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IMPORTANCE Visual dysfunction and poor cognition are highly prevalent among older adults;
however, the relationship is not well defined.

OBJECTIVE To evaluate the association of measured and self-reported visual impairment (VI)
with cognition in older US adults.

DESIGN, SETTING, AND PARTICIPANTS Cross-sectional analysis of 2 national data sets: the
National Health and Nutrition Examination Survey (NHANES), 1999-2002, and the National
Health and Aging Trends Study (NHATS), 2011-2015. The NHANES was composed of a civilian,
noninstitutionalized community, and the NHATS comprised Medicare beneficiaries in the
contiguous United States. Vision was measured at distance, near, and by self-report in the
NHANES and by self-report alone in the NHATS. Sample weights were used to ensure result
generalizability.

MAIN OUTCOMES AND MEASURES The NHANES measured Digit Symbol Substitution Test
(DSST) score and relative DSST impairment (DSST score �28, lowest quartile in study
cohort), and the NHATS measured probable or possible dementia, classified per NHATS
protocol.

RESULTS The NHANES comprised 2975 respondents aged 60 years and older who
completed the DSST measuring cognitive performance. Mean (SD) age was 72 (8) years, 52%
of participants were women (n = 1527), and 61% were non-Hispanic white (n = 1818). The
NHATS included 30 202 respondents aged 65 years and older with dementia status
assessment. The largest proportion (40%; n = 12 212) were between 75 and 84 years of age.
Fifty-eight percent were women (n = 17 659), and 69% were non-Hispanic white
(n = 20 842). In the NHANES, distance VI (β = −5.1; 95% CI, −8.6 to −1.6; odds ratio [OR], 2.8;
95% CI, 1.1-6.7) and subjective VI (β = −5.3; 95% CI, −8.0 to −2.6; OR, 2.7; 95% CI, 1.6-4.8)
were both associated with lower DSST scores and higher odds of DSST impairment after full
adjustment with covariates. Near VI was associated with lower DSST scores but not higher
odds of DSST impairment. The NHATS data corroborated these results, with all vision
variables associated with higher odds of dementia after full adjustment (distance VI: OR, 1.9;
95% CI, 1.6-2.2; near VI: OR, 2.6; 95% CI, 2.2-3.1; either distance or near VI: OR, 2.1; 95% CI,
1.8-2.4).

CONCLUSIONS AND RELEVANCE In a nationally representative sample of older US adults,
vision dysfunction at distance and based on self-reports was associated with poor cognitive
function. This was substantiated by a representative sample of US Medicare beneficiaries
using self-reported visual function, reinforcing the value of identifying patients with visual
compromise. Further study of longitudinal interactions between vision and cognition is
warranted.
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B lindness and low vision are major public health issues in
the United States, affecting 1 in 28 Americans older than
40 years.1 Poor visual function increases in prevalence

with age,2,3 as does a decline in cognitive function.4,5 The num-
ber of individuals with vision problems is anticipated to double
by 2050, with global estimates of dementia and Alzheimer dis-
ease predicted to quadruple by 2050 owing to the rapidly aging
population and increases in chronic comorbidities.6-8 During the
past decade, several cross-sectional studies in the United States
and abroad have revealed associations between visual and cog-
nitive impairments in older adults.9-15 Visual impairment (VI) in
older adults has also been associated with increased risks of hav-
ing a diverse array of physical and mental comorbidities.16,17

Despite this body of evidence, a few studies have failed to
show a direct association between cognition and vision. Most
attribute correlations to age and rely on standard measure-
ments of visual acuity (VA), with variable methods for cogni-
tive assessment.18,19 A Spanish study demonstrated an asso-
ciation between self-reported visual deficits and poor cognitive
function, but to our knowledge, subjective visual function has
otherwise been little studied, particularly in a US population.16

Hearing loss has previously been shown to be associated
with cognitive decline and dementia as well,20-23 and studies
have associated dual sensory impairments in vision and audi-
tion with poor cognition in the aging population.24-26 Finally,
poor physical performance has been correlated with cognitive
impairment in older adults using a battery of physical function-
ing and cognitive assessment tests.27 Although hearing loss and
physical function limitations are both possible confounders in
the association between visual and cognitive impairment, we
have found nothing accounting for these factors in the assess-
ment of vision and cognition in the literature.

