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Introduction: Vision impairment (VI) may further exacerbate older adults’
vulnerability to experiencing food insecurity and may be a unique and
important target for policies addressing access to nutritional food. The
purpose of this study is to determine the association of VI in older adults with
food insecurity.

Methods: This is a cross-sectional analysis of round 11 (2021) of the National
Health and Aging Trends Study (NHATS), a nationally representative survey of
U.S. Medicare beneficiaries ages 65 and older. Participants include 2,815 older
adults with complete data on at least one objective measure of vision
(distance, near or contrast sensitivity) and food insecurity. Food insecurity was
assessed using a previously developed indicator of food insecurity in NHATS.
VI was defined as binocular visual acuity (VA) worse than 0.3 logMAR (Snellen
equivalent 20/40) at distance or its near equivalent, or contrast sensitivity (CS)
worse than 1.55 logUnits. Continuous VI measures included distance and near
VA (per 0.1 logMAR), and CS (per 0.1 logCS).

Results: Participants were majority White (82%) and female (55%), and 3% had
food insecurity. Older adults with any VI had a greater prevalence of food
insecurity than adults without VI (5.0% vs. 2.0%, p<0.05). In fully adjusted
regression analyses, individuals with any VI experienced double the odds of
food insecurity than individuals without VI (OR: 2.1, 95% CI: 1.2-3.6). Distance
VI (measured continuously) was associated with 1.2 times the odds of food
insecurity (OR=1.2; 95% Cl. 1.0-13, per 0.1 logMAR). All other vision
measures trended towards higher odds of food insecurity, though not
statistically significant.

Discussion: Older adults with VI experience higher rates of food insecurity than
their peers. Interventions to improve food security should be targeted towards
addressing the specific barriers faced by visually impaired older adults.
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Introduction

Adults ages 65 and older comprise a rapidly growing proportion of the United States
(U.S.) population with a projected increase by almost 18 million between the years 2020
and 2030 (1). Due to a multitude of individual and system level factors, older adults are
at high risk of food insecurity, defined by the United States Department of Agriculture
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(USDA) as “limited or uncertain availability of nutritionally
adequate and safe foods” (2, 3). Not only do older adults face
specific social and financial constraints not faced by young
populations such as higher rates of social isolation and reliance
on fixed income sources, but they are also disproportionately
impacted by age-related physical limitations, disabilities, and
health conditions that impact their access to nutritional food (4, 5).

Vision impairment (VI) is also highly prevalent in the older
adult population, with global estimates of 77% of 43.3 million
blind individuals being age 50 and older (6). The presence of VI
in older adults poses significant implications in terms of mobility
(7), frailty (8, 9), and access to medical care and transportation
(10), which can further magnify food insecurity.

Data on the association of VI and food insecurity is limited but
evolving. Recent studies have demonstrated that both self-reported
(trouble seeing) and objective measures of VI [presenting distance
visual acuity (VA)] are associated with a greater prevalence of food
insecurity in a dose-response manner (11, 12). However, there has
been little data to date focusing on older adults and on other types
of VI as measured by near VA, or contrast sensitivity (CS), in
association with food insecurity, which may further help
characterize this relationship. This is critical to identifying older
adults with varying levels and types of VI that may be at
increased vulnerability to experiencing food insecurity and
developing targeted interventions.

Current interventions such as federal food assistance programs
are in place, however, there are data gaps on the use of such
programs by older adults with VI. The Supplemental Nutrition
Assistance Program (SNAP) is currently the largest federally
funded food assistance program in the U.S that provides monthly
benefits to low-income individuals and families. In the fiscal year
2022, more than 41 million Americans per month participated in
SNAP (13), and studies have shown that SNAP participation
reduces food insecurity (14, 15). Therefore, we investigated the
cross-sectional association between multiple objective measures
of VI and food insecurity, and VI and SNAP participation, in a
nationally representative survey of older adults.

Materials and methods
Survey data

We analyzed data from round 11 (2021) of the National
Health and Aging Trends Study (NHATS), a nationally
representative survey of U.S Medicare beneficiaries ages 65 and
older. A total of 3,817 older adults completed in-person surveys
alone or with the assistance of a proxy respondent. The primary
analysis assessing the association between VI and food
insecurity included a total of 2,815 community-dwelling
participants after excluding adults who were deceased or
nursing home residents, adults who did not attempt vision
activities, and adults missing vision or food insecurity data
(Supplementary Figure S1). The secondary analysis assessing
the association between VI and SNAP status included 1,245
adults after excluding adults missing SNAP participation data,
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adults missing eligibility data and adults ineligible for SNAP
participation (>200% of the federal poverty level) (16).

