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Abstract

Objective: To examine the relationship between dementia status and receipt of eye care among 

US Medicare beneficiaries.
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Design: Retrospective claims-based analysis

Participants: A 20% representative sample of Medicare beneficiaries who received care between 

January 1, 2006, and December 31, 2015.

Methods: Dementia was identified from diagnosis codes documented in a beneficiary’s first 3 

years of observed Medicare enrollment. Eye care visits were identified from provider specialty 

codes on each encounter claim. We used multivariable Cox proportional hazards regression models 

with time-varying covariates to compare likelihood of receiving eye care between beneficiaries 

with and without dementia. All models were adjusted for potential confounders, including 

demographics, urban/rural residence, systemic health (Charlson Index), and ocular comorbidities.

Main Outcome Measures: Hazard ratio and 95% confidence interval (CI) for 1) being seen by 

any eye care provider (ophthalmologist or optometrist), 2) being seen by an ophthalmologist 

specifically, and 3) receiving cataract surgery (among beneficiaries with ophthalmologist 

encounters).

Results: 4,451,200 beneficiaries met inclusion criteria; 3,805,718 (85.5%) received eye care 

during the study period and 351,127 (7.9%) had diagnosed dementia. 70.4% of beneficiaries with 

diagnosed dementia saw an eye care provider during the study period and 54.7% saw an 

ophthalmologist, versus 86.8% and 73.9% of beneficiaries without dementia diagnoses. Compared 

to those without dementia diagnoses, beneficiaries with diagnosed dementia had lower likelihood 

of seeing any eye care provider (adjusted HR=0.69, 95%CI=0.69–0.70) and were even less likely 

to see an ophthalmologist (adjusted HR=0.55, 95%CI=0.55–0.55). Among the subset of 

beneficiaries who did see ophthalmologists, those with diagnosed dementia were also less likely to 

receive cataract surgery than beneficiaries without diagnosed dementia (HR=0.62, 95%CI=0.62–

0.63) and less likely to receive a cataract diagnosis (18% versus 82%).

Conclusions: US Medicare beneficiaries diagnosed with dementia are less likely to receive eye 

care than those without diagnosed dementia. Depending on visual acuity and functional status, this 

may have implications for injury prevention, physical and cognitive function, and quality of life. 

Further work is needed to identify barriers to receiving eye care, determine eye care services and 

settings that provide greatest value to dementia patients, and implement measures to improve 

access to appropriate eye care.
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Introduction

Alzheimer’s disease and related dementias are prevalent among older adults. An estimated 

one in nine people 65 years or older has Alzheimer’s disease. As the US population ages, the 

number of older adults with Alzheimer’s disease is expected to grow to 7.1 million by 2025 

and is likely to rise as high as 13.8–16 million by 2050.1–3

Eye diseases are also very prevalent among older adults. Cataracts, age-related macular 

degeneration, and glaucoma, respectively, are present in 70%, 12%, and 8% of US adults 
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over age 80.4–6 Among dementia patients over age 65, cataract is one of the top 10 most 

prevalent chronic comorbidities,7 and glaucoma is the 18th most common comorbidity.8 

Additionally, uncorrected refractive error (unmet need for spectacles) has been reported in 

dementia patients, especially those in nursing homes or long-term care facilities.9

The treatment of eye disease in patients with Alzheimer’s disease and related dementias 

raises important challenges. Eye disease can lead to visual impairment, which is associated 

with reduced quality of life and physical function, as well as cognitive decline among 

dementia patients.10–15 Treatments that improve or maintain vision may mitigate some of 

these effects.16–28 For example, in cooperative patients, cataracts can usually be treated 

quickly and safely with an outpatient surgery performed by an ophthalmologist, resulting in 

better vision and quality of life, lower risk of injuries such as hip fractures, and possibly 

reduced cognitive decline among patients with dementia.18–27,29–30 However, if patients are 

not able to lie still and cooperate with surgery—as may be the case in dementia—general 

anesthesia may be necessary, increasing risk of systemic complications.

In our previous work, we found that patients with dementia are 47% less likely to undergo 

cataract surgery, compared to patients without dementia,31 even after adjusting for other 

potentially confounding factors. However, we did not explicitly examine the source of these 

differences. One possibility is that lower rates of surgery among dementia patients represent 

decisions made in discussion with an ophthalmologist, weighing the risks and benefits of 

potential treatment options. However, barriers to accessing care may also play a role. 

Patients with dementia may face unique obstacles to receiving eye care, including lower 

functional status, differences in perceived risks and potential benefits of eye care, and 

logistical challenges such as unrecognized visual impairment or need for a caregiver for 

transportation to an eye care provider.32–34

In this study, we examine access to eye care more broadly to provide evidence on the 

potential sources of these differences. We used national Medicare administrative claims data 

to examine access to eye care services among beneficiaries with dementia. We evaluated the 

likelihood of being seen by any eye care provider (optometrist or ophthalmologist) as well as 

the likelihood of being seen specifically by an ophthalmologist. In addition, because our 

prior work regarding likelihood of cataract surgery based on dementia status was not limited 

to beneficiaries who saw an ophthalmologist, in this analysis we explicitly evaluate the 

likelihood of cataract surgery among the subset of beneficiaries seen by an ophthalmologist. 

