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Abstract
BACKGROUND: Both food insecurity (FI) and vision impairment 
(VI), which are linked, have been independently associated with frailty 
and falls.
OBJECTIVES: Understand how FI and VI may together contribute to 
frailty and fall risk could improve insight into these growing public 
health challenges. 
DESIGN, SETTING, PARTICIPANTS, MEASUREMENTS: This 
study included 5,963 participants aged 65 and older enrolled in the 
National Health and Aging Trends Study. Participants were divided 
into four exposure groups (“No FI or VI,” “FI, no VI,” “VI, no FI,” 
and “Both”) based on self-report. The Fried Frailty Index and self-
reported falls were assessed annually. We used adjusted logistic and 
Poisson regression models to examine cross-sectional associations and 
generalized estimating equations to examine longitudinal associations 
between FI/VI status and falls and frailty outcomes. 
RESULTS: Most study participants reported neither FI nor VI (n=5169, 
86.7%); however, having both FI and VI (n=57, 1%) was cross-
sectionally associated with higher frailty score and higher odds of 
falling multiple times in the last year. FI and/or VI were longitudinally 
associated with higher frailty score and increased frailty risk, with the 
strongest association for Both (RRR=1.29, 95% CI 1.23, 1.58; OR=3.18, 
95% CI 1.78, 5.69), and with falling, again highest among those with 
Both, for one (OR=2.47, 95% CI 1.41, 3.96) and multiple (OR=2.46, 
95% CI 1.50, 4.06) falls in the last year.
CONCLUSION: Clinical and public health interventions could address 
the intersection of FI and VI with the aim of ameliorating the impact of 
these risk factors and health outcomes. 

Key words: Longitudinal, nationally-representative, modifiable risk 
factors. 

Introduction

Falls and frailty are becoming more common 
as the older adult population increases, and 
both are associated with loss of independence, 

institutionalization, and mortality. The driving mechanisms 
for falls and frailty are multifactorial (1, 2), but many risk 
factors are modifiable and can be addressed to reduce the risk 
of falls and frailty occurring and their associated long term 
consequences. Vision impairment (VI) and food insecurity (FI) 
are two modifiable conditions that are also on the rise among 
older adults and, although perhaps seemingly unrelated, new 
evidence suggests they are connected and increase risk of falls 
and frailty in older adults.  

VI is common among older adults and increases with 
increasing age, with over 20% of individuals over age 80 
experiencing vision impairment or blindness in the U.S. (3). It 
has long been associated with increased risk of falling (4, 5) 
and, more recently, with frailty (6). FI is also on the rise among 
older adults in the U.S., with nearly 15% of older adults who 
live alone experiencing FI and older adults making up nearly 
16% of Supplemental Nutrition Assistance Program (SNAP) 
participants (7). The increasing food insecurity among older 
adults makes the associated health outcomes, including the risk 
of falling (8) and frailty (9, 10), even more of a concern, though 
this evidence comes from cross-sectional study designs.

Emerging research suggests that FI and VI are linked. In 
a recent cross-sectional study, FI was associated with a 1.85 
higher odds of self-reported VI and 2.70 times higher odds of 
objectively measured VI, independent of age, gender, race, 
socioeconomic status, substance use, body mass index, and 
physical activity (11). FI via poor diet is associated with many 
conditions that either cause or lead to VI (e.g., age-related 
macular degeneration, diabetes) (11, 12). However, it is also 
possible that FI may be a flag of poorer resource access overall 
and be related to limited healthcare access and chronic stress, 
which could impact vision. Further, it has been shown that 
poorer resource access is also associated with barriers to VI 
diagnosis and eye care (13-15), so this association is likely 
underestimated. Alternatively, it has also been shown that VI 
is associated with 1.46 times higher odds of FI, in comparison 
to other forms of disability, which may be related to challenges 
with decreased earnings and costs for assistive and adaptive 
equipment (16). Older adults with VI may be particularly 
vulnerable, because of the added barriers in completing 
activities of daily living, such as acquiring and preparing food 
(17). These layered risk factors, which impact comorbid status 
and physical function, may compound the risk for falls and 
frailty among older adults. Therefore, in this study, we aimed to 
examine the co-occurrence of FI and VI among older adults and 
how they are, separately and together, associated with both falls 
and frailty cross-sectionally and, importantly, longitudinally.

