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Abstract

Background: An association between visual impairment and cognitive outcomes has been documented, but there is limited research examining 
this relationship using multiple measures of vision.
Methods: Participants included non-demented individuals in Year 3 of the Visual impairment was assessed using visual acuity, contrast 
sensitivity, and stereo acuity. Cognitive function was defined using the digit symbol test and the Modified Mini-Mental State Examination 
(3MS). Incident cognitive impairment was defined as a 3MS score <80 or a decline >5 points following Year 3. Linear mixed effects models 
examined longitudinal associations adjusting for year, age, sex, race, education, smoking, depression, diabetes, study site, as well as interaction 
terms between the vision parameters and years in study, between baseline age and years in study, and quadratic terms of baseline age and years 
in study. Discrete Cox regression models examined the risk of incident cognitive impairment.
Results: Analyses included 2,444 participants (mean age = 74). Visual acuity, contrast sensitivity, and stereo acuity impairments were not 
associated with statistically significant changes in annual digit symbol test scores over 7 years of follow-up, as compared to those without 
these impairments. However, visual acuity, contrast sensitivity, and stereo acuity impairments were associated with greater declines in annual 
3MS scores over 9 years. Participants with impaired visual acuity, contrast sensitivity, and stereo acuity had a greater risk of incident cognitive 
impairment.
Conclusions: Our results suggest that visual acuity, contrast sensitivity, and stereo acuity impairments may be risk factors for cognitive decline.

Keywords: Cognition, Cognitive aging, Brain aging, Visual impairment.

Visual impairment is an important aspect of aging for many older 
adults. In 2010, there were approximately 186 million adults aged 
≥50 years with visual impairment worldwide (1). In the United States, 
>3 million adults aged ≥40 years have visual impairments uncorrect-
able by glasses or contact lenses, and this estimate is expected to 
increase to 7 million by 2050 (2). As the number of adults with non-
correctable visual impairment increases, research at the intersection 

of geriatrics and eye care has prioritized understanding and improv-
ing functioning and health in older adults with visual impairments.

Over the past decade, this research has expanded to include 
studies examining the association between visual impairment and 
cognitive function (3–6). However, much of this research has been 
cross-sectional and primarily focused on the association between 
reduced distance visual acuity and cognitive impairment (3–6). 
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Results indicate that older adults with impaired visual acuity have 
a twofold increased risk of cognitive decline (7, 8), indicating that 
visual impairment is an important risk factor for cognitive decline. 
However, vision is a complex process, and visual acuity is just one 
of many measures of vision. Recent research indicates that other 
measures of vision, such as reduced contrast sensitivity, are also risk 
factors for cognitive decline (8, 9). These results suggest that meas-
ures of visual function beyond visual acuity may be needed to fully 
understand the relationship between visual impairment and cogni-
tive function in older adults.

We examined the longitudinal association between three meas-
ures of visual function—visual acuity, contrast sensitivity, and 
stereo acuity—with cognitive decline, and incident cognitive impair-
ment in older adults, using data from the Health Aging, and Body 
Composition (ABC) study.

Methods

Study Population
The Health ABC study is a prospective cohort of 3,075 community-
dwelling, high physical–functioning older adults aged 70–79 years 
at enrollment and resided in Pittsburgh, Pennsylvania, or Memphis, 
Tennessee. Participants were selected from a random sample of 
white Medicare beneficiaries and all age-eligible black community 
residents. Baseline study visits occurred from 1997 to 1998, and 
participants were followed up annually for up to 16 additional 
years (10). Enrollment and eligibility criteria have been previously 
described (11), and required (a) no reported difficulty walking ¼ 
mile, walking up 10 steps, or performing activities of daily living; (b) 
no known life-threatening cancers; and (c) no plans to move out of 
the study area for 3 years. Participants provided informed consent 
and the institutional review boards at each study site approved all 
protocols.

