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Abstract

Objectives: Prior studies have found associations between visual acuity (VA) and cognitive function. However, these
studies used a limited range of cognitive measures and did not control for cardiovascular disease risk factors (CVD-RFs)
and baseline function. The primary objective of this study was to analyze the associations of VA and cognitive
performance using a thorough neuropsychological test battery. Methods: This study used community-dwelling sample
data across the sixth (2001-2006) and seventh (2006-2010) waves of the Maine-Syracuse Longitudinal Study (n = 655).
Wave 6 VA as measured by the Snellen Eye Test was the primary predictor of wave 6 and wave 7 Global cognitive per-
formance, Visual-Spatial Organization and Memory, Verbal Episodic Memory, Working Memory, Scanning and Track-
ing, and Executive Function. Additionally, VA was used to predict longitudinal changes in wave 7 cognitive performance
(wave 6 performance adjusted). We analyzed these relationships with multiple linear and logistic regression models adjus-
ted for age, sex, education, ethnicity, depressive symptoms, physical function deficits in addition to CVD-RFs, chronic
kidney disease, homocysteine, continuous systolic blood pressure, and hypertension status. Results: Adjusted for demo-
graphic covariates and CVD-RFs, poorer VA was associated with concurrent and approximate 5-year declines in Global
cognitive function, Visual-Spatial Organization and Memory, and Verbal Episodic Memory. Discussion: VA may be used
in combination with other screening measures to determine risk for cognitive decline. (JINS, 2018, 24, 746-754)
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INTRODUCTION

Decreasing sensory abilities (vision, hearing) are associated
with age, comorbid diseases, decreased physical activity, and
restriction of activities related to independent living (Daien
et al.,, 2014; Dutton, 2003; Lam et al., 2013; Olderbak,
Hildebrandt, & Wilhelm, 2015). Interventions such as regular
eye exams and correctly prescribed lenses can reduce symp-
toms of depression; increase engagement in reading, hobbies,
and social activity; and improve general quality of life
(Coleman, Yu, Keeler, & Mangione, 2006; Gauthier et al.,
2006; Owsley et al., 2007). Many fewer studies have examined
visual acuity (VA) relative to cognitive performance adjusting
for potentially confounding variables including physical
activity and cardiovascular disease risk factors (CVD-RFs) and
events.
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Cross-sectional and longitudinal studies have shown
positive associations between visual impairments (VI) and
decline in measures of general cognitive performance such as
the Mini-Mental State Exam (Lin et al., 2004; Rogers &
Langa, 2010; Valentijn et al., 2005). However, several stu-
dies have shown positive associations between VI and
chronic conditions such as diabetes mellitus (DM) and
chronic kidney disease (CKD), possibly through their con-
nections with hypertension, atherosclerosis, thrombosis, and
inflammation (Creager, Liischer, Cosentino, & Beckman,
2003; Matthews, Stratton, Aldington, Holman, & Kohner,
2004; Semeraro et al., 2015; Wong et al., 2016).

Other studies have shown inverse associations between
cognitive functioning and the presence of CKD and DM as
well as a range of CVD-RFs (Crichton, Elias, Davey, &
Alkerwi, 2014; Robbins, Elias, Budge, Brennan, & Elias,
2005; Torres, Elias, Seliger, Davey, & Robbins, 2017). Of
interest, with regard to CKD, it is the cognitive performance
measures involving visual-spatial organization and scanning
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and tracking that appear to be the most sensitive to kidney
function (Elias et al., 2009; Torres et al., 2017). Thus, it is
also possible that VA is merely a marker for comorbid car-
diovascular disease (CVD) rather than an independent pre-
dictor of cognitive performance. This is the first analysis of
VA and cognitive performance using data from the Maine-
Syracuse Longitudinal Study (MSLS) sample.

The primary objective of the present study was to investi-
gate the cross-sectional and longitudinal associations
between VA and cognitive performance. Unlike previous
studies, we control for CVD when examining this associa-
tion. Moreover, prior studies have not assessed these rela-
tionships with the breadth of cognitive measures which were
used in each wave of the MSLS. The present study will assess
these associations across six cognitive domains including a
composite of global functioning based on 18 individual
cognitive measures. We hypothesize that VA will be asso-
ciated with multiple domains of cognitive functioning using
both a cross-sectional and prospective design; and that these
relations will be stronger for those cognitive domains that
depend on vision or relate to visual-spatial abilities.

