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ABSTRACT

Supplemental Nutrition Assistance
Program (SNAP) Participation and
Cognitive Decline Among Older
Americans

This study examines how SNAP participation may affect age-related cognitive decline
among cognitively intact older adults over 10 years. Leveraging a longitudinal survey of
SNAP-eligible participants in the Health and Retirement Study (HRS) collected biennially
from 2010 to 2020, we estimate the relationship between SNAP participation and cognitive
decline across different population groups. We show that SNAP participation is associated
with a slower cognitive decline in global cognition, memory, and executive function.
A significant three-way interaction among SNAP participation, race/ethnicity, and time
indicates faster decline in global cognition among Non-Hispanic Black and Hispanic SNAP
users. Our findings suggest that SNAP participation may help slow age-related cognitive
decline. However, the benefits of SNAP vary across different population groups. Policies
promoting equitable access to SNAP benefits have significant potential to improve cognitive
health across diverse populations.
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1. INTRODUCTION

Alzheimer’s disease and related dementias (ADRD) are a growing public health
concern, particularly as the population ages.! AD, the most common dementing illness,
begins with prodromal / age-related cognitive changes that progress to mild cognitive
impairment, which then often progresses to early-stage AD. Food security, i.e., access
to sufficient, safe, and nutritious food, impacts cognitive function in adults.? A healthy
diet has been reported to delay cognitive decline and the onset of dementing illness,
prolonging the prodromal stage.’® Moreover, emerging studies show that food
insecurity is associated with a faster rate of cognitive decline.” However, studies on
food assistance programs such as the Supplemental Nutrition Assistance Program
(SNAP) and age-related cognitive decline are limited. Furthermore, Non-Hispanic
Black and Hispanic Americans are at increased AD risk,® and are more likely to
experience food insecurity.’” The intersection of food security, age-related cognitive
function, and racial/ethnic disparities is a multifaceted issue. Consequently, a
comprehensive approach is needed to understand the factors that cause these disparities,

before addressing these disparities.

The SNAP, formerly known as the Food Stamp Program, is a cornerstone of the United
States (U.S.) government efforts to combat food insecurity among low-income
households. With over 40 million participants enrolled,'® SNAP provides monthly
financial benefits to purchase qualified food items, thereby enhancing food security and
supporting nutritional intake.'""!* The SNAP participation rate among older adults is
relatively low, with only 4.8 million older adults enrolled in SNAP,!' and SNAP
participation’s impact on age-related cognitive decline remains largely unexplored.
Non-Hispanic Black and Hispanic Americans are more likely to meet SNAP eligibility
criteria because they experience higher poverty rates. This situation is largely due to
structural racism that affects housing, employment, and healthcare, and thus creating
economic vulnerability.'* In this study, we interpret these racial/ethnic differences as
disparities, as they arise from systemic and avoidable inequities rather than random
variation.!> However, even among those eligible, Non-Hispanic Black and Hispanic
individuals often face additional barriers that limit their participation. SNAP
participation challenges are not only about eligibility. The cumbersome enrollment

process and state-level variations in enrollment and recertification requirements impose



additional administrative burdens, and disproportionately affect Non-Hispanic Black
and Hispanic households.!® Given the complex relationship between food security and
cognitive health, examining the association between SNAP participation and cognitive
decline across racial/ethnic groups may offer insights into the magnitude of the benefits
of nutrition assistance programming, and thus help motivate tailored public health

initiatives to reduce cognitive decline risk in these populations.

So far, limited research has examined the association between SNAP participation and
cognitive health, and the existing research findings are inconsistent.!”"!” For example,
some studies found that SNAP participation can be a protective factor that slows
cognitive decline, while others found no significant association between SNAP
participation and cognitive decline. No previous study has specifically associated
SNAP participation and cognitive decline across diverse racial/ethnic groups, and few
studies have directly assessed the association between SNAP use and function across
multiple cognitive domains, such as memory, and executive function, and global
cognition in older adults. Moreover, several prior studies omitted key relevant
covariates that may limit the generalizability of their findings. To address these gaps,
our study utilizes longitudinal data from the Health and Retirement Study (HRS) to
evaluate the long-term trajectories of cognitive outcomes such as global cognition,
memory, and executive function associated with SNAP participation by racial/ethnic
groups. We aim to understand the association between SNAP participation and
cognitive decline among older adults and determine whether this association differs
across diverse racial and ethnic groups. We hypothesize that SNAP participation is
associated with a slower rate of age-related cognitive decline among older adults, with
potentially stronger protective effects in socioeconomically vulnerable racial/ethnic
groups, particularly Non-Hispanic Black and Hispanic older adults who face higher
food insecurity and structural barriers, and thus may receive outsized benefit from

supplemental nutrition.

2. METHODS
2.1 Data source
Original survey datasets from the HRS are publicly available to all registered
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researchers. More information can be found on the website https://hrs.isr.umich.edu/.

