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A B S T R A C T

Background: Despite findings from cross-sectional studies, how food insecurity experience/Supplemental Nutrition Assistance Program
(SNAP) status relates to cognitive decline over time has not been fully understood.
Objectives: We aimed to investigate the longitudinal associations between food insecurity/SNAP status and cognitive function in older
adults (�65 y).
Methods: Longitudinal data from the National Health and Aging Trends Study 2012–2020 were analyzed (n ¼ 4578, median follow-up
years ¼ 5 y). Participants reported food insecurity experience (5-item) and were classified as food sufficient (FS, no affirmative answer)
and food insufficient (FI, any affirmative answer). The SNAP status was defined as SNAP participants, SNAP eligible nonparticipants (�
200% Federal Poverty Line, FPL), and SNAP ineligible nonparticipants (>200% FPL). Cognitive function was measured via validated tests in
3 domains, and the standardized domain-specific and combined cognitive function z-scores were calculated. Mixed-effect models with a
random intercept were used to study how FI or SNAP status was associated with combined and domain-specific cognitive z-scores over time,
adjusting for static and time-varying covariates.
Results: At baseline, 96.3% of the participants were FS and 3.7% were FI. In a subsample (n ¼ 2832), 10.8% were SNAP participants, 30.7%
were SNAP eligible nonparticipants, and 58.6% were SNAP ineligible nonparticipants. Compared with the FS group in the adjusted model
(FI vs. FS), FI was associated with faster decline in the combined cognitive function scores [�0.043 (�0.055, �0.032) vs. �0.033 (�0.035,
�0.031) z-scores per year, P-interaction ¼ 0.064]. Cognitive decline rates (z-scores per year) in the combined score were similar in SNAP
participants (β ¼ �0.030; 95% CI: �0.038, �0.022) and SNAP ineligible nonparticipants (β ¼ �0.028; 95% CI: �0.032, �0.024), both of
which were slower than the rate in SNAP eligible nonparticipants (β ¼ �0.043; 95% CI: �0.048, �0.038; P-interaction < 0.0001).
Conclusions: Food sufficiency and SNAP participation may be protective factors preventing accelerated cognitive decline in older adults.
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Introduction

Food insecurity is a multidimensional phenomenon
describing the circumstances in which people do not have
adequate physical, social, or economic access to sufficient, safe,
and nutritious food that meets their dietary needs for an active
and healthy life [1]. Food insecurity persists among older adults
aged 60 y and older in the United States. Prevalence of food
insecurity due to financial resources has more than doubled and
has increased from 5.5% to 12.4% in older adults 60 y or older in
the past decade, according to an analysis based on the
2007–2016 National Health and Nutrition Examination Survey
data [2]. Older adults living with food insecurity are more likely
to suffer malnutrition [3], depression [4], and physical func-
tioning limitations [5, 6]. Food insecurity is associated with the
development of many chronic diseases that are prevalent in older
populations, including diabetes, obesity, and cardiovascular
diseases [7–10].

Food insecurity may also accelerate age-related cognitive
decline. A recent systematic review suggests that greater food
insecurity experienced in later life is associated with reduced
global cognitive function, executive function, and memory
among middle-aged and older adults [11]. Only 2 longitudinal
studies were identified, including 1 in Boston [12] and the other
in the Chicago area [13]. Another longitudinal study published
more recently was conducted in Europe and found that food
insecurity experienced in early life, in contrast to food insecurity
experience in later life, was associated with cognitive decline
[14]. However, existing evidence is still sparse, including mostly
cross-sectional findings in the review, which does not provide
insights about the direction of the relationship between food
insecurity experienced in later adulthood and poorer cognitive
function or the trajectory of cognitive decline by food insecurity
status in older adults.

Food insecurity is a major social justice issue in the older
population. The “cycle of food insecurity and chronic disease”
model suggests that there is a diet-dependent pathway linking
food insecurity and subsequent changes in health status [15],
potentially including adverse mental health outcomes. For
example, dementia prevalence has been reported 14 percentage
points higher in food insecure older adults than food secure peers
[16]. The Supplemental Nutrition Assistance Program (SNAP) is
the largest federally funded nutrition assistance program in the
United States, which is known to reduce hunger and food inse-
curity in the general population [17–19]. However, little trans-
lational evidence is available on how food insecurity or SNAP
status may impact brain aging in older adults. The goal of this
study was to investigate the relationship between food insecurity
experience, SNAP status, and subsequent cognitive decline in a
nationally representative sample of older adults in the United
States.

Methods

Study design and participants
Data used in this study are from the National Health and

Aging Trends Study (NHATS), a nationally representative survey
of Medicare beneficiaries aged 65 y and older living in the
United States [20]. The survey was conducted under a complex
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survey sampling design and oversampled individuals over 90 y
old and non-Hispanic Black individuals [20]. In 2011, NHATS
recruited 8245 eligible participants and followed them annually
to collect information about sociodemographic status; social,
physical, and technological environment; medical comorbidities;
and cognitive function. To be included in the current study,
participants needed to have completed data for the food inse-
curity experience and cognitive assessment data for �2 survey
rounds. To prevent response bias on cognitive outcomes, par-
ticipants were excluded if they had probable dementia in any
survey year, which was determined by self-reported dementia
diagnosis or a score of �2 on the AD8 Dementia Screening
Interview [21]. This study used deidentified NHATS data, which
met the definition for non-human subject research; therefore, it
was exempt from Institutional Review Board review.

Measures
Food insecurity experience and food insufficiency
classification

Participants were asked annually to report the individual-
level food insecurity experience due to financial, social, and
functional limitations based on 5 questions. The 5 questions
inquired whether or not the participant had experienced the
following in the past 30 d: 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 con-
straints.” Following published methodology by Tucher et al.
[22], the number of affirmative answers was calculated as the
summary indicator of food insecurity, which showed associa-
tions with a wide range of demographic and biopsychosocial
factors in NHATS. Participants with the summary indicator of
0 were classified as food sufficient (FS) and those with summary
indicator of �1 were classified as food insufficient (FI).

SNAP status
Participants were asked “In the last year, did you receive help

from food stamps?” SNAP participants were defined if they
provided an affirmative response to the survey question and
nonparticipants were otherwise defined. Total household in-
come and household size data were used to calculate the pro-
portion of people falling at or below the 200% Federal Poverty
Line (FPL), which was used to define SNAP (formally called food
stamp program) eligibility in the elderly [23]. SNAP participa-
tion and eligibility data were available in 2832 participants.
Among the nonparticipants with eligibility information, we
further categorized them as SNAP eligible nonparticipants
(�200% FPL) or SNAP ineligible nonparticipants (>200% FPL).

