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Abstract

Purpose: Although visual impairment (VI) has been associated with worse cognitive 

performance among older adults, the temporal relationship between the 2 remains subject to 

debate. Our objective was to investigate the longitudinal impact of VI on cognitive function and 

vice versa.

Design: Retrospective, time-to-event study.

Participants: National Health and Aging Trends Study (NHATS) participants from 2011 to 2018 

cycles.

Methods: A total of 10 676 participants aged 65 years and older were included. Cox proportional 

hazards regression models evaluated the impact of baseline VI on subsequent dementia and impact 

of baseline dementia on subsequent VI. Models were adjusted for potential confounding variables, 

including demographics, clinical comorbidities, and hearing and physical function limitations.

Main Outcome Measures: Hazard ratio (HR) for incident dementia among participants with 

baseline self-reported VI and HR for incident VI among participants with baseline dementia.
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Results: Of the 10 676 participants included in the analysis, approximately 40% were aged 65–

74 years, 40% were aged 75–84 years, and the remaining 20% were aged 85 years and older. The 

majority were female (59%), and 68% self-identified as non-Hispanic White. Among participants 

with normal cognitive status at baseline, subsequent dementia was observed in 1753 (16%), and 

among participants with normal self-reported vision at baseline, subsequent VI was reported in 

2371 (22%). In adjusted regression models, participants with baseline VI had higher likelihood of 

developing dementia over subsequent follow-up (HR, 2.3; 95% confidence interval [CI], 2.0–2.6; 

P < 0.001). Likewise, participants with baseline dementia had a higher likelihood of developing 

self-reported VI over time (HR, 2.5; 95% CI, 2.2–2.8; P < 0.001).

Conclusions: Self-reported VI in the US Medicare population is associated with greater 

dementia likelihood over time, and dementia is similarly associated with greater VI likelihood 

over time. Associations are likely multifactorial and bidirectional and could be explained by 

intervening variables in the path from VI to dementia, or vice versa, or by common risk factors 

for pathological processes in both eyes and brain. These findings suggest the need for early 

identification of older adults with visual compromise and consideration of visual disability in the 

cognitively impaired.
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As the life expectancy in developed countries increases, the prevalence of diseases of aging, 

such as dementia (including Alzheimer’s disease) and visual dysfunction, also increase.1–3 

One in 10 patients age 65 years and older are currently living with Alzheimer’s disease, 

and 1 in 28 are affected by blindness and vision loss by age 40 years and older.1,4,5 

Prior cross-sectional investigations have suggested that an association exists between 

visual and cognitive functions, but longitudinal reports have offered mixed evidence.6–25 

A 2018 American Geriatrics Society and National Institute on Aging report noted that 

comorbid sensory—specifically vision and hearing—and cognitive impairments occur 

more frequently than accounted for by chance alone. Potential mechanisms explaining 

a causative relationship are varied but include the possibility of shared common risk 

factors, for instance, vascular disease.26 Alternatively, vision loss may cause reduced social 

engagement, with fewer cognitively simulating activities and higher rates of depression,27,28 

or extra cognitive effort may be necessary to interpret and respond to visual information 

among those with low vision, further taxing cognitive systems, and increasing dementia. 

Vision loss also may be a symptom of dementia resulting from neuropathology along the 

visual pathway.29 Although cognitive impairment and dementia are not the same entities, 

they do fall along the spectrum of shared disease pertaining to a decline in cognitive 

performance. Studies use different metrics to make a determination of cognitive impairment 

or dementia, but in general, dementia indicates a more severe, global pathology that 

affects multiple cognitive domains and interferes with activities of daily living. A deeper 

understanding of the relationship between dementia and vision loss will be critical when 

addressing the growing population of older adults affected by each.

We recently demonstrated that visual impairment (VI), both subjectively reported and 

objectively measured, appears to be directly linked with cognitive dysfunction among older 
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adults in the United States.22 Findings from the Women’s Health Initiative database further 

support the notion that VI and cognitive decline are temporally related; however, as with 

other studies showing this association, conclusions are restricted in generalizability and 

limited by small sample sizes.30–32 Understanding how visual and cognitive dysfunction 

respectively affect one another over time is important for public health and patient care. This 

includes determining the potential utility of VI screening for older patients at high risk for 

developing dementia.

The aim of this study was 2-fold: to investigate the longitudinal impact of self-reported 

VI on dementia and to investigate the longitudinal impact of dementia on visual function. 