Finally, we specifically evaluated beneficiaries who were institutionalized or had multiple 

medical comorbidities to determine whether other serious ailments may preclude access to 

eye care. By examining both access to eye care and treatment decisions conditional on 

accessing services, our analyses provide insight into the mechanisms by which treatment 

decisions differ between patients with and without Alzheimer’s disease and related 

dementias.
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Methods

Data Source

Our analysis was performed using administrative insurance claims for a random, national 

20% sample of Medicare beneficiaries with Medicare Parts A, B, and D coverage between 

January 1, 2006, and December 31, 2015. We used Medicare master beneficiary and carrier 

(Physician/Supplier Part B) files to verify Medicare eligibility, determine demographics and 

other patient characteristics, and identify patient visits, diagnoses, and procedures. Stanford 

University Institutional Review Board approval was obtained prior to the study, and the 

study adhered to the Declaration of Helsinki.

Sample Selection

Using similar methods as reported previously,31 we limited our sample to beneficiaries aged 

65 years and older, with at least four years of continuous fee-for-service Medicare coverage. 

We excluded beneficiaries with noncontinuous enrollment, enrollment in Medicare 

Advantage plans, and/or residence outside the United States, since observed claims were 

incomplete for these enrollees. We also excluded beneficiaries with missing values for sex or 

geographic location (urban/rural) (Figure 1). We used each beneficiary’s first three years of 

observed plan enrollment as a “lookback period” to determine baseline characteristics and 

define predictor variables. We limited our analysis to beneficiaries with a minimum of one 

full year of continuous Medicare enrollment after the lookback period, and followed 

beneficiaries for a mean of 5.1 years (IQR 3.1–7.0 years). To evaluate incident cataract 

surgery, we secondarily limited the full study sample to a only those beneficiaries who were 

seen by an ophthalmologist and had no evidence of prior cataract surgery, based on ICD-9-

CM and Current Procedural Terminology (CPT) codes for cataract surgery, pseudophakia, or 

aphakia in the lookback period (Supplemental Table 1, available at www.aaojournal.org).

Outcome

Our primary outcome was optometrist and ophthalmologist visits, collectively considered as 

eye care provider visits. These were identified from provider specialty codes on each 

encounter claim during the post-lookback followup period. We additionally performed a 

subanalysis on the sample of beneficiaries who had observed ophthalmologist visit(s) prior 

to any cataract surgery; in this analysis our primary outcome was incident cataract surgery.

Predictor Variables

We identified beneficiaries with dementia using International Classification of Diseases, 9th 

edition, Clinical Modification (ICD-9-CM) diagnosis codes (Supplemental Table 1, available 

at aaojournal.org). We classified dementia beneficiaries using methods described previously, 

with “prevalent dementia” defined as dementia documented during the lookback period, 

“incident dementia” defined as a dementia diagnosis first recorded after the end of lookback 

period but before receiving eye care services, and “no dementia” defined as no recorded 

dementia diagnosis or a diagnosis first recorded after receiving eye care after the end of the 

lookback period.31
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Other clinical comorbidities, including depression,35 diabetic retinopathy, age-related 

macular degeneration, and glaucoma were also identified by presence of ICD-9-CM codes 

(Supplemental Table 1, available at www.aaojournal.org) in the lookback period for each 

beneficiary. We used Charlson Comorbidity Index (determined using ICD-9-CM codes and 

modified to exclude dementia) to account for general systemic health (Supplemental Table 1, 

available at www.aaojournal.org), and Rural-Urban Commuting Area codes to determine 

rural versus urban settings for each beneficiary’s geographic residence during the lookback 

period.36 Baseline institutionalized status (nursing home care) was evaluated based on 

presence of at least one skilled nursing facility stay during a given beneficiary’s lookback 

period. Provider specialty codes were used to determine whether beneficiaries were seen at 

least once by an optometrist or ophthalmologist, or by both during their lookback periods.

Statistical Analysis

Enrollee characteristics were summarized using frequencies and percentages. Consistent 

with prior methods,31 we used Cox proportional hazards regression models with time-

varying covariates to evaluate the likelihood of receiving eye care services after the end of 

the 3-year lookback period (defined as the analysis index date). Length of follow-up varied 

among beneficiaries. For those who did not receive eye care during our analysis, the time to 

receiving eye care was censored by the length of follow-up, and the follow-up period was 

treated as unobserved censored time. Censoring was more common among beneficiaries 

with dementia diagnoses (HR for censoring = 3.24 among dementia-diagnosed 

beneficiaries).

We constructed separate multivariable regression models to estimate hazard ratios for (1) 

hazard of being seen by any eye care provider (ophthalmologist or optometrist), (2) hazard 

of being seen specifically by an ophthalmologist (adjusting for any optometrist visits at 

baseline), and (3) hazard of receiving cataract surgery conditional on seeing an 

ophthalmologist during the lookback and/or followup period(s). For this analysis of 

likelihood of receiving cataract surgery, we additionally limited our study sample to 

beneficiaries who were (1) seen by an ophthalmologist (because only ophthalmologists 

perform cataract surgery and a visit with an ophthalmologist is necessary for surgery) and 

(2) did not have evidence of prior cataract surgery in their lookback period (Figure 1). We 

considered both incident and prevalent dementia as “dementia” beneficiaries in our primary 

analysis, however, in sensitivity analyses we additionally estimated regression models 

comparing beneficiaries with incident dementia to those without dementia.

We included potential confounders in the regression models: age, sex, race/ethnicity, urban 

versus rural residence, first observed year of Medicare data, institutionalized status (nursing 

home care), Charlson Comorbidity Index, depression, and ocular comorbidities. In Model 1 

(evaluating hazard of any eye care provider visits), we also adjusted for previous visits to an 

eye care provider in the lookback period, and in Models 2 and 3 (evaluating hazard of 

ophthalmologist visits and cataract surgery, respectively), we adjusted for previous visits to 

an optometrist in the lookback period since this may influence later likelihood of referral to 

an ophthalmologist. We tested for interaction effects between dementia and age, sex, 

institutionalized status, and Charlson Comorbidity Index, respectively. For interaction 
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analyses, Charlson Comorbidity Index was evaluated as a binary variable (<4 versus 4+, 

since 67% of beneficiaries had a Charlson index of 3 or lower). All analyses were performed 

using SAS software, version 9.4 (SAS Institute, Cary, NC).