In this study, we investigate these discrepancies using a na-
tionallyrepresentativesampleofsurveydata,theNationalHealth
and Nutrition Examination Survey (NHANES), previously used
to demonstrate a link between hearing loss and reduced cogni-
tive function.21 Our analysis incorporates self-reported visual
function as well as objective VA measurements, adjusting for co-
morbid hearing and physical functioning deficits, to evaluate the
effect of these measures on cognitive function. Given the wide
variation in potential assessment tools, particularly those used
to measure cognitive function, we also performed a similar analy-
sis in a complementary data set, the National Health and Aging
Trends Study (NHATS). The NHATS is composed of a nationally
representative sample of Medicare beneficiaries and provides de-
tailed cognitive and subjective visual function data. We hypoth-
esized that self-reported visual deficits as well as standard VA
metrics will show a correlation with cognitive decline. To our
knowledge, this is the first US population–based sample of this
scale specifically evaluating vision and incorporating different
and complementary methods of cognitive function assessment.

Methods
The NHANES Study Sample
We performed a population-based study of older American
adults surveyed in the NHANES 1999 to 2002 cycles who

underwent cognitive function testing. The NHANES is a na-
tional program that collects data on the health and nutrition sta-
tus of the US civilian, noninstitutionalized population.28 Par-
ticipants are selected through complex multistage probability
sampling, with oversampling of certain subgroups.28 Sample
weights provide adjusted, unbiased data generalizable to the en-
tire US population. Cognitive function was tested on all respon-
dents aged 60 years and older using the Digit Symbol Substitu-
tion Test (DSST), widely regarded with high sensitivity for
detecting cognitive dysfunction at good baseline levels of cog-
nition. The DSST may be a more sensitive measure of demen-
tia than the Mini-Mental State Examination.29,30 Because there
is no gold standard regarding the threshold score for which the
DSST indicates cognitive impairment, we selected the lowest
quartile in the study group (≤28 points) to indicate poor cogni-
tive performance, or DSST impairment, consistent with meth-
ods previously published in the literature.11,31,32 Visual func-
tion was assessed by examination at distance and near and
subjectively by questionnaire. Respondents were tested with
their usual correction, and results from the better-seeing eye
were used for analysis. Visual impairment was defined as worse
than 20/40 in accordance with the updated guidelines from the
US Preventive Services Task Force.33 Details regarding the meth-
ods for assessment of cognition, vision, and other covariates are
described in the eMethods section in the Supplement.

In the 1999 to 2002 NHANES cycles, there were a total of
21 004 respondents, 3706 of whom were aged 60 years and
older and 2975 of whom completed the DSST (study group).
The mean (SD) age of the study group was 72 (8) years. Women
made up 52% of participants (n = 1527) and 61% of partici-
pants were non-Hispanic white (n = 1818), 14% were black
(n = 412), and 23% were Mexican/Hispanic (n = 671) (Table 1).
Compared with those who completed the DSST, those who did
not (n = 731; 19.72%) were older, more likely to be of minority
race/ethnicities, more likely to have lower education levels and
lower annual household incomes, and more likely to deny
smoking history but report diabetes, myocardial infarction, and
stroke. They were also less likely to report hyperlipidemia
(eTable 1 in the Supplement). From the study group, 425 par-
ticipants (14.29%) were missing distance VA measures, 410
(13.78%) were missing near VA measures, and 28 (0.94%) were
missing data on self-reported visual function. There was only

Key Points
Question What is the association between visual impairment and
cognitive function among older adults?

Findings In this cross-sectional study of 2 nationally
representative samples of the US population, visual impairment
measured at distance, near, and by self-report was associated with
1.9- to 2.8-fold higher odds of cognitive dysfunction or dementia
after adjustment for confounders.

Meaning This study suggests that in older US adults, visual
impairment is associated with lower cognitive function,
highlighting the potential importance of vision screening to
identify patients with eye disease as well as possible deficits in
cognitive performance.
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1 participant missing self-reports of hearing function and none
for physical function.