All HRS participants provided verbal informed consent for study participation, and
HRS data collection received approval from the Health Sciences and Behavioral
Sciences Institutional Review Board at the University of Michigan. Additionally, this
study was approved by the Institutional Review Board at the University of Georgia
PROJECT00008358. The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.

2.2 Study design and participants

The HRS is a longitudinal survey of a nationally representative sample of Americans
aged 50 and older. HRS data has been collected every two years since 1992. More
detailed  information about HRS is available on the  website:
https://hrs.isr.umich.edu/about. We developed our dataset by integrating the raw Core
HRS data with the longitudinal HRS data harmonized by the RAND Corporation.?! In
addition, we incorporated the Langa-Weir Classification of Cognitive Function, a
dataset that provides summary scores based on measures from the core HRS
interview.?? We used wave 10 (i.e., 2010) as our baseline, following up with participants
biennially through the examination years 2012, 2014, 2016, 2018, and 2020.
Participants were followed up until they either withdrew from the study (death included)

or completed the 2020 survey.

Among the 42,712 respondents who participated in the 2010 HRS survey, 5,068
participants were eligible for SNAP at baseline (i.e., household income was < 130% of
the federal poverty threshold during the 2010 interview).!®!” We also excluded those
with missing cognitive (n=398), SNAP participation (n=0), and race/ethnicity (n=7)
data. This study focuses on preventing age-related cognitive decline that can eventually
progress to AD; consequently, we also excluded cognitively impaired individuals at
baseline (global cognition score < 11; n=1,827). Our final analytical sample (N=2,347)
had at least two global cognition scores between 2010-2020 (Figure S1).

2.3 Cognition


https://hrs.isr.umich.edu/

Cognitive function was measured using the Telephone Interview for Cognitive Status
(TICS-m).?* Beginning in the 2018 interview, a web-based self-administered interview
was introduced for some participants.’* A global cognitive score (ranging from 0 —27)
was computed by summing the scores from immediate word recall (0-10), delayed
word recall (0-10), serial 7 subtraction (0-5), and backward counting (0—2). Scores
between 7-11 indicate cognitive impairment, and scores <7 indicate likely dementia.?®
A composite memory score (0 —20) was computed from immediate and delayed word
recall tasks. A composite executive function score (0 —7) was computed from serial 7

subtraction and backward counting.?®

2.4 SNAP participation

There are two relevant questions in the HRS to assess if respondents participated in
SNAP: 1) “Did you (or any other family members who were living here) receive
government food stamps since the last interview?”” and 2) “Are you (or other family
members living here) still receiving food stamps?”. An affirmative answer (“yes”) to
each question indicated that the household had participated in SNAP within the past
two years. Otherwise, they were classified as SNAP non-users though eligible based on

Income.

2.5 Covariates

Our models accounted for potentially confounding factors including participants’ age;
Sex (Men, Women); race/ethnicity (Non-Hispanic-White/Caucasian [NHW], Non-
Hispanic-Black/African =~ American = [NHB], = Non-Hispanic-Other [NHO],
Hispanic[HIS]); marital status (in a relationship, previously in a relationship, never in
a relationship); total wealth; employment status (employed, unemployed, retired,
disabled, not in labor force); education attainment (less than high-school, GED, high-
school graduate, some college, college and above); insurance (uninsured, insured);
depression (yes, no); smoke (never smoked, ever smoked, current smoker); drink
(heavy drinker, others);?’ physical activity (0-17.6: low-vigorous intensity);* the
number of chronic diseases (0-6: 1. high blood pressure or hypertension; 2. diabetes or
high blood sugar; 3. cancer or a malignant tumor of any kind except skin cancer; 4.
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chronic lung disease except asthma such as chronic bronchitis or emphysema; 5. heart
attack, coronary heart disease, angina, congestive heart failure, or other heart problems;

and 6. stroke or transient ischemic attack).

2.6 Empirical strategy

Mean + standard deviation (SD) was computed for continuous variables, median
(interquartile range: IQR) for total wealth due to its skewed distribution, and percentage
(%) was used for categorical variables. Chi-square tests were used to compare
categorical variables, and ANOVA was used to compare continuous variables. Then,
we estimated the direct effect of SNAP participation on the decline in global cognition,
memory, and executive function using linear mixed models with random intercepts and
random slopes for time for each participant. The random intercepts account for the
individual variability in baseline cognitive performance, and the random slopes capture
individual variability in the rate of cognitive decline over time. The model includes
fixed effects for the intercept, time, SNAP, and the interaction between time and SNAP

(SNAP*time). The model adjusted for potential confounders mentioned above.

To test whether SNAP participation affects cognitive decline differently across
racial/ethnic groups, we included the following interaction terms in the models: SNAP
participation and race/ethnicity, race/ethnicity and time, SNAP participation and time,
and the