Vision assessment

Binocular presenting VA was measured with participants
wearing their usual corrective lenses and analyzed on categorical
and continuous scales. All objective vision measures in NHATS
were assessed using Ridgevue’s tablet-based tests designed to
replicate standard vision tests used in in-office eye examinations.
This protocol was piloted in NHATS in 2019 and was found to
have high levels of correlation when compared to the gold-
standard equivalents for measuring VA and CS (17, 18). Distance
and near VI was defined categorically as VA >0.3 logMAR (i.e.,
Snellen equivalent of <20/40) or its equivalent at near,
respectively (19). Contrast sensitivity impairment (CSI) was
defined as <1.55 logUnits, a cut off based on a prior study of
normal CS values representing 2 standard deviations below the
sample mean (18, 20). Any VI included participants who met VI
criteria using distance VA, near VA, or CS. Continuous measures
of distance and near VA, and CS were measured using a
logMAR or logUnits scale, respectively. Detailed NHATS vision
activities protocols have been described elsewhere (20).

Other measurements

Food insecurity was defined using a summary indicator
previously established using NHATS survey responses that was
based on skipping meals, going without groceries, and going
without hot meals due to lack of social support and/or financial
barriers (21). In total, responses to 5 questions were assessed,
and individuals with positive responses (“yes”) to any of the 5
items were classified as food insecure. The 5 questions included
skipping meals due to lack of food or money to buy food,
frequency of skipping meals (positive response defined as > a
few days), forgoing groceries due to lack of assistance, going
without hot meals due to lack of assistance, and going without
eating due to lack of assistance. SNAP participation status was

3

assessed in all survey respondents based on the response “yes” to
the question “There are several state and federal programs that
help people in need. In the last year, did you receive help from
SNAP?”, and was defined as SNAP eligible participants and
SNAP eligible non-participants. Only SNAP eligible participants
based on income were included in our secondary analysis.

Information on age (70-74, 75-79, 80-84, 85-89, >90 years),
sex (male, female), race/ethnicity (Non-Hispanic White, Non-
Hispanic African American, Hispanic, Non-Hispanic other),
income (<22K, 22-40K, 40-75K, >75K), marital status Non-
married/Non-partnered, and married/living with a partner),
number of children in the household (0, >1) and comorbidities
was also collected. Co-morbidities were categorized into total
number of conditions (0-1, 2, 3, >4) which included: diabetes,
hypertension, hyperlipidemia, arthritis, osteoarthritis, stroke, lung
disease, cancer, and hip fractures.
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Statistical methods

All estimates incorporated survey weights to account for the
of NHATS and
Sociodemographic characteristics were stratified by VI status and

complex survey design non-response.
compared using Chi-squared tests for categorical variables and
t-tests for continuous variables. Multivariable logistic regression
models were used to assess the association between VI (any
objective VI, distance VI, near VI, CSI) and food insecurity status.
Models were adjusted for age, sex, race/ethnicity, income, marital
status, number of children, and comorbidities. Covariates in the
final model were included if demonstrated to be associated with VI
and food insecurity and/or deemed clinically relevant. Any survey
question responses of “Don’t know” and “Refuse” were treated as
missing values and excluded from analyses. For our secondary
analysis, multivariable logistic regression models adjusting for the
same confounders as the primary analysis, were used to investigate
the association between VI and SNAP participation status.

In all analyses, income and education were found to be
colinear, thus income alone was included in the primary model
as it is a strong predictor of food insecurity and SNAP
participation. However, for completeness, sensitivity analyses
were conducted by adjusting for education in addition to the
aforementioned covariates. In addition, sensitivity analyses were
also conducted excluding marital status and number of children
in the household as covariates due to the potential for conflation
of these variables with food insecurity. Statistical significance was
defined as p <0.05. All analyses were conducted in Stata/SE 16.1
(StatCorp LLC, College Station, TX, USA).

Results
Sample characteristics

Of 2,815 community-dwelling NHATS participants, 1,075
individuals (unweighted n, weighted 32%) had any VI. Among
these participants, 10% had distance VI, 21% had near VI, and
21% had CSI (non-exclusive groups). There were no individuals
classified as blind. Compared to individuals without any VI,
individuals with any VI were older (16% vs. 8% age 85-89, 9%
vs. 3% age >90), had a higher proportion of Non-Hispanic
White participants (26% vs. 15%), had lower income levels (30%
vs. 14% with <22K), were more likely to be Non-married/Non-
partnered (59% vs. 45%), and had more children (23% vs. 15%
with >1 child) (p <0.05 for all) (Table 1).

