fall-related outcomes 

including injury and fractures as compared to men.18,20 While the reasons for these sex 

differences are not fully understood, some studies suggest that women experience more 

vision-related adverse impacts on quality of life than do men21,22, thereby suggesting that a 

greater understanding of the burden and correlates of VI in this population is highly relevant.

As the population ages, the public health burden of vision loss will continue to grow 

substantially unless corrective measures are optimally implemented. Accurate population-

based estimates are essential to inform health care professionals and policy makers about the 

burden of VI and potential health disparities, as clinic-based estimates are inherently biased. 

In spite of availability of effective interventions to treat many causes of VI, its prevalence 

is increasing.23 Nationally and internationally, there is a strong impetus to curtail VI and 

prioritize vision health at the population level.24-26 To do so, investigations within well-

evaluated and high-risk or vulnerable groups must be conducted, including consideration of 

the sociodemographic and pathophysiological correlates of poor vision. Thus, the purpose of 

this study was to estimate the prevalence of VI, eye diseases, and use of appropriate optical 

correction in a population-based cohort of older women. Correlates of VI and awareness of 

ocular disease diagnosis were also assessed.

MATERIALS and METHODS

Study Population.

The Study of Women's Health Across the Nation (SWAN) is an ongoing, 25-year multi-site 

longitudinal cohort study. The design and recruitment procedures have been published.27 In 

brief, eligible women were 42-52 years at study baseline (1996), had an intact uterus and at 

least one menstrual period with no use of reproductive hormones in the previous 3 months. 

Originally conceptualized to study the natural history of the menopausal transition, women 

have been followed since baseline with near-annual follow-up visits to collect information 

on a variety of sociodemographic, health behavior, and health outcome information. Since 
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its inception, the southeastern Michigan SWAN site, including 543 women (60% African 

American, 40% White) has included a site-specific protocol focused on sensory health and 

physical functioning. At the most recent in-person visit for SWAN (follow-up visit 16, 

2016-2017), the Michigan SWAN site included a vision assessment as part of its site-specific 

protocol. As of follow-up visit 16, 308 of the still-living Michigan SWAN participants were 

active in the study (64%); of those, 255 women (83%) participated in the vision assessment. 

One woman did not have data on distance vision or ocular disorders, and so she was 

excluded from all analyses, leaving a final analytic sample size of 254 women. Some women 

were missing vision/ocular disorders data elements including best-corrected visual acuity 

(n=2), glaucoma (n=2), hypertensive retinopathy (n=9), diabetic retinopathy (n=4), and 

age-related macular degeneration (n=11). There were no statistically significant differences 

in age, race/ethnicity, body mass index, diabetes or hypertension status between women who 

participated in the vision assessment and those who were still active in the study but did 

not participate in the vision assessment. The University of Michigan Institutional Review 

Board approved the study protocol and written informed consent was obtained from all 

participants. This study conformed to the principles of the Declaration of Helsinki.

Vision Assessment.

The vision assessment included measurement of presenting distance visual acuity (VA) 

using habitual correction. Distance VA was tested using a Snellen chart displayed 

by means of a projection system (M&S Technologies Inc., Skokie, Illinois). Best-

corrected VA (BCVA) was assessed following objective, non-cyloplegic refraction using 

an autorefractometer (Topcon Auto Keratorefractor, model KR800), and a subsequent 

subjective refraction using a phoropter or sometimes a trial frame and lenses. Use of 

eyeglasses for distance vision was noted. Vision impairment, based on presenting VA as 

well as BCVA was defined as VA 20/40 or worse in the better-seeing eye.

In addition, participants underwent a comprehensive eye examination by an ophthalmologist 

(SM) or a residency-trained optometrist (SDW) that included assessment of the anterior 

segment using a slit lamp microscope and dilated eye examination with appropriate 

lenses to assess the posterior segment. Intraocular pressure was measured using Goldmann 

applanation tonometry and visual fields were tested using the frequency doubling technique. 

Anterior chamber angle was assessed by gonioscopy. Optical coherence tomography (OCT, 

Heidelberg Spectralis) of the macula and optic nerves was also performed. Diagnoses of 

ocular disease and conditions were based on recommendations by the American Academy 

of Ophthalmology (AAO) Preferred Practice Pattern guidelines for diabetic retinopathy, 

macular degeneration, hypertensive retinopathy, glaucoma, and cataracts.28-33

Covariates.