METHODS

Sample

Data for the present study were obtained from the sixth
(2001-2006) and seventh (2006-2010) waves of the MSLS
(https://umaine.edu/psychology/faculty/merrill-f-elias/msls-
description/). The average follow-up time between waves
was 4.62 years (SD = .58) as the goal was to repeat the study
at approximately 5-year intervals. The MSLS is a
community-based study of aging, hypertension and cognitive
performance, with data gathered over a period of 35 years
beginning in 1976. At wave 6 (Elias, Goodell, & Dore, 2012),
the study moved away from its focus on uncomplicated
essential hypertension and focused on CVD and cognition;
thus a rich body of data on CVD-RFs and events were
available for analyses at wave 6 and 7.

Participants were originally recruited from the Central
New York State area via multiple media venues for studies of
aging and cognitive function with no requirements for parti-
cipation other than non-institutionalization, absence of diag-
nosed psychiatric disorder and/or alcoholism, and ability to
speak English. In this and previous MSLS studies, additional
exclusionary criteria have been included on a study-by-study
basis. At wave 6, data necessary to examine a broad range of
cognitive measures and CVD-RFs, including creatinine,
plasma homocysteine (tHcy), and objective measures of
physical function and VA were obtained for the first time.
Details on blood sampling and assays may be found in Elias
et al. (2006).

For the present analysis beginning with 1081 participants,
exclusions were as follows: acute stroke (n=33), probable
dementia (n=7), or kidney dialysis (n =3) at either waves 6
or 7. Probable dementia was determined by MSLS cognitive
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data, diagnostic records, and medical interview data using
criteria as described by the National Institute of Neurological
Diseases and Communicative Diseases and Stroke/Alzhei-
mer’s Disease and Related Disorders (NINCDS-ADRDA;
Mckhann et al., 2011). Acute stroke was defined as a focal
neurological deficit lasting >24 hr and kidney dialysis by
self-report or diagnostic records. Additionally, participants
missing depressive symptom (n = 30) or vision data (n = 118)
were excluded, leaving a cross-sectional sample of 890 par-
ticipants. Participants residing outside of New York State
were not re-enrolled for wave 7 follow-up due to changes in
research funding limiting cognitive testing out of state,
leaving a final sample of 655 individuals (73.5% retention).

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards and were approved by the
University of Maine Institutional Review Board (reference
number: 2005-07-04), and informed consent was obtained
from all participants.

Cognitive Measures

Cognitive performance was assessed across six broad
domains from the MSLS test battery described in numerous
studies of cardiovascular risk factors and cognitive function
(Crichton et al., 2014; Crichton, Elias, Dearborn, & Robbins,
2017; Elias et al., 2006). The subject protocol required par-
ticipants to wear their prescription glasses/contacts during the
battery. Subtests were organized into cognitive domains via
factor analysis which identified four composites: Visual-
Spatial Organization and Memory, Scanning and Tracking,
Verbal Episodic Memory, and Working Memory. In later
studies, an Executive Function composite was also added
(Elias et al., 2006). An overall composite measure of Global
cognitive functioning was derived by including subtests from
all of these composites in addition to the WAIS Similarities
subtest (abstract reasoning), which loaded equally across
domains. Individual subtests were z-transformed and sum-
med with other subtests in their respective domains.

Composite scores were again z-transformed after summa-
tion, resulting in continuous distributions with means of 0
and standard deviations (SD) of 1. Individuals with compo-
site scores >1 SD below the mean were categorized as having
a deficit in that area of functioning. Equal-weighting of scores
is an established procedure for factor analysis and have been
used in the Framingham Heart Studies (Cureton & D’ Agostino,
1993; Elias, Wolf, D’ Agostino, Cobb, & White, 1993). See
Table 1 for a list of cognitive subtests contributing to each
cognitive domain.