Prevalence of food insecurity by VI status

The overall prevalence of community-dwelling older adults with
food insecurity was low (3%, weighted). There was a higher proportion
of older adults with food insecurity in every VI group as compared to
the respective non-visually impaired groups (any VI vs. no VI: 5% vs.
2%; distance VI vs. no distance VI: 5% vs. 2%; near VI vs. no near VI:
5% vs. 2%, CSI vs. no CSI: 4% vs. 2%; all p < 0.05, Figure 1).
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Primary regression analyses: food insecurity

In multivariable regression analyses, as compared to older adults
without any VI, adults with any VI were more likely to have food
insecurity (OR=2.1; 95% CI: 1.2-3.6), Table 2. Older adults with
distance VI, near VI, and CSI as measured categorically, trended
towards being more likely to have food insecurity than their
respective non-visually impaired counterparts, though this was not
statistically significant (distance VI vs. no distance VI: OR=1.8;
95% CI: 0.9-3.8; near VI vs. no near VI: OR=1.7; 95% CI: 0.9-2.9;
CSI vs. no CSI: OR = 1.5; 95% CI: 0.8-2.9).

Using continuous measures of VA, those with worse distance VA
were more likely to have food insecurity (OR=12 for every 0.1
logMAR decrement in distance VA; 95% CI: 1.0-1.43). Similarly,
continuous measures of near VA and CS also trended towards
higher likelihood of food insecurity with decrements in near VA
and CS, though this was not statistically significant (OR=1.1 for
every 0.1 logMAR decrement in near VA; 95% CIL: 1.0-1.2), (OR =
1.1 for every 0.1 logCS decrement in CS; 95% CI: 1.0-1.2).

In sensitivity analysis with education included as an additional
covariate, the results were similar. Final models shown included
income alone for statistical parsimony. Additional sensitivity
analysis excluding marital status and number of children as
covariates also showed that older adults with any VI had a
higher odds of food insecurity (OR=2.0; 95% CI: 1.2-3.4) than
adults without VI. Older adults with worse distance VA
measured continuously also had a higher odds of food insecurity
(OR=1.2; 95% CI: 1.1-1.3, per 0.1 logMAR decrement in VA).

Prevalence of SNAP participation by VI
status

There was a higher proportion of older adults who were SNAP
participants among those with any VI than adults without any VI
(21.4% vs. 15% respectively, p <0.05), Figure 2. There was no
difference in SNAP participation status by distance or near VI
status. There was also a higher proportion of SNAP participation
in older adults with CSI compared to no CSI (22.9% vs. 16.6%
respectively, p < 0.05).

Secondary regression analyses: SNAP
participation

In a secondary multivariable regression analysis, older adults
with any VI as compared to adults without any VI trended
towards a higher odds of SNAP participation, however this was
not statistically significant (OR =1.5; 95% CI: 1.0-2.2) (Table 3).
Categorical and continuous measures of both distance and near
VI were not associated with SNAP participation status. Older
adults with CSI had a higher-odds of participating in SNAP
(OR=1.6, 95% CI: 1.0-2.4) when measured categorically. On a
continuous scale, for every decrement of 0.1 logUnits in CS,
there was a trend towards higher-odds of participating in SNAP
though not statistically significant (OR = 1.1; 95% CI 1.0-1.2).
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VA, visual acuity; CS, contrast sensitivity; VI, vision impairment; CSI, contrast sensitivity impairment; logMAR, logarithm of the minimum angle of resolution. N is unweighted; % is survey weighted estimates.
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Discussion

In this cross-sectional, nationally representative survey of
community-dwelling older adults with Medicare, participants
with VI were more likely to experience food insecurity than their
non-visually impaired counterparts. There was no difference in
SNAP participation status in older adults with VI compared to
adults without. Older adults with any VI (distance VI, near VI,
or CSI) had twice the odds of food insecurity compared to adults
without objective VI. While individual categorical measures of VI
(distance VI, near VI, and CSI) were not significantly associated
with food insecurity, distance VI measured continuously was
associated with a 1.2-fold higher odds of food insecurity. Overall,
these results suggest that older adults with objective VI may be
at an increased risk of experiencing food insecurity, and that this
relationship may differ based on the type of VI.

