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Abstract

Introduction: Visually impaired individuals may experience increased frequency of sleep/wake
disorders and cognitive decline.

Method: HCHS/SOL Miami Field Center participants ages 45-74 years (n=665) at Visit-1,

who returned for cognitive test 7-years later (SOL-INCA). Participants completed the National
Eye Institute Visual Functioning Questionnaire (NEI-VFQ), validated sleep questionnaires and
test for sleep apnea at Visit-1. They completed tests for verbal episodic learning and memory
(Brief Spanish-English \Verbal Learning Test), verbal fluency (Controlled Oral Word Association),
processing speed and executive functioning (Digit Symbol Substitution) at Visit-1 and at SOL-
INCA. Processing speed/executive functioning were added to SOL-INCA (Trails-A, -B). We
examined global cognition and change using a regression-based reliable change index, adjusting
for the time lapse between Visit-1 and SOL-INCA. We used regression models to test whether

(1) persons with sleep apnea, self-reported sleep duration, insomnia and daytime sleepiness have
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an increased risk for self-reported visual impairment, (2a) self-reported visual impairment is
associated with worse cognitive function and/or decline, and (2b) sleep disorders attenuate any of
these associations.

Result: Sleepiness (B =0.04; p<0.01) and insomnia (p =0.04; p<0.001) were cross-sectionally
associated with self-reported visual impairment, adjusting for sociodemographic characteristics,
behavioral factors, acculturation, and health conditions. Self-reported visual impairment was
associated with lower global cognitive function at Visit 1 (f =—0.16; p<0.001) and on average
7-years later (B =—0.18; p<0.001). Self-reported visual impairment was also associated with a
change in verbal fluency (p =—0.17; p<0.01). Sleep apnea, self-reported sleep duration, insomnia
and daytime sleepiness did not attenuate any of the associations.

Conclusion: Self-reported visual impairment was independently associated with worse verbal

fluency, memory, and executive functioning and predicted 7-year decline in verbal fluency.

Keywords
visual impairment; sleep disorders; cognitive decline; Hispanic/Latinos; Health disparities

INTRODUCTION

Visual impairment, which affects >10% of U.S. Hispanic/Latino older adults[1] may lead to
a shortened photoperiod and worse circadian entrainment, contributing to poor sleep.[2-11]
Similar to visual impairment,[12] sleep disorders are associated with cognitive impairment
and decline. [13-17] [6, 11] Therefore, examining the interplay between visual impairment
and sleep on cognitive health can help identify individuals at risk for cognitive decline

and inform treatment studies. The mechanisms by which visual impairment affect cognition
are not understood. Prior work suggests that cardiometabolic disorders lead to concurrent
vision and cognitive decline through microvascular disease and or atherosclerosis.[18-20]
Visual impairment can also lead to mood disorders and social isolation.[18] However, the
epidemiologic and clinical evidence that links sleep and cognition provides an impetus

to examine sleep as a possible mechanistic link between visual impairment and cognitive
decline. Studies on the association between visual impairment and sleep have been
conducted in predominantly non-Hispanic/Latino white clinical samples or in older adults.
[10, 11, 21] Race-ethnic disparities exist in disorders that may cause visual impairment

(i.e. diabetic retinopathy, glaucoma), sleep disorders and cognition.[22] Studies suggest that
Hispanics/Latinos have a greater burden of visual impairment as well as high prevalence

of sleep disorders, factors that could contribute to increase burden of cognitive decline

and dementia risk.[23-25] This study examines associations between self-reported visual
impairment and sleep on cognitive function and cognitive decline in participants from

the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) Miami-site. We
hypothesize that (1) persons with sleep disorders, specifically obstructive sleep apnea
(OSA), insomnia and daytime sleepiness, have an increased self-reported visual impairment,
(2a) self-reported visual impairment is associated with worse baseline and average 7-years
cognitive function and/or cognitive decline, and (2b) OSA, insomnia and daytime sleepiness
attenuate any of these associations.