The NHATS Study Sample
Because the DSST in the NHANES required visual spatial skills,
we recognized that VI and cognitive impairment (as mea-
sured by the DSST) may be correlated and could confound our
results. We therefore supplemented our analysis with data from
the NHATS, which uses different cognitive assessment tests
that are less dependent on visual function.

We investigated a sample of Medicare beneficiaries be-
tween the years 2011 and 2015 with cognitive function data in

the NHATS to see whether the results corroborated those from
the NHANES. The NHATS, funded by the National Institute on
Aging, sampled participants from the 2011 Medicare enroll-
ment file and interviewed them annually, with replenish-
ment of the sample in 2015.34 Cognitive function was evalu-
ated and categorized as probable/possible dementia vs no
dementia based on a classification scheme devised by
NHATS.35-37 In brief, probable dementia was defined as being
diagnosed as having dementia or Alzheimer disease by a phy-
sician, as reported by either the participant or a proxy. Addi-
tionally, cognitive tests assessing memory, orientation, and
function were administered, and scores at or less than 1.5 SDs

Table 1. Demographic and Health Comorbidity Characteristics of the NHANES and NHATS Study Populations

Characteristic

No. (%)

P Value

No. (%)

P Value

NHANES: Total
Study Sample
(n = 2975)b

DSST Impairmenta
NHATS: Total
Study Sample
(n = 30 202)c

Dementia Assessment
Yes
(n = 769)

No
(n = 2206)

Yes
(n = 7546)

No
(n = 22 656)

Age, mean (SD), y 71.63 (7.96) 73.80 (8.20) 70.87 (7.74) <.001 NA NA NA NA

Age, y

65-74 NA NA NA

NA

10 684 (35) 1206 (16) 9478 (42)

<.00175-84 NA NA NA 12 212 (40) 2970 (40) 9242 (41)

≥85 NA NA NA 7266 (24) 3330 (44) 3936 (17)

Female 1537 (52) 375 (49) 1162 (53) .06 17 659 (58) 4497 (60) 13 162 (58) .02

Race/ethnicity

Non-Hispanic white 1818 (61) 289 (38) 1529 (69)

<.001

20 842 (69) 4295 (58) 16 547 (74)

<.001
Black 421 (14) 171 (22) 250 (11) 6408 (21) 2115 (29) 4293 (19)

Mexican/Hispanic 671 (23) 292 (38) 379 (17) 1728 (6) 710 (10) 1018 (5)

Other 65 (2) 17 (2) 48 (2) 852 (3) 302 (4) 550 (2)

Education

<12th grade 1190 (40) 564 (74) 626 (28)

<.001

7428 (25) 3207 (44) 4221 (19)

<.001
High school graduate 728 (25) 120 (16) 608 (28) 8039 (27) 1864 (25) 6175 (28)

Some college 584 (20) 56 (7) 528 (24) 7386 (24) 1296 (18) 6090 (27)

College graduate 466 (16) 24 (3) 442 (20) 6939 (23) 999 (14) 5940 (26)

Annual household
income, $

<25 000 1165 (46) 425 (69) 740 (39)

<.001

9870 (33) 3778 (64) 6092 (39)

<.001
≥25 000 to <45 000 635 (25) 109 (18) 526 (28) 5074 (17) 1179 (20) 3895 (25)

≥45 000 to <65 000 319 (13) 40 (6) 279 (15) 2700 (9) 423 (7) 2277 (14)

≥65 000 398 (16) 45 (7) 353 (19) 4058 (13) 498 (8) 3560 (23)

Smoking status

Never 1404 (47) 384 (50) 1020 (46)

.09

15 130 (50) 4096 (55) 11 034 (49)

<.001Former 1202 (41) 285 (37) 917 (42) 12 912 (43) 2999 (40) 9913 (44)

Current 362 (12) 97 (13) 265 (12) 2098 (7) 417 (6) 1681 (7)

Diabetes 495 (17) 175 (23) 320 (15) <.001 8152 (27) 2283 (30) 5869 (26) <.001

Hypertension 1339 (88) 379 (90) 960 (87) .07 21 175 (70) 5389 (72) 15 786 (70) <.001