Results

Study Sample

A total of 4,451,200 beneficiaries met initial study inclusion criteria (Figure 1). The study 

sample was predominantly female and white, and the majority of beneficiaries were urban-

dwelling (74.4%). Beneficiaries with a dementia diagnosis represented 7.9% of the study 

sample (n=351,127), of whom 6.2% (n=275,717) had prevalent dementia identified during 

the lookback period and 1.7% (n=75,410) had incident dementia reported after the lookback 

period, excluding beneficiaries for whom dementia was first diagnosed after receiving eye 

care. Prevalence of dementia in this dataset was 7.4% in whites, 10.6% in blacks, 11.3% in 

Hispanics, 6.8% in Asians, and 1.5% in Native Americans/Other/Unknown.

In unadjusted comparison, beneficiaries with dementia diagnoses were on average older and 

more likely to be female, non-white, live in an urban setting, have skilled nursing facility 

stays, and have other systemic comorbidities, including depression (Table 1). Dementia 

diagnoses were observed in the highest proportions among beneficiaries over age 85 years, 

those with depression, and those with skilled nursing facility stays (over 20% of each group 

had prevalent or incident dementia). Dementia diagnoses were also observed slightly more 

frequently among beneficiaries who were female (9% of female beneficiaries, versus 6% of 

male beneficiaries) and those who were black or Hispanic (approximately 11% of 

beneficiaries, compared to 7% or less among other races/ethnicities).

3,805,718 beneficiaries (85.5% of our overall sample) had eye care visits during the follow-

up period. Beneficiaries with diagnosed dementia made up progressively smaller proportions 

of those who received eye care visits, saw ophthalmologists, and underwent cataract surgery, 

respectively (Table 2).

Relationship between Dementia and Likelihood of Any Eye Care Visits

Among beneficiaries with documented dementia, only 70.4% (n=247,076) had any eye care 

visits (optometrists or ophthalmologists), compared to 86.8% of beneficiaries without 

dementia diagnoses (n=3,558,642). After adjusting for potential confounders, beneficiaries 

with incident or prevalent dementia diagnoses were 31% less likely to be seen by an eye care 

provider, compared to beneficiaries without dementia diagnoses (adjusted HR=0.69, 

95%CI:0.69–0.70) (Table 3).

Unsurprisingly, ocular comorbidities and baseline eye care visits were each highly 

associated with having subsequent eye care visits (29–80% higher likelihood in beneficiaries 

with ocular comorbidities and over 3-fold higher likelihood in beneficiaries with baseline 

eye care visits). Older beneficiaries were also less likely to receive eye care visits (over 50% 

lower likelihood among those aged 95 years and older). Other factors showed less marked 

but still significant associations. Females, white beneficiaries, and those in urban settings 

were more likely to have eye care visits. Presence of more comorbid systemic conditions, as 
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measured by Charlson Comorbidity Index, was associated with increased likelihood of eye 

care visits. (Supplemental Table 2, available at www.aaojournal.org).

We found that the effect of age and sex varied based on dementia status. With every 5-year 

increase in age, beneficiaries with documented dementia were 12% less likely to receive any 

eye care visits, whereas beneficiaries without documented dementia were only 4% less 

likely. And female beneficiaries were 14% less likely than males to receive eye care visits if 

they had a dementia diagnosis, but 12% more likely if they did not have a dementia 

diagnosis. (Table 4 and Figure 2).

Relationship between Dementia and Likelihood of Ophthalmologist Visits

Only 54.7% (n=192,148) of beneficiaries with dementia diagnoses had visits specifically 

with ophthalmologists. By contrast, 73.9% of beneficiaries without dementia diagnoses 

(n=3,030,813) received ophthalmologist visits (Figure 1). Beneficiaries diagnosed with 

dementia were 45% less likely to be seen by an ophthalmologist (adjusted HR=0.55, 

95%CI:0.55–0.55) than beneficiaries without dementia diagnoses (Table 3).

The direction of effect for other patient characteristics was similar to findings for likelihood 

of any eye care provider visits (Supplemental Table 3, available at www.aaojournal.org). We 

observed even lower likelihood of ophthalmologist visits among older beneficiaries and 

those in rural settings, while beneficiaries with ocular comorbidities and more systemic 

comorbidities were more likely to see ophthalmologists. Notably, beneficiaries previously 

seen by optometrists were over 40% less likely to see ophthalmologists (adjusted HR=0.57, 

95% CI:0.57–0.58); however, the difference was slightly less marked among dementia 

beneficiaries. Beneficiaries with documented dementia who were previously seen by 

optometrists had 38% lower likelihood of ophthalmologist visits, compared to 43% lower 

likelihood among beneficiaries without documented dementia who were previously seen by 

an optometrist (Supplemental Table 4, available at www.aaojournal.org).

There were significant interactions between dementia and age and between dementia and 

sex. With increasing age, all beneficiaries were less likely to be seen by an ophthalmologist, 

an effect more pronounced for beneficiaries diagnosed with dementia (approximately 20% 

lower likelihood vs. less than 4% lower likelihood for beneficiaries without dementia; Table 

3). Female beneficiaries diagnosed with dementia were 22% less likely to see an 

ophthalmologist than males diagnosed with dementia, whereas female beneficiaries without 

diagnosed dementia were 18% more likely (Table 4).