Methods

Data and Participants 

This study used data from the National Health and Aging 
Trends Study (NHATS), which is a nationally representative 
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survey of Medicare beneficiaries living in the United States 
aged 65 years and older (18). NHATS used a complex survey 
sampling design and oversampled for non-Hispanic Black 
individuals and those aged 90 and older. In 2011 (Wave 1), 
NHATS enrolled 8,245 participants and followed them annually 
to gather data on socioeconomic status, health conditions, 
social aspects, physical environment, and physical and 
cognitive functioning. Participants complete annual in-person 
standardized assessments with a trained interviewer in their 
own home. In the current analyses, we included participants 
with complete data for FI experience and VI at Wave 2 (2012) 
and frailty or falls assessments at Wave 2 and at least one 
subsequent wave. Participants were followed for a maximum 
of 8 years (2012-2019), corresponding to Waves 2-9. A total of 
5,963 participants were included in the present study. NHATS 
is funded by the National Institute on Aging (U01AG032947) 
and conducted by the Johns Hopkins Bloomberg School of 
Public Health. The NHATS and NSOC were approved by the 
Johns Hopkins Bloomberg School of Public Health Institutional 
Review Board and all participants provided informed consent. 

Measures

Food insecurity experience and classification

Participants were asked about their FI experience due to 
financial, social, and functional limitations. Participants were 
asked about whether they had experienced 1) “going without 
groceries”, 2) “going without hot meals”, 3) “going without 
eating due to lack of ability”, 4) “going without eating because 
of lack of social support to do so”, and 5) “skipping meals due 
to financial constraints” in the last 30 days. Using methods with 
strong construct validity developed by Tucher et al. and detailed 
elsewhere (19, 20), the number of affirmative answers were 
summed to give an indicator of FI. Participants with a sum of 
0 were considered food sufficient and those with a score of ≥1 
were considered to have FI. 

Vision Impairment

VI was based on self-report of any of the following: 
blindness, unable to see well enough to recognize someone 
across the street, unable to see well enough to watch the 
television across the room, or unable to see well enough to read 
newspaper print. 

Exposure Group Categorization

We created four groups based on the FI and VI variables: 
0=no food insecurity or vision impairment (No FI or VI), 
1=food insecure, no vision impairment (FI, no VI), 2=vision 
impairment, not food insecure (VI no FI), and 3=both food 
insecurity and vision impairment (Both FI and VI).

Frailty

Frailty was assessed annually with the validated Fried Frailty 
Index (21) using the annually collected data on slowness, 

weakness, weight loss, low physical activity, and exhaustion 
(22). Slowness was assessed with walking speed using the first 
of two tests of a 3m walk and categorized at or below the 20th 
percentile by sex and height. Weakness was assessed with grip 
strength, using the maximum of two tests using a handheld 
dynamometer and categorized at or below the 20th percentile by 
sex and body mass index (BMI). Weight loss was categorized 
as participants who reported unintentional weight loss of ≥10 
pounds in the last year. Low physical activity was categorized 
as reporting never walking for exercise or never engaging in 
vigorous activities. Finally, exhaustion was categorized as self-
reported low energy or ease of exhaustion that limited activities. 
A frailty sum score (0-5) was calculated by summing the 
individual items. To create a binary variable, participants with a 
score ≥3 were considered frail and those with a score 0-2 were 
considered non-frail (22).

Falls

Falls were assessed at the annual interview via self-report. 
Participants were asked about falling, including any fall, slip, 
or trip in which you lose your balance and land of the floor or 
ground at a lower level.” In this study, we used the variables 
where participants were asked if they had fallen “in the last 
12 months” and, if they had fallen in the last 12 months, were 
asked if they had “fallen down more than one time.” Both 
variables were categorized as dichotomous variables for 
analyses. 

Covariates 

Baseline covariates collected at Wave 2 were included in 
cross-sectional and longitudinal analyses. Sociodemographic 
covariates included: sex (woman or man), age group (65-69, 
70-74, 75-79, 89-84, 85-89, and ≥90), race/ethnicity (White, 
non-Hispanic Black, other), education (<high school, high 
school, >high school), total income (divided into quintiles), 
marital status (married/living with a partner or not), and 
BMI (kg/m2, based on self-reported height and weight). 
We additionally created a comorbidity count that included 
the following self-reported health conditions: heart attack, 
heart disease, stroke, cancer, osteoporosis, lung disease, and 
arthritis. We separately adjusted for hypertension, diabetes, and 
dementia. Finally, overall health assessed by asking participants 
about their general overall health (1=excellent, 2=very good, 
3=good, 4=fair, 5=poor), and anxiety and depression symptoms, 
assessed with the 2-item Generalized Anxiety Disorder Scale 
(23) and 2-item Patient Health Questionnaire (24) were also 
included as covariates. 