Hyperlipidemia 1192 (47) 246 (43) 946 (48) .03 NA NA NA NA

Coronary heart disease NA NA NA NA 6436 (21) 1954 (26) 4482 (20) <.001

Myocardial infarction 294 (10) 92 (12) 202 (9) .02 2219 (7) 762 (10) 1457 (6) <.001

Stroke 201 (7) 85 (11) 116 (5) <.001 1830 (6) 833 (11) 997 (4) <.001

Abbreviations: DSST, Digit Symbol Substitution Test; NA, not available;
NHANES, National Health and Nutrition Examination Survey; NHATS, National
Health and Aging Trends Study.
a Cognitive impairment defined as DSST score �28.
b Percentages may not add up to 100% owing to missing values for total study

cohort: education (n = 7; <1%), income (n = 458; 15%), smoking (n = 7; <1%),
diabetes (n = 2; <1%), hypertension (n = 1449; 49%), hyperlipidemia

(n = 445; 15%), myocardial infarction (n = 17; <1%), and stroke (n = 8; <1%).
c Percentages may not add up to 100% owing to missing values for total study

cohort: age (n = 40; <1%), race/ethnicity (n = 372; 1%), education (n = 410;
1%), income (n = 8500; 28%), smoking (n = 62; <1%), diabetes (n = 61; <1%),
hypertension (n = 74; <1%), coronary heart disease (n = 93; <1%), myocardial
infarction (n = 83; <1%), and stroke (n = 85; <1%).
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from the mean in at least 1 domain qualified as possible de-
mentia. Distance and near visual functions were reported via
questionnaire. Details regarding the methods for assessment
of cognition, vision, and other covariates are described in the
eMethods section in the Supplement.

To conduct a cross-sectional analysis comparable with the
NHANES using longitudinal data from the NHATS, surveys from
participants with multiple years of follow-up were consid-
ered distinct observations. From 2011 to 2015, there were 34 190
surveys collected, of which 30 202 (88.34%) were assigned a
dementia classification (study group). Thirty-five percent of
the study group participants were aged 65 to 74 years, 40%
were aged 75 to 84 years (n = 12 212), and 24% were older than
85 years (n = 7266). Fifty-eight percent were women
(n = 17 659), and the racial/ethnic distribution was 69% non-
Hispanic white (n = 20 842), 21% black (n = 6408), and 6%
Mexican/Hispanic (n = 1728). Compared with those who com-
pleted the dementia evaluation, those who did not (n = 3988;
12.49%) were older, more likely to be women, and more likely
to have different racial/ethnic distributions, lower education
levels, and lower incomes. Additionally, none who did not com-
plete the dementia assessment reported histories of smoking
or comorbid health conditions (eTable 1 in the Supplement).
From the study group, 311 participants (1.03%) were missing
data for self-reported distance VI, and 385 (1.27%) were miss-
ing data for near VI. There were 129 respondents (0.43%) miss-
ing subjective hearing loss and 49 (0.16%) missing physical
function impairments.

Statistical Analysis
Analyses were based on public nonidentifiable data; thus, this
study was deemed exempt by the Stanford Institutional
Review Board. All analyses were performed with STATA/SE,
version 13.1 (StataCorp). Descriptive statistics were used to char-
acterize the study groups and compare subgroups with and
without DSST impairment (NHANES) or with and without
dementia classification (NHATS). For NHANES, the 4-year
examination sample weight provided for 1999 to 2002, rather
than the interview sample weight, was used given that vision
examination variables included in the analysis came from the
subset of respondents who participated in the examination por-
tion of the survey. For NHATS, we applied examination weights
provided for each year of study data. Variance estimates were
derived using Taylor Series Linearization per National Center
for Health Statistics recommendations. Given the study
designs of NHANES and NHATS, we used the svy set of
commands in STATA.