We hypothesized that there is an increased risk of developing dementia among subjects 

with VI and that individuals with dementia may be more likely to have VI. Using a large, 

nationally representative sample of Medicare beneficiaries from the National Health and 

Aging Trends Study (NHATS), we sought to analyze the association between self-reported 

VI and dementia over time.

Methods

Study Sample

We used data from the NHATS 2011–2018 cycles. The NHATS, sponsored by the National 

Institute on Aging, consists of a nationally representative sample of Medicare beneficiaries 

aged 65 years and older residing in the contiguous United States, for whom in-person 

interviews are conducted annually to document changes over time.33 The initial NHATS 

participant cohort was created in 2011 and refreshed in 2015 to replenish participants who 

dropped out because of death or other reasons. All participants were surveyed annually 

through 2018. The NHATS was designed to study functioning in later life and includes 

longitudinal data on both visual functioning and cognitive impairment.

Variable Selection

Visual impairment was assessed using responses to self-reported questionnaires. 

Respondents were categorized as having any subjective VI (impairment at distance or 

near), distance impairment specifically (inability to “recognize someone across the street” 

or “watch television across the room”), and near impairment specifically (inability to 

“read newspaper print”). Each was queried on the basis of best-corrected vision. Probable 

or possible dementia was classified per NHATS protocol.34–36 The AD8 (Alzheimer’s 

Disease Research Center, Washington University, St. Louis, MO) 8-item questionnaire 

was administered to participants to assess memory, temporal orientation, judgment, and 

function. Additional domain-based cognitive tests included orientation (date and naming 

of the president and vice president), memory (immediate and delayed word recall), and 

executive functioning (clock drawing). Respondents were classified as probable dementia 

based on a physician diagnosis, AD8 score ≥2, or cognitive test performance ≤1.5 standard 

deviations from the mean for at least 2 of 3 domains (memory, orientation, and executive 

functioning). Possible dementia was determined by impairment in 1 cognitive domain. 

Respondents who did not meet the criteria of probable or possible dementia were considered 

to have no dementia.

Chen et al. Page 3

Ophthalmology. Author manuscript; available in PMC 2023 December 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Potential confounding variables used as covariates in the analysis included self-reported 

functional impairment (hearing and physical function). Demographic and socioeconomic 

status variables were also determined from self-report, including age, sex, race/ethnicity, 

education level, and annual household income. Age was reported in 5-year intervals starting 

from age 65 years, with age 90 years and more comprising the oldest category. Information 

on annual income was imputed from data collected in 2011, 2013, 2015, and 2017 based on 

NHATS protocol.37 Because no income data were obtained for the years 2012, 2014, 2016, 

and 2018, we assumed stable income from the previous year. General health conditions 

and behaviors were likewise self-reported, including smoking status and history of diabetes, 

hypertension, coronary heart disease, myocardial infarction, and stroke.

Statistical Analysis

The NHATS database is composed of publicly available, nonidentifiable information, and 

this study was determined to be exempt by the Stanford University Institutional Review 

Board. The described research adhered to the tenets of the Declaration of Helsinki. This is 

a retrospective study using de-identified subject details. Informed consent was not obtained. 

All analyses were performed using STATA/SE, version 13.1 (StataCorp LP). Descriptive 

statistics were used to characterize the study groups at baseline, comparing the subgroups 

with versus without dementia and with versus without VI, respectively.

Given that data were obtained from annual surveys, time-to-event (survival) analysis 

was performed by constructing discrete time Cox proportional hazards regression models 

adjusted for clinical risk factors and hearing and physical function impairments treated 

as time-varying covariates. For our primary analyses, we evaluated the impact of baseline 

impairment on subsequent outcomes. To assess the influence of baseline VI on subsequent 

dementia incidence (model 1), we evaluated a cohort with no dementia at baseline. We 

determined the adjusted hazard ratio (HR) for the likelihood of developing probable/possible 

dementia over time for respondents with versus without baseline subjective VI (not counting 

VI that developed after baseline). To assess the reverse association (influence of baseline 

dementia on subsequent VI incidence, model 2), we evaluated a cohort with no subjective 

VI at baseline. In this analysis, our primary outcome was self-reported VI, and the 

predictor variable of interest was presence of probable/possible dementia at baseline (not 

counting dementia that developed after baseline). Both models were sequentially adjusted 

for demographics and socioeconomic status, followed by clinical risk factors including 

diabetes, hypertension, coronary heart disease, and myocardial infarction. The fully adjusted 

models accounted for these variables and the added effects of functional hearing or physical 

limitations. “Don’t know” and “Refuse” responses were treated as missing values and 

excluded from the analysis.