Relationship between Dementia and Likelihood of Cataract Surgery among Beneficiaries 
Seen by Ophthalmologists

Among the subset of beneficiaries seen by an ophthalmologist—thus potentially able to 

undergo cataract surgery—12.7% (n=42,317) of those with dementia diagnoses and 38.4% 

(n=803,509) of those without dementia diagnoses underwent incident cataract surgery 

during the study period (Figure 1). Beneficiaries with a dementia diagnosis were 38% less 

likely to undergo cataract surgery (adjusted HR=0.62, 95%CI:0.62–0.63) than those without 

a dementia diagnosis (Table 3).
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Likelihood of cataract surgery also declined with age, and the lowest likelihood of cataract 

surgery was observed in the very old, regardless of dementia status (adjusted HR=0.15, 

95%CI:0.13–0.17 for beneficiaries age 95 and over, compared to 65–75 years). Female sex, 

white race/ethnicity, and living in rural settings were each associated with higher likelihood 

of cataract surgery, as was being seen by an optometrist at baseline (49% higher likelihood 

of cataract surgery) (Supplemental Table 5, available at www.aaojournal.org). Having more 

ocular comorbidities was associated with lower likelihood of cataract surgery and, in 

aggregate, having more systemic comorbidities did not substantially change the likelihood of 

cataract surgery.

Interestingly, beneficiaries with dementia diagnoses were not only less likely to receive 

cataract surgery but also less likely to have a cataract diagnosis documented in billing 

records. Among beneficiaries seen by an ophthalmologist who did not undergo cataract 

surgery, only 18% of those with documented dementia received a cataract diagnosis, 

compared to 82% of those without documented dementia.

Eye Care for Beneficiaries with Poor Health or Institutionalized Status

Sicker beneficiaries (those with a higher Charlson Comorbidity Index) were more likely to 

see any eye care provider and more likely to see an ophthalmologist, but had minimal 

difference in likelihood of cataract surgery after being seen by an ophthalmologist 

(Supplemental Tables 2, 3, and 5). Beneficiaries with documented dementia and with a 

Charlson Index >4 were less likely to see any eye care provider, less likely to see an 

ophthalmologist, and less likely to have cataract surgery after being seen by an 

ophthalmologist. By contrast, beneficiaries without documented dementia who had a 

Charlson Index >4 were more likely to see any eye care provider, more likely to see an 

ophthalmologist, and slightly more likely to undergo cataract surgery after being seen by an 

ophthalmologist. (Table 4).

Among beneficiaries with documented dementia, those who were institutionalized in a 

skilled nursing facility were more likely to see any eye care provider, less likely to see an 

ophthalmologist, and had no significant difference in likelihood of cataract surgery after 

being seen by an ophthalmologist. Nondementia beneficiaries who were institutionalized 

were less likely to see any eye care provider, less likely to see an ophthalmologist, and 

slightly more likely to undergo cataract surgery after being seen by an ophthalmologist. 

(Table 4).

Sensitivity Analyses

We separately analyzed likelihood of eye care among the subset of beneficiaries with 

incident dementia diagnoses, compared to beneficiaries without dementia diagnoses, 

allowing us to estimate the effect of dementia duration based on time since diagnosis.

We observed a milder reduction in likelihood of any eye care provider visits among 

beneficiaries with incident dementia diagnoses compared to those without dementia 

(adjusted HR=0.90, 95% CI:0.89–0.91; Supplemental Table 6, available at 

www.aaojournal.org). The difference in likelihood of ophthalmologist visits was more 

substantial; beneficiaries with incident dementia diagnoses were 26% less likely to be seen 
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than those without dementia diagnoses (adjusted HR=0.74, 95%CI:0.73–0.75; Supplemental 

Table 7, available at www.aaojournal.org). In both models, each additional year after 

dementia diagnosis conferred a 13% reduction in likelihood of being seen by any eye care 

provider or specifically by an ophthalmologist.

Among beneficiaries seen by an ophthalmologist, cataract surgery remained less likely 

among beneficiaries with incident dementia diagnoses compared to those without dementia 

diagnoses (adjusted HR=0.84, 95%CI:0.82–0.85), and beneficiaries had 15% lower 

likelihood of cataract surgery with every additional year since dementia diagnosis 

(Supplemental Table 8, available at www.aaojournal.org).

Discussion

In this analysis of a large national sample of Medicare beneficiaries, we found that patients 

with documented dementia have lower likelihood of receiving eye care compared to those 

without documented dementia—approximately one-third less likely to be seen by any eye 

care provider (optometrist or ophthalmologist), half as likely to be seen specifically by an 

ophthalmologist, and 40% less likely to undergo cataract surgery even if seen by an 

ophthalmologist. This has important public health implications. Ophthalmic care is 

necessary for diagnosis and management of eye disease, and treatments such as cataract 

surgery improve vision-related quality of life, reduce injury, and may improve cognitive 

outcomes in dementia.18–27,29–30 Our findings may signal a need to facilitate eye care access 

for dementia patients.