Linear and logistic regression models (univariate and mul-
tivariate) were used to investigate the association between
DSST scores and VI for NHANES. In NHATS, we modeled de-
mentia status and subjective VI with logistic regression.
Visual function was assessed independently in each regres-
sion model as distance, near, and subjective VI. All models were
first adjusted for demographics and socioeconomic status (age,
sex, race/ethnicity, education level, and annual household in-
come) followed by the addition of general health conditions
and behaviors (smoking status, diabetes, hypertension,
hyperlipidemia or coronary heart disease, myocardial infarc-

tion, and stroke) (eTable 2 in the Supplement). Finally, fully
adjusted models accounted for these variables as well as the
additional effects of self-reported hearing impairment and
physical limitations. Age was treated as a continuous vari-
able in NHANES and as an interval variable (10-year incre-
ments) in NHATS based on available data. “Don’t know” and
“Refuse” responses were treated as missing values and
excluded from the regressions. Two-sided P values less than
.05 were considered statistically significant.

Results
Demographics and Baseline Characteristics
Baseline demographics for the study samples are presented in
Table 1, along with missing data for covariates. For NHANES, the
unadjusted mean (SD) DSST score was 40.8 (18.7) points, with
25.85% (n = 769) scoring 28 points or lower and categorized as
having DSST impairment. Compared with no DSST impair-
ment, respondents with DSST impairment were significantly
more likely to be older, of minority race/ethnicity, have less edu-
cation, and have lower income. There was also a significantly
higher prevalence of diabetes, myocardial infarction, and stroke
among this group, while prevalence of hyperlipidemia was sig-
nificantly lower. Additionally, the DSST impairment group was
more likely to be male and have hypertension (not signifi-
cant). For the NHATS, 24.99% (n = 7546) were classified as hav-
ing dementia based on the probable or possible dementia des-
ignations. Compared with no dementia, those with dementia
were significantly more likely to be older, female, of minority
race/ethnicity, and have less education and lower income. They
were also significantly more likely to report no smoking his-
tory but positive histories for diabetes, hypertension, coro-
nary heart disease, myocardial infarction, and stroke.

Table 2 shows unweighted frequencies characterizing the
visual function of the NHANES and NHATS study popula-
tions. For NHANES, the largest proportion of patients had good
vision; however, measured distance VI was present in 9.14%
of this group (n = 272), while near VI was present in 14.52%
(n = 432). From self-reports, 30.08% (n = 895) felt that the gen-
eral condition of their eyesight was fair to very poor and/or that
their vision limited how long they could do daily activities a
lot of the time to all of the time. Most participants with mea-
sured distance VA 20/40 or worse reported subjective VI; how-
ever, because patients with good measured VA (20/30 or bet-
ter) outnumbered those with worse vision by 5:1, most
participants with self-reported VI still had good measured VA.

In the NHATS, 7.26% of the study sample (n = 2193) reported
inability to see someone across the street and/or watch tele-
vision across the room, indicating distance VI, while 5.64%
(n = 1704) reported inability to read newspaper print, indicating
near VI (Table 2). When items querying distance and near visual
function were combined to assess self-reported VI in either, the
percentage of impairment increased to 10.32% (n = 3118).

Visual Function and Cognition
Table 3 and Table 4 illustrate the linear and logistic regres-
sion models evaluating the association between cognitive func-
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tion and vision, both objectively measured and subjectively
reported. Visual impairment using all metrics was associated
with worse DSST scores in the linear regression models, and
although the associations diminished with subsequent adjust-
ment for covariates, the results remained statistically signifi-
cant (distance VI: β = −5.1; 95% CI, −8.6 to −1.6; P = .006; near
VI: β = −3.8; 95% CI, −6.2 to −1.3; P = .004; subjective VI:
β = −5.3; 95% CI, −8.0 to −2.6; P < .001). All measures of VI were
also associated with higher odds of DSST impairment, persist-
ing after full adjustment for distance VI (odds ratio [OR], 2.8;
95% CI, 1.1-6.7; P = .03) and subjective VI (OR, 2.7; 95% CI, 1.6-
4.8; P = .001). Near VI was associated with 3.1-fold higher odds
of DSST impairment (95% CI, 1.9-5.0; P < .001) when ad-
justed for demographics and socioeconomic status variables
and 1.7-fold higher odds (95% CI, 0.9-3.4; P = .10) when fur-
ther adjusted for all covariates (not significant). The NHATS
results, using a dementia classification scheme to model cog-
nitive impairment and subjective reports of distance, near, and
either VI, supported the NHANES observations. All were as-
sociated with higher odds of dementia, and these associa-
tions persisted after full adjustments with covariates (dis-
tance VI: OR, 1.9; 95% CI, 1.6-2.2; P < .001; near VI: OR, 2.6;
95% CI, 2.2-3.1; P < .001; and either VI: OR, 2.1; 95% CI, 1.8-
2.4; P < .001).