Predictor

Line-scores from the Snellen Eye Test (SET; Snellen, 1868)
were used as an estimate of VA. Due to the non-normal
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Table 1. Descriptions of the cognitive tests contributing to each
composite score indexing a cognitive domain

Composite / tests included

Cognitive ability measured

Verbal Episodic Memory
Logical Memory-
Immediate Recall®
Logical Memory-
Delayed Recall®
Hopkins Verbal
Learning Test

Visual-Spatial
Organization/Memory
Visual Reproductions-
Immediate Recall®
Visual Reproductions-
Delayed Recall®
Matrix Reasoning®

Block Design®
Object Assembly®
Hooper Visual
Organization
Scanning and Tracking
Trail Making AY

Trail Making B¢

Digit Symbol

Substitution®

Symbol Search®
Working Memory

Digit Span Forward®

Digit Span Backward®

Letter-Number

Sequence”

Controlled Oral Word

Associations
Executive Function

Trail Making B¢

Controlled Oral Word
Associations

Immediate memory, verbal
Delayed Memory, verbal

Verbal learning and memory

Immediate recall, visual memory, and
visual spatial problem solving

Delayed recall, visual memory, and
visual spatial problem solving

Abstract reasoning and pattern
recognition

Visual-spatial perception, organization

Speed of visual-spatial organization

Visual-spatial organization, some
demands on executive function

Visual scanning and tracking;
concentration, and attention

Trails A plus demands on executive
function abilities

Psychomotor performance

Visual processing speed

Attention and concentration

Attention, concentration, and working
memory

Information processing while holding
information in memory

Verbal fluency and executive function

Trails A plus demands on executive
function abilities
Verbal fluency and executive function

#Origin Wechsler Memory Scale-Revised.

"Origin Wechsler Adult Intelligence Scale II1.

“Origin Wechsler Adult Intelligence Scale.

dOrigin Halstead-Reitan Neuropsychological Test Battery.

distribution of SET scores, this study uses natural, log-
transformed scores to predict cognitive performance in linear
regression models. Tests were presented in poster format at a
distance of 20 feet in a well-lit room. Higher SET scores
indicate poorer visual acuity. In separate analyses, VI was
defined as poor VA, that is, visual raw scores of “40” (indi-
cating 20/40 vision) or above. While this results in a less
sensitive analysis of VA, categorical cutoff scores may be
preferred in the clinical setting for clarity.
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Basic Covariates

Age and education (from first year of elementary school)
were coded as years attained, while sex (M/F) and ethnicity
(African American versus other) were coded as binary
variables.

Additional Covariates

Physical function was estimated with three timed-
performance tasks, standing up from a hard-backed chair
three times, walking and doubling back 10 feet, and turning
360°. Participants received one point for each task they were
unable to complete or for which they scored in the slowest
sample quartile. The resulting physical functional deficits
measure ranged from zero to three for a maximum of one
point per task. Variants of this objective measure of physical
function have been shown to predict likelihood for institu-
tional living as well as symptoms of depression (Dearborn,
Robbins, & Elias, 2018; Gill, Williams, & Tinetti, 1995).

The 20-item Center for Epidemiological Studies Depression
Scale (CES-D; Radloff, 1977) was used as a self-report mea-
sure of depressive symptom severity with higher scores indi-
cating higher levels of depressive symptoms (range: 0-80).

Self-reported family income was recorded, but 108 partici-
pants reported they would “would rather not answer” this item
and it was dropped from final analyses. However, when
included as a model covariate in a preliminary set of analyses,
family income did not change the results below. Self-reported
marital status was coded “1” (married or life partner) or “0”
(single, divorced, widowed, or separated). Lastly, self-reported
retirement status was coded “1” (retired) or “0” (not retired).

The CVD variable (one or more event versus zero events)
was an aggregate of one or more of the following: history of
myocardial infarction, transient ischemia attack (<24 hr),
angina pectoris, coronary artery disease, and heart failure as
obtained from medical interview and record review. Binary
coding was chosen because there were too few individuals
with two or more events to make scaling of multiple events
meaningful.

DM (yes/no) was defined as having a fasting plasma glu-
cose >126 mg/dL or treatment. CKD (yes/no) was defined as
having an estimated glomular filtration rate (GFR) of < 60
mL/min. GFR was estimated based on the following multiple
regression formula (Levey, Bosch, & Lewis, 1999) from
Modification of Diet in Renal Disease Study: GFR (mL/min/
1.73 m?) =175 x (serum creatinine)™!5* (age)_o'zo3 x (0.742
if female) x (1.212 if African American). Continuous indices
of systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were calculated as the average of 15 sitting, standing,
and reclining measurements (five in each position). Hyper-
tension status (yes/no) was defined as having a SBP > 140
mmHg, a DBP >90 mmHg, or treatment for hypertension.
THcy, C-reactive protein, and measures of cholesterol and
triglycerides were assessed as continuous CVD-RFs and
obtained through standard blood assay. Measures of obesity
included continuous measurement of body mass index and
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waist-to-hip ratio, which were obtained by objective mea-
surement without shoes or heavy clothing. Lastly, alcohol
and cigarette consumption (continuous measurement of
number of drinks and cigarettes/week) and status (current
drinker or smoker: yes/no) were obtained by self-report.