Eye disease is prevalent among older adults, and guidelines in the US and Canada 

recommend that patients over age 65 receive complete eye exams every 1–2 years.37–40 

Examinations by an eye care provider are essential, due to the need for specialized clinical 

expertise as well as access to dilating eye drops, exam equipment, and imaging. In particular, 

ophthalmologist evaluation is necessary for complex or surgical eye diseases such as 

cataract, wet age-related macular degeneration, and advanced glaucoma. Untreated, these 

eye diseases have been associated with impaired quality of life, depression, and falls and 

fractures.15,17–18,41 Furthermore, improving vision, as by spectacle correction or cataract 

surgery, has been shown to improve quality of life and reduce depression and fall-related 

fractures.16,18–21,28,42

However, despite evidence of benefit from eye disease treatment, there may be barriers to 

dementia patients receiving eye care. Reduced functional status or visual impairment that is 

not reported by patients or noticed by family or caregivers may result in undetected 

symptoms. Limited availability or lengthy travel distance to the nearest eye care provider, as 

in rural settings, may limit patients’ ability to receive eye care. Other challenges may include 

cumbersome referral mechanisms and/or caregiver fatigue.43–44 Also, primary care 

physicians may be best equipped to discuss treatment recommendations with patients and 

their family and caregivers due to long-standing relationships. However, suboptimal 

communication from the eye care provider back to the primary care physician may impair 

their ability to contribute to discussion of risks and benefits.43
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While patients with very advanced dementia (e.g., bed-bound and unable to interact with 

others) may be less likely to benefit from referral for eye care, in aggregate, its value has 

been demonstrated among patients with dementia, including improved vision and contrast 

sensitivity as well as better quality of life and even potential cognitive benefits.28,45 For 

example, a retrospective analysis found reduced risk of new-onset dementia among older 

adults who underwent cataract surgery, and other studies have shown improved cognitive 

scores on postoperative cognitive testing after cataract surgery, including longitudinal studies 

ranging from 6 months of followup to 13 years of retrospective followup.22–26,30,46

We previously found that beneficiaries with dementia diagnoses are in aggregate less likely 

to receive cataract surgery compared to those without dementia.31 In this analysis, we found 

that lower rates of cataract surgery persisted even in the subset of beneficiaries who were 

seen by an ophthalmologist. Combined with lower likelihood of eye care visits, this suggests 

that reduced access to eye care providers as well as decision making when receiving eye care 

both contribute to reduced rates of cataract surgery. Additional factors that may play a role 

include potential need for a higher-acuity surgical setting, postoperative hospitalization 

monitoring, and/or deeper sedation or general anesthesia. Associated risks in this population 

include postoperative cognitive dysfunction or respiratory complications and difficult 

extubation.31,47–49 These risks may reduce the likelihood that an ophthalmologist will 

recommend cataract surgery and lower the acceptance rates of cataract surgery by patients or 

family members acting as power of attorney for patients with dementia. It is also important 

to note that dementia patients may not benefit from cataract surgery to the same degree as 

their nondementia counterparts. If a patient with dementia does not drive or do other 

activities that require high levels of visual function, they may not experience functional 

impairment from cataract, and potential benefits from cataract surgery may not justify the 

risks (especially if needing general anesthesia, etc.).

Among beneficiaries seen by an ophthalmologist, those with documented dementia were not 

only less likely to receive cataract surgery but also substantially less likely to receive a 

cataract diagnosis compared to those without documented dementia (18% of beneficiaries 

versus 82% of beneficiaries). However, claims-based cataract diagnosis codes are imprecise 

at best. Absence of a cataract diagnosis code on billing claims does not necessarily mean 

that cataracts were not present. We would expect cataract (that is, some lens brunescence) to 

be nearly-ubiquitous among Medicare-age adults and not to vary based on dementia status.
4–7 Lower likelihood of documented cataract diagnoses is thus a revealing finding that 

suggests cataract may be underdiagnosed in Medicare beneficiaries with dementia. It is 

possible that dementia patients who are seen by an ophthalmologist have other ocular 

diagnoses that prompt examination. In such cases, ophthalmologists’ attention may not be 

focused on cataract evaluation, and other diagnoses may be coded in the billing record 

instead of cataract. Cataracts may also be less likely to be deemed visually-significant or to 

warrant surgery in patients with dementia, especially if other ocular comorbidities are 

present and independently impair vision. It is also possible that eye care providers may be 

biased against diagnosing a cataract, hoping not to add to the burden of caregivers in 

arranging for and affording cataract extraction. This is an area that warrants future study.
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Our analysis is also notable in that beneficiaries with a documented dementia diagnosis were 

increasingly less likely to receive eye care with advancing age, more so than beneficiaries 

without documented dementia. Similarly, greater time since dementia diagnosis was 

associated with declining likelihood of receiving eye care (13–15% lower with each 

additional year). It is likely that barriers to eye care manifest more in patients with dementia 

of longer duration and greater severity. Beneficiaries seen by optometrists were less likely to 

be referred to an ophthalmologist across the board, possibly because they were screened for 

eye diseases by the optometrist and ophthalmology referral was not warranted. However, this 

effect was less strong among beneficiaries with documented dementia, perhaps suggesting 

that optometrists are more likely to refer dementia patients.

Women with documented dementia were also consistently less likely to receive eye care, 

whereas those without documented dementia were more likely to receive eye care. Reasons 

for this are likely multifactorial. Older women are more likely than men to be widowed and 

to live alone (32% of women versus 18% of men in 2014).50 Thus, older men with dementia 

may be more likely to have a younger spouse who is able to take on the role of caregiver, 

including transportation for eye exams and assistance with home care such as eye drop 

instillation and pre- and post-operative care for eye surgery.50 By contrast, older women 

with dementia may outlive an older spouse and lack readily-available caregivers.

Finally, our findings suggest that poor health and infirmity may influence eye care 

differently for dementia and nondementia patients. Results of aggregate and stratified 

analyses indicate that sicker beneficiaries without documented dementia are more likely to 

receive eye care, a finding that likely reflects greater contact with the health care system and 

more opportunities for cataract surgery discussion. By contrast, sicker beneficiaries with a 

documented dementia diagnosis are less likely to receive eye care, including optometrist 

visits, ophthalmologist visits, and cataract surgery after being seen by an ophthalmologist. 

Since most chronic diseases would not be expected to affect dementia patients differently 

from nondementia patients, there may be additional barriers or need for education regarding 

potential indications and value of eye care for dementia patients with multiple comorbidities.