While prior studies have demonstrated associations between VI
and food insecurity, there has been little data on the relationship
between different types of objective VI and food insecurity
among older adults. Elucidating these relationships is important
as the type of VI may have differing implications for daily
function and therefore food access. For example, numerous
studies have shown the differential effects of DVI, NVI and CSI
on functioning and frailty (a syndrome of aging-related
physiological decline characterized by increased vulnerability to
stressors and adverse health outcomes) (8, 9, 22, 23). Of these
vision measures, some studies have suggested that DVI may
potentially have a stronger association with frailty (24).
Ultimately, specific types of targeted interventions may be
required based on type of VI to improve food insecurity.

Our results are in agreement with a prior study of visually
impaired U.S adults ages 50 and older which found that food
insecurity was associated with both objective presenting VI and
subjective VI in a dose-response manner (11). Kolli et al. also
found that associations between food insecurity and VI were
magnified in U.S adults 65 and older compared to those less
than 65 years of age (11). Compared to our study, Kolli et al.
had a much larger sample size and may have been powered to
detect smaller differences, but only assessed distance VA and did
not account for other measures of VI. Their study also assessed
food insecurity differently from our study, as they used the full
10-item U.S. Household Food Security Survey Module. In
another cross-sectional study of low-income U.S adults >18 years
of age, also using the 10-item U.S. Household Food Security
Survey Module, adults with subjective VI had a 216% higher
odds of being food insecure as compared to adults without VI,
but did not include objective vision measures (12).

This study found that the overall prevalence of food insecurity
among U.S. older adults was low (3%, weighted). This is lower
than estimates obtained in prior studies, with the U.S.
Department of Agriculture Economic Research Service
reporting 7.1% of older adults as food insecure in 2021 (25).
However, our study used a different food insecurity measure,
which asks about inability to obtain food rather than difficulty
obtaining food (26). Therefore, the measure used in this study
may capture the most severe form of food insufficiency and
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FIGURE 1
Weighted prevalence of food insecurity by vision impairment: national health and aging trends study, 2021. VI, vision impairment; CSI, contrast
sensitivity impairment. *p <0.05, **p < 0.01.

builds on prior findings by showing that those with VI are more
likely than their peers to lack sufficient food.

The relationship between VI and food insecurity is complex and
multifactorial. Individuals with VI have greater difficulty accessing

TABLE 2 Associations of vision impairment with food insecurity status in
NHATS 2021°.

Associations of vision measures with food insecurity, national
health and aging trends study 2021

food due to transportation barriers, lack of accessible grocery
stores, difficulty preparing food, and affording nutritious food
(27). Overarching disparities in employment, education and
income also contribute to the financial strain of affording food as

TABLE 3 Associations of vision impairment with SNAP participant status in
NHATS 2021°.

Associations of vision measures with SNAP participant status,

national health and aging trends study 2021

Vision impairment type Interval OR (95% Cl) | P-value

VI Type Interval OR (95% CI) P-value Any objective VI No objective VI | 1.47 (098-2.21) | .06

Any objective VI | No objective VI 2.08 (1.20-3.58 .009 .
¥ ODJecHV Jectv ( ) Distance VI

Distance VI Categorical No distance VI 1.17 (0.61-2.24) .64
Categorical | No distance VI 1.81 (0.88-3.76) A1 Continuous 0.1 logMAR worse | 1.09 (0.99-1.20) | .09
Continuous 0.1 logMAR worse 1.15 (1.04-1.27) .008 Near VI

Near VI Categorical No near VI 1.09 (0.73-1.63) .66
Categorical No near VI 1.65 (0.92-2.94) 08 Continuous 0.1 logMAR worse | 1.03 (0.94-1.13) 49
Continuous 0.1 logMAR worse 1.09 (1.00-1.19) .06 sl

CS impairment Categorical No CSI 1.57 (1.01-2.43) 04
Categorical No CSI 1.52 (0.81-2.87) 19 Continuous 0.1 logCS worse | 1.08 (1.00-1.16) 06
Continuous 0.1 logCS worse 1.08 (0.99-1.18) .08

OR, Odds ratio for food insecure vs. food secure in logistic regression; Cl,
confidence interval; VI, vision impairment; CS, contrast sensitivity.

2All models accounted for survey design and were adjusted for age, sex, race/
ethnicity, income, marital status, number of children, and comorbidities.