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 17.
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MATHERIALS AND METHODS

Data:

HCHS/SOL is a multisite, prospective cohort study of community-dwelling Hispanic/Latino
adults from diverse backgrounds. Data were collected from field centers in four U.S.
metropolitan regions with diverse Hispanic/Latino populations (Bronx, NY; Chicago, IL;
Miami, FL; and San Diego, CA). The Study of Latinos-Investigation of Neurocognitive
Aging (SOL-INCA), an ancillary study of HCHS/SOL, examines neurocognition among
a subset of participants from HCHS/SOL. At Visit-2 of HCHS/SOL, n=6,377 eligible
HCHS/SOL participants met the inclusion criteria for SOL-INCA (being age 50-years
and older at Visit 2 and having completed a Visit-1 neurocognitive module), agreed

to participate, and completed the SOL-INCA visit. Detailed HCHS/SOL rationale and
sampling methods have been published previously.[26, 27] All participants provided
informed consent, and the study was approved by the IRB in all study site and institutions.

Analytic Subpopulation.

The study cohort are 1,235 Miami Field Center participants that completed an interview on
self-reported visual impairment and utilization.[28] Participants completed validated sleep
questionnaires and objective measures of sleep apnea in Visit-1 (2008-2011), as well as
neurocognitive test in Visit-1 and 7-year follow-up during SOL-INCA.[29, 30]

Outcomes: Neurocoghnitive function and Decline

Neurocognitive tests administered at Visit-1 included the: Brief- Spanish English Verbal
Learning Test (B-SEVLT; verbal episodic learning and memory); Word Fluency (WF;
phonemic verbal fluency); and Digit Symbol Substitution test (DSS; processing speed) of
the Wechsler Adult Intelligence Scale-Revised. All tests were z-scored (X-Mean/SD) to
facilitate interpretation of results across a common metric. A global cognitive composite
score was generated by averaging the z-scores of the above tests. To evaluate neurocognitive
decline, SOL-INCA repeated the above neurocognitive battery at Visit-2. [31, 32] For the
repeated cognitive measures and the global measure of cognition, a change score indicator
was generated using regression-based techniques [33]. Briefly, these change scores were
calculated using survey linear regression to predict cognitive performance at Visit-2 as

a function of Visit-1 cognitive performance, adjusting for lapsed time (in days) between
cognitive assessments. Test specific standardized measures of change (A) were subsequently
calculated using (72 - 72pr.q/RMSE. T2 represents a respondent’s score on a cognitive

test at Visit-2, 72pqis the predicted value for that respondent on the test derived from the
regression model specified above and RMSE is Root Mean Squared Error of the fit model.

Main Exposures: Self-reported Visual Impairment

We used the self-administered National Eye Institute-Visual Functioning Questionnaire
(NEI-VFQ) score as a continuous variable. The NEI-VFQ is a composite score generated
using 25 items on the 12 different subscales that measure self-reported visual health, which
has been validated in Spanish and Latino populations.[34-37] Each item is coded so that the
lowest values represent a minimal degree of functional problems whereas the highest values
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represent worse functional issues. The items are first summed across the measures within the
subscales where none of each item in the subscales is missing, and the summed scales are
then averaged across the subscales. One item of the mental health subscale was omitted from
the survey and was therefore not included in the calculation (How much of the time do you
worry about your eyesight), and the mean score of this subscale was determined using the
three available items. This modification did not affect the total scoring of NEI-VFQ, and our
scores are comparable with those of other studies.[28]

In the analysis, we used the standardized form of these averaged scales.

Sleep measures from Visit-1.—HCHS/SOL’s sleep questionnaire evaluates weekday
and weekend bedtime and wake time, napping behaviors, as well as related sleep apnea
symptoms. We used this average sleep duration as a continuous variable. We also
constructed a trichotomous sleep duration variable to separate “short’ (<6 hours), ‘average’
(between 6 and 9 hours), and ‘long’ (>9 hours) sleep. The Epworth Sleepiness Scale (ESS),
assesses the likelihood of falling asleep in eight common situations, totaling up to 24
points. Insomnia questions were adapted from the Women’s Health Initiative Insomnia
Rating Scale (WHIIRS), which has a total of 20 points derived from five items scored

from 0—4 each. The insomnia score was tested both as continuous and a binary measure,
whereby respondents were considered to have met criteria for ‘Insomnia’ if their ESS score
was 210 and ‘no Insomnia’ otherwise. Self-reported sleep quality was defined as “Very
sound or restful’, “‘Sound or restful’, ‘Average quality’, ‘Restless or very restless’ based

on response to the probe “Overall [what is your] ...typical night’s sleep during the past 4
weeks?” Similarly, napping was defined as a four-category indicator grouping respondents
self-reporting ‘None’, ‘1-2 times’, ‘3-4 times’, ‘5 or more times’ for the number of times
they napped for 5 minutes or more during a usual week. All questionaires were administered
in either English or Spanish, based on participant’s preference.[15-17, 25]