Discussion
Our study of a nationally representative sample of older Ameri-
cans demonstrates an association between VI and worse cog-
nitive performance as measured by the DSST (NHANES) and
by assessment of dementia status (NHATS). These findings cor-
roborate and expand on prior reports evaluating low vision or
ophthalmic diseases and poor cognitive function.9-17 While
many of these studies focused on specific diagnoses (eg, cata-
racts, age-related macular degeneration, and diabetic reti-
nopathy) and/or objective VA measurements, here we used
multiple metrics of vision loss, objective distance and near VA
and subjective visual function, as our primary variables of
interest and include several methods for evaluating cognitive
function.

When assessed independently after controlling for a wide
range of potential confounders, measured VI at distance and
near was associated with 5.1-point and 3.8-point decreases, re-
spectively, in DSST scores compared with participants with good
visual acuity. Self-reported VI more closely resembled distance
than near VI, with a 5.3-point decrease in DSST scores compared
with participants reporting no VI. Considering that the middle
50% of the NHANES study group scored within a 25-point range
on the DSST, even a 5-point decrease is noteworthy.

These relationships were significant in our logistic regres-
sion models of DSST impairment for distance VI and self-
reported VI but not for near VI. We also found that self-
reported VI was associated with 1.9-fold to 2.6-fold increased
odds of dementia as classified by NHATS. This is the first evi-
dence, to our knowledge, of a strong, clear association be-
tween self-reported VI and cognitive impairment in a large-
scale, broadly representative sample of the US population.

Implications and Impact
There appears to be a substantial association between VI
and worse cognitive performance, even after accounting for
other age-related predictors of cognitive decline including

Table 2. Unweighted Frequencies of Vision Assessment
From NHANES and NHATS

Vision Assessment No. (%)
NHANES (n = 2975)

Distance visual acuity in the better eye

20/20 1026 (34.49)

20/25 804 (27.03)

20/30 301 (10.12)

20/40 147 (4.94)

20/50 183 (6.15)

20/60 26 (0.87)

20/80 37 (1.24)

20/200+ 26 (0.87)

Missing 425 (14.29)

Near visual acuity (1, largest print; 5, smallest print)

5 1217 (40.91)

4 916 (30.79)

3 300 (10.08)

2 126 (4.24)

1 6 (0.20)

Missing 410 (13.78)

Subjective vision

General condition of eyesight

Excellent or good 2141 (71.97)

Fair to very poor 806 (27.09)

Missing 28 (0.94)

Vision limits how long can do activities

None to a little of the time 2724 (91.56)

A lot to all of the time 246 (8.27)

Missing 5 (0.17)

NHATS (n = 30 202)a

Subjective distance vision

Can see someone across street

Yes 27 509 (91.08)

No 2182 (7.22)

Missing/inapplicable 511 (1.69)

Can watch television across room

Yes 1807 (5.98)

No 556 (1.84)

Missing/inapplicable 27 839 (92.18)

Subjective near vision

Can read newspaper print

Yes 28 113 (93.08)

No 1704 (5.64)

Missing/inapplicable 385 (1.27)

Abbreviations: NHANES, National Health and Nutrition Examination Survey;
NHATS, National Health and Aging Trends Study.
a In the NHATS, items were coded “inapplicable” if the responses were

legitimate skips, whereas items were coded “missing” if information was not
ascertained.
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hearing and physical function impairments. This is timely
and relevant to an aging society, highlighting the impor-
tance of identifying VI in this population. Our results sup-
port last year’s recommendations by the Health and Medi-
cine Division of the National Academies of Sciences,

Engineering, and Medicine (formerly Institute of Medicine)
to make eye health a population health imperative, with
vision screenings, epidemiology and population-based
research, and public health infrastructure to improve eye
health awareness and access to care.38