Analytic Sample
For this study, visual function and cognition measures were assessed 
using standard protocols at each study site. Vision was measured 
only in Year 3 (1999–2000), which served as the baseline assessment 
for these analyses. Cognitive function was assessed in Year 3 and up 
to nine subsequent years of follow-up. A total of 2,921 participants 
completed the Year 3 exam, but cross-sectional analyses were limited 
to 2,444 participants who underwent visual testing, did not have 
dementia in Year 3, and had cognitive testing data. Among these 
participants, missing covariate data ranged from 0% to 2.8% for 
the sample. As these percentages are relatively low, complete case 
analyses were used by removing the observations with missing val-
ues from cross-sectional models (sample sizes shown in tables). In 
longitudinal analyses, out of the 2,424 participants with Modified 
Mini-Mental State Examination (3MS) scores and information for 
all the covariates, 673 (27.8%) were lost to follow-up after Year 3, 
and for the 2,121 participants in the longitudinal digit symbol test 
analyses, 699 (33%) were lost to follow-up after Year 5.

Vision Assessments
Vision measures were assessed at the Year 3 study, as previously 
described (12). Presenting visual acuity was measured using high 
contrast Bailey–Lovie chart (13, 14) and contrast sensitivity was 
measured using a Pelli–Robson chart (15, 16). Both tests were admin-
istered at a 10 or 5 feet testing distance with participants wearing ha-
bitual corrective lenses (if applicable) and the total number of letters 

read correctly was recorded from each chart. Visual acuity was 
calculated in logarithm of the minimum angle of resolution units. 
Contrast sensitivity was calculated as logContrast units, which indi-
cates the lowest contrast threshold discerned, and ranges from 0 to 
2.25 logContrast units where higher values indicate better contrast 
sensitivity. Stereo acuity, which is a measure of depth perception, 
was measured with the Frisby stereo test (17) at 40–80 cm testing 
distance. Participants were presented with stereo images of decreas-
ing depth differentials over three trials (340, 170, and 85 seconds of 
arc). The smallest depth disparity that was correctly discerned was 
recorded as the stereo acuity value.

Visual impairment status for the three measures was defined as 
follows: (a) visual acuity worse than 20/40 in the better eye, (b) con-
trast sensitivity <1.55 log contrast units, and (c) stereo acuity >85 
seconds of arc (arcsec). The visual acuity impairment cutoff was cho-
sen based on clinically meaningful criteria and is commonly used to 
define impairment in research studies (18–20). Contrast sensitivity 
impairment was defined as 2 standard deviation (SD) below the aver-
age in adults aged ≥60 years (21) and stereo acuity impairment as the 
inability to ascertain the smallest depth differential presented (12).

Cognitive Assessments
The measures of cognitive function were the Digit Symbol 
Substitution Test (22) and the 3MS (23). The digit symbol test was 
administered in Years 1, 5, 7, 8, 9, 10, and 11 and primarily assesses 
psychomotor speed and executive function. Participants are required 
to code a series of numbers with corresponding symbols and scored 
as the total number correctly coded within 90 seconds. The 3MS 
was administered in Years 1, 3, 5, 7, 9, 10, and 11. This global test 
of cognitive function includes tests of orientation, registration, recall, 
attention, calculation, and visual–spatial skills, and the maximum 
score is 100 but cognitive impairment is defined as scores <80. 
Participants were excluded from cognitive testing if they were unable 
to read large print text. Scores of 3MS were prorated for individu-
als who could not complete components of this test due to physical 
limitations, including visual impairment.

Incident cognitive impairment was defined as a 3MS score <80 
or a decline in 3MS >5 points following Year 3, similar to methods 
used previously (24–27).

Other Covariates
Sociodemographic details including age, sex, race (white or black), 
and education (<high school, high school, or >high school) were 
recorded from Year 3 (baseline) data. Smoking status (current, 
former, or never smoker), diabetes (yes or no), hypertension (yes or 
no), and stroke (yes or no) were determined by self-report at Year 
1. Depression was also determined at Year 1 and defined as a score 
>16 on the Center for Epidemiologic Study Depression Scale short 
form (CES-D10) (28).