Statistical analysis

We first compared participant characteristics by the four 
groups defined by FI and VI status at baseline (i.e., “No FI or 
VI,” “FI, no VI,” “VI, no FI,” and “Both”). We used baseline 
FI and VI status instead of time-varying FI and VI status, 
because we found that it was uncommon for people to change 
FI/VI groups over time and groups remained largely the same 
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Table 1. Characteristics by food insecurity (FI) and vision impairment (VI) status at baseline, n(%) or mean (SD)
No FI or VI FI, no VI VI, no FI Both FI and VI

n (%) 5169 (86.7) 182 (3.1) 555 (9.3) 57 (1.0)
Female, n (%) 2931 (56.7) 126 (69.2) 379 (68.3) 43 (75.4)
Age group, n (%)
65-69 825 (16.0) 22 (12.1) 37 (6.7) 6 (10.5)
70-74 1132 (21.9) 38 (20.9) 58 (10.5) 8 (14.0)
75-79 1098 (21.2) 40 (22.0) 91 (16.4) 10 (17.5)
80-84 1033 (20.0) 34 (18.7) 118 (21.3) 9 (15.8)
85-89 680 (13.2) 31 (17.0) 118 (21.3) 14 (24.6)
90+ 401 (7.8) 17 (9.3) 133 (24.0) 10 (17.5)
Race, n (%)
White 3648 (70.6) 110 (60.4) 320 (57.7) 34 (59.7)
Black 1088 (21.1) 43 (23.6) 154 (27.8) 8 (14.0)
Other 433 (8.4) 29 (15.9) 81 (14.6) 15 (26.3)
Married, n (%) 4911 (95.0) 167 (91.8) 525 (94.8) 50 (87.7)
Education, n (%)
<High school 1217 (23.8) 65 (35.9) 239 (43.4) 29 (51.8)
High school graduate 1417 (27.7) 36 (19.9) 136 (24.7) 11 (19.6)
>High school 248 8(48.6) 80 (44.2) 176 (31.9) 16 (28.6)
Household income quintiles, n (%)
1 ($0-$9,000) 908 (17.6) 58 (21.9) 172 (31.0) 23 (40.4)
2 ($9001-$17,402) 1005 (19.4) 54 (29.7) 145 (26.1) 14 (24.6)
3 ($17,402-$30,000) 944 (18.3) 26 (14.3) 119 (21.4) 12 (21.1)
4 ($30,001-$55,000) 1085 (21.0) 30 (16.5) 76 (13.7) 5 (8.8)
5 (>$55,000) 1227 (23.7) 14 (7.7) 43 (7.8) 3 (5.3)
Community dwelling, n (%) 4874 (94.3) 167 (91.8) 485 (87.4) 44 (77.2)
Body Mass Index classification, n (%)
<18.5 95 (1.9) 5 (2.9) 26 (5.1) 3 (5.7)
18.5-24.9 1721 (34.5) 59 (33.7) 202 (39.8) 19 (35.9)
25.0-29.9 1869 (37.4) 58 (33.1) 162 (32.0) 13 (24.5)
≥30.0 1311 (26.2) 53 (30.3) 117 (23.1) 18 (34.0)
Waist circumference, mean (SD) 39.5 (5.9) 40.1 (6.4) 39.7 (6.3) 40.7 (6.5)
Overall health, mean (SD) 2.7 (1.1) 3.8 (1.0) 3.4 (1.1) 3.9 (1.2)
Current smoker, n (%) 352 (13.4) 17 (18.9) 42 (17.1) 3 (13.6)
Comorbidity count, mean (SD) 3.22 (1.03) 3.84 (1.09) 3.53 (1.04) 3.98 (1.13)
High blood pressure, n (%) 3538 (68.5) 138 (75.8) 422 (76.2) 46 (80.7)
Diabetes, n (%) 1318 (25.5) 54 (29.7) 185 (33.4) 24 (42.1)
Dementia, n (%) 292 (5.7) 13 (7.1) 121 (21.9) 4 (7.0)
Depression, mean (SD) 2.9 (1.3) 4.3 (1.8) 3.6 (1.7) 4.4 (1.7)
Anxiety, mean (SD) 2.8 (1.3) 4.1 (1.7) 3.4 (1.8) 4.5 (2.0)
Frail, n (%) 712 (14.0) 73 (40.6) 165 (30.6) 30 (52.6)
Frailty score (0-5), mean (SD) 1.23 (1.12) 2.25 (1.10) 1.93 (1.14) 2.67 (1.01)
Fall in last year, n (%) 1048 (22.8) 51 (37.5) 139 (31.7) 17 (44.7)
Multiple falls (≥2 falls), n (%) 703 (13.6) 57 (31.3) 152 (27.5) 27 (47.4)
FI, food insecurity; VI, vision impairment; Comorbidity count included heart attack, heart disease, stroke, cancer, osteoporosis, lung disease, and arthritis; Overall health self-rated on a 
scale of 1-5, higher score indicates worse health; Depression and anxiety on a scale of 2-8
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across Waves. We used regression models to examine the 
cross-sectional association between FI and VI status and frailty 
and fall outcomes at Wave 2. All binary outcomes (frailty, 
fall in the last year, and multiple falls in the last year) were 
modeled with logistic regression. Frailty score sum, due to its 
discreet probability, right-skewed distribution, was modeled 
with Poisson regression and coefficients presented as incidence 
rate ratios (IRR). In longitudinal analyses, we again used 
logistic and Poisson generalized estimating equation models 
to examine frailty and fall outcomes. Time was modeled as a 
continuous variable and an interaction term between time and 
FI/VI group was created to examine the association over time. 
Postestimation allowed us to present these coefficients as odds 
ratios (OR) and relative risk ratios (RRR). Margins plots were 
created to visualize the trends over time. In both cross-sectional 
and longitudinal analyses, model 1 was adjusted for age and 
sex. In model 2, for frailty outcomes, we adjusted for age, sex, 
race, education, income, BMI, overall health, hypertension, 
diabetes, dementia, comorbidity count, and depression and 
anxiety symptoms. For fall outcomes, model 2 was adjusted 
for age, sex, race, education, income, BMI, overall health, 
dementia, comorbidity count, and depression and anxiety 
symptoms.