Cognitive function
Participants’ cognitive function was objectively assessed

annually in 3 domains: memory, orientation, and executive
function. To assess memory, participants were asked to complete
a 10-item word-list memory task from the Consortium to
Establish a Registry for Alzheimer’s Disease neuropsychological
battery [24]. They were asked to recall the words immediately
after being presented (that is, immediate recall), and again 5 min
after the word presentation (that is, delayed recall). The memory
score was calculated as total number of words recalled correctly
during the immediate and delayed recall tasks, ranging from 0 to



M. Na et al. The Journal of Nutrition 153 (2023) 312–321
20. The orientation test required participants to provide the date,
month, year, and day of the week of the interview date, as well as
the first and last names of the current President and
Vice-President of the United States. One point was assigned to
each correct answer, yielding a total orientation score that
possibly ranged from 0 to 8. The Clock Drawing Test was applied
to assess executive function [25, 26]. Participants were asked to
draw a clock face with the time as “10 after 11” on a given sheet
within 120 s. Based on the standard criteria, their drawing tests
were scored on a scale ranging from 0 to 5, in which 0 ¼ “not
recognizable as a clock,” 1 ¼ “severely distorted depiction of a
clock,” 2 ¼ “moderately distorted depiction of a clock,” 3 ¼
“mildly distorted depiction of a clock,” 4 ¼ “reasonably accurate
depiction of a clock,” and 5 ¼ “accurate depiction of a clock.” All
individual test scores were standardized into z-scores for
comparability, and the mean of the domain-specific z-scores was
calculated as a combined cognitive function z-score. Higher
z-scores in memory, orientation, executive function, and com-
bined cognitive function indicated better cognitive function
among older adults.
Covariates
The following baseline sociodemographic information

collected in the 2012 NHATS were included in the model esti-
mation: age group (65–69, 70–74, 75–79, 89–84, 85–89, and
�90 y), sex (male or female), race/ethnicity (White, non-
Hispanic; Black, non-Hispanic; Hispanic; and other), education
levels (less than high school, high school, and post–high school
education), and total income (in quintiles). All of the socio-
demographic variables were collected annually, except for total
income, which was collected biennially since 2011. Because
these variables do not vary over time (for example, income
quintile) or vary over time uniformly (for example, age), we have
included the baseline data of these variables for adjustment.

Data on time-varying covariates were collected at the time of
each cognitive assessment annually. The time-varying covariates
included marital status (“married or living with partner” or “not
married, widowed, separated, or divorced”), BMI (kg/m2,
calculated based on the self-reported weight/self-reported
height2), depressive symptoms score [calculated based on the
validated 2-item Patient Health Questionnaire [27]; range, 0–6],
anxiety score [calculated based on the validated 2-item Gener-
alized Anxiety Disorder Scale [28]; range, 0–6], and
self-reported diagnosed chronic conditions, including hyperten-
sion (yes/no), diabetes (yes/no), heart disease (yes/no), and
heart attack or myocardial infarction (yes/no).
Statistical analysis
After adjusting for complex sampling design, the weighted

means (SE) and proportions describing sociodemographic char-
acteristics, nutritional status, and health conditions at baseline
were calculated in the overall sample and by baseline FI status.
To test the differences of weighted means by baseline FI status or
by SNAP status, linear regressions of continuous variables were
performed as a function of the categorical FI status, adjusting for
survey data. The adjusted Wald tests were used to examine the
equivalence of weighted means in each group. For categorical
variables, chi-square tests were performed using survey data to
compare the weighted proportions in each group.
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Mixed-effect models without accounting for sampling weights
were used to examine how FI status was associated with the
combined and domain-specific cognitive z-scores over time. The
random intercept was specified in the models to adjust for
within-subject effects, and the categorical-by-continuous inter-
action term between FI status and year was included to estimate
and compare cognitive decline in the 2 groups. Multiple cova-
riates were included in the model, including the baseline socio-
demographic variables (age, sex, race/ethnicity, education
levels, and income quintiles) and the annually collected time-
varying variables (marital status, BMI, depression and anxiety
score, and health conditions). We adjusted for the time-varying
variables to account for updated information in the model esti-
mation. The command “margins”was analyzed after the adjusted
mixed-effect models and the “marginsplot” function was used to
estimate the adjusted slope of cognitive decline in each group. To
better interpret the clinical significance of our results, we
calculated the estimate of equivalent age difference in years that
corresponded to the difference in cognitive decline rates be-
tween the FI and FS older adults, using a previously published
method [29].

To examine if cognitive decline rates differ by SNAP status, in
the subsample for which data was available (n ¼ 2832), we
performed the analysis among the SNAP participants, SNAP
eligible nonparticipants (�200% FPL), and SNAP ineligible
nonparticipants (>200% FPL) and tested the interaction be-
tween SNAP status and year in similarly adjusted mixed-effect
models.

Several sensitivity analyses were performed, and results are
presented in the Supplementary Material. We additionally
adjusted for baseline cognitive function score but chose to pre-
sent the more conservative findings from the models without
adjustment for baseline cognitive function as main results,
because baseline-adjusted models may introduce a spurious
statistical association [30]. Educational attainment is a leading
factor in promoting cognitive reserve [31]. The “cumulative
advantage-disadvantage theory” hypothesizes that
education-related disparities and inequality originated in early
childhood may continue to be amplified through the life course
[32], suggesting that educational attainment may attenuate
aging-associated cognitive declines across the life span [33].
Therefore, additional stratification analysis by educational
attainment was performed to further examine the associations
between food insecurity experience and cognitive decline by
educational levels. To test the role of education level as a po-
tential effect modifier, a 3-way multiplicative term between FI
status, year, and education attainment was computed and tested
in the adjusted models of the combined cognitive function score.
The sample size was too small for the stratification analysis by
education level and by SNAP status in the subsample.

All statistical analyses were performed using Stata/SE,
version 17.0 (StataCorp).

Results

Based on inclusion and exclusion criteria (Supplemental
Figure 1), there were 4578 participants from NHATS included in
the analytic sample, representing a population size of 22,060,979
older adults. The number of completed annual cognitive assess-
ments ranged from 2 to 9, with a median (IQR) of 6 [3, 9]
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assessments, and 61.6% of the included participants had 5 or
more cognitive assessments. In the subsample of 2832 partici-
pants inwhichSNAP status informationwas available, themedian
(IQR) number of cognitive assessments was 7 [3, 9].

Participants’ characteristics at baseline are presented in
Table 1. In our sample, 4400 (96.3%) of the participants were
categorized as FS and 178 (3.7%) were FI. Age distribution by
the 5-y age categories did not differ by baseline FI status (P ¼
0.187). Compared with the FS group, more FI older adults were
females, racial/ethnic minorities, had lower educational attain-
ment, were not married, and had lower household income (all P
< 0.005). The FI participants also had higher proportions of
being eligible for SNAP, receiving food stamps, and other food
assistance programs (all P< 0.001). In terms of the nutrition and
health status, the mean depression (P < 0.001) and anxiety
scores (P < 0.001) were higher among the FI participants.
Compared with the FS group, there was a higher proportion of
underweight and obesity (P ¼ 0.004), hypertension (P ¼ 0.063),
diabetes (P¼ 0.003), heart diseases (P¼ 0.001), and heart attack
or myocardial infarction (P ¼ 0.041) among the FI participants.