Statistical Analyses
Each category of visual impairment was compared across key predic-
tors, including age, sex, race, education, smoking status, and comor-
bidities. In all regression analyses, vision variables were treated as 
baseline time-fixed predictors of the cognitive outcomes. Multiple 
linear regression analysis with robust standard errors was used 
to examine the association between the vision variables and digit 
symbol test scores at Year 5, adjusting for age, sex, race, education, 
smoking, depression, diabetes, study site. Similar regression models 
were built using the 3MS scores at Year 3 as the dependent variable.
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Multilevel linear mixed effects regression models were used to 
examine the association between the vision variables and rates of 
change in digit symbol test and 3MS. All longitudinal analyses of 
digit symbol test data were from Years 5–11 (as participants were 
not given the digit symbol test at Year 3), a 7 years’ follow-up period, 
and analyses of 3MS were from Years 3–11, a 9  years’ follow-up 
period. A random intercept was included to account for intrapartici-
pant correlation and a random slope was included to allow for differ-
ent variance components in the Participants with respect to the rate 
of change. In addition, unstructured variance–covariance structure 
was used, allowing for the correlation between the random slope and 
intercept. Covariates in the models included years since the baseline 
visit; baseline age, sex, race, education, smoking, depression, diabetes, 
study site; an interaction term between the vision parameters and 
years in study; interaction terms between baseline age and years in 
study; and the quadratic terms of baseline age and years in study.

To examine how the vision variables affect time of the progres-
sion to cognitive impairment over 9 years of follow-up, the log-rank 
tests for equality of survivor functions were used, as well as the dis-
crete Cox regression models, adjusting for the same covariates in the 
aforementioned models, and using the Breslow method to handle ties 
in the data. The proportional hazard assumption was checked and 
met for visual acuity and stereo acuity models; however, this assump-
tion was not met for contrast sensitivity (p value for the global test of 
proportional hazards was .06, .05, and .01, respectively) . We further 
investigated the contrast sensitivity model by allowing the propor-
tionality of hazards can change over time (results not shown).

Statistical significance was defined at p < .05. All statistical analy-
ses were performed using Stata, version 14.2, software (StataCorp 
LP, College Station, Texas).

Results

Population Characteristics
At Year 3, the 2,444 Health ABC participants included in this study 
had a mean age of 74.0 years (SD: 2.8). The majority of participants 
were female (52.2%) and white (61.6%). Of the total baseline study 
population, 4.5% were classified as having visual acuity impairment, 
29.5% had contrast sensitivity impairment, and 30.5% had stereo acuity 
impairment. Participants with visual acuity, contrast sensitivity, and ste-
reo acuity impairments were older, and more likely to be black, have less 
than a high school education, and have diabetes as compared to partici-
pants without these impairments, respectively (p < .05 for all; Table 1).

Baseline Cognitive Scores
In fully adjusted cross-sectional models, the relationship between 
visual acuity impairment and 3MS scores at Year 3 did not reach 
statistical significance (p =  .06), but visual acuity impairment was 
significantly associated with lower digit symbol test scores at Year 5 
(p < .001, digit symbol test was not administered at Year 3; Table 2). 
In separate models, contrast sensitivity and stereo acuity impairment 
were associated with lower 3MS scores at Year 3 and lower digit 
symbol test scores at Year 5 (p < .001 for all). When evaluated on a 
continuous scale, worse visual acuity and contrast sensitivity were 
associated with worse 3MS scores at Year 3 and worse digit symbol 
test scores at Year 5 (p < .001 for all).