The bolded values are the statistically significant values with p <0.05.
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SNAP, supplemental nutrition assistance program; OR, Odds ratio for SNAP
participation vs. no SNAP participation in logistic regression; Cl, confidence
interval; VI, vision impairment; CSI, contrast sensitivity impairment.

2All models accounted for survey design and were adjusted for age, sex, race/
ethnicity, income, marital status, number of children, and comorbidities.

The bolded values are the statistically significant values with p <0.05.
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Weighted prevalence of SNAP participation by vision impairment: national health and aging trends study, 2021. VI, vision impairment; CSI, contrast
sensitivity impairment. * p<0.05, ** p<0.01.

there are competing interests such as affording housing and medical
care (28, 29, 30). In addition to VI contributing to food insecurity in
older adults, a second bi-directional relationship likely also exists
with food insecurity and poor nutrition contributing to the
progression and development of various ophthalmic diseases (11,
12). For example, numerous studies have shown that household
food insecurity was associated with lack of ophthalmic care,
developing diabetic retinopathy (DR) and losing vision to DR (31,
32). More generally, unhealthy diets have been identified as a risk
factor for the development of nuclear cataracts and early age-
related macular degeneration (33, 34). In order to fully elucidate
the complex bi-directional relationship between VI and food
insecurity, longitudinal data are needed.

In assessing the association between VI and SNAP participation
status, our study found no difference in odds of SNAP participation
by VI status, despite older adults being more likely to be food
insecure. Although this may be due to a relatively smaller sample
size, it may also in part, be due to the challenges faced by
individuals with disabilities in enrolling for SNAP. Prior work has
shown that the online SNAP enrollment process differs by state and
vary in their levels of flexibility, efficiency and accessibility,
suggesting that people with disabilities may face barriers in
enrollment based on geographic location (35). More specifically, a
large proportion of state SNAP websites do not offer mail-in (25%)
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or telephone (75%) enrollment options, limiting the flexibility of
enrollment methods for people with VI in particular (35). In
addition, SNAP and various other food assistance programs have
eligibility rules for individuals with disability based on receipt of
disability benefits which may not incorporate the full spectrum of
individuals with VI that are at increased risk of food insecurity (36).
SNAP participation is important as it has been shown to effectively
decrease food insecurity (37). It is also associated with decreased
health care expenditures and improved health outcomes for
diabetics (16, 38). Thus, improving SNAP participation rates in
older adults with VI will be an important indicator of efforts to
alleviate food insecurity in this particularly vulnerable population. In
addition to improving accessibility of enrollment for programs such
as SNAP, broader efforts focused on universal design are needed to
allow individuals with VI equal access to food and food assistance
programs. This will incorporate addressing the various barriers
individuals with VI may face including transportation, accessibility
of grocery stores, and preparing and affording nutritious food.

Strengths of this study include the use of a nationally
representative sample, objective measures of VI, and multiple
visual function measures including distance and near acuity, and
CS. To the best of our knowledge, there are few studies that have
examined the association between various measures of objective VI
and SNAP participation status among Medicare beneficiaries.
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This study has some limitations. First, our analyses were
limited by sample size, making it difficult to distinguish
whether true differences exist in the associations of different
measures of objective VI and food insecurity or whether the
analysis was not powered to detect these differences. In
addition, a large number of survey respondents were excluded
in the analysis due to missing data. Second, this was a cross-
sectional analysis, and longitudinal data are needed to further
elucidate the temporality and directionality of the association
between VI and food insecurity. Third, the NHATS summary
indicator used to assess food insecurity is based on survey
responses to 5 questions which do not capture hunger or the
degree of difficulty obtaining food. While this indicator of
food insecurity has been validated in the NHATS population
(21), it is shorter than the USDA food insecurity survey
which and 8 additional
questions for households with children and may capture a

module includes 10 questions
broader and different dimension of food insecurity. Fourth,
while our analyses included number of comorbidities, we did
not control for the presence of additional non-vision related
disabilities, which may confound the relationship between VI
and food insecurity, as well as participation in SNAP by
visually impaired individuals.

In conclusion, our study found that VI, as measured by
distance or near VA, or CS, was associated with food insecurity,
but was not associated with participation in SNAP. Older adults
and individuals with disabilities are more likely to experience
food insecurity, and this may be further amplified in older adults
with VI who experience difficulty with mobility and activities of
daily living (39, 40, 41). Further longitudinal studies are needed
to understand the likely bi-directional nature of this relationship
and to help target solutions to improving food insecurity in older
adults with VI.
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