Age was calculated based on date of birth and visit date. Race was self-reported as 

African American or White. Difficulty paying for basics was categorized as very/some 

vs. none. Education was categorized as high school or less, some college, and college 

or post-college. Height measured in centimeters (cm) and weight measured in kilograms 

(kg) were assessed using a stadiometer and calibrated balance beam scale, respectively, 

and used to calculate body mass index (BMI) in kg/m2. Health insurance status (yes/
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no), alcohol consumption (dichotomized as ≥1 serving/month vs. <1 serving/month) and 

smoking status (current vs. former/never) were based on self-report. Diabetes was defined 

as a fasting blood glucose ≥ 126 mg/dL, self-reported use of anti-diabetic medication, or 

self-reported doctor-diagnosed diabetes. Hypertension was defined as a measured systolic 

blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or self-reported use of 

anti-hypertensive medication. Participants were asked to indicate on the questionnaire if they 

had doctor-diagnosed macular degeneration, glaucoma, cataract, or diabetic retinopathy. All 

self-reported information was sought prior to the clinical vision assessment. If an eye disease 

that required treatment was detected and the participant was not receiving medical care for 

the condition, a referral to specialist care was made to initiate appropriate treatment for the 

eye condition.

Statistical Analysis.

The prevalence of VI was estimated based on presenting VA and BCVA using the better 

eye measurement. Means and standard deviations were calculated for continuous covariates 

and frequencies were calculated for categorical covariates, overall and by VI, defined by 

presenting VA and BCVA. Crude associations of VI with socioeconomic and clinical factors 

were assessed using the Student t-test, Chi-square test or Fisher exact test depending on the 

nature of the variable. The prevalence of VI and each ocular condition were calculated 

and 95% confidence intervals (CI) were computed; simultaneous CIs for multinomial 

proportions were computed for cataract and glaucoma due to each having three categories. 

Bar plots were created to display use of appropriate glasses overall and among those with 

VI, as well as the prevalence of ocular conditions based upon comprehensive clinical exam 

and self-report. Logistic regression models were used to evaluate unadjusted and adjusted 

associations between VI and ocular conditions and race, education, and financial strain. 

In these models, glaucoma was dichotomized into yes vs. suspect/none and cataract was 

dichotomized into mild/early vs. visually significant, with all cases of prior cataract surgery 

excluded from those models. All covariates were assessed concurrently with vision with 

the exception of education, which was collected at SWAN study baseline in 1996. For any 

instances of missing any concurrent covariate data, information from the closest previous 

visit was used. All statistical analyses were performed using SAS 9.3 (SAS institute, Cary, 

NC).

RESULTS

Of the 254 Michigan SWAN women who participated in the vision assessment, 158 (62.2%) 

were African American and 96 (37.8%) were white. The mean age of the population was 

66.0 years (standard deviation (SD) 2.7). Just over one-third of women reported very/some 

difficulty paying for basics (n=91, 35.8%) and only one-quarter had completed college or 

had post-college education. The majority of women (95.2%) reported having some type of 

health insurance (Table 1).

The prevalence of VI based upon presenting VA (20/40 or worse in better-seeing eye) was 

11.0% (95% confidence interval (CI) 7.5, 15.5). The burden of VI based upon presenting 

VA was greater among African American women than white women (13.9% vs. 6.3%, 
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respectively, p=0.06) and among women reporting very/some difficulty paying for basics 

vs. none (18.7% vs. 6.8%, respectively, p=0.004). Further, presenting VA-defined VI was 

inversely associated with education (p=0.05) (Table 1). After correction, the burden of VI 

(defined as BCVA worse than 20/40 in the better-seeing eye) declined to 2.8% (95% CI 1.1, 

5.6), suggesting that three-quarters of the presenting VI in this population is correctable. Of 

the 7 women with VI defined based upon BCVA, three had cataract, one had cataract and 

diabetic retinopathy, two had glaucoma, and one had Fuchs endothelial dystrophy. Notably, 

despite differences in presenting VI by race/ethnicity, financial strain and education, there 

were no statistically significant differences in BCVA-defined VI by sociodemographic 

characteristics (Table 1). There were no statistically significant differences in presenting or 

BCVA-defined VI by BMI, insurance, diabetes, hypertension, smoking or alcohol use status. 