Annual Change in Cognitive Scores
In fully adjusted longitudinal regression models, participants with 
visual acuity, contrast sensitivity, and stereo acuity impairments did 

not have statistically significant declines (p > .05 for all) in annual 
digit symbol test scores from 1999 to 2008, as compared to those 
without these impairments, respectively (Table 3 and Supplementary 
Tables  1 and 2). However, visual acuity, contrast sensitivity, and 
stereo acuity impairments were associated with greater declines in 
annual 3MS scores, as compared to those without impairments (p < 
.001 for all). In analyses with visual measures evaluated on a con-
tinuous scale, neither contrast sensitivity nor visual acuity was asso-
ciated with change in digit symbol score (p > .05). For 3MS, contrast 
sensitivity was associated with annual declines over the follow-up 
period (p < .001), but the association with visual acuity did not reach 
statistical significance (p = .05).

Incident Cognitive Impairment
In discrete Cox regression models, participants with visual acuity, 
contrast sensitivity, and stereo acuity impairments had a greater 
risk of incident cognitive impairment as compared to those with-
out these impairments, respectively (Table 4, Supplementary Table 3, 
Figures  1–3; p < .01 for all). Worse visual acuity and worse con-
trast sensitivity were also associated with increased risk of incident 
cognitive impairment (p < .001 for both). Our analyses of treating 
contrast sensitivity as a time-varying covariate in the Cox regression 
model also found that the effect was more prominent between Year 
3 and Year 5 and diminishes afterward.

Discussion

This study suggests that older adults with visual acuity, contrast 
sensitivity, and stereo acuity impairments are more likely to have 
declines in 3MS scores, as well as are at increased risk of cognitive 
impairment than those without these impairments over 9 years of 
follow-up. These results highlight that visual impairment is a risk 
factor for cognitive decline, and support the need to include meas-
ures of vision beyond visual acuity to better understand the relation-
ship between visual impairment and cognitive outcomes.

Our results largely reflect findings from prior studies, indicat-
ing that worse vision is associated with worse 3MS scores in cross-
sectional analyses and greater decline in these scores over follow-up 
(3, 4, 29, 30). The only exception was the cross-sectional relationship 
between visual acuity impairment and worse 3MS scores, which was 
just beyond our a priori cut point of statistical significance (p = .06). 
In the Health ABC Study, 3MS scores are prorated for individuals 
who cannot complete all sections of this test, including due to visual 
impairment. In addition, participants were excluded from cognitive 
testing as per the Health ABC protocol if they had difficulty seeing 
large print, which would preferentially exclude individuals with the 
most severe visual impairments from these analyses. Therefore, our 
results are likely to be conservative, particularly for cross-sectional 
relationships, as most participants who had difficulty seeing the cog-
nitive tests were either excluded or accounted for in the test scoring. 
This limitation highlights the importance of previous research efforts 
to develop cognitive tests for older adults with sensory impairments 
(31–33).

We also found that all measures of vision were associated with 
worse digit symbol test scores in cross-sectional analyses, but not 
change in these scores in our longitudinal analyses. Our cross-sectional 
findings are comparable to results from analyses using data from the 
National Health and Nutrition Examination Survey, which found 
that visual acuity impairment was associated with worse digit symbol 
test scores (34). However, the lack of an association between vision 
measures and change in digit symbol scores may reflect the fact that 
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Table 2. Visual Impairment and Baseline Cognitive Test Scores: Health Aging, and Body Composition Study Year 3 (1999–2000)†

Digit Symbol Substitution Test Interval N Estimate 95% CI

Categorical vision impairment
 VA impairment vs No VA impairment 2,052 −4.88 −7.15, −2.61
 CS impairment vs No CS impairment 2,052 −3.79 −4.95, −2.64
 SA impairment vs No SA impairment 1,994 −3.02 −4.11, −1.92
Continuous vision measures
 VA 0.1 logMAR worse 2,052 −1.13 −1.46, −0.8
 CS 0.1 log units worse 2,052 −1.23 −1.51, −0.95
Mini-Mental State Examination Interval Estimate 95% CI
Categorical vision impairment
 VA impairment vs No VA impairment 2,421 −1.66 −3.41, 0.09
 CS impairment vs No CS impairment 2,422 −2.23 −2.88, −1.59
 SA impairment vs No SA impairment 2,358 −1.38 −1.99, −0.77
Continuous vision measures
 VA 0.1 logMAR worse 2,421 −0.40 −0.60, −0.20
 CS 0.1 log units worse 2,422 −0.54 −0.73, −0.35

Note: p < .05 in bold font. CI = confidence interval; CS = contrast sensitivity; logMAR = logarithm of the minimum angle of resolution; SA = stereo acuity; 
VA = visual acuity.