Statistical Analyses

Covariate selection was determined first through theoretical
relevance to visual and cognitive performance as indicated by
Wong et al. (2016) and then on an empirical basis; that is, to
be considered as a model covariate, variables must have a
zero-order correlation with both VA and cognitive perfor-
mance (p <.10). After zero-order analyses, covariates were
tested in backward elimination with basic demographics
(age, sex, education, ethnicity) fixed across all models.
Covariates were included in final models based on their
unique contributions to model fit (chhange; p <.10) to pre-
serve model parsimony.

Cigarette smoking was dropped from the models as a
covariate due to a lack of association with cognitive perfor-
mance (p>.10). DM, CVD, measures of cholesterol/trigly-
cerides and obesity, C-reactive protein, DBP, and alcohol
consumption were all associated with cognitive performance
(ps <.05), but were dropped because of a lack of association
with VA (ps > .10). Hypertension status, SBP, marital status,
and retirement status were inversely associated with cogni-
tive performance (ps<.001) and VA (Hypertension:
p=.065; SBP: p<.01; marital status: p=.002; retirement
status: p <.001) but were ultimately dropped from final
models in backward elimination (chhange; p>.10).

Four final covariate sets (models) were used for analyses,
with the first step being assessment of zero-order (crude)
associations between wave 6 VA and cognitive performance
(Model 1). Wave 6 covariates were included serially into the
models as follows: (1) Basic demographic model (Model
2)=age, sex, education, and ethnicity; (2) Symptoms of
depression/disability model (Model 3)=Basic Model
2 + CES-D +physical functional deficits; and (3) CVD-RF
model (Model 4) =Model 3 + CKD +tHcy. Sensitivity ana-
lyses were conducted with both hypertension status and SBP
separately added to Model 4 because of their theoretical
relevance to vision and cognitive function.

First, we analyzed cross-sectional associations between
wave 6 VA and cognitive performance. Next, we analyzed
prospective associations between wave 6 VA and wave 7
cognitive performance. Lastly, associations between wave 6
VA and wave 7 cognitive performance were analyzed with
adjustment for wave 6 cognitive performance to determine
the predictive value of VA on changes in cognitive perfor-
mance. We used multiple linear regression models to exam-
ine these associations with measures of continuous VA and
continuous cognitive performance. We then used multiple
logistic regression models for a parallel set of analyses using
the measure of VI status as a predictor of cognitive perfor-
mance deficits.
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Demographics

Demographic and health characteristics by visual acuity sta-
tus at wave 6 are presented in Table 2. At wave 6, the 13.4%
(n=15) of individuals characterized as having VI were older,
had lower rates of partnership and employment, had higher
levels of functional deficit, and were less likely to smoke.
Additionally, those with VI had significantly lower kidney
function (EPI-GFR), a higher rate of CKD, and higher levels
of tHcy and SBP.

Continuous VA as Predictor

Results of cross-sectional, prospective, and longitudinal
change associations of continuous VA (higher scores repre-
sent poorer vision) and cognitive performance are presented
in Table 3. For the cross sectional models adjusted for wave 6
covariates, poorer vision was inversely associated with

Table 2. Demographic and health characteristics by vision status

at wave 6

Normal vision

Visual impairment

Variable (n=1580) (n=175)

Ethnicity (% Black) 6.0 7.0

CES-D (M/SD) 7.19 (6.76) 7.81 (5.61)

Age (M/SD) 60.34 (11.21) 70.60 (11.46)%*%**

Sex (% female) 60.0 60.0

Retirement (% retired) 35.7 61.3%%*

Marital status (% 66.7 53.3%
partnered)

Functional deficits 0.66 (0.99) 1.15 (1.14)"sx
(MISD)

Alcoholic drinks/week 1.49 (2.58) 1.11 (2.17)
(MISD)

Cigarettes/week (M/SD) 9.05 (35.52) 3.37 (18.49)**

EPI-GFR (M/SD) 79.02 (16.34) 71.51 (16.03)%*%*

Body mass index 29.40 (5.67) 28.98 (4.94)
(MISD)