In models including age, race/ethnicity, difficulty paying for basics, and education, only 

economic strain was associated with VI defined by presenting VA (odds ratio (OR)=3.05, 

95% CI 1.28, 7.26) after adjustment for the other variables (Table 3).

To explore the potential need for correction-based interventions for VI in this population, we 

examined whether participants were wearing the correct glasses prescription at presentation 

to their vision exam. Correct prescription was defined as no difference in presenting and 

BCVA. As shown in Figure 1, 71% (n=179) of women in the Michigan SWAN cohort 

were not currently wearing the correct vision prescription. Among those with VI defined 

as presenting VA 20/40 or worse, only 7% (n=2) of women were wearing the correct 

prescription (Figure 1).

In addition to measurement of VA, the Michigan SWAN participants underwent a 

comprehensive clinical vision exam for the characterization of ocular conditions including 

cataract, glaucoma, hypertensive retinopathy, diabetic retinopathy, and age-related macular 

degeneration. As shown in Table 2, the most common ocular condition was hypertensive 

retinopathy (30.2%), followed by dense cataract affecting vision (8.3%), diabetic retinopathy 

(6.4%), glaucoma (4.8%) and age-related macular degeneration (3.3%). Beyond the cases 

of clinically-observed dense cataract, an additional 14.2% of women had already undergone 

cataract surgery. Similarly, in addition to the women with clinically-defined glaucoma, 

an additional 28.6% had suspect glaucoma. To examine the relationship of these ocular 

conditions with the sociodemographic variables of interest, unadjusted and adjusted logistic 

regression models were examined (Table 3), with separate models run for each ocular 

condition. In fully adjusted models, age was statistically significantly associated with 

cataract; a one year increase in age was associated with 35% higher odds of having visually 

significant cataract (OR=1.35, 95% CI 1.12, 1.64), after adjustment for race/ethnicity, 

difficulty paying for basics, and education. Age was not associated with any of the other 

ocular conditions. Economic strain was associated with both hypertensive retinopathy and 

diabetic retinopathy, even after adjustment for age, race/ethnicity and education. Women 

reporting very/some difficulty paying for basics had 2.5-fold higher odds (95% CI 1.37, 

4.55) of having hypertensive retinopathy and more than 4-fold higher odds (OR=4.39, 95% 

CI 1.41, 13.65) of having diabetic retinopathy as compared to women with no difficulty 

paying for basics. Economic strain was not statistically significantly associated with 

cataract, glaucoma or age-related macular degeneration. Women with a high school degree 

or less had 7-fold higher odds (OR=7.04, 95% CI 1.26, 39.35) of visually significant cataract 
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as compared to women with college or post college education, even after adjustment for 

age, race/ethnicity and economic strain. None of the sociodemographic characteristics were 

statistically significantly associated with glaucoma or age-related macular degeneration.

Among women with both vision assessments and self-reported questionnaire data, the 

concordance of observed vs. known ocular conditions was examined. As shown in Figure 

2, women who had ocular conditions identified based upon the comprehensive clinical eye 

exam were largely unaware of their condition. When asked to self-report the presence of 

ocular conditions prior to the exam, more than half of the women subsequently identified 

with a given condition did not report it on their questionnaire. For example, while nearly 8% 

of women had visually significant cataract identified on clinical exam, only 4% of women 

reported on the questionnaire that they had cataract. Findings are similar for age-related 

macular degeneration, glaucoma, and diabetic retinopathy (Figure 2).

DISCUSSION

In this population-based sample of 254 women (mean age 66.0 years), nearly 75% of VI 

(based on presenting VA) was due to uncorrected or inadequately corrected refractive error. 

Upon providing correction for refractive error, cataract was the most common cause of VI. 

Both of these conditions are largely correctable. This study found significant disparities in 

VI based upon presenting VA whereby African American women and those with greater 

economic strain and less education had higher burden of VI. Notably, these disparities 

were no longer observed after provision of optical correction as there were no differences 

in VI based upon BCVA. This finding demonstrates racial and socioeconomic disparities 

underlying correctable VI and reinforces the potential for minimizing VI among older 

women with appropriate attention to at-risk groups.