In the subsample, the number (%) of SNAP participants, SNAP
eligible nonparticipants (�200% FPL), and SNAP ineligible
nonparticipants (>200% FPL) were 379 (10.8%), 993 (30.7%),
and 1460 (58.6%), respectively. More SNAP participants and
SNAP eligible nonparticipants, as compared with the SNAP
ineligible nonparticipants, were in the younger age groups, fe-
males, racial and ethnic minorities, not married, widowed,
separated or divorced, and in the lowest 2 income quintiles (all P
< 0.001). Across the 3 SNAP status groups, mean BMI, depres-
sion score, anxiety score, and the proportions of underweight,
obesity, and diagnosed chronic conditions (hypertension, dia-
betes, and heart disease) decreased from SNAP participants, to
SNAP eligible nonparticipants, to those who were SNAP ineli-
gible, and the differences by SNAP status were significant (all P<

0.001).
The estimated trajectories of combined cognitive function

and domain-specific cognitive function z-scores by FI status are
shown in Figure 1 and Figure 2, respectively. In the adjusted
model, baseline combined cognitive function z-scores did not
differ by FI status (β¼�0.005; 95% CI:�0.076, 0.066 z-scores, P
¼ 0.888). Significant declines of the combined cognitive func-
tion z-scores over time were observed in both the FS and FI
groups. There was a marginally statistically significant modi-
fying association of FI status on the slope of decline (P-interac-
tion ¼ 0.064), in which we saw a faster decline in the FI older
adults (β ¼ �0.043; 95% CI: �0.055, �0.032 z-scores per year),
compared with the FS group (β ¼ �0.033; 95% CI: �0.035,
�0.031 z-scores per year). The greater cognitive decline rate
observed in the FI group was equivalent to being 3.8 y older.
Findings were similar in the model that additionally adjusted for
the combined cognitive function z-scores at baseline (Supple-
mental Figure 2, P-interaction ¼ 0.016).

At baseline, the mean immediate recall and executive func-
tion z-scores were lower in the FI group as compared with the FS
group; however, the differences were not statistically significant
(P ¼ 0.298 for immediate recall z-score; P ¼ 0.130 for the ex-
ecutive function z-score). When examining the trajectory of
domain-specific cognitive function in relation to FI status, we
observed a significant decline in both the FS and FI groups in
immediate recall z-score (Figure 2A), delayed recall z-score
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(Figure 2B), and orientation z-score (Figure 2D), but not in ex-
ecutive function z-score (Figure 2C). Specifically, adults who
were FI had statistically significant faster annual decline of 0.056
(95% CI: �0.075, �0.039) z-scores in the delayed recall domain,
as compared with the FS group, whose decline rate was 0.036 z-
scores per year (95% CI: �0.040, �0.032; P-interaction ¼
0.026). For the orientation domain, the slope of decline was also
significantly greater in the FI group (β ¼ �0.063; 95% CI:
�0.080, �0.046 z-scores per year) as compared with the FS
group (β¼�0.042; 95% CI:�0.046,�0.039 z-scores per year, P-
interaction ¼ 0.020). Additionally adjusting for baseline cogni-
tive test scores yielded consistent results with slightly steeper
estimated slope and comparable or smaller P-interactions (Sup-
plemental Figure 3).

In a subsample in which SNAP status information was avail-
able (n¼ 2832), the SNAP eligible nonparticipants (�200% FPL)
had the fastest cognitive decline rate (β ¼ �0.043; 95% CI:
�0.048, �0.038 z-scores per year) than the rate observed in
SNAP participants (β ¼ �0.030, 95% CI: �0.038, �0.022 z-
scores per year) and SNAP ineligible nonparticipants (>200%
FPL) (β ¼ �0.028, 95% CI: �0.032, �0.024 z-scores per year)
(Figure 3, P-interaction < 0.0001). The faster cognitive decline
rate observed in the SNAP eligible nonparticipants as compared
with SNAP participants was equivalent to being 4.5 y older.
Significant interactions were also observed in the domain-
specific cognitive function z-scores (Figure 4) for immediate
recall (P-interaction ¼ 0.002), delayed recall (P-interaction ¼
0.048), and orientation (P-interaction < 0.001), in which SNAP
eligible nonparticipants had the fastest decline rate as compared
with the other 2 groups. For the combined (Supplemental
Figure 4) and all of the domain-specific cognitive function z-
scores (Supplemental Figure 5), additionally adjusting for the
corresponding baseline cognitive function z-scores did not alter
the findings.

When investigating the association between FI status and
cognitive decline stratified by participants’ education level,
there was a dose-response relationship between the educational
attainment level and the baseline combined cognitive function
score. Using less than high school education as the reference
group, the baseline combined score was 0.23 higher (95% CI:
0.17, 0.28) in high school graduates and 0.39 higher (95% CI:
0.34, 0.45) in the greater than high school education level group.
However, there was no evidence that education modified the
association between FI status and cognition (Supplemental
Figure 6, P-interaction ¼ 0.695).

Discussion

In this national sample of older adults 65 y or older, we have
identified different trajectories of cognitive decline between
2012–2020 by their food insufficiency status or their SNAP sta-
tus. After controlling for baseline and time-varying socioeco-
nomic characteristics, BMI, mental health, and medical
conditions, the FI group had marginally faster combined cogni-
tive function score decline and significantly faster delayed recall
and orientation decline over the 9-y span. In a subsample, SNAP
participants had comparable cognitive decline rates with SNAP
ineligible nonparticipants in the combined and 3 out of 4 of the
domain-specific cognitive function scores, whereas SNAP
eligible nonparticipants had the fastest decline rates. All of the



TABLE 1
Sample characteristics of the NHATS participants at baseline by food sufficiency status and by SNAP status1

Overall
sample

All Food sufficiency status2 Subsample All SNAP status3

Food sufficient Food
insufficient

P SNAP
participants

SNAP eligible
nonparticipants
(�200% FPL)

SNAP ineligible
nonparticipants
(>200% FPL)

P

N 4578 4400 178 2832 379 993 1460
% 96.3 3.7 10.8 30.7 58.6
Age groups, % 4578 0.187 2832 <0.001
65–69 y 29.6 29.8 23.9 23.3 35.2 32.6 23.3
70–74 y 26.1 26.1 25.6 26.4 26.9 30.8 26.4
75–79 y 18.7 18.8 17.7 21.0 18.2 18.2 21.0
80–84 y 14.5 14.4 16.4 15.8 12.3 11.1 15.8
85–89 y 8.0 7.9 10.8 10.2 5.5 5.5 10.2
�90 y 3.1 3.0 5.6 3.3 2.0 1.7 3.3

Females, % 4578 56.4 68.8 56.4 0.004 2832 51.1 62.3 60.6 44.0 <0.001
Race/Ethnicity, % 4548 <0.001 2826 <0.001
White, non-Hispanic 84.8 85.0 77.3 83.5 55.3 76.3 92.5
Black, non-Hispanic 7.4 7.4 8.1 7.7 20.9 10.9 3.6
Hispanic 2.5 2.5 1.5 2.5 4.4 3.5 1.6
Other 5.4 5.1 13.1 6.3 19.4 9.4 2.3