We also performed sensitivity analyses in which each of our predictor variables of interest 

was respectively treated as time-varying, that is, also counting incident VI (model 1) 

or incident dementia (model 2) that developed after baseline, in addition to prevalent 

impairment present before baseline. Therefore, these sensitivity analyses included some 

participants who had VI (model 1) or dementia (model 2) for a shorter period of time than 
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in our primary analyses. Two-sided P < 0.05 was considered statistically significant for all 

analyses.

Results

Study Sample and Population Characteristics

From 2011 to 2018, a total of 10 676 unique participants were surveyed by NHATS. 

Baseline demographics for subjects enrolled during the initial recruitment phase in 2011 

and those recruited during the database refresh in 2015 are reported in Table 1. In total, 

13.0% of participants were age 85 to 89 years, and 10.9% were age 90 years and more; the 

remainder of the sample was approximately equally divided among 4 age groups between 

age 65 and 84 years (19% of the cohort in each). More than half of participants (59.0%) 

were female, and the racial-ethnic distribution was non-Hispanic White (68.4%), Black 

(21.1%), Mexican/Hispanic (5.7%), and other (2.9%). There was a similar distribution 

across education levels; however, lower income levels were disproportionately represented 

(particularly those with annual household income ≤$25 000, comprising 34.3% of the 

cohort). Self-reported physical function limitations were present in 59.1% of the cohort, and 

hearing impairment was present in 13.9%.

At baseline, 7% of the study sample was classified as having probable or possible dementia, 

and 9.3% had subjective VI at distance or near. Over the follow-up period, 16.4% (n = 1753) 

of the participants developed new dementia, and 22.2% (n = 2371) developed new subjective 

VI. Compared with those with no dementia, participants with baseline dementia were 

significantly more likely to be older, female, and of minority race/ethnicity, and to have less 

education and lower income. They were also significantly more likely to report no smoking 

history but positive histories for hypertension, coronary heart disease, myocardial infarction, 

stroke, hearing impairment, and physical function limitations. Likewise, compared with 

participants without VI, those with baseline VI were also more likely to be older, female, 

and nonwhite, to have lower socioeconomic status, to report nonsmoking history, and to be 

affected by other systemic comorbidities. Participants with VI were also more frequently 

affected by diabetes compared with those without VI, whereas there was no statistically 

significant difference in prevalence of diabetes for participants with dementia versus no 

dementia at baseline.

Influence of Visual Impairment on Dementia Incidence

Figure 1 presents Kaplan–Meier curves indicating change in the proportion of participants 

without incident dementia, stratified on the basis of visual function at baseline and followed 

over the study period. More participants with baseline VI developed dementia over time; 

the cumulative proportion without incident dementia in participants without self-reported 

VI at baseline was 0.83 (95% confidence interval [CI], 0.82–0.84) versus 0.44 (95% CI, 

0.40–0.47) in those with self-reported VI. In Cox proportional hazards regression (Table 

2), self-reported VI was significantly associated with more than 4-fold greater likelihood of 

subsequent dementia (HR, 4.4; 95% CI, 3.9–4.8; P < 0.001). After full model adjustment 

for demographic variables, clinical risk factors, and hearing and physical functioning 

impairments, the likelihood of dementia was more than 2-fold higher among participants 
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with baseline VI (HR, 2.3; 95% CI, 2.0–2.6; P < 0.001). Sensitivity analyses that also 

included incident cases of VI not present at baseline yielded similar results but of lower 

magnitude (10%–20% increased hazard of dementia in adjusted models, Table S1, available 

at www.aaojournal.org). Similar results were obtained regardless of whether distance VI or 

near VI was reported.

Influence of Dementia on Visual Impairment Incidence

The reverse relationship was also present: a greater number of participants with baseline 

dementia developed VI over time. Figure 2 illustrates change in the proportion of 

participants without incident self-reported VI over the study period, stratified on the basis 

of the presence of dementia at baseline. The cumulative proportion of participants who 

did not develop incident self-reported VI among those without dementia at baseline was 

0.76 (95% CI, 0.74–0.77) compared with 0.26 (95% CI, 0.23–0.29) among those with 

baseline dementia. Cox proportional hazard regression models (Table 3) demonstrates 

greater likelihood of developing VI over time among participants who had dementia at 

baseline, with more than 4-fold higher odds in unadjusted models (HR, 4.4; 95% CI, 4.1–

4.9; P < 0.001) and more than 2-fold higher odds in models adjusted for demographics, 

socioeconomic status, systemic comorbidities, and hearing and physical function limitations 

(HR, 2.5; 95% CI, 2.2–2.8; P < 0.001). Sensitivity analyses also including incident dementia 

not present at baseline yielded similar results but of lower magnitude (20% increased hazard 

of VI in adjusted models, Table S2, available at www.aaojournal.org).