†Adjusted for age, quadratic term of age, sex, race, education, smoking, depression, diabetes, and study site.

Table 1. Demographic and Clinical Characteristics: Health Aging, and Body Composition Study Year 3 (1999–2000)†

Total 
Population 
N = 2,444

VA 
Impairment 
(< 20/40) 109 
(4.5%)

No VA 
Impairment 
(≥20/40) 2,332 
(95.3%) p value

CS Impairment 
(<1.55 Log 
Unit) 721 
(29.5%)

No CS 
Impairment 
(≥1.55 Log 
Unit) 1,721 
(70.5%) p value

SA Impairment 
(>85 arcsec) 
726 (30.5%)

No SA 
Impairment 
(≤85 arcsec) 
1,651 (69.5%) p value

Demographics
Age, mean (SD) 74.0 (2.8) 75.1 (3.0) 74.0 (2.8) <.001 74.9 (2.9) 73.7 (2.7) <.001 74.6 (3.0) 73.8 (2.7) <.001
Sex, N (%)
 Female 1,275 (52.2) 50 (45.9) 1,224 (52.5) .18 375 (52.0) 900 (52.3) .90 337 (46.4) 909 (55.1) <.001
 Male 1,169 (47.8) 59 (54.1) 1,108 (47.5) 346 (48.0) 821 (47.7) 389 (53.6) 742 (44.9)
Race, N (%)
 White 1,506 (61.6) 51 (46.8) 1,454 (62.3) .001 376 (52.1) 1,129 (65.6) <.001 410 (56.5) 1,051 (63.7) <.001
 Black 938 (38.4) 58 (53.2) 878 (37.7) 345 (47.9) 592 (34.4) 316 (43.5) 600 (36.3)
Education, N (%)
 <High school 551 (22.6) 40 (36.7) 508 (21.8) <.001 219 (30.5) 330 (19.2) <.001 200 (27.5) 336 (20.4) <.001
 High school 806 (33.0) 34 (31.2) 772 (33.2) 207 (28.8) 599 (34.9) 238 (32.8) 553 (33.6)
 >High school 1,082 (44.4) 35 (32.1) 1,047 (45.0) 293 (40.8) 789 (45.9) 288 (39.7) 758 (46.0)
Health measures
Depressive 
symptoms, N 
(%)‡

107 (4.4) 9 (8.3) 98 (4.2) .045 40 (5.6) 67 (3.9) .064 40 (5.5) 63 (3.8) .064

Diabetes, N (%) 550 (22.5) 39 (35.8) 510 (21.9) <.001 223 (30.9) 327 (19.0) <.001 204 (28.1) 331 (20.0) <.001
Hypertension, 
N (%)

1,471 (60.2) 69 (63.3) 1,401 (60.1) .50 457 (63.4) 1,014 (58.9) .04 449 (61.8) 980 (59.4) .25

Stroke, N (%) 185 (7.6) 11 (10.4) 174 (7.5) .28 65 (9.1) 120 (7.0) .080 63 (8.8) 116 (7.1) .14
Smoking, N (%)
 Current 217 (8.9) 16 (14.7) 200 (8.6) .088 82 (11.4) 134 (7.8) .017 76 (10.5) 135 (8.2) .15
 Former 1,116 (45.7) 48 (44.0) 1,067 (45.8) 323 (44.9) 792 (46.1) 331 (45.7) 747 (45.3)
 Never 1,108 (45.4) 45 (41.3) 1,062 (45.6) 315 (43.8) 793 (46.1) 318 (43.9) 767 (46.5)
Visual functioning measures
VA (logMAR), 
mean (SD)