Education, % 4554 <0.001 2831 <0.001
<High school diploma 18.0 17.4 32.2 18.4 53.9 28.4 6.7
High school diploma 34.4 34.4 35.1 33.5 31.9 42.8 28.9
>High school diploma 47.6 48.2 32.8 48.1 14.2 28.8 64.4

Marital status, % 4572 <0.001 2830 <0.001
Married, living with partner 58.1 59.2 29.0 56.7 26.6 39.3 71.4
Not married, widowed,
separated, divorced

41.9 40.8 71.0 43.3 73.4 60.8 28.6

Household income quintiles, % 4578 <0.001 2832 <0.001
1 ($0–$9,000) 9.5 9.0 23.2 9.9 38.2 18.8 0.0
2 ($9001–$17,402) 15.7 15.1 30.0 15.9 47.2 35.3 0.0
3 ($17,403–$30,000) 21.8 21.7 24.7 20.6 10.8 40.6 11.9
4 ($30,001–$55,000) 22.6 22.9 12.9 22.4 1.5 5.3 35.2
5 (>$55,000) 30.5 31.4 9.2 31.2 2.4 0.0 52.9

BMI, kg/m2 4468 27.7 (0.10) 27.7 (0.11) 28.3 (0.51) 0.276 2768 27.9 (0.13) 29.1 (0.43) 28.4 (0.24) 27.5 (0.18) <0.001
BMI classification, % 4468 0.004 2791 <0.001
Underweight (<18.5) 1.9 1.7 5.4 1.5 1.8 2.7 0.9
Normal (18.5–24.9) 31.3 31.6 23.2 29.8 28.9 27.8 31.0
Overweight (25.0–29.9) 38.4 38.5 35.8 37.7 30.9 33.4 41.1
Obesity (� 30.0) 28.4 28.1 35.5 31.0 38.4 36.1 27.0

Depression, score 4548 2.8 (0.03) 2.7 (0.02) 4.2 (0.14) <0.001 2816 2.8 (0.03) 3.5 (0.09) 3.1 (0.05) 2.6 (0.04) <0.001
Anxiety, score 4562 2.8 (0.02) 2.7 (0.02) 4.1 (0.15) <0.001 2823 2.8 (0.03) 3.4 (0.09) 3.0 (0.05) 2.6 (0.03) <0.001
Hypertension, % 4576 65.8 65.5 73.3 0.063 2830 66.6 80.9 69.7 62.4 <0.001
Diabetes, % 4578 24.3 23.9 34.2 0.003 2832 25.1 39.4 28.2 20.9 <0.001
Heart diseases, % 4576 19.1 18.7 29.7 0.001 2830 19.3 25.4 21.4 17.0 <0.001
Heart attack or myocardial
infarction, %

4576 2.6 2.5 5.1 0.041 2831 2.4 3.8 2.2 2.3 0.216

SNAP, Supplemental Nutrition Assistance Program.
1 Values are mean (SE) or % after adjusting for complex sampling scheme. Depressive symptoms score was calculated based on the validated 2-item Patient Health Questionnaire [22]. Anxiety

score was calculated based on the validated 2-item Generalized Anxiety Disorder Scale [23].
2 Food sufficiency status was defined using a summary indicator of food insecurity calculated based on 5-item questions [18], as food sufficient if summary indicator was 0 and food insufficient if

summary indicator was >0.
3 SNAP eligibility is defined as �200% Federal Poverty Level (FPL) for households with older adults. SNAP participation and eligibility data were available in 2832 participants.
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observed trajectory of cognitive decline was consistent when
additionally adjusted for the corresponding cognitive function
scores at baseline. Despite the differences in cognitive scores at
baseline, education level in the overall sample did not seem to
modify the observed relationship between FI and cognitive
decline. Independent of several sociodemographic, nutrition,
and health status variables, our study showed that food insecu-
rity experience in late life were associated with faster cognitive
decline, whereas SNAP participation was associated with slower
cognitive decline as compared with the SNAP eligible non-
participants. As assessed by the combined cognitive score
changes, the FI-associated decline was equivalent to being 3.8 y
older and the SNAP eligible nonparticipants’ decline, as
compared with the SNAP participants, was equivalent to being
4.5 y older.

Our findings from this longitudinal study are in line with a
recent systematic review of food insecurity and cognitive func-
tion, in which food insecurity experience in late life was
adversely associated with global cognitive function and specific
cognitive domains [11]. According to a systematic review of 170
studies that examined the associations between food insecurity
and dietary quality, food insecurity was consistently associated
with poorer dietary quality primarily characterized by lower
consumption of vegetables, fruits, and dairy products [34]. Vi-
tamins (for example, B group, E), folate, and flavonoids and
plant-rich dietary patterns are thought to have antioxidant and
anti-inflammatory properties that could relate to the observed
neuroprotective association in our study. However, evidence
seems to be more consistent for the benefits of an overall dietary
pattern, such as the Mediterranean diet [35, 36] and the
Mediterranean-Dietary Approaches to Stop Hypertension Inter-
vention for Neurodegenerative Delay diet [37], as compared
with individual food groups or nutrients [38, 39]. In addition,
food insecurity experiences increase stress levels [4], which may
in turn predict faster cognitive decline [40].

Through repeated suboptimal food intake and increased
stress, food insecurity may cause physiological changes that
further lead to cognitive decline. Allostatic load is a measure of
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the cumulative physiological wear-and-tear reflected in the pri-
mary system as neuroendocrine and/or inflammatory distur-
bances and the secondary system as metabolic and
cardiovascular disturbances. In a sample of Puerto Ricans adults
aged 45–75 y (n¼ 733), food insecurity was associated with high
primary system scores [41]. Similar results were seen in a large
nationally representative sample of US adults aged �50 y (n ¼
14,394), in which food insecurity was associated with elevated
inflammatory, cardiovascular, and other metabolic responses
[42]. Inflammation and metabolic alterations, independently
[43] and interactively [44], may be important mechanisms un-
derlying cognitive impairment and dementia in older adults.
Future studies are required to investigate how food insecurity
experience impacts the primary and secondary systems specif-
ically and the implications of this impact on brain health.