Total cholesterol 203.42 (39.37) 202.21 (47.11)
(MDI/SD)

HDL cholesterol 54.13 (15.70) 52.77 (14.51)

LDL 121.40 (32.67) 123.12 (39.52)

Triglycerides 144.16 (112.45) 131.60 (75.51)

Plasma homocysteine 9.50 (3.10) 10.52 (2.95)**

Systolic blood pressure 128.94 135.26*

Diastolic blood pressure 69.97 69.45"

C-Reactive protein 38.32 (43.39) 35.99 (39.52)

Diabetes (%) 10.8 13.3

Chronic kidney 12.2 24.0*
disease (%)

Cardiovascular 11.6 9.3
disease (%)

Hypertension (%) 57.7 69.4*

Note. Categorical variables analyzed with Fisher’s exact test.

“Equal variances not assumed.

<10, %p <.05, *p < 01, **¥p < 001
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Table 3. Raw regression coefficients for log-transformed visual acuity predicting wave 6 and wave 7 cognitive performance

Cross-sectional® Prospective® Change®
Outcome? Model b (SE) b (SE) b (SE)
Global M1 —.833 (.095)*** —1.021 (.107)*** —.194 (.045)***
M2 —.297 (.083)*** —.372 (.089)*** —.109 (.045)*
M3 —262 (.082)** —.339 (.088)**:* —.104 (.045)*
M4 —.254 (.082)%*:* —.332 (.087)**:* —.106 (.045)*
Visual-Spatial Memory and Organization M1 —.734 (.098)*** —.956 (.106)*** —.281 (.057)***
M2 -.199 (.090)* —.346 (.095)**:* —.177 (.059)**
M3 -.167 (.090)* —.317 (.095)** —.171 (.059)**
M4 -.161 (.090)* -.310 (.095)** —.172 (.059)**
Working Memory Ml —.558 (.108)**:* —.631 (.114)**:* -.121 (.068)"
M2 =.309 (.112)%** —.284 (.115)* -.015 (.073)
M3 =304 (.113)** -.267 (.115)* .003 (.073)
M4 —.296 (.113)** -.263 (.115)* .003 (.073)
Verbal Episodic Memory M1 —.505 (.100)*** —.765 (.113)%*** —.379 (.074)***
M2 -.10 (.101) —.233 (.108)* —.181 (.077)*
M3 -.063 (.101) -.204 (.108)" =172 (.077)*
M4 -.060 (.101) -.196 (.108)* —-.168 (.077)*
Scanning and Tracking M1 —.934 (.097)*** —1.053 (.109)*** —.169 (.056)**
M2 —.390 (.087)*** =377 (.092)*** -.056 (.055)
M3 —.354 (.086)*** —.343 (.091)*** —-.052 (.055)
M4 —.347 (.086)**:* —.340 (.090)**:* —.053 (.055)
Executive Function Ml —.761 (.104)*** —.829 (.114)*** -.124 (.065)"
M2 —.379 (.103)*** -.320 (.108)** .001 (.067)
M3 —.347 (.102)%*:* —.297 (.107)** -.001 (.067)
M4 -.340 (.102)** —.295 (.107)** -.003 (.067)

Note. M1 =Zero-order regression. M2 =Basic model adjusted for age + sex +education + ethnicity. M3 =Basic + CES-D + physical function. M4 =M3 +

CKD + tHcy.
“Wave 6 visual acuity predicting wave 6 cognitive performance.
"Wave 6 visual acuity predicting wave 7 cognitive performance.

“Wave 6 visual acuity predicting wave 7 cognitive performance adjusted for wave 6 performance.

dCognitive outcome measured continuously.
*p<.10, *p <.05, ¥*p < .01, #**p <.001.

cognitive performance with the exception of Verbal Episodic
Memory. Furthermore, after adjustment for wave 6 covari-
ates, poorer vision at wave 6 was prospectively associated
with lower wave 7 cognitive performance across all cognitive
domains. Lastly, after adjustment for wave 6 covariates and
wave 6 cognitive performance (longitudinal analysis), poorer
vision at wave 6 was associated with declines in Global
cognitive performance, Visual-Spatial Memory and Organi-
zation, and Verbal Episodic Memory. However, poorer
vision was not associated with declines in Working Memory,
Scanning and Tracking, or Executive Function after adjust-
ment for wave 6 covariates and cognitive performance.