Table 3. Linear and Logistic Regression Models of VI for DSST Performance Using NHANES (1999-2002)

Adjusted and Unadjusted Visual Impairment Models No.a β (95% CI)b P Value OR (95% CI)c P Value
Distance VI

Unadjusted 3795 −14.2 (−17.1 to −11.3) <.001 4.3 (3.1-5.8) <.001

Adjustedd

Demographics and SES 3439 −7.0 (−10.3 to −3.8) <.001 2.7 (1.8-4.1) <.001

+ Health behaviors and conditions 2247 −5.4 (−9.2 to −1.6) .007 2.9 (1.2-7.2) .02

+ Hearing and physical function impairment 2247 −5.1 (−8.6 to −1.6) .006 2.8 (1.1-6.7) .03

Near VI

Unadjusted 3810 −15.8 (−18.1 to −13.6) <.001 5.4 (3.7-7.7) <.001

Adjustedb

Demographics and SES 3453 −7.3 (−9.3 to −5.2) <.001 3.1 (1.9-5.0) <.001

+ Health behaviors and conditions 2253 −4.3 (−6.8 to −1.7) .002 1.8 (0.9-3.6) .10

+ Hearing and physical function impairment 2253 −3.8 (−6.2 to −1.3) .004 1.7 (0.9-3.4) .10

Subjective VI

Unadjusted 3931 −12.3 (−15.2 to −9.5) <.001 4.3 (3.1-5.9) <.001

Adjustedb

Demographics and SES 3543 −5.6 (−8.1 to −3.0) <.001 2.9 (1.9-4.4) <.001

+ Health behaviors and conditions 2293 −5.7 (−8.4 to −3.0) <.001 2.9 (1.7-5.0) .001

+ Hearing and physical function impairment 2293 −5.3 (−8.0 to −2.6) <.001 2.7 (1.6-4.8) .001

Abbreviations: DSST, Digit Symbol Substitution Test; NHANES, National Health
and Nutrition Examination Survey; OR, odds ratio; SES, socioeconomic status;
VI, visual impairment.
a Sample sizes are adjusted to account for the effect of weighting.
b β: differences in DSST scores in linear regression (negative β coefficients

represent lower DSST scores and worse cognitive performance).
c Odds ratios for DSST-based cognitive impairment vs no cognitive impairment

in logistic regression. β-coefficients and ORs are reported with 95% CIs.
d Models sequentially adjusted for demographics and SES (age, sex,

race/ethnicity, education level, and annual household income) alone;
demographics and SES plus health behaviors and conditions (smoking status,
diabetes, hypertension, hyperlipidemia or coronary heart disease, myocardial
infarction, and stroke); and demographics, SES, and health behaviors and
conditions plus hearing and physical function impairment.

Table 4. Logistic Regression Models of Self-reported Visual Impairment
for Dementia Status in NHATS (2011-2015)

Adjusted and Unadjusted Visual Impairment Models No.a OR (95% CI)b P Value
Subjective distance VI

Unadjusted 30 763 3.9 (3.4-4.4) <.001

Adjustedc

Demographics and SES 21 929 2.1 (1.8-2.5) <.001

+ Health behaviors and conditions 21 799 2.0 (1.7-2.4) <.001

+ Hearing and physical function impairment 21 740 1.9 (1.6-2.2) <.001

Subjective near VI

Unadjusted 30 689 5.4 (4.8-6.2) <.001

Adjustedc

Demographics and SES 21 883 3.0 (2.5-3.5) <.001

+ Health behaviors and conditions 21 757 2.8 (2.4-3.3) <.001

+ Hearing and physical function impairment 21 696 2.6 (2.2-3.1) <.001

Subjective VI (distance or near VI)