Obstructive sleep apnea (OSA) data were collected using the ARES Unicorder 5.2;
B-Alert (Carlshad, CA).[38] The ARES is a home sleep apnea testing device used to
evaluate for OSA according with the practice parameters of the American Academy of Sleep
Medicine.[39] Sleep records were scored at the HCHS/SOL Sleep Reading Center. The
apnea-hypopnea index (AHI) was calculated as the number of events divided by estimated
sleep time, using methods described previously.[17, 25] We used AHI as a continuous
variable and as a categorical variable in secondary analyses. For categorical construction we
classified three groups: ‘No Sleep Apnea’ if AHI was <5, ‘Mild Sleep Apnea’ if between 5
and 15, and ‘Moderate to Severe Sleep Apnea’ if 215.

Main Covariates.—Sociodemographic factors included age in years at Visit-1, sex,
Hispanic/Latino heritage, education (less than high school, high school or equivalent, greater
than high school), marital status (single, married/cohabit, separated/divorced/widowed),
household income (less than $20,000, between $20,000 and $40,000, more than $40,000,
not reported), insurance (uninsured, insured/Medicaid), and employment status (employed,
retired, and not currently employed, unemployed). Behavioral risk factors included alcohol
use status (never, former, current), smoking status (never, former, current), physical activity
(no, yes), and body mass index (BMI). Additionally, we accounted for language preference

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 17.
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(Spanish, English, both equally) and an acculturation subscale (language) based on the Short
Acculturation Scale for Hispanics. We also included self-reported history of the following
chronic conditions (not present, present): hypertension, diabetes, coronary heart disease
(CHD), heart failure, and stroke/transient ischemic attack (TI1A). Lastly, we included years
lived in US and an acculturation subscale (social) in the sensitivity analyses (see discussion
below).

Statistical Analyses

Analytic Sample.—A total of 1,235 participants (ages 40-74 years) were enrolled in the
Visit 1 vision study at the Miami Field Center. We included n=846 participants (ages 45-74
at Visit 1) that participated in the neurocognitive modules at both Visit-1 (concurrent with
the vision study) and recruited and returned for the second neurocognitive visit on average
7-years later. From there, we excluded n=123 individuals who did not participate in the sleep
module. Finally, we excluded n=2 individuals who had missing self-reported vision status
(defined as ‘Excellent, Good, Fair, Poor, or Very poor’ based on response to a questionnaire
“your eyesight using both eyes”) and n=56 individuals who had any missing covariate for

a final analytic sample of 665 individuals included in the analyses. Supplemental Table 3
also includes descriptive characteristics comparing the excluded and included subsamples.
Overall, we found no evidence for differences between these two groups.

Analytic Approach.—First, we report descriptive statistics for the overall target
population at Miami site. The survey weighted estimates are presented in Table 1.

To test our first hypothesis (that individuals in the target population with sleep disorders and
disturbances have increased risk for visual impairment), we performed survey generalized
linear regressions analysis with our continuous outcome of interest (i.e., standardized NEI-
VFQ). The following sleep measures were included as exposures independently: Sleepiness,
Sleep Apnea, Insomnia, Sleep Duration, Sleep Quality, and Napping Frequency. For each
exposure, we fit four regression models. Model (1) was crude (unadjusted for covariables),
(2) adjusted for age, sex, and education, (3) adjusted for additional sociodemographic
factors, behavioral risk factors, and acculturation measures, and (4) accounted for the full set
of covariates as detailed earlier (Main Covariates section). The estimates for the regression
coefficients along with their standard errors are presented in Table 2.