We found that financial strain was an independent risk factor for VI (based on presenting 

VA) and for eye diseases. Older women who reported financial strain had more than three-

fold higher odds of VI (based on presenting VA). Cost associated with seeking vision care 

and purchasing eyeglasses is a deterrent to effectively addressing VI34-39, especially among 

women, who report greater difficulty affording eyeglasses compared to men.40 Eye diseases 

that tend to require treatment and follow-up care for early detection and optimal control, 

namely diabetic retinopathy and hypertensive retinopathy, were associated with financial 

strain. Vision problems contribute to considerable economic burden, costing 65 billion 

dollars in direct medical costs.41 Tailored public health interventions to improve access 

and affordability of eye care should be considered to alleviate VI and promote optimal eye 

health.

Wearing an appropriate optical correction is an effective way to address the majority of VI.3 

This study found that only 29% of women wore appropriate eyeglasses while the rest needed 

a new eyeglasses prescription. This need was even greater among those with presenting VA 

defined vision impairment where only 7% of women were wearing the correct prescription. 

Thus, a substantial gap exists between availability of effective treatment options and 

access to these treatment measures for those in need of treatment. Understanding barriers 
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in accessing vision care and devising innovative strategies to overcome the barriers are 

necessary to bridge this gap and to achieve the eventual goal of reducing VI.38,42,43

Regular eye exams or vision screenings are not routinely performed for older adults, and 

the US Preventive Services Task Force stated that they did not find sufficient evidence to 

recommend vision screening for older adults.44 However, more than 50% of our Michigan 

SWAN cohort who were identified as having an eye disease were unaware of their diagnosis, 

and thus had an undetected eye disease. In addition, the majority of our cohort who 

presented with VI needed a new glasses prescription to achieve their best visual potential. 

These data suggest the presence of a large unmet need in this population for regular 

eye examination and vision screening to rectify correctable VI and to aid early diagnosis 

of uncorrectable VI before irreversible changes set in. Improving eye care utilization by 

promoting regular eye examination is a crucial step to identify and treat eye diseases in a 

timely fashion.

Strengths of this study include use of a population-based sample of older women residing 

in southeast Michigan to derive prevalence estimates, and use of standardized objective 

methods for assessing visual acuity and diagnosis of eye diseases. Further, this sample 

represents a racially and economically diverse population, as more than 60% of our 

population was African American and more than one-third reported very or some difficulty 

paying for basic needs. Examination of diverse populations is critical to fully elucidate the 

magnitude of the burden of VI and ocular conditions and to identify those groups in which 

intervention is most needed and may be most efficacious. A limitation of this cross-sectional 

study includes lack of opportunity to assess temporality of association and causation. In 

addition, the narrow age range (61.6-72.9 years) of the study participants may have limited 

our ability to fully examine the effect of age on VI and ocular disorders. Finally, because 

our sample includes only women from one geographic locale within the United States, our 

findings cannot be generalized to men or to women in other areas of the country.

In conclusion, this study reports a VI prevalence of 11.0% based on presenting VI, for 

which the majority could be improved with optical correction. Race, economic hardship 

and education were important correlates of VI (based on presenting VA) as well as ocular 

conditions. We posit that our findings support a need for regular eye examination among 

similar populations of women during early late adulthood, given the high proportion of 

participants needing new glasses and the detection of ocular conditions that were previously 

unknown to many of the participants. Community-based programs to promote public 

awareness, coordination of primary and eye care providers to detect and treat eye diseases, 

and tailored interventions for at-risk populations are essential to promote vision and eye 

health among older women.
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Figure 1. 
Comparison of women wearing (black bars) and not wearing (grey bars) correct glasses 

prescription at presenting for vision assessment, overall and among those with vision 

impairment based upon presenting visual acuity – Michigan Study of Women’s Health 

Across the Nation, 2016-2017. The figure is based upon the n=252 women with data on 

presenting and best corrected visual acuity.
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Figure 2. 
Prevalence of ocular disease based upon comprehensive clinical eye exam (black bars) 

versus self-reported conditions (grey bars) among Michigan Study of Women’s Health 

Across the Nation participants, 2016-2017.
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