0.1 (0.2) 0.6 (0.2) 0.1 (0.1) <.001 0.2 (0.2) 0.1 (0.1) <.001 0.2 (0.2) 0.1 (0.1) <.001

CS (logUnit), 
mean (SD)

1.6 (0.2) 1.2 (0.4) 1.6 (0.1) <.001 1.4 (0.2) 1.6 (0.1) <.001 1.5 (0.2) 1.6 (0.1) <.001

SA impaired, 
N (%)

723 (30.5) 69 (67.7) 654 (28.8) <.001 362 (52.0) 362 (21.6) <.001 726 (30.5) 1,651 (69.5) <.001

Note: p < .05 in bold font. CI = confidence interval; CS = contrast sensitivity; logMAR = logarithm of the minimum angle of resolution; SA = stereo acuity; 
SD = standard deviation; VA = visual acuity.

†Values are expressed as number (%) unless indicated.
‡Center for Epidemiologic Study Depression Scale short form score ≥16.
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the digit symbol test is a highly visual test. Unlike the 3MS, there is 
no adjustment in scoring of the digit symbol test for visual impair-
ment. Therefore, the cross-sectional relationships observed cannot 

disentangle the inability to see the digit symbol test from a true rela-
tionship between visual impairment and the cognitive function being 
assessed. The lack of an association between visual impairment and 

Table 3. Visual Impairment and Annual Rate of Cognitive Change: Health Aging, and Body Composition Study†

Digit Symbol Substitution Test Over 7 Years of Follow-up (2001–2008) Interval N Estimate 95% CI

Categorical vision impairment
 VA impairment vs No VA impairment 2,120 −0.24 −0.72, 0.24
 CS impairment vs No CS impairment 2,120 −0.11 −0.30, 0.09
 SA impairment vs No SA impairment 2,061 −0.08 −0.27, 0.10
Continuous vision measures
 VA 0.1 logMAR worse 2,120 −0.01 −0.07 0.05
 CS 0.1 log units worse 2,120 −0.04 −0.09, 0.01
Mini-Mental State Examination over 9 years of follow-up (1999–2008)
Categorical vision impairment
 VA impairment vs No VA impairment 2,421 −0.33 −0.61, −0.06
 CS impairment vs No CS impairment 2,422 −0.17 −0.29, −0.05
 SA impairment vs No SA impairment 2,358 −0.15 −0.27, −0.03
Continuous vision measures
 VA 0.1 logMAR worse 2,421 −0.03 −0.07, 0.00
 CS 0.1 log units worse 2,422 −0.06 −0.09, −0.03

Note: p < .05 in bold font. CI = confidence interval; CS = contrast sensitivity; logMAR = logarithm of the minimum angle of resolution; SA = stereo acuity; 
VA = visual acuity.

†Adjusted for year, age, sex, race, education, smoking, depression, diabetes, study site, interaction term between the vision parameters and years in study, inter-
action terms between baseline age and years in study, and the quadratic terms of baseline age and years in study.

Table 4. Visual Impairment and Incident Cognitive Impairment Over 9 Years of Follow-up: Health Aging, and Body Composition Study 
(1999–2008)†

Cognitive Impairment

Vision Parameters Interval N Hazard Ratio 95% CI

VA impairment vs No VA impairment 2,034 1.55 1.12, 2.14
CS impairment vs No CS impairment 2,034 1.33 1.13, 1.55
SA impairment vs No SA impairment 1,976 1.28 1.09, 1.49
VA 0.1 logMAR worse 2,034 1.07 1.03, 1.12
CS 0.1 log units worse 2,034 1.09 1.05, 1.13

Note: p < .05 in bold font. CI = confidence interval; CS = contrast sensitivity; logMAR = logarithm of the minimum angle of resolution; SA = stereo acuity; 
VA = visual acuity.