To test our second set of hypotheses that (1) self-reported visual impairment is inversely
linked to Visit-1 and average 7-years cognitive function and/or change in cognition

and (2) that sleep can attenuate these associations, we performed survey generalized

linear regression for each of the continuous outcomes of interest (i.e., SEVLT-Sum,
SEVLT-Recall, Word Fluency, Digit and Symbol Substitution, and Global Cognition).
Self-reported visual impairment (i.e., standardized NEI-VFQ) was the primary exposure,
and for each outcome we fit 2 different models: (1) crude and (2) fully adjusted for all

sleep measures, sociodemographic characteristics, behavioral risk factors, acculturation, and
health conditions. Estimates for the regression coefficients and their standard errors are
presented in Table 3 for the Visit-1 cognitive performance and on average 7 years later, and
in Table 4 for the cognitive change. In post-hoc analyses, we calculated and plotted marginal
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means derived from the regression models with their 95% confidence intervals to highlight
differences across the exposure groups (Figure 1).

As the supplemental analysis, we fit 2 additional models: (1) adjusted for each of the

sleep measures (i.e., Sleepiness, Insomnia, Apnea, Duration, Napping, and Sleep Quality)
independently, (2) adjusted for each of the sleep measures, age, sex, and education
(Supplemental Table 1-2). The margins are also plotted and presented in Supplemental
figures 1-3. To determine the robustness of the models, we conducted sensitivity analyses
where we additionally included two covariates (years lived in US and acculturation subscale
- social) in the model adjustments (model 3 and model 4 in the first hypothesis and model 4
in the second hypothesis). These results are briefly discussed below (output of results from
the sensitivity analyses are available from authors).

Lastly, we replicated the above analyses while using the categorical classifications for
Apnea, Insomnia, and Duration (see sleep exposures section above). The additional results
from this analysis are also available through authors. All survey regression analyses were
performed using the survey functionalities in Stata VV16.1 and incorporated the SOL-INCA
sampling design.

To facilitate more detailed visual exploration of all the results generated from these analytic
steps, we created and published an online dashboard. Interested readers can access and
explore all our published results at the following website [https://solincalab.shinyapps.io/
Sleep-Vision-Cognition-3/].

RESULTS

Descriptive statistics.

The characteristics for the overall target population are shown in Table 1. Average age was
57.4 years, 52.7% were women, 69.7% were Cuban heritage, and close to a quarter were
Central/ South American heritage. 52% of the target population had education of more than
high school, more than half was either married or cohabited, and more than 54% had income
less than $20,000. Additionally, 42% were insured and 45% were employed at Visit-1.
Average BMI of the target population was 29.7, 47% consumed alcohol, slightly more than
1in 5 smoked at Visit-1, and 54% met the 2008 physical activity level guidelines. 93%
preferred Spanish language over English. Finally, 48% had hypertension, 29% had diabetes,
8.2% had CHD, 2.9% self-reported heart failure, and 3.9% had prevalent stroke or TIA.

Associations among OSA, self-reported sleep duration, insomnia and daytime
sleepiness with NEI-VFQ (Table 2).—Sleepiness and Insomnia were associated with
worse self-reported visual impairment, and the associations were robust to adjustment

for sociodemographic characteristics, acculturation, behavioral risk measures, and health
conditions. Having average or restless/ very restless quality of sleep was also associated
with worse self-reported visual impairment; however, these associations attenuated after
adjusting for covariates. Apnea, sleep duration, and napping frequency were not linked with
self-reported visual impairment.

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 17.
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Self-reported visual impairment and cognitive function (Table 3, Supplemental Table 1).

At Visit-1, worse self-reported visual impairment was inversely associated with global
cognitive function. These associations were consistent across all considered cognitive
domains and were not attenuated through adjustment for any of the sleep measures. Slight
attenuations were observed for the relationships between self-reported visual impairment
with global cognition, learning and memory (B-SEVLT Sum, B-SEVLT recall), and
processing speed/executive functioning (DSST) after adjustment for sociodemographic
characteristics, behavioral characteristics, acculturation, and health conditions. The
association between self-reported visual impairment with word fluency was fully explained
by adjustment of covariates.

Worse self-reported visual impairment was associated with lower global cognitive function
on average 7-years later. As with Visit-1, the associations were not attenuated by adjustment
to sleep, and only slightly so after adjusting for sociodemographic, acculturative, behavioral
or health characteristics. Self-reported visual impairment was also inversely associated

with learning (B-SEVLT Sum), verbal fluency and processing speed/executive functioning,
and these associations were robust to sleep and other covariables adjustment. In the fully
adjusted model, worse self-reported visual impairment was associated with lower scores in
memory.