VI Status as Predictor

Results of cross-sectional, prospective, and longitudinal change
associations of VI status and cognitive deficits (Z-score
<-1.00) are presented in Table 4. For these analyses, higher
scores (1) represent impairment in VA and deficit in cognitive
performance (as opposed to 0, no impairment/deficit). For
cross-sectional models, VI was not associated with any cogni-
tive deficits after adjustment for basic wave 6 demographic
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covariates. Furthermore, after adjustment for wave 6 basic
covariates, VI at wave 6 was associated positively with wave 7
deficits in Visual-Spatial Organization and Memory and
Executive Function. Similar to continuous VA change models,
VI was significantly associated with increased risk of deficits
for Visual-Spatial Organization and Memory and Executive
Function, and marginally increased risk of deficits for Verbal
Episodic Memory after full adjustment for wave 6 covariates
and cognitive deficits. Estimated means for Visual-Spatial
Organization and Memory, Verbal Episodic Memory, and
Global cognitive performance by VI status are displayed in
Figure 1 with full adjustment for Model 4 covariates.

Sensitivity Analyses

Continuous SBP and hypertension status were entered sepa-
rately in the full CVD-RF Models (Model 4) and did not
change the cross-sectional, prospective, or longitudinal
change associations between VA/VI and cognitive perfor-
mance/deficit (data not shown). Lastly, age x VA interaction
terms (adjusted for main effects of VA and age) were added
post hoc to all models due to the large age differences
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Fig. 1. Multivariate-adjusted means of cognitive performance by
visual impairment status. * p <.05 , ¥* p <.01, *** p <.001.
Displayed values adjusted for age, sex, education, ethnicity, CES-D,
physical function, CKD, & tHcy. VSOM = Visual-Spatial Organization
and Memory; VEM = Verbal Episodic Memory.

observed based VI status (MD = 10.34 years). No significant
differences in the effects of VA on concurrent, prospective, or
changes in longitudinal cognitive performance were
observed as a function of age (data not shown).

Attrition

Compared with those that did not return for follow-up ana-
lysis, the sample of participants who remained in the study at
wave 7 had better VA (MD[log]=.08; 95% confidence
interval [CI] [0.03, 0.14]; p=.004), fewer physical deficits
(MD =0.28; 95% CI [0.11, 0.44]; p=.002), had marginally
lower levels of depressive symptoms (MD =1.07; 95% CI
[-0.05, 2.18]; p =.06), and 5.7% fewer non-white participants
(95% CI [1.21, 10.29%]; p = .013). Participants were similar
in terms of age, sex, education, and rates of CVD, CKD, and
diabetes (ps > .10).

DISCUSSION

Poorer VA was associated with lower concurrent cognitive
function as well as with approximate 5-year declines in
cognitive function over a range of domains including a Glo-
bal measure of cognitive performance, Visual-Spatial Orga-
nization and Memory, and Verbal Episodic Memory. This
was true even adjusted for a range of demographic, psycho-
logical, and physical function variables as well as CVD-RFs.
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We found that study participants with poor vision were
nearly twice as likely to experience CKD (Table 2). Of
interest, prior studies using the MSLS database have shown
inverse associations between CKD and cognitive perfor-
mance (Torres et al., 2017). While it is possible that the
associations between VA and cognitive performance are due
to the action of shared cerebrovascular pathways associated
with kidney dysfunction, VA remained a significant inde-
pendent predictor of cognitive performance decline with
adjustment for CKD, explaining 3.4% of the unique variance
in Global functioning and 5.6% and 5.3% of the unique
variance in Visual Spatial Organization and Memory and
Verbal Episodic Memory, respectively. While this represents
modest strengths of association, it should be noted that this
study was conducted over a relatively brief period (approxi-
mately 5-years) compared with the much longer period
encompassing the adult life span. Lastly, our analyses inclu-
ded individuals who were available for both wave 6 and wave
7 and who tended to have fewer physical deficits and better
VA than those who were only available at wave 6. Due to this
reduction of health variability, it is possible that the observed
relationships between VA and cognitive decline are an
underestimation of their true effect sizes.