Results

In our sample, most participants (n= 5169, 86.7%) reported 
having neither FI nor VI, while 3.1% (n=182) reported 
FI without VI, 9.3% (n=555) reported VI without FI, and 
1.0% (n=57) reported both (Table 1). Weighted baseline 
characteristics, using survey weights to represent a population 
of 33,346,365, are presented in Supplementary Table 1. Women 
and older people were more represented in the groups with FI 
and VI. White participants were most common in the No FI 
or VI group, Black participants most common in the VI, no FI 
group, and participants with another race were most common in 
the Both FI and VI group. Participants with lower educational 
attainment and income were more represented in the groups 
with some FI and/or VI. Similarly, participants in the groups 
with FI and/or VI were more likely to report having other health 
conditions. 

In cross-sectional analyses, in the fully adjusted model, 
compared to those with no FI or VI, those in the FI, no VI and 
VI, no FI groups did not have higher incidence rate ratios for 
frailty score sum, though those in the Both FI and VI group 
did (IRR=1.20, 95% CI 1.05, 1.37) (Table 2). Similarly, those 
with FI, no VI and with VI, no FI did not have higher odds of 
being frail, while those with both FI and VI had 3.03 (95% CI 
1.47, 6.23) higher odds of being frail. When examining falls, FI 

Table 2. Logistic and Poisson regression analyses modeling the cross-sectional association between food insecurity (FI) and vision 
impairment (VI)  status and frailty and fall outcomes, odds ratio (OR) or incidence rate ratio (IRR) 