†Adjusted for year, age, sex, race, depression, diabetes, education, smoking, and study site.
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decline in digit symbol test could also reflect a floor effect limiting 
the change in digit symbol scores, or could indicate that the 3MS is 
assessing cognitive domains that are more vulnerable to vision im-
pairment than the digit symbol test. Further research is needed to 
determine if this invariance to decline is driven by visual impairment 
or other factors, as well as examine the relationship between visual 
impairment and individual cognitive domains.

Results from this study contribute information about the mech-
anism underlying the association between visual and cognitive func-
tion. Multiple mechanisms have been hypothesized to explain the 
sensory–cognitive relationship, including (a) that sensory and cog-
nitive decline are the result of common causes or factors (35–37), 
(b) that sensory impairments are consequences of cognitive decline, 
or (c) that there are downstream consequences of sensory impair-
ment that lead to cognitive decline. Results from our analyses indi-
cate that visual impairment is a risk factor for cognitive decline, and 
expand on analyses from the Study of Osteoporotic Fractures, which 
reported that older adults with visual acuity impairment have a two-
fold increase in the risk of cognitive impairment (7). These findings 
are bolstered by a recent longitudinal analysis from the Salisbury 
Eye Evaluation study, which indicates that impaired visual acuity is 
associated with declining cognitive function both cross-sectionally 
and longitudinally with worsening vision having a stronger associ-
ation with declining cognition than the reverse (38). These results 
support the hypothesis that visual impairment is a risk factor for 
cognitive decline in older adults, supporting the downstream conse-
quence hypothesis.

Our study aimed to enhance our understanding of the vision–
cognition relationship by examining how objective measures of 
vision beyond visual acuity are associated with cognitive function 
in late life. Recent analysis of data from the Study of Osteoporotic 
Fractures found that participants in the lowest quartile of contrast 
sensitivity function have more than twice the risk of incident mild 
cognitive impairment and dementia than those in the highest quartile 
(9). In addition, data from the Epidemiology of Hearing Loss Study 
indicate that older adults with contrast sensitivity impairment are at 
increased risk of cognitive impairment over 10 years of follow-up 
(8). These results mirror our findings, which indicate that contrast 
sensitivity may be an important predictor of cognitive decline, sug-
gesting that studies may need to assess more than visual acuity to 
fully characterize the relationship between visual impairment and 

cognitive outcomes. This study is among the first to explore the 
relationship between stereo acuity and cognitive outcomes, and our 
results suggest that older adults with stereo acuity impairment have 
greater cognitive decline and increased risk of cognitive impairment.

This study has limitations that must be considered when inter-
preting our results. First, visual impairment is clinically defined as 
best-corrected distance visual acuity in the better-seeing eye (19); 
however, the Health ABC Study only collected presenting visual acu-
ity. Although presenting visual acuity indicates functional acuity, the 
visual acuity that an individual is likely utilizing for daily activities, 
best-corrected visual acuity provides information on the acuity that 
an individual would have with the appropriate spectacle correc-
tion. Therefore, we are unable determine if presenting visual acuity 
impairment is due to refractive error or eye disease that cannot be 
corrected with glasses or contacts within this population. Second, 
vision measures were only assessed at one time point, and we could 
not explore how changes in vision affect cognitive decline. Third, 
participants who were lost to follow-up were older, more likely to 
smoke and have diabetes, had worse 3MS and digit symbol scores, 
and had worse vision at baseline. Therefore, we can assume that 
this attrition most likely attenuated our results due to this survivor 
bias. Subsequent studies should work to address these limitations by 
including rigorous vision measures assessed at multiple time points, 
allowing more flexible modeling of the longitudinal relationship 
between vision and cognitive outcomes.

Our results indicate that among a population of high-physically 
functioning and non-demented older adults, visual acuity, contrast 
sensitivity, and stereo acuity are risk factors for cognitive decline. 
These findings suggest that vision and eye health are important factors 
for healthy brain aging and support the need for research evaluating 
the effect of vision and eye health interventions on cognitive outcomes.
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