We also found that institutionalized beneficiaries who resided in skilled nursing facilities 

had lower likelihood of being seen by an ophthalmologist, regardless of dementia status. 

However, institutionalized beneficiaries with documented dementia were more likely to see 

an optometrist than beneficiaries without documented dementia. Moreover, beneficiaries 

with documented dementia had no significant difference in likelihood of cataract surgery 

once seen by an ophthalmologist (whereas nondementia beneficiaries were less likely). We 

hypothesize that residing in a skilled nursing facility may facilitate identification of potential 

visual impairment in dementia patients, prompting optometrist consultation, but that there 

may be barriers to getting these patients to be seen by an ophthalmologist. These might 

include lack of referrals or difficult access to an ophthalmologist, especially if patients 

require costly and logistically-challenging special mode transportation to an 

ophthalmologist’s office but have access to either a closer optometrist or an optometrist able 

to visit in the skilled nursing facility. However, it appears that if these patients do end up 

seen by an ophthalmologist, they are equally able to undergo cataract surgery compared to 
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noninstitutionalized patients (more so that their nondementia counterparts). Additional 

research is needed to further evaluate these considerations.

Strengths and Limitations

Our study is limited by several factors, including coding imprecision or inaccuracies in 

administrative claims, inability to account for unobserved care obtained outside of Medicare, 

and underdiagnosis of dementia. Beneficiaries with dementia diagnoses were more likely to 

be censored than those without dementia diagnoses, however, censoring should not affect the 

appropriateness of eye care services for remaining enrolled beneficiaries (American 

Academy of Ophthalmology guidelines, for example, recommend eye exams every 1–2 

years among patients aged 65 years and older).37

Some patients may have had cataract surgery prior to becoming a Medicare beneficiary, 

however, we excluded beneficiaries who had a diagnosis of pseudophakia or aphakia at any 

point within their first three years of observed data. We also recognize that some 

beneficiaries may have received eye care or a new dementia diagnosis under different health 

care plans. However, most beneficiaries use Medicare as their primary insurer (estimated 

97.7% of US adults age 65 years and older),51–52 and we excluded Medicare Advantage 

beneficiaries to minimize unobserved events. Furthermore, some beneficiaries in our non-

dementia group may have had dementia, since diagnoses are not always reliably recorded, 

patients may manifest early signs of dementia before their first diagnosis (up to 40% of 

patients meeting clinical criteria for probable dementia are undiagnosed), and many patients 

seen in ophthalmologist offices may have undetected cognitive impairment.53–54 Assuming a 

fully-representative dementia population with mild and severe disease, underdetection would 

be expected to bias us away from finding a difference in eye care based on dementia 

diagnosis, suggesting that our results may actually underestimate the effect of dementia. 

However, we recognize that underdetection may more selectively involve beneficiaries with 

mild dementia. It is possible that these beneficiaries with milder dementia and less 

functional limitation are still receiving eye care, at less reduced rates. Our results may thus 

overestimate the reduction in likelihood of eye care among beneficiaries with milder 

dementia.

Additionally, since we are unable to determine visual acuity or functional status from 

administrative claims data, it is not possible to directly assess the appropriateness of cataract 

surgery. For example, risks of surgery may outweigh benefits in patients with severe 

dementia and/or cataracts that do not affect their daily activities, and deferring surgery in 

these patients may be appropriate. Additional work is needed to investigate disparities in 

receipt of cataract surgery among patients with visually-significant cataracts. Finally, our 

results only address receipt of eye care services. Other comorbid neurosensory impairments 

(e.g., hearing impairment) may also affect cognitive function in dementia.10 It is possible 

that beneficiaries with dementia may be similarly less likely to be seen by hearing specialists 

such as otolaryngologists or audiologists, and/or be less likely to use hearing aids (which are 

costly and require regular battery replacement).
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Conclusions and Implications

There are growing numbers of older adults with dementia, who are also at risk for aging-

related eye diseases such as cataract, glaucoma, and age-related macular degeneration that 

substantially affect function and quality of life. Ophthalmic care is important for timely 

diagnosis and management of these diseases, with potentially beneficial effects on cognitive 

function and quality of life. However, we find that beneficiaries with documented dementia 

diagnoses are consistently less likely to receive eye care compared to their non-dementia 

counterparts in a US Medicare population. While interventions such as cataract surgery may 

not be indicated in dementia patients (depending on visual acuity and functional status), 

initial eye care is still important to identify eye disease and enable informed decision-

making around risks and benefits for treatment. These findings are robust and timely given 

an aging population and growing numbers of patients with dementia.

Dementia patients may benefit from measures to improve access to eye care services, 

including improved referral and coordination between primary care providers, geriatricians, 

neurologists, and ophthalmologists to enable evaluation for diagnosis and appropriate 

management of visually-limiting eye disease. Telemedicine initiatives with skilled nursing 

facilities and rehabilitation facilities, for example, may enable remote interpretation of eye 

examination data by an ophthalmologist, overcoming some of the logistical barriers of 

bringing dementia patients to the ophthalmologist’s office. There is a need for further 

research regarding reasons for differences in receipt of eye care, including barriers to access, 

as well as further studies of the effect of eye care on dementia patients’ cognitive and 

physical function and quality of life, and risks and benefits of specific eye disease treatments 

among patients with different stages of dementia. In addition, research is warranted to 

determine whether patients with dementia are similarly less likely to visit hearing specialists 

or receive costly hearing aids. These considerations will collectively be important for point-

of-care decision making and developing clinical guidelines for more targeted care.
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Figure 1: Sample Selection Strategy
0 coverage ends at the date of deaths if beneficiary died
1 presence of a procedure code for cataract surgery and/or a diagnosis code for pseudophakia 