The analysis by SNAP status showed fastest cognitive decline
in the SNAP eligible nonparticipants, as compared with the SNAP
participants and SNAP ineligible nonparticipants. Previous
evaluation studies have shown that SNAP may have both nutri-
tional and nonnutritional benefits, including improvement of
food security [17–19], promotion of mental health among food
insecure general adults [45] and older adults [46], and promo-
tion of general health [47]. These benefits may translate to the
observed difference in cognitive decline rates by SNAP status;
however, the underlying mechanisms remain to be studied.
Given the low participation rate in the food assistance program
in older adults, we were unable to further investigate what roles
SNAP may play in food insecurity and cognitive decline in this
NHATS sample. The findings, however, should be interpreted
with caution. It is known that the characteristics at the individual
and community level differ between participants and eligible
nonparticipants [48, 49], many of which were not measured in
NHATS. A prior study analyzing national panel data of the
Health and Retirement Study found reduced levels of cognitive
functioning were associated with reduction in SNAP uptake
among eligible older adults aged 60 and older [50], indicating a
potential bidirectional relationship between SNAP status and
disparities in cognitive function.
FIGURE 1. The predicted trajectory of combined
cognitive function z-score between 2012 and 2020
in older adults by food insufficiency status (n ¼
4578). Lines represent the estimated trajectory of
combined cognitive score and shaded areas repre-
sent the 95% CI. The cognitive decline rates were
modeled based on the mixed model with the cate-
gorical food insufficiency by year interaction term,
adjusting for baseline age, sex, race/ethnicity, ed-
ucation levels, income quintiles, and time-varying
variables collected annually for marital status,
BMI, depression score, anxiety score, diagnosed
status for hypertension, diabetes, heart disease, and
heart attack or myocardial infarction. P-interaction
was tested at a significance level of 0.05.



FIGURE 2. The predicted trajectory of (A) immediate recall z-score, (B) delayed recall z-score, (C) executive function z-score, and (D) orientation
z-score between 2012 and 2020 in older adults by baseline food insufficiency status (n ¼ 4578). Lines represent the estimated trajectory of
combined cognitive score and shaded areas represent the 95% CI. The cognitive decline rates were modeled based on the mixed model with the
categorical food insufficiency by year interaction term, adjusting for baseline age, sex, race/ethnicity, education levels, income quintiles, and time-
varying variables collected annually for marital status, BMI, depression score, anxiety score, diagnosed status for hypertension, diabetes, heart
disease, and heart attack or myocardial infarction. P-interaction was tested at a significance level of 0.05.
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Many of the sociodemographic, nutritional, and health char-
acteristics in our sample differ by their food sufficiency or SNAP
status. Disparities in food insecurity risk, SNAP participation,
and cognitive function have been observed by race and ethnicity
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[51–54], socioeconomic status [55, 56], nutritional status
[57–59], and the presence of chronic conditions [10, 50, 60].
Adjusting for the potential confounders, we still observed faster
trajectories of cognitive decline in FI older adults as compared
FIGURE 3. The predicted trajectory of combined
cognitive function z-score between 2012 and 2020 in
older adults by SNAP status (n ¼ 2832). Lines repre-
sent the estimated trajectory of combined cognitive
score and shaded areas represent the 95% CI. The
cognitive decline rates were modeled based on the
mixed model with the categorical food stamp/SNAP
participation and eligibility by year interaction term,
adjusting for baseline age, sex, race/ethnicity, educa-
tion levels, income quintiles, and time-varying vari-
ables collected annually for marital status, BMI,
depression score, anxiety score, diagnosed status for
hypertension, diabetes, heart disease, and heart attack
or myocardial infarction. P-interaction was <0.0001.
SNAP, Supplemental Nutrition Assistance Program.



FIGURE 4. The predicted trajectory of (A) immediate recall z-score, (B) delayed recall z-score, (C) executive function z-score, and (D) orientation
z-score between 2012 and 2020 in older adults by SNAP status (n ¼ 2832). Lines represent the estimated trajectory of combined cognitive score
and shaded areas represent the 95% CI. The cognitive decline rates were modeled based on the mixed model with the categorical food insuffi-
ciency by year interaction term, adjusting for baseline age, sex, race/ethnicity, education levels, income quintiles, and time-varying variables
collected annually for marital status, BMI, depression score, anxiety score, diagnosed status for hypertension, diabetes, heart disease, and heart
attack or myocardial infarction. P-interaction was tested at a significance level of 0.05. SNAP, Supplemental Nutrition Assistance Program.
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with the FS referent group and among SNAP eligible non-
participants as compared with the SNAP participants and SNAP
ineligible nonparticipants. In our study, there was no statistical
evidence of a differential association between food sufficiency
status and the combined cognitive scores by education, despite
the expected differences of cognitive function scores at baseline.
This finding is consistent with a recent review of evidence that
educational attainment was positively associated with levels of
cognitive ability in adulthood (an advantage of 0.2–0.4 standard
deviations in cognitive performance per every �5 y of educa-
tion); however, the association between education and
aging-associated cognitive declines was negligible (<0.008
standard deviations per decade) [33].

In NHATS, food insecurity experience was measured using a
summary indicator of 5 questions that covered both financial and
nonfinancial constraints of food access [22]. Additional obstacles
for older adults to acquire food may include poor functional sta-
tus, poor environmental context, and lack of social resources [61].
Although the indicator included broader challenges beyond
financial limitations and showed some amount of external val-
idity in relation to biopsychosocial factors [22], the summary
indicator did not include all the possible financial related food
insecurity experiences as compared with other commonly used
food insecurity scales, such as the US Household Food Security
Survey Module. Underestimation of food insecurity prevalence
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mayhave occurred in our study. The food insecurity prevalence in
the NHATS sample of Medicare beneficiaries was ~4%, which
was lower than a previously reported prevalence of 7%–12%
using the US Household Food Security Survey Module in
2011–2016 [2], but was similarly low in another study (5.7%) of
predominantly (~80%) Medicare Advantage beneficiaries [62].
In addition, using the binary indicator, we were not able to
determine the different degrees of food insecurity experienced by
older adults and their potential impact on cognitive decline.

There are other limitations of the study worth noting. Un-
measured confounding could have led to inaccurate estimates of
the relationship between food insecurity status/SNAP status and
cognitive decline. For example, NHATS did not collect data on
physical activities. The only variables collected were a list of
“favorite activities” without the measurement of intensity or
duration; therefore, physical activity could not be controlled for
in the models. Information on medication use was also unavai-
lable and could confound the observed association because it
could be associated with food insecurity status [63] and could
alter cognitive functions [64, 65]. Objective measures of chronic
conditions, such as trajectory of cardiovascular biomarkers, in
addition to the chronic condition status, are potentially predic-
tive of cognitive decline [66]. Biomarkers of these conditions
were not available in NHATS. However, treating disease status as
a time-varying covariate in our models took change of disease
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diagnosis over time into account. The lack of dietary data in
NHATS prevented us from examining the potential mediating
impact of suboptimal diet in the observed relationships. Finally,
our analytic sample was predominantly non-Hispanic White
(85%). About half of the sample had higher than a high school
education and ~3 in 10 of the original sample were in the
highest income quintile. Future longitudinal studies should
consider strategies to better retain racially/ethnically diverse
subgroups and participants of lower socioeconomic status, who
may have experienced food insecurity adversity throughout
multiple life stages. Going beyond nationally representative
samples, studies focused on vulnerable populations are war-
ranted to better understand and address the disparities in food
insecurity risk, SNAP participation, and mental health.