Discussion

Using time-to-event analysis, our study demonstrates a strong temporal association 

between VI and dementia over 8 years of follow-up in a representative sample of US 

Medicare beneficiaries. When fully adjusted for potential confounding variables, including 

demographics, socioeconomic status, clinical comorbidities, hearing impairment, and 

physical function limitations, we identified an approximately 2-fold increased likelihood 

in both directions: a higher likelihood of developing new dementia when VI was present 

at baseline and a higher likelihood of developing new VI when dementia was present at 

baseline. These findings have important implications for public health and examination 

recommendations in older adults.

This study provides a unique longitudinal analysis of VI and cognitive dysfunction 

encompassing a representative sample of the US Medicare population and evaluating 

bidirectional associations. The results generalize our recent findings from the Women’s 

Health Initiative to the wider population of older adults in the United States and expand 

upon our prior work showing a significant association between VI and worse cognitive 

performance by introducing the element of time.22,32 We also provide more robust 

data with multiple repeated measures over time to bolster data from other international 

studies, supporting the hypothesis that vision and cognition appear to be longitudinally 

associated.25,28,38,39

Vision screening has yet to become public policy because of insufficient evidence supporting 

an improvement in visual acuity or clinical outcomes, as concluded by the 2016 US 
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Preventive Services Task Force.22,40 However, the US Preventive Services Task Force 

recommendations are for the general public of older adults and do not specifically address 

the needs of vulnerable populations, such as patients with cognitive impairment who may 

be at higher risk of preventable or treatable VI. A 2017 study reported 37% of participants 

with dementia in a long-term care facility had measurable VI, approximately half of which 

was correctable with a simple refraction.41 There is mounting interest in developing vision 

screening protocols for the cognitively impaired, reflected by a growing body of work in the 

literature. In Canada, for example, Campos et al42 reviewed tools to screen vision in long-

term care residents with dementia to identify those who could benefit from intervention, 

and Kergoat et al43 are attempting to develop specific vision screening tools targeting older 

individuals with dementia. In Europe, Hooper et al44 have reported on an international study 

testing the feasibility of implementing hearing and vision sensory interventions in patients 

with dementia.

Despite research on the topic, the direction of causality between self-reported VI and 

cognitive function remains unclear. Prior studies have suggested many mechanisms for a 

causative relationship between low vision and impaired cognition. For instance, VI may 

interfere with engagement in cognitively stimulating activities and reduce socialization, in 

turn increasing risk of dementia. Visual impairment may also lead to neuronal atrophy, 

directly compromising cognitive function. Alternatively, perhaps neuronal dysfunction or 

other common risk factors such as vascular disease or environmental factors are common 

causes for both dementia and VI, and VI may be an early symptom of dementia. Finally, 

people with VI may require higher cognitive resource allocation to perceive visual sensory 

input, leaving fewer cognitive resources to process other tasks, thereby increasing cognitive 

load or strain, and hastening the onset of dementia.27,31,45

In the reverse direction, dementia may directly or indirectly cause VI. Impaired central 

visual perception and processing caused by dementia may manifest as impaired vision, 

reflecting not necessarily eye pathology, but rather, an inability to effectively interpret or 

express visual input. As well, older adults with dementia may be more likely to have 

untreated VI from eye disease. We have previously demonstrated that patients with dementia 

are less likely to be seen by any eye care provider, including an ophthalmologist, and less 

likely to have cataract surgery even if they are seen by an ophthalmologist.46 Especially 

with the suggested relationship between VI and increased likelihood of subsequent cognitive 

impairment, this latter possibility is particularly concerning. Untreated VI could potentially 

worsen or hasten cognitive decline among patients with existing dementia, an area that 

warrants further research.

Our findings have implications for the care of older adults in both the primary care and 

eye care settings. Primary care providers, geriatricians, and neurologists may consider a 

lower threshold for referring cognitively impaired patients to eye care specialists to be 

evaluated for reversible VI such as refractive error and cataracts. This offers an opportunity 

for quick intervention with new spectacles or cataract surgery, widely accepted as safe and 

effective.47–49 Nonreversible eye disease may also benefit from eye care. For example, it is 

possible that by improving vision in treatable diseases, for instance, via administration of 

intravitreal injections for wet age-related macular degeneration or diabetic macular edema, 
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we may be able to reduce the risk of further cognitive decline. Conversely, there may 

be a role for ophthalmologists to advocate for dementia screening or geriatrics/neurology 

referrals during the evaluation of visually impaired patients, especially for those whose poor 

visual acuity is inadequately explained by a complete ophthalmic examination and testing. 