Model 1 Model 2
Frailty score (0-5) IRR 95% CI p IRR 95% CI p
No FI or VI Reference Reference
FI, no VI 1.90 1.72, 2.11 <.001 1.12 1.01, 1.24 .032
VI, no FI 1.39 1.30, 1.48 <.001 1.06 1.00, 1.13 .052
Both FI and VI 2.09 1.88, 2.31 <.001 1.20 1.05, 1.37 .009
Frailty OR 95% CI p OR 95% CI p
No FI or VI Reference Reference
FI, no VI 4.56 3.05, 6.80 <.001 1.64 1.00, 2.71 .051
VI, no FI 2.02 1.60, 2.54 <.001 1.19 0.91, 1.56 .192
Both FI and VI 6.92 3.96, 12.09 <.001 3.03 1.47, 6.23 .003
Fall last year OR 95% CI p OR 95% CI p
No FI or VI Reference Reference
FI, no VI 1.95 1.25, 3.05 .004 1.13 0.70, 1.83 .613
VI, no FI 1.31 1.02, 1.69 .037 1.19 0.88, 1.59 .251
Both FI and VI 1.66 0.75, 3.69 .206 1.55 0.61, 3.90 .348
Multiple falls last year OR 95% CI p OR 95% CI p
No FI or VI Reference Reference
FI, no VI 3.10 2.07, 4.65 <.001 1.19 0.74, 1.91 .463
VI, no FI 2.06 1.55, 2.73 <.001 1.34 0.94, 1.91 .109
Both FI and VI 5.28 2.79, 9.98 <.001 2.92 1.41, 6.08 .005
Model 1 adjusted for age and sex. For frailty outcomes, Model 2 adjusted for age, sex, race, education, income, BMI, overall health, hypertension, diabetes, dementia, comorbidity count, 
and depression and anxiety symptoms. For fall outcomes, Model 2 adjusted for age, sex, race, education, income, BMI, overall health, dementia, comorbidity count, and depression and 
anxiety symptoms.
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and/or VI were not associated with higher odds of falling in the 
last year; however, having both FI and VI was associated with 
higher odds of multiple falls in the last year (OR=2.92, 95% CI 
1.41, 6.08).

In the longitudinal analysis, FI, no VI at baseline was 
associated with higher frailty score over time (RRR=1.18, 95% 
CI 1.10, 1.27), as was VI, no FI (IRR=1.15, 95% CI 1.09, 1.22) 
and Both (IRR=1.39, 95% CI 1.23, 1.58) (Table 3, Figure 1). 
Similarly, FI, no VI was associated with higher odds of frailty 
over time (OR=1.63, 95% CI 1.24, 2.13), as was VI, no FI 
(OR=1.47, 95% CI 1.15, 1.87), and there appeared to be an 
additive relationship for Both (OR=3.18, 95% CI 1.78, 5.69) 
(Table 3, Supplementary Figure 1). For fall outcomes, those 
with FI, no VI (OR=1.63, 95% CI 1.24, 2.13) and VI, no FI 
(OR=1.47, 95% CI 1.15, 1.87) had higher odds of falling in the 
last year over time, as did those with both FI and VI (OR=2.37, 
95% CI 1.41, 3.96) (Table 3, Figure 2). Finally, FI, no VI 
(OR=1.65, 95% CI 1.26, 2.15) and VI, no FI (OR=1.52, 95% CI 
1.19, 1.93) were both associated with multiple falls in the last 
year, and both FI and VI showed again an additive relationship 
(OR=2.46, 95% CI 1.50, 4.06) (Table 3, Supplementary Figure 
2). In sensitivity analyses, we explored whether excluding those 
who were frail at baseline changed the results but found that the 
RRR did not substantially change, and the trends remained the 
same across groups (results not shown).

Table 3. Generalized estimating equations modeling the longitudinal association between food insecurity (FI) and vision impairment 
(VI) status and frailty and fall outcomes over time, relative risk ratios (RRR) and odds ratios for interaction terms (OR)
Frailty score (0-5) over time Model 1 Model 2

RRR 95% CI p RRR 95% CI p
No FI or VI Reference Reference
FI, no VI 1.63 1.52, 1.74 <.001 1.18 1.10, 1.27 <.001
VI, no FI 1.41 1.33, 1.49 <.001 1.15 1.09, 1.22 <.001
Both FI and VI 1.96 1.75, 2.21 <.001 1.39 1.23, 1.58 <.001
Frailty (0,1) over time Model 1 Model 2

OR 95% CI p OR 95% CI p
No FI or VI Reference Reference
FI, no VI 3.16 2.47, 4.04 <.001 1.63 1.24, 2.13 <.001
VI, no FI 2.18 1.76, 2.70 <.001 1.47 1.15, 1.87 .002
Both FI and VI 5.28 3.16, 8.82 <.001 3.18 1.78, 5.69 <.001
Fall in last year (0,1) over time Model 1 Model 2