Self-reported visual impairment and cognitive change (Table 4, Supplemental Table 2).

Despite consistent inverse links to Visit-1 and Visit-2 cognitive function, self-reported
visual impairment was not associated with change in global cognition. We also find no
evidence for linking self-reported visual impairment with memory (learning and recall)

or processing speed/executive functioning. However, higher NEI-VFQ (implicating worse
visual functioning) was associated with more pronounced decline in performance on
verbal fluency. The association between the NEI-VFQ and change in verbal fluency

was not attenuated by adjustment for the considered sleep measures and remained

robust to additional adjustment for sociodemographic, behavioral, acculturation, and health
conditions.

Sensitivity Analysis.

After adding two additional covariates (years lived in US and an acculturation subscale -
social) and excluding individuals with missing covariates, the sample size was reduced to
n=590. While some of the estimated effects lost significance due to the reduced sample size,
the results and interpretation from the original results remained stable.

Secondary Analyses.

The results above were consistent in the secondary analyses where insomnia, sleep apnea,
and duration were operationalized as categorical variables. These results are available from
authors and the online dashboard (see Sensitivity Analysis section above).

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 17.
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DISCUSSION

In this study population of middle-aged and older Hispanic/Latinos from the HCHS/SOL
Miami site and SOL-INCA, self-reported visual impairment was associated with worse
verbal fluency, memory, and processing speed/executive functioning at baseline and follow-
up. In addition, visual disturbances predicted 7-year cognitive decline in the verbal fluency
domain. Like our findings, prior studies observed associations between vision loss and
cognitive decline. However, most studies used measures of global cognition (e.g., Mini-
Mental State examination) or evaluated cohorts of older adults.[19, 40] An analysis from
the Baltimore Longitudinal Study on Aging (mean age 71 years; 71% White) described
associations between visual acuity with worse cognitive function and six-year cognitive
decline in the domains of language and memory, while visual contrast sensitivity was
associated with decline in language, memory, attention, and visuospatial ability.[20] Similar
to our analysis, self-rated vision (poor compared to normal) was associated with incident
dementia in participants 50-69 years of age from the English longitudinal study of ageing.
[41] Our study used self-report to measure the main exposure; nonetheless we also observed
domain specific cognitive dysfunction in the cross-sectional analysis and 7-year decline

in language (i.e., verbal fluency). These findings suggest that impaired visual input may
result in errors in perceptual processing, with consequent decline in higher-order cognitive
performance.

Our findings also suggest that self-reported visual impairment contributes to cognitive
decline and could lead to increase dementia risk in Hispanic/Latino adults, who have up to
a fourfold increased risk of dementia and early cognitive decline compared to non-Hispanic
white adults.

We also observed associations between self-reported visual impairment, with daytime
sleepiness, and insomnia symptoms, but not with OSA or self-reported sleep duration. Other
studies observed associations between disorders that cause vision loss (e.g., glaucoma) and
OSA. Our study may not be powered to reproduce these associations.[42, 43] Insomnia and
daytime sleepiness could be the consequence of circadian misalignment in participants with
visual impairment.[44] In addition, cognitive decline can be the consequence of increments
in cognitive load associated with visual impairment.[12] Alternatively, visual and cognitive
impairment[12] in Hispanic/Latinos, could be in part associated with high prevalence of
cardiovascular diseases, as well as sleep disorders affecting cognitive health.[17, 45-47]

Strengths and Limitations

The strengths of our study include our large, diverse Hispanic/Latino population of diverse
heritage, the use of a robust self-reported visual functioning tool, validated in Spanish and
Hispanic/Latino populations, and finally our extensive, longitudinal, cognitive testing. Our
study does have limitations. HCHS/SOL is a community-based population study that may
have unmeasured confounders.