An acute stroke in vascular dementia, for example, could present with subjective VI. Future 

research on causal relationships between VI and cognition as well as the impact of specific 

cognitive and ophthalmic interventions will provide important clinical information to benefit 

patients most vulnerable to these impairments and help to prospectively define guidelines for 

screening.

Study Limitations

Our results are limited by the subjective nature of VI in this analysis, determined by 

self-report in the NHATS survey and potentially subject to recall or other biases. Formal 

vision assessment and objective measurements were not performed because of resource 

constraints nor were specific causes of vision loss identified. However, other recent analyses, 

including data from the Health, Aging, and Body Composition Study and Salisbury Eye 

Evaluation Study, respectively, found significant associations between objectively measured 

VI and cognitive test performance, which support our findings linking VI and dementia.50,51 

Furthermore, we believe subjective VI is a valuable measure of participants’ functional 

vision, which is highly relevant to an aging population. Subjective VI is also more practical 

for potential screening in nonophthalmic clinics, such as in primary care or geriatric offices. 

That our study demonstrates a positive association using subjective vision assessment 

highlights its potential use for application in these settings. Furthermore, NHATS features 

a unique longitudinal design incorporating a representative US population with clinical 

information as well as survey and testing data, a rarity among large national health 

databases, especially in older populations. This importantly allows for the assessment 

of temporal relationships. Priority was given to determination of dementia status via a 

rigorous, multifaceted approach with contributions from physician diagnosis and formal 

cognitive function tasks. Despite this robust methodology, we acknowledge the potential for 

misclassification, ascertainment, or sampling biases. For example, participants with higher 

educational attainment or greater cognitive reserve may have performed better on cognitive 

testing despite the presence of dementia and being incorrectly classified with nondementia. 

Although NHATS is a large, population-based study, only 7% of the study sample was 

classified with probable or possible dementia at baseline, compared with population 

estimates from the 2010 US Census suggesting a prevalence of 11% to 12% for Alzheimer’s 

disease.52 However, inclusion of physician diagnosis and assessment of multiple cognitive 

domains bolster the clinical relevance of the NHATS dementia classification, and potential 

underdetection of dementia would be expected to bias our results away from finding 

a significant relationship between dementia and VI (such that our results may actually 

underestimate the relationship).

In conclusion, this study provides evidence for a longitudinal, bidirectional association 

between self-reported VI and dementia. Given the results of this nationally representative 

study and the temporal associations demonstrated, vision screening in the cognitively 

impaired and cognitive assessments in the visually impaired, when conducted in a timely 
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fashion, may help mitigate the development of comorbid disease that can be devastating 

to older individuals. Future studies should investigate the pathway between cognition and 

VI prospectively, determine optimal timelines for screening high-risk populations, and 

continue to innovate geriatric care to identify and intervene upon comorbid VI and cognitive 

dysfunction in older populations.
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Figure 1. 
Cumulative number of incident dementia cases over time among participants with and 

without baseline visual impairment (VI), 2011–2018.
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Figure 2. 
Cumulative number of incident visual impairment (VI) cases over time among participants 

with and without baseline dementia, 2011–2018.
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Table 3.

Time to Event Analysis for Development of Visual Impairment Based on Dementia Status

Probable/possible dementia HR 95% CI P value

Unadjusted 4.4 (4.1 – 4.9) <0.001

Adjusteda

 Demographics + SES 2.8 (2.5 – 3.1) <0.001

  + Clinical risk factors 2.7 (2.4 – 3.0) <0.001

   + Hearing and physical function impairments 2.5 (2.2 – 2.8) <0.001

a
Models adjusted for demographics and socioeconomic status (age, gender, race/ethnicity, education level, and annual household income), adding 

clinical risk factors (smoking status, diabetes, HTN, CHD, MI, and stroke), and finally including hearing and physical function impairments. 
Clinical risk factors and hearing and physical function impairments were treated as time varying covariates.

HR: hazard ratios for risk of developing visual impairment

HRs are reported with 95% confidence intervals (CI). Two-sided p-values <0.05 were deemed statistically significant.
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