Unadjusted 30 710 4.2 (3.7-4.7) <.001

Adjustedc

Demographics and SES 21 892 2.4 (2.0-2.8) <.001

+ Health behaviors and conditions 21 765 2.3 (1.9-2.6) <.001

+ Hearing and physical function impairment 21 705 2.1 (1.8-2.4) <.001

Abbreviations: DSST, Digit
Symbol Substitution Test;
HLD, hyperlipidemia; MI, myocardial
infarction; NHANES, National Health
and Nutrition Examination Survey;
NHATS, National Health and Aging
Trends Study; OR, odds ratio;
SES, socioeconomic status;
VI, visual impairment.
a Sample sizes are adjusted to

account for the effect of weighting.
b Odds ratios for dementia vs no

dementia in logistic regression.
c Models sequentially adjusted for

demographics and SES (age, sex,
race/ethnicity, education level, and
annual household income) alone;
demographics and SES plus health
behaviors and conditions (smoking
status, diabetes, hypertension,
hyperlipidemia or coronary heart
disease, myocardial infarction, and
stroke); and demographics, SES,
and health behaviors and conditions
plus hearing and physical function
impairment.
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Screening for blindness and VI has been a well-debated
topic in the United States. In 2009 and again in 2016, the US
Preventive Services Task Force concluded there was insuffi-
cient evidence to recommend vision screening given lack of
improvement in VA or clinical outcomes over time.33,39,40 This
is further evidenced by a review of the Cochrane library that
suggests community screening of asymptomatic older adults
does not improve vision.41 The US Preventive Services Task
Force followed rigorous methods; however, evaluation of
vision screening is a complex and nuanced matter. There re-
mains controversy surrounding the recommendation be-
cause some perceive the US Preventive Services Task Force to
have had too narrow a focus. The American Academy of
Ophthalmology and others support the need for vision screen-
ing in the older population, claiming strong and compelling
reasons for screening owing to the quality of life impact of
vision and the availability of treatments for many of the most
common etiologies of poor vision including uncorrected
refractive error, c ataract, and age-related macular
degeneration.42,43 Additionally, Healthy People 2020 is a
federal program designed to improve the health of Ameri-
cans and includes vision screening as part of their objectives.44

Finally, a Centers for Disease Control and Prevention expert
panel on vision surveillance provided recommendations for
developing an effective vision screening system, one that in-
corporates self-reported visual function along with standard
tests of VA.45

Limitations
Despite this study’s strengths, we recognized that cognition
is a multidimensional construct that no single test can com-
prehensively measure; therefore, we used 2 data sets with vary-
ing cognitive tests of memory, orientation, and executive func-
tioning. However, the potential for bidirectional confounding
remains, with VI limiting the ability to obtain accurate cogni-
tive testing and/or cognitive impairment complicating VA
assessments owing to difficulty processing and communicat-
ing visual input. Although we were unable to completely
mitigate this, the NHANES did provide safeguards: having

participants wear reading glasses when needed, excluding blind
participants, and excluding participants unable to complete a
practice exercise owing to visual, physical, or cognitive im-
pairments, as determined by a trained interviewer.46 Further-
more, the NHATS data substantiated results from the NHANES
while using different criteria for dementia classification that
involved mostly nonvisual cognitive function tasks. This
consistency supports a real association between VI and poor
cognitive function.

Importantly, the results presented in this cross-sectional
analysis are purely observational. A causative relationship be-
tween VI and cognitive dysfunction cannot be established with-
out longitudinal studies. We also cannot exclude the effects
of nonresponse bias for those who did not complete the DSST
or dementia evaluation or recall bias for data collected by self-
report. Furthermore, just as cognitive impairment may com-
plicate the evaluation of vision, it can also call into question
the reliability of using self-reported measures.

Conclusions
In summary, VI is significantly associated with worse
cognitive function after adjusting for demographics, health,
and other factors in this cross-sectional analysis of 2 nation-
ally representative samples of the US population. These
findings were most pronounced for VA measured at distance
and by self-report and highlight the importance of account-
ing for cognitive impairment as an outcome in future stud-
ies aimed at reducing VI in older adults, including random-
ized clinical trials of vision screening. Further research is
warranted to better understand longitudinal and causal
relationships between visual and cognitive decline.
However, from a policy perspective, should causality be
established, this may contribute to the value of vision
screening, not only to identify patients who may benefit
from treatment of correctable eye diseases but also to sus-
pect broader limitations in function from cognitive and
directly visual tasks.
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