Our relatively smaller sample size and evaluation within a single site limited our analysis
to confounders considered a priori. However, follow-up studies should include the effects
of important confounders such as physical activity, dietary habits, measures of anxiety and

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 17.
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depression, medications that could affect sleep and cognition, as well as behaviors, including
use of caffeine, tobacco and alcohol. However, the influence of these confounders was
minimized through strict regulations, and guidelines to evaluate our participants, as well as
systematic controlling for covariates in our statistical models. As with other studies, using
subjective data can also introduce classification error. The NEI-VFQ assesses the effect

of self-reported visual functioning on emotional well-being and social functioning. Follow-
up studies utilizing clinical exams and objective measurements of vision are warranted

In addition, there were a limited number of measures available from the home sleep

apnea test.[48] HCHS/SOL was designed to address gaps in research associated with U.S.
Hispanic/Latino health. However, factors such as low health literacy, low education and
the implementation of culturally specific protocols may serve as unknown confounders.
Importantly, the chosen questionnaires are available and validated in Spanish and English.

Conclusion

Among Hispanic/Latinos from the HCHS/SOL Miami site target population, self-reported
visual impairment was associated with cognitive function and cognitive decline, independent
of covariates, including sleep disorders. Our findings suggest that self-reported visual
impairment contributes to cognitive decline and could lead to increase dementia risk in
Hispanic/Latino adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Model 2

Associations between visual impairment (NEI VFQ) and cognitive performance at SOL-
INCA, on average 7-years later. Results are based on survey regression models. Model 1
is crude, Model 2 is adjusted for all sleep measures (sleepiness, insomnia, apnea, duration,
nap, quality) and full covariates (sociodemographic characteristics, behavioral risk factors,

acculturation measures, and health conditions).
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Descriptive characteristics of target population (unweighted n=665)

(Unweighted n=665)

Sex (%)
Female
Male
Heritage (%)
Cuban
Central/South American
Other
Education (%)
Less than HS
HS or equivalent
Greater than HS
Marital Status (%)
Single
Married/cohabit
Separated/Divorced/Widowed
Income (%)
<20k
20-40k
40k+
Not reported
Insurance (%)
Uninsured
Insured/Medicaid
Employment (%)
Employed
Retired and not currently employed
Unemployed
Alcohol (%)
Never
Former
Current
Smoking (%)
Never
Former
Current
Physical Activity (%)
No
Yes
Language (%)

J Alzheimers Dis. Author manuscript; available in PMC 2024 January 17.

52.7 (2.6)
473 (2.6)

69.7 (2.9)
22.9 (2.4)
7.4(13)

26.3 (2.6)
215 (1.9)
522 (2.7)

17.3 (1.9)
52.8 (2.9)
29.9 (2.5)

54.4(3.5)
25.0 (2.8)
8.6 (L.9)
12.0 (1.5)

57.9 (2.8)
42.1(2.8)

446 (2.9)
17.3 (2.9)
38.1(2.7)

325(22)
20.8 (2.2)
46.8 (2.8)

502 (2.7)
28.3 (2.7)
215 (1.9)

459 (2.7)
54.1 (2.7)

Table 1.
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(Unweighted n=665)

Spanish preferred
English preferred
Both equally
Hypertension (%)
No
Yes
Diabetes (%0)
No
Yes
CHD (%)
No
Yes
Heart Failure (%)
No
Yes
Stroke/TI1A (%)
No
Yes
Age (mean, SD)
BMI (mean, SD)

Acculturation - language (mean, SD)

93.4(1.2)
2.8(1.0)
3.7(0.9)

525 (2.3)
475 (2.3)

715 (2.8)
28.5(2.8)

91.8 (L.7)
8.2(L7)

97.1 (L.1)
2.9 (1.1)

96.1 (1.6)
3.9(16)
57.4(8.1)
29.7 (5.6)
1.4 (0.6)

Note 1: Variables are measured at Visit 1

Note 2: HS=High School, CHD=Coronary heart disease, TIA=Transient ischemic attack, BMI=Body mass index, SD=standard deviation
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Table 2.

Page 16

Associations between visual impairment measured through the NEI-VFQ and sleep exposures. Results are
derived from survey regression analyses.