or aphakia present in the first 3 years of a given beneficiary’s enrollment period (“lookback 

period”) and/or missing value associated with key variables
2 based on provider type classification
3 presence of a dementia diagnosis recorded during a beneficiary’s lookback period
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4 presence of a new dementia diagnosis first recorded after the lookback period but prior to 

any eye care provider visit
5 presence of a new dementia diagnosis first recorded after the lookback period but prior to 

any cataract surgery
6 presence of a new dementia diagnosis first recorded after the lookback period but prior to 

end of observed enrollment
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Figure 2: Unadjusted Kaplan-Meier Curves for Likelihood of Eye Care Visits among 
Beneficiaries with and without Diagnosed Dementia, Stratified by Age and Sex
A. Time to Eye Care Visits among Beneficiaries with Diagnosed Dementia, Stratified by 

Age (65–79 years and 80+ years)

B. Time to Eye Care Visits among Beneficiaries without Diagnosed Dementia, Stratified by 

Age (65–79 years and 80+ years)

C. Time to Eye Care Visits among Beneficiaries with Diagnosed Dementia, Stratified by Sex 

(Male and Female)
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D. Time to Eye Care Visits among Beneficiaries with Diagnosed Dementia, Stratified by Sex 

(Male and Female)
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Table 1.

Baseline Demographics and Clinical Characteristics among Medicare Beneficiaries based on Dementia Status, 

2009–2015
1,2

 (N=4,451,200)

Prevalent 

Dementia
3

N(%)

Incident Dementia
3

N(%)

Any Dementia N 
(%)

No Dementia 
N(%) p-value

4

Number of beneficiaries 275717 (6.2) 63954 (1.4) 339671 (7.6) 4111529 (92.4) <0.0001

Age at enrollment (years)

 65–74 73111 (26.5) 23307 (36.4) 96418 (28.4) 2532630 (61.6) <0.0001

 75–84 136102 (49.4) 30494 (47.7) 166596 (49.0) 1288545 (31.3)

 85–94 63049 (22.9) 9858 (15.4) 72907 (21.5) 276800 (6.7)

 Over 95 3455 (1.3) 295 (0.5) 3750 (1.10) 13554 (0.3)

Gender <0.0001

 Female 190536 (69.1) 41495 (64.9) 232031 (68.3) 2373125 (57.7)

 Male 85181 (30.9) 22459 (35.1) 107640 (31.7) 1738404 (42.3)

Race / ethnicity <0.0001

 White 230288 (83.5) 53840 (84.2) 284128 (83.6) 3570491 (86.8)

 Black 28433 (10.3) 6380 (10.0) 34813 (10.2) 294340 (7.2)

 Hispanic 7735 (2.8) 1514 (2.4) 9249 (2.72) 72724 (1.8)

 Asian 5285 (1.9) 1277 (2.0) 6562 (1.93) 89647 (2.2)

 Native American, Other, or 
Unknown 3976 (1.4) 943 (1.5) 4919 (1.45) 84327 (2.1)

Geographic Location
5 <0.0001

 Rural 58017 (21.0) 14234 (22.3) 72251 (21.3) 1068645 (26.0)

 Urban 217700 (79.0) 49720 (77.7) 267420 (78.7) 3042884 (74.0)

Year of Study Period Entry <0.0001

 2009 242565 (88.0) 59712 (93.4) 302277 (89.0) 3478438 (84.6)

 2010 5804 (2.1) 1113 (1.7) 6917 (2.04) 94767 (2.3)

 2011 6628 (2.4) 1068 (1.7) 7696 (2.27) 107498 (2.6)

 2012 5937 (2.2) 743 (1.2) 6680 (1.97) 104428 (2.5)

 2013 7700 (2.8) 838 (1.3) 8538 (2.51) 163635 (4.0)

 2014 5670 (2.1) 425 (0.7) 6095 (1.79) 124845 (3.0)

 2015 1413 (0.5) 55 (0.1) 1468 (0.43) 37918 (0.9)

Baseline Eye Care Status
6 <0.0001

 No Eye Care Visit 79983 (29.0) 22721 (35.5) 102704 (30.2) 1151138 (28.0)

 Optometrist Only 50981 (18.5) 9873 (15.4) 60854 (17.9) 665191 (16.2)

 Ophthalmologist Only 99594 (36.1) 23281 (36.4) 122875 (36.2) 1733153 (42.2)

 Both Optometrist and 
Ophthalmologist 45159 (16.4) 8079 (12.6) 53238 (15.7) 562047 (13.7)

Baseline Cataract Surgery
7 <0.0001

 Prior cataract surgery 31332 (11.4) 7174 (11.2) 38506 (11.3) 549929 (13.4)

 No evidence of prior cataract 
surgery 244385 (88.6) 56780 (88.8) 301165 (88.7) 3561600 (86.6)
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Prevalent 

Dementia
3

N(%)

Incident Dementia
3

N(%)

Any Dementia N 
(%)

No Dementia 
N(%) p-value

4

Other Clinical Comorbidities

 Cataract diagnosis 99225 (36.0) 21050 (32.9) 120275 (35.4) 1658636 (40.3) <0.0001

 Diabetic Retinopathy diagnosis 8936 (3.2) 1717 (2.7) 10653 (3.14) 125050 (3.0) <0.0001

 Age-related Macular 
Degeneration diagnosis 43911 (15.9) 7637 (11.9) 51548 (15.2) 476757 (11.6) <0.0001