OR 95% CI p OR 95% CI p
No FI or VI Reference Reference
FI, no VI 1.92 1.53, 2.40 <.001 1.32 1.03, 1.69 .028
VI, no FI 1.59 1.30, 1.95 <.001 1.44 1.15, 1.81 .002
Both FI and VI 2.75 1.71, 4.43 <.001 2.37 1.41, 3.96 .001
Multiple falls in last year (0,1) over time Model 1 Model 2

OR 95% CI p OR 95% CI p
No FI or VI Reference Reference
FI, no VI 3.06 2.42, 3.86 <.001 1.65 1.26, 2.15 <.001
VI, no FI 2.19 1.77, 2.70 <.001 1.52 1.19, 1.93 .001
Both FI and VI 4.29 2.65, 6.94 <.001 2.46 1.50, 4.06 <.001
Model 1 adjusted for age and sex. For frailty outcomes, Model 2 adjusted for age, sex, race, education, income, BMI, overall health, hyper-tension, diabetes, dementia, comorbidity count, 
and depression and anxiety symptoms. For fall outcomes, Model 2 adjusted for age, sex, race, education, income, BMI, overall health, dementia, comorbidity count, and depression and 
anxiety symptoms.

Figure 1. Generalized estimating equation post-hoc predictive 
margins prediction for frailty score (0-5) over time by food 
insecurity (FI) and vision impairment (VI) status  
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Discussion

This study found that both FI and VI were associated with 
both frailty and risk of falls and that having both FI and VI was 
associated with even greater risk, independent of demographic, 
SES, and health factors. The cross-sectional evidence was less 
robust than the longitudinal evidence showing that having FI 
and/or VI at baseline was associated with greater risk of both 
outcomes over the 8 years of follow-up. While both FI and 
VI were each associated with frailty and falls, there was a 
consistently slightly stronger association between FI and each 
outcome. Strikingly, the differences between groups remained 
much the same over time, suggesting that the risk difference 
at baseline is maintained longitudinally. This perhaps reflects 
a persistent and proportional impact of FI/VI status on risk of 
frailty and falls.  

It is unclear exactly how FI is associated with frailty and 
falling. Some studies have suggested that the stress associated 
with having FI, compounded by challenges related to lower 
socioeconomic status and associated disadvantages, could be a 
driving factor linking FI and frailty and falls (25, 26). However, 
other studies have suggested that the poor nutritional status 
among older adults with FI could be the link. Nutritional status 
is critical for determining health in older adults and it can be 
both a consequence of underlying conditions and a risk factor 
for age-related health conditions (27, 28). Although nutritional 
status is associated with poorer physical performance and 
several health-related outcomes (29, 30), the multifactorial 
mechanistic (e.g., sarcopenia, impaired mobility) pathway has 
yet to be fully elucidated (31). A recent meta-analysis found 
that older adults who were malnourished or at risk of being 
malnourished had a 1.45 times higher risk of falling than those 
who were well-nourished (32). Nutritional status has also been 
linked to frailty, which may in turn increase risk of falls (29). 
Poor nutrition can lead to decrease in muscle mass, fat mass, 
and physical performance, which can lead to sarcopenia and 
frailty. Overall, several factors, inclusive of multimorbidity and 
chronic conditions (e.g., VI), can impact the link between poor 
nutrition and risk of frailty and falls via multiple pathways.

Separately, VI has been linked with falls and frailty among 
older adults, as well. The higher risk of falls in older adults 
with VI has been well documented. Older adults with VI have 
double the risk of falling compared to older adults without VI 
(33). Another study found that 46.7% of older adults with self-
reported severe VI or blindness fell in the last year, compared 
to only 27.7% of older adults without VI or blindness (34). 
Similarly, a recent study using NHATS data, which assessed VI 
using the same methods as the present study, showed that older 
adults VI are twice as likely to have fallen in the last year as 
compared to those without VI (27.6% vs 13.2%) (4). The most 
common VI-causing conditions in older adults (e.g., presbyopia, 
cataract, glaucoma, macular degeneration) can contribute to 
risk of falling in a myriad of ways, including impaired depth 
perception, blurred vision, and limited recognition of objects 
in the visual field (35). Given these impairments, older adults 
with VI often have a fear of falling (4) or navigating their 
daily lives (35), so often reduce their daily activities and are 
less active. This is proposed as one of the pathways linking 
VI and higher risk of frailty, as it leads to overall decline in 
physical functioning and less physical activity (36). However, 
the link between VI and frailty is understudied by comparison 
to the falls. In a recent longitudinal study among community-
dwelling older adults, self-reported VI was associated with 
a two-times higher risk of developing frailty, as defined by 
Fried Frailty Index criteria (37). In a similar study among 
community-dwelling older adults, those with VI had over three 
times increased risk of frailty in cross-sectional and longitudinal 
analysis (6). The study suggested that factors such as social 
isolation and shared pathological pathways (e.g., inflammation) 
(38, 39) might also contribute to the link between VI and 
frailty. Another hypothesis is that VI is associated with several 
comorbidities (e.g., CVD, diabetes), that are also associated 
with frailty (37), and this may also be important when 
considering the interaction between FI and VI.