In conclusion, compared with the FS referent group, we have
observed marginally faster cognitive decline, assessed by the
combined cognitive score, and significantly faster decline in 2
out of 4 of the individual cognitive domains, over a 9-y follow-up
among FI older adults in a national sample of adults�65 y old. In
a subsample, the decline rate of SNAP eligible nonparticipants
was significantly higher in the combined and 3 of 4 examined
individual cognitive domains, as compared with the SNAP par-
ticipants and the SNAP ineligible nonparticipants. The greater
cognitive decline rate observed in the FI group was equivalent to
being 3.8 y older, whereas the greater cognitive decline rate
observed in the SNAP eligible nonparticipation group was
equivalent to being 4.5 y older. With careful design considering
ethical and feasibility considerations, future intervention studies
are warranted to investigate the impact of addressing food
insecurity and promoting SNAP participation on cognitive health
in older adults.
Funding

Supported by the Broadhurst Career Development Professor-
ship for the Study of Health Promotion and Disease Prevention
(MN) and the National Institute of Mental Health:
K01MH115794 (MJB).
Author disclosures

The authors report no conflicts of interest.
Acknowledgments

The authors’ responsibilities were as follows—MN, AMW,
LCE, MJB, and LRA: designed the research; MN and ND: analyzed
the data; MN: wrote the article; AMW, LCE, MJB, ND, and LRA:
reviewed and revised the manuscript. MN: had primary re-
sponsibility for final content. All authors have read and approved
the final manuscript.
Data Availability

Data described in the manuscript are publicly and freely
available without restriction at the National Health and Aging
Trends Study (https://www.nhats.org/researcher/data-access).
The code book and analytic code will be made available upon
320
request pending application to and approval by the corre-
sponding author, Dr. Muzi Na.
Appendix A. Supplementary data

Supplementary data to this article can be found online at http
s://doi.org/10.1016/j.tjnut.2022.12.012.
References

[1] Food and Agriculture Organization of the United Nations, An
introduction to the basic concepts of food security [Internet], EC-FAO
Food Security Programme, 2008 [year updated in 2008, date cited
December 13, 2022].

[2] C.W. Leung, J.A. Wolfson, Food insecurity among older adults: 10-year
national trends and associations with diet quality, J Am Geriatr Soc 69
(2021) 964–971.

[3] M.H.Q. Pereira, M.L.A.S. Pereira, G.C. Campos, M.C.B. Molina, Food
insecurity and nutritional status among older adults: a systematic
review, Nutr Rev 80 (2022) 631–644.

[4] A. Pourmotabbed, S. Moradi, A. Babaei, A. Ghavami, H. Mohammadi,
C. Jalili, et al., Food insecurity and mental health: a systematic review
and meta-analysis, Public Health Nutr 23 (2020) 1778–1790.

[5] J.A. Jackson, A. Branscum, A. Tang, E. Smit, Food insecurity and
physical functioning limitations among older U.S. adults, Prev Med Rep
14 (2019), 100829.

[6] C.L. Petersen, J.M. Brooks, A.J. Titus, E. Vasquez, J.A. Batsis,
Relationship between food insecurity and functional limitations in older
adults from 2005–2014 NHANES, J Nutr Gerontol Geriatr 38 (2019)
231–246.

[7] E. Gucciardi, J.A. Vogt, M. DeMelo, D.E. Stewart, Exploration of the
relationship between household food insecurity and diabetes in Canada,
Diabetes Care 32 (2009) 2218–2224.

[8] N.I. Larson, M.T. Story, Food insecurity and weight status among U.S.
children and families: a review of the literature, Am J Prev Med 40
(2011) 166–173.

[9] C. Gundersen, J.P. Ziliak, Food insecurity and health outcomes, Health
Aff (Millwood) 34 (2015) 1830–1839.

[10] B.A. Laraia, Food insecurity and chronic disease, Adv Nutr 4 (2013)
203–212.

[11] M. Na, N. Dou, N. Ji, D. Xie, J. Huang, K.L. Tucker, et al., Food
insecurity and cognitive function in middle to older adulthood: a
systematic review, Adv Nutr 11 (2020) 667–676.

[12] J.C. Wong, T. Scott, P. Wilde, Y.G. Li, K.L. Tucker, X. Gao, Food
insecurity is associated with subsequent cognitive decline in the Boston
Puerto Rican health Study-3, J Nutr 146 (2016) 1740–1745.

[13] L.L. Barnes, R.S. Wilson, S.A. Everson-Rose, M.D. Hayward, D.A. Evans,
C.F. Mendes de Leon, Effects of early-life adversity on cognitive decline in
older African Americans and whites, Neurology 79 (2012) 2321–2327.

[14] E. Cohn-Schwartz, G.Weinstein, Early-life food deprivation and cognitive
performance among older Europeans, Maturitas 141 (2020) 26–32.

[15] H.K. Seligman, D. Schillinger, Hunger and socioeconomic disparities in
chronic disease, N Engl J Med 363 (2010) 6–9.

[16] C. Gundersen, J.P. Ziliak, The Health Consequences of Senior Hunger in
the United States: Evidence from the 1999-2016 NHANES [Internet],
Feeding America, 2021 [date updated August 18, 2021, date cited
December 13, 2022].

[17] C. Ratcliffe, S.M. McKernan, S. Zhang, How much does the
Supplemental Nutrition Assistance Program reduce food insecurity? Am
J Agric Econ 93 (2011) 1082–1098.

[18] M. Nord, A.M. Golla, Does SNAP decrease food insecurity? Untangling
the self-selection effect [Internet], US Department of Agriculture,
Washington, DC, 2009 [date updated October 2009, date cited
December 13, 2022].

[19] C. Gundersen, B. Kreider, J.V. Pepper, Partial identification methods for
evaluating food assistance programs: A case study of the causal impact
of SNAP on food insecurity, Am J Agric Econ 99 (2017) 875–893.

[20] J.D. Kasper, V.A. Freedman, National health and aging trends study user
guide: rounds 1–6 final release, John Hopkins University School of
Public Health, Baltimore, MD, 2014.

[21] J.E. Galvin, C.M. Roe, C. Xiong, J.C. Morris, Validity and reliability of
the AD8 informant interview in dementia, Neurology 67 (2006)
1942–1948.

https://www.nhats.org/researcher/data-access
https://doi.org/10.1016/j.tjnut.2022.12.012
https://doi.org/10.1016/j.tjnut.2022.12.012
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref1
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref1
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref1
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref1
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref2
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref2
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref2
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref2
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref3
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref3
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref3
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref3
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref4
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref4
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref4
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref4
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref5
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref5
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref5
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref6
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref6
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref6
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref6
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref6
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref6
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref7
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref7
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref7
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref7
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref8
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref8
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref8
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref8
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref9
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref9
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref9
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref10
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref10
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref10
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref11
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref11
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref11
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref11
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref12
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref12
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref12
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref12
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref13
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref13
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref13
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref13
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref14
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref14
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref14
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref15
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref15
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref15
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref16
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref16
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref16
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref16
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref17
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref17
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref17
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref17
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref18
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref18
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref18
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref18
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref19
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref19
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref19
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref19
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref20
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref20
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref20
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref20
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref21
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref21
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref21
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref21


M. Na et al. The Journal of Nutrition 153 (2023) 312–321
[22] E.L. Tucher, T. Keeney, A.J. Cohen, K.S. Thomas, Conceptualizing food
insecurity among older adults: development of a summary indicator in
the National Health and Aging Trends Study, J Gerontol B Psychol Sci
Soc Sci 76 (2021) 2063–2072.