Exposure M1 B(SE) M2 B(SE) M3 B(SE) M4 B(SE)
Sleepiness 0.04™0.01) 0047(0.01) 0.0470.01)  0.03*%0.01)
Unweighted n 665 665 665 665
Insomnia 0.04™%0.01) 0.04™70.01) 0.04™7(0.01) 0.04%0.01)
Unweighted n 665 665 665 665
Apnea 0.002 (0.004)  0.003 (0.004)  0.004 (0.004) 0.002 (0.004)
Unweighted n 665 665 665 665
Duration 0.05 (0.03) 0.04 (0.03) 0.01 (0.04) 0.01 (0.03)
Unweighted n 665 665 665 665
Weekly Nap

none ref ref ref ref
1-2 times -0.07(0.15)  -0.05(0.13)  -0.07(0.12)  -0.07 (0.12)
34 times -0.04(0.15)  -0.05(0.13)  -0.08(0.15)  —0.05 (0.14)
> 5 times -0.11(0.13)  -0.09(0.15)  -0.08(0.16)  -0.10 (0.15)
Unweighted n 665 665 665 665
Quality

very sound/very restful ref ref ref ref
sound/restful 0.08 (0.20) 0.07 (0.19) 0.06 (0.18) 0.04 (0.17)
average 04370.20)  0.42%0.18) 0447018  0.387(0.17)
restless/very restless 0.437(0.20) 0.3770.18) 0.34 (0.18) 0.33(0.17)
Unweighted n 665 665 665 665

Note 1: NEI VFQ = National Eye Institute Visual Function Questionnaire; standardized measure is used in the estimations

Note 2: Model 1 (M1) is crude, Model 2 (M2) is adjusted for age, sex, and education, Model 3 (M3) is additionally adjusted for all
sociodemographic characteristics, behavioral risk factors and acculturation measures, and Model 4 (M4) is full covariate adjusted

Note 3:

Aok

*
p<0.001;

Aok

p<0.01;

*
p<0.05
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Table 3:

Page 17

Associations between visual impairment (NEI VFQ) and cognitive performance at Visit 1 and at SOLINCA,
on average 7-years later. Results are based on survey regression models.

Visit 1 SOL-INCA

M1 M2 M1 M2
Outcome B(SE) B(SE) B(SE) B(SE)
B-SEVLT-Sum -0.1270.04)  -0.097(0.04) -0.157(0.06)  -0.147(0.04)
Unweighted n 662 662 663 663
B-SEVLT-Recall  _014™0.04) -0.13""(0.04) ~0.09(0.05) -0.10(0.04)
Unweighted n 665 665 662 662
Word Fluency -0.12770.04)  ~0.05(0.04)  _p23**0.05) -0.18***(0.04)
Unweighted n 662 662 663 663
Digit & Symbol 9 24**%0.04) -0.17"770.03) -0.24"70.06) -0.19(0.03)
Unweighted n 656 656 659 659
Global Cognition  _g 16(0.03) -0.12**0.03) -0.180.05) -0.15***(0.03)
Unweighted n 665 665 663 663

Note 1: NEI VFQ = National Eye Institute Visual Function Questionnaire; standardized measure is used in the estimations

Note 2: Model 1 (M1) is crude, Model 2 (M2) is adjusted for all sleep measures (sleepiness, insomnia, apnea, duration, nap, quality) and full

covariates (sociodemographic characteristics, behavioral risk factors, acculturation measures, and health conditions)

Note 3:

Hook:

*
p<0.001;

Aok

p<0.01;

*
p<0.05
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Associations between visual impairment (NEI VFQ) and cognitive change. Results are based on survey

Table 4:

regression models.

Outcome

M1 B(SE) M2 B(SE)

B-SEVLT-Sum
Unweighted n
B-SEVLT-Recall
Unweighted n
Word Fluency

Unweighted n
Digit & Symbol
Unweighted n
Global Cognition
Unweighted n

-0.09 (0.07)  -0.09 (0.06)

660 660
-0.02 (0.06)  -0.02 (0.05)
662 662

-0.17*%0.06) -0.17(0.05)

660 660
-0.02(0.08)  -0.00(0.07)
650 650
-0.08(0.08)  -0.07 (0.07)
663 663

Note 1: NEI VFQ = National Eye Institute Visual Function Questionnaire; standardized measure is used in the estimations
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Note 2: Model 1 (M1) is crude, Model 2 (M2) is adjusted for all sleep measures (sleepiness, insomnia, apnea, duration, nap, quality) and full

covariates (sociodemographic characteristics, behavioral risk factors, acculturation measures, and health conditions)

Note 3:

Aok

%
p<0.001;

*:

p<0.01;

*
p<0.05
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