 Glaucoma diagnosis 52613 (19.1) 8525 (13.3) 61138 (18.0) 747167 (18.2) <0.0001

 Depression diagnosis 39692 (14.4) 4731 (7.4) 44423 (13.1) 112904 (2.7) <0.0001

Charlson Comorbidity Index
8 <0.0001

 2–3 29406 (10.7) 13340 (20.9) 42746 (12.6) 1582514 (38.5)

 4–5 99561 (36.1) 25416 (39.7) 124977 (36.8) 1411249 (34.3)

 6–7 81746 (29.6) 15236 (23.8) 96982 (28.6) 702426 (17.1)

 8+ 65004 (23.6) 9962 (15.6) 74966 (22.1) 415340 (10.1)

Skill Nursing stay 11702 (4.2) 978 (1.5) 12680 (3.73) 30144 (0.7) <0.0001

1
2006–2009 data were used to define the lookback period and establish baseline beneficiary characteristics; 2015 data was only applicable for 

regression analysis since beneficiaries were required to have at least one year of enrollment after the end of the “lookback period.”

2
Results presented with column percentages for all variables except number of beneficiaries (row percentage)

3
Prevalent dementia was recorded during the initial 3-year lookback period; incident dementia was a dementia diagnosis that was first recorded 

during the subsequent follow-up period and prior to first eye care visit during the followup period

4
Chi-square test statistic

5
Based on rural urban commuting area codes, in which rural areas represent small urban clusters with a population of 49,000 or fewer persons.

6
Based on receipt of eye care services during beneficiaries’ “lookback period” (first three years of observed plan enrollment)

7
Beneficiaries who had evidence of baseline/prior cataract surgery during their initial 3-year lookback period were excluded from the study sample 

used to identify likelihood of cataract surgery in the subsequent followup period.

8
We omitted the dementia variable from computation of Charlson Index, such that the lowest permitted Charlson Index score was 2.
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Table 2:

Prevalence of Diagnosed Dementia among Medicare Beneficiaries receiving Eye Care, 2009–2015

Prevalent Dementia
1

N(%)
Incident Dementia

1

N(%)

Any Dementia
N (%)

No Dementia
N(%) p-value

2

Any Eye Care Provider Visit 171178(5.0) 63954(1.9) 235132(6.8) 3202832(93.2) <0.0001

Ophthalmologist Visit 111529(4.0) 37089(1.3) 148618(5.3) 2634179(94.7) <0.0001

Cataract Surgery
3 19378(2.3) 8418(1.0) 27796(3.3) 822351(96.7) <0.0001

1
Prevalent dementia was recorded during the initial 3-year lookback period; incident dementia was a dementia diagnosis that was first recorded 

during the subsequent follow-up period and prior to first eye care visit during the followup period

2
Chi-square test statistic

3
N = 3,437,964 beneficiaries with any eye care provider visit

4
N = 2,782,797 beneficiaries with ophthalmologist visit

5
Among the subset of beneficiaries seen by an ophthalmologist (necessary for cataract surgery)

6
N = 850,147 beneficiaries with cataract surgery
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Table 3.

Adjusted Multivariable Cox Regression Models for Likelihood of Receiving Eye Care Among US Medicare 

Beneficiaries with and without Diagnosed Dementia

Unadjusted Hazard Ratio
(95% Confidence Interval) Adjusted Hazard Ratio

1

(95% Confidence Interval)

p-value

Any Eye Care Provider Visit (n = 4,451,200)

 Incident or Prevalent Dementia, versus No Dementia 0.79 (0.79–0.79) 0.69 (0.69–0.70) <0.0001

Ophthalmologist Visit (n = 4,451,200)

 Incident or Prevalent Dementia, versus No Dementia 0.63 (0.63–0.64) 0.55 (0.55–0.55) <0.0001

Cataract Surgery
2
 (n = 2,427,005)

 Incident or Prevalent Dementia, versus No Dementia 0.54 (0.53–0.54) 0.62 (0.62–0.63) <0.0001

1
Adjusted for age, sex, race/ethnicity, urban/rural geographic location, year of plan entry, presence of eye care visits at baseline, Charlson 

Comorbidity Index, skilled nursing facility institutionalization, depression, diabetic retinopathy, age-related macular degeneration, and glaucoma.

2
Among the subset of beneficiaries seen by an ophthalmologist (necessary for cataract surgery)
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Table 4.

Differential Effects of Age, Sex, Comorbidity, and Institutionalization on Likelihood of Receiving Eye Care 

based on Dementia Status

Dementia No Dementia

Adjusted Hazard 
Ratio

95% Confidence Interval Adjusted Hazard 
Ratio

95% Confidence Interval

Any Eye Care Provider Visit

 Age (5-year increments) 0.879 0.877–0.882 0.961 0.961–0.962

 Female sex 0.862 0.855–0.870 1.116 1.113–1.118

 Charlson Comorbidity Index >4 0.935 0.924–0.946 1.156 1.153–1.159

 Skilled nursing facility 1.093 1.069–1.118 0.909 0.896–0.922

Ophthalmologist Visit

 Age (5-year increments) 0.814 0.811–0.817 0.962 0.961–0.963

 Female sex 0.779 0.771–0.788 1.180 1.177–1.183

 Charlson Comorbidity Index >4 0.938 0.924–0.951 1.344 1.341–1.348

 Skilled nursing facility 0.811 0.785–0.837 0.872 0.858–0.887

Cataract Surgery
1

 Age (5-year increments) 0.724 0.719–0.729 0.925 0.923–0.927

 Female sex 0.752 0.737–0.767 1.037 1.033–1.042

 Charlson Comorbidity Index >4 0.746 0.729–0.763 1.046 1.041–1.051

 Skilled nursing facility 0.925 0.852–1.005 1.042 1.004–1.081

1
among beneficiaries with ophthalmologist visits at baseline
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