We hypothesized that cognitive domains placing stronger
demands on vision would have higher magnitude of associa-
tions with VA. However, VA measured continuously was
associated with most domains for the cross-sectional analysis
(at wave 6) and all domains for the prospective analysis (wave
6 predicting wave 7 outcomes). However, for the longitudinal
analysis, adjusting wave 7 cognitive outcomes for wave 6
outcomes, we failed to find statistically significant associa-
tions between VA and change in performance for a task with
heavy demands on vision, that is, Scanning and Tracking. It is
possible that changes in processing speed, which is a central
component of Scanning and Tracking, are unaffected by VA
and that domains which require mental representation and
manipulation of visual stimuli (i.e., Visual-Spatial Organiza-
tion and Memory) are more greatly impacted, but replication
of these results is needed to support this speculation.

We also found that VA was significantly associated with
changes in Verbal Episodic Memory, which includes no
visually presented stimuli. Prior studies of CVD-RFs and
cognitive performance have found associations among CKD,
tHcy, and lower brain volume particularly within the hippo-
campus (Chang et al., 2017; Maesato et al., 2017), an area
consistently associated with spatial and episodic memory in
both animals and human models (Burgess, Maguire, &
O’Keefe, 2002). Because poor VA was associated with both
CKD and tHcy, perhaps VA would better be conceptualized as
a marker of advancing cerebrovascular health impacting hip-
pocampal function.

Additionally, we found that VI was associated with con-
siderably higher levels of physical function deficits, consistent
with prior studies. This finding may implicate VA as a pre-
dictor of changes in cognitive performance by way of the
maintenance of activities of daily living. The SET, while
sensitive to changes in cognitive performance, is an indicator
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Table 4. Log-odds ratios for visual impairment predicting wave 6 and wave 7 cognitive deficit
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Cross-sectional® Prospective® Change®
Outcome Model OR (95% CI) OR (95% CI) OR (95% CI)
Global M1 3.650 (1.953-6.821)***  3.748 (2.062—6.815)*** 2.568 (1.108-5.955)*
M2 1.531 (.729-3.216) 1.577 (.770-3.231) 1.408 (.573-3.460)
M3 1.512 (.708-3.227) 1.539 (.738-3.212) 1.369 (.550-3.406)
M4 1.381 (.636-3.000) 1.526 (.713-3.267) 1.469 (.567-3.804)
Visual-Spatial Memory and Organization M1 2.831 (1.538-5.212)***  4.880 (2.765-8.614)*** 5.017 (2.393-10.516)***
M2 1.306 (.649-2.627) 2.311 (1.197-4.459)* 2.7356 (1.24-6.106)*
M3 1.280 (.633-2.589) 2.264 (1.164-4.402)* 2.689 (1.199-6.028)*
M4 1.234 (.605-2.517) 2.327 (1.180-4.590)* 2.933 (1.282-6.707)*
Working Memory M1 2.520 (1.366-4.753)** 2.612 (1.425-4.788)** 1.976 (.931-4.196)"
M2 1.764 (8.69-3.581) 1.590 (.802-3.151) 1.344 (.608-2.973)
M3 1.728 (.849-3.516) 1.547 (.778-3.075) 1.309 (.590-2.903)
M4 1.591 (.771-3.281) 1.428 (.703-2.903) 1.232 (.542-2.798)
Verbal Episodic Memory Ml 1.295 (.632-2.654) 3.387 (1.926-5.955)*** 4.641 (2.41-8.861)*%**
M2 .585 (2.64-1.296) 1.499 (.779-2.885) 2.107 (1.022—4.347)*
M3 .554 (.247-1.243) 1.434 (.733-2.807) 2.015 (.967-4.199)*
M4 515 (.226-1.175) 1.413 ((719-2.779) 1.993 (.957-4.149)*
Scanning and Tracking M1 2.793 (1.496-5.214)***  3.164 (1.755-5.699)*** 2.325 (.861-5.625)"
M2 1.153 (.559-2.377) 1.108 (.54-2.271) .97 (.365-2.582)
M3 1.135 (.543-2.271) 1.088 (.522-2.270) 941 (.350-2.534)
M4 1.070 (.506-2.261) 1.046 (.497-2.201) .885 (.323-2.424)
Executive Function M1 3.024 (1.680-5.444)*** 4308 (2.457-7.552)%** 3.431 (1.626-7.237)**
M2 1.574 (.796-3.115) 2.234 (1.166-4.281)* 2.130 (.970-4.676)*
M3 1.528 (.766-3.048) 2.195 (1.135-4.246)* 2.113 (.959-4.658)"*
M4 1.427 (.707-2.880) 2.216 (1.142-4.301)* 2.255 (1.017-5.001)*

Note. M1 =Zero-order regression. M2 =Basic model, adjusted for age + sex +education + ethnicity. M3 =Basic + CES-D + physical function. M4 =M3 +

CKD + tHcy.
“Wave 6 visual deficit predicting wave 6 cognitive deficit.
"Wave 6 visual deficit predicting wave 7 cognitive deficit.