[23] E. Laird, C. Trippe, Programs conferring categorical eligibility for SNAP:
state policies and the number and characteristics of households
affected, Mathematica Policy Research, Washington, DC, 2014.

[24] J. Moms, A. Heyman, R. Mohs, J. Hughes, G. van Belle, G. Fillenbaum,
et al., The Consortium to Establish a Registry for Alzheimer's Disease
(CERAD). Part I. clinical and neuropsychological assesment of
Alzheimer’s disease, Neurol 39 (1989) 1159–1165.

[25] K.I. Shulman, D. Pushkar Gold, C.A. Cohen, C.A. Zucchero, Clock-
drawing and dementia in the community: a longitudinal study, Int J
Geriatr Psychiatry 8 (1993) 487–496.

[26] G.P. Wolf-Klein, F.A. Silverstone, A.P. Levy, M.S. Brod, J. Breuer,
Screening for Alzheimer’s disease by clock drawing, J Am Geriatr Soc
37 (1989) 730–734.

[27] C. Li, B. Friedman, Y. Conwell, K. Fiscella, Validity of the Patient Health
Questionnaire 2 (PHQ-2) in identifying major depression in older
people, J Am Geriatr Soc 55 (2007) 596–602.

[28] K. Kroenke, R.L. Spitzer, J.B.W. Williams, B. L€owe, An ultra-brief
screening scale for anxiety and depression: the PHQ–4, Psychosomatics
50 (2009) 613–621.

[29] M.C. Morris, C.C. Tangney, Y. Wang, F.M. Sacks, L.L. Barnes,
D.A. Bennett, et al., MIND diet slows cognitive decline with aging,
Alzheimers Dement 11 (2015) 1015–1022.

[30] M.M. Glymour, J. Weuve, L.F. Berkman, I. Kawachi, J.M. Robins, When
is baseline adjustment useful in analyses of change? An example with
education and cognitive change, Am J Epidemiol 162 (2005) 267–278.

[31] Y. Stern, Cognitive reserve in ageing and Alzheimer’s disease, Lancet
Neurol 11 (2012) 1006–1012.

[32] D. Dannefer, Cumulative advantage/disadvantage and the life course:
cross-fertilizing age and social science theory, J Gerontol B Psychol Sci
Soc Sci 58 (2003) S327–S337.

[33] M. L€ovd�en, L. Fratiglioni, M.M. Glymour, U. Lindenberger, E.M. Tucker-
Drob, Education and cognitive functioning across the life span, Psychol
Sci Public Interest 21 (2020) 6–41.

[34] K.L. Hanson, L.M. Connor, Food insecurity and dietary quality in US
adults and children: a systematic review, Am J Clin Nutr 100 (2014)
684–692.

[35] D.G. Loughrey, S. Lavecchia, S. Brennan, B.A. Lawlor, M.E. Kelly, The
impact of the Mediterranean diet on the cognitive functioning of
healthy older adults: a systematic review and meta-analysis, Adv Nutr 8
(2017) 571–586.

[36] S.D. Petersson, E. Philippou, Mediterranean diet, cognitive function,
and dementia: a systematic review of the evidence, Adv Nutr 7 (2016)
889–904.

[37] S. Kheirouri, M. Alizadeh, MIND diet and cognitive performance in
older adults: a systematic review, Crit Rev Food Sci Nutr 62 (2022)
8059–8077.

[38] F. Cuesta-Triana, C. Verdejo-Bravo, C. Fern�andez-P�erez, F.J. Martín-
S�anchez, Effect of milk and other dairy products on the risk of frailty,
sarcopenia, and cognitive performance decline in the elderly: a
systematic review, Adv Nutr 10 (2019) S105–S119.

[39] G.E. Crichton, J. Bryan, K.J. Murphy, Dietary antioxidants, cognitive
function and dementia-a systematic review, Plant Foods Hum Nutr 68
(2013) 279–292.

[40] S.J. Lupien, B.S. McEwen, M.R. Gunnar, C. Heim, Effects of stress
throughout the lifespan on the brain, behaviour and cognition, Nat Rev
Neurosci 10 (2009) 434–445.

[41] A.C. McClain, R.S. Xiao, X. Gao, K.L. Tucker, L.M. Falcon, J. Mattei,
Food insecurity and odds of high allostatic load in Puerto Rican adults:
the role of participation in the supplemental nutrition assistance
program during 5 years of follow-up, Psychosom Med 80 (2018)
733–741.

[42] T.Y. Pak, G. Kim, Association of food insecurity with allostatic load
among older adults in the US, JAMA Netw Open 4 (2021), e2137503.

[43] P.B. Gorelick, Role of inflammation in cognitive impairment: results of
observational epidemiological studies and clinical trials, Ann N Y Acad
Sci 1207 (2010) 155–162.

[44] K. Yaffe, A. Kanaya, K. Lindquist, E.M. Simonsick, T. Harris, R.I. Shorr,
et al., The metabolic syndrome, inflammation, and risk of cognitive
decline, JAMA 292 (2004) 2237–2242.
321
[45] C.W. Leung, E.S. Epel, W.C. Willett, E.B. Rimm, B.A. Laraia, Household
food insecurity is positively associated with depression among low-
income supplemental nutrition assistance program participants and
income-eligible nonparticipants, J Nutr 145 (2015) 622–627.

[46] K. Kim, E.A. Frongillo, Participation in food assistance programs
modifies the relation of food insecurity with weight and depression in
elders, J Nutr 137 (2007) 1005–1010.

[47] C.A. Gregory, P. Deb, Does SNAP improve your health? Food Policy 50
(2015) 11–19.

[48] S.A. Berkowitz, D. Palakshappa, J. Rigdon, H.K. Seligman, S. Basu,
Supplemental Nutrition Assistance Program participation and health
care use in older adults: a cohort study, Ann Intern Med 174 (2021)
1674–1682.

[49] N. Cohen, SNAP at the community scale: how neighborhood
characteristics affect participation and food access, Am J Public Health
109 (2019) 1646–1651.

[50] D. Zuo, C.M. Heflin, Cognitive impairment and supplemental nutrition
assistance program take-up among the eligible older Americans,
J Gerontol B Psychol Sci Soc Sci (August 13, 2022), https://doi.org/
10.1093/geronb/gbac111. Published online.

[51] A.M. Odoms-Young, M.A. Bruce, Examining the impact of structural
racism on food insecurity: implications for addressing racial/ethnic
disparities, Fam Community Health 41 (2018) S3–S6.

[52] B.S. Schwartz, T.A. Glass, K.I. Bolla, W.F. Stewart, G. Glass,
M. Rasmussen, et al., Disparities in cognitive functioning by race/
ethnicity in the Baltimore Memory Study, Environ Health Perspect 112
(2004) 314–320.

[53] C.B. Wright, J.T. DeRosa, M.P. Moon, K. Strobino, C. DeCarli,
Y.K. Cheung, et al., Race/ethnic disparities in mild cognitive
impairment and dementia: the Northern Manhattan Study, J Alzheimers
Dis 80 (2021) 1129–1138.

[54] S.K.S. Shannon, G. Bagwell Adams, J. Shannon, J.S. Lee, SNAP benefit
levels and enrollment rates by race and place: evidence from Georgia,
2007–2013, J Hunger Environ Nutr 14 (2019) 823–837.

[55] H. Choi, R.F. Schoeni, L.G. Martin, K.M. Langa, Trends in the prevalence
and disparity in cognitive limitations of Americans 55–69 years old,
J Gerontol B Psychol Sci Soc Sci 73 (2018) S29–37.

[56] A. Coleman-Jensen, M.P. Rabbitt, C. Gregory, A. Singh, Household food
security in the United States in 2020 [Internet], US Department of
Agriculture, Washington, DC, 2021 [date updated September 2021,
date cited December 13, 2022].

[57] L. Dye, N.B. Boyle, C. Champ, C. Lawton, The relationship between
obesity and cognitive health and decline, Proc Nutr Soc 76 (2017)
443–454.

[58] L.M. Dinour, D. Bergen, M.C. Yeh, The food insecurity–obesity paradox:
a review of the literature and the role food stamps may play, J Am Diet
Assoc 107 (2007) 1952–1961.

[59] C.W. Leung, E. Villamor, Is participation in food and income assistance
programmes associated with obesity in California adults? Results from a
state-wide survey, Public Health Nutr 14 (2011) 645–652.

[60] K.A. Walker, M.C. Power, R.F. Gottesman, Defining the relationship
between hypertension, cognitive decline, and dementia: a review, Curr
Hypertens Rep 19 (2017) 24.

[61] C.M. Mills, Food insecurity in older adults in Canada and the United
States: A concept analysis, Can J Diet Pract Res 82 (2021) 200–208.

[62] J.F. Steiner, S.H. Stenmark, A.T. Sterrett, A.R. Paolino, M. Stiefel,
W.S. Gozansky, et al., Food insecurity in older adults in an integrated
health care system, J Am Geriatr Soc 66 (2018) 1017–1024.

[63] S.A. Berkowitz, H.K. Seligman, N.K. Choudhry, Treat or eat: food
insecurity, cost-related medication underuse, and unmet needs, Am J
Med 127 (2014) 303–310, e3.

[64] A.M.V. Wennberg, C.E. Hagen, K. Edwards, R.O. Roberts, M.M. Machulda,
D.S. Knopman, et al., Association of antidiabetic medication use, cognitive
decline, and risk of cognitive impairment in older people with type 2
diabetes: results from the population-based Mayo Clinic Study of Aging, Int
J Geriatr Psychiatry 33 (2018) 1114–1120.

[65] J. Puustinen, J. Nurminen, M. L€opp€onen, T. Vahlberg, R. Isoaho,
I. R€aih€a, et al., Use of CNS medications and cognitive decline in
the aged: a longitudinal population-based study, BMC Geriatr 11 (2011)
70.

[66] B. Farnsworth von Cederwald, M. Josefsson, A. Wåhlin, L. Nyberg,
N. Karalija, Association of cardiovascular risk trajectory with cognitive
decline and incident dementia, Neurology 98 (2022) e2013–e2022.

http://refhub.elsevier.com/S0022-3166(22)13257-8/sref22
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref22
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref22
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref22
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref22
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref23
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref23
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref23
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref24
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref24
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref24
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref24
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref24
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref25
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref25
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref25
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref25
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref26
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref26
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref26
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref26
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref27
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref27
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref27
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref27
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref28
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref28
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref28
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref28
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref28
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref28
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref29
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref29
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref29
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref29
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref30
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref30
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref30
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref30
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref31
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref31
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref31
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref32
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref32
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref32
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref32
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref33
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref33
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref33
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref33
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref33
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref33
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref34
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref34
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref34
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref34
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref35
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref35
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref35
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref35
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref35
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref36
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref36
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref36
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref36
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref37
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref37
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref37
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref37
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref38
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref38
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref38
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref38
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref38
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref38
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref38
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref38
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref39
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref39
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref39
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref39
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref40
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref40
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref40
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref40
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref41
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref41
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref41
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref41
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref41
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref41
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref42
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref42
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref43
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref43
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref43
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref43
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref44
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref44
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref44
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref44
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref45
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref45
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref45
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref45
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref45
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref46
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref46
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref46
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref46
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref47
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref47
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref47
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref48
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref48
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref48
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref48
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref48
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref49
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref49
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref49
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref49
https://doi.org/10.1093/geronb/gbac111
https://doi.org/10.1093/geronb/gbac111
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref51
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref51
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref51
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref51
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref52
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref52
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref52
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref52
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref52
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref53
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref53
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref53
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref53
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref53
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref54
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref54
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref54
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref54
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref54
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref55
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref55
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref55
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref55
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref55
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref56
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref56
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref56
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref56
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref57
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref57
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref57
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref57
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref58
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref58
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref58
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref58
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref58
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref59
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref59
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref59
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref59
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref60
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref60
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref60
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref61
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref61
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref61
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref62
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref62
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref62
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref62
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref63
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref63
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref63
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref63
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref64
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref64
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref64
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref64
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref64
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref64
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref65
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref65
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref65
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref65
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref65
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref65
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref65
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref65
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref66
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref66
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref66
http://refhub.elsevier.com/S0022-3166(22)13257-8/sref66

	Food Insufficiency, Supplemental Nutrition Assistance Program (SNAP) Status, and 9-Year Trajectory of Cognitive Function in ...
	Introduction
	Methods
	Study design and participants
	Measures
	Food insecurity experience and food insufficiency classification
	SNAP status
	Cognitive function

	Covariates
	Statistical analysis

	Results
	Discussion
	Funding
	Author disclosures
	Acknowledgments
	Data Availability
	Appendix A. Supplementary data
	References