Research on the relationship between FI and VI is emerging 
and the relationship is likely bidirectional. In one direction, 
poor nutrition from being food insecure has been associated 
with multiple conditions that cause VI, particularly among 
older adults, including hypertension, hypercholesteremia, 
diabetes, diabetic retinopathy, cataract, and age-related macular 
degeneration (11). Further, this can create a positive feedback 
loop, as recent research has shown that FI is associated 
with missing recommended eye exams among adults with 
diabetes (40). In the other direction, adults with VI may have 
a poorer diet due to difficulties in activities of daily living and 
acquiring and preparing food, including absence of facilities 
and assistance (41). Challenges in activities of daily living are 
faced by older adults without VI, so those with VI face even 
greater barriers to a nutritious diet. It has also been suggested 
that long term disability, such as VI, is strongly associated 
with FI, because perhaps the decreased earning potential and 
reduced access to nutritious food and healthcare over time 
negatively impacts health in several ways (16). Indeed, a recent 
study in over 60,000 US adults living below the 150% Federal 
Poverty Level  it was found that adults with VI, of whom 25% 
were 65 or older, had double the odds of being food insecure, 

Figure 2. Generalized estimating equation post-hoc predictive 
margins prediction for probability of risk of fall in last year 
(0,1) over time by food insecurity (FI) and vision impairment 
(VI) status  
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and there was a dose-response relationship whereby VI more 
strongly predicted more severe FI (17). The cyclical feedback 
loop between FI and VI creates a higher risk environment 
for poor health outcomes, and this is amplified among older 
adults. Addressing FI in older adults with disabilities, like VI, 
can mitigate risk of outcomes like falls and frailty. Further, 
providing older adults with VI with the adequate facilities and 
assistance needed to acquire and prepare nutritious food is also 
necessary to mitigate these outcomes. 

The study’s limitations must be considered when interpreting 
the results. First, although we had a relatively large sample 
size (n=5,963), the number of participants with both FI and 
VI was relatively small. This may have limited our power, 
and the findings may have been stronger with a larger both FI 
and VI group. A larger sample size would have also allowed 
for exploration of effect modifiers (e.g., gender, race), which 
may impact proportionality of risk between groups over time. 
Similarly, because FI and VI were self-reported in this study, 
there is the possibility for misclassification, though, particularly 
for FI, this would likely be in the direction of underreporting 
due to social desirability, and thus our findings may have 
attenuated towards the null. It may also be that falls outcomes, 
particularly for a single fall in the last year, is misclassified 
due to recall; however, the measure of multiple falls in the last 
year is likely more reliable. Finally, we chose to restrict follow-
up from 2011-2019, because in-person NHATS exams were 
not conducted during the COVID-19 pandemic. However, at 
the same time, the COVID-19 pandemic increased FI among 
older adults (42). Therefore, separate studies, specifically 
investigating the potential increase in health conditions among 
older adults that would be associated with increased FI during 
the pandemic and whether these trends have started to reverse 
since are needed. 

In conclusion, FI and VI were longitudinally associated with 
frailty and falling in this representative sample of older adults in 
the U.S. Recent findings show that FI and VI are connected and 
the present findings suggest that older adults with both are more 
vulnerable regarding these detrimental age-related outcomes. 
These results emphasize the need for integrating support across 
clinical and social services to improve the health of older adults, 
particularly those who are most exposed to these modifiable 
risk factors. Strategies for mitigating the consequences of FI 
and VI include screening for FI in primary and vision care 
settings and screening for VI in primary care settings, even 
using telemedicine as another tool to reach those at risk (12, 
43), as research shows that preserving, and possibly improving, 
visual function may alleviate FI (11). However, future studies 
are warranted to develop targeted interventions. 
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