“Wave 6 visual deficit predicting wave 7 cognitive deficit adjusted for Wave 6 deficit.

dCognitive deficit reference group (Z-score < -1.00).
p<.10, ¥p <. 05, #¥p < .01, *¥*#p <.001.

of distanced VA and thus, while this is speculative, may be
more applicable to the maintenance of activities of daily living
which require ambulatory movement (e.g., walking up/down
stairs and gardening) rather than the maintenance of activities
which require near-vision VA (e.g., reading and writing).
Future studies with institutional samples are likely needed to
determine the potential for visual prescription access/adher-
ence on the maintenance of cognitive performance.

Strengths

This is the first study to examine the associations between
visual acuity and the maintenance of cognitive ability over a
broad range of cognitive domains with adjustment for several
demographic variables, symptoms of depression, physical
function, and CVD-RF. Furthermore, the associations of VA
and cognitive performance measured both continuously and
categorically (i.e., deficit) were robust when adjusted for
wave 6 cognitive performance. Additionally, our measures of
physical function, CKD, and tHcy were all derived from
objective measurement methods as compared to self-report.

https://doi.org/10.1017/51355617718000358 Published online by Cambridge University Press

Limitations

Our sample was both highly educated and predominately
white of European decent (6.1% African American), thus
limiting the generalizability of the findings to non-white or
mixed-ethnic populations. We did, however, adjust for Afri-
can American (yes/no) status.

Individuals with normal vision differed in several ways from
those with VI. In addition to being younger, those with normal
vision tended to be healthier (lower CKD and smoking rates,
SBP, tHcy, and functional deficits) and were more likely to be
partnered and employed. Although we adjusted for many of
these risk factors in our models, it is possible that psychobiolo-
gical confounds exist that may explain or mediate the associa-
tions we found between VI status and cognitive performance.

Data on type of contacts/glasses prescription were also not
available to these analyses; and we were unable to determine
possible differences between myopia and hypermetropia
among those with visual impairment. Additionally, data were
also not available with respect to glasses-wearing and
updating visual prescriptions for lenses outside of the testing
center. This is of concern as the majority of our community
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sample by definition was ambulatory and able to arrive at the
testing center unaccompanied. Given the central importance
of vision in test performance, the need to wear updated pre-
scription glasses to the testing session was strongly empha-
sized and compliance was high because participants were
very concerned about their performance.

Lastly, the SET is a relatively unsophisticated screening
measure of VA compared with other methods such as log-
MAR charts (log of minimum angle of resolution) which
have consistent optotype progressions and have significantly
greater reliability, discriminant validity, and sensitivity to
inter-ocular differences (Bailey & Lovie, 1976; Elliott, 2016).
However, despite the clear advantages of logMAR charts, the
results of this study can be applied to clinical practice because
the SET remains a widely used measure of VA.

CONCLUSION AND FUTURE DIRECTIONS

Lower VA was associated with concurrent and future risk of
cognitive decline across a range of cognitive domains. With
adjustment for demographic, psychological, mobility, and
CVD-RF variables, VA remained a significant predictor of
Global cognitive function, Visual-Spatial Organization and
Memory and Verbal Episodic Memory. Future work with clin-
ical samples is needed to determine the mechanisms of cognitive
decline. It is possible that VI reduces ambulatory ability and
subsequent range of access to social, intellectual, and leisure
activities. Although significant, VA predicted a modest level of
variance in cognitive performance and future work with more
reliable screening methods (i.e., logMAR) is needed. Lastly,
longer longitudinal studies with several assessments are needed
to further determine the directionality and growth curve asso-
ciations of VA and cognitive function (i.e., rate of decline).

IMPLICATIONS

Our results indicate that VA may be used in combination with
other screening measures to determine risk for cognitive
decline. Compared with assay-based screening measures,
tests measuring VA are widely available, low-cost, and easy
to administer, which makes them a viable screening measure
for cognitive decline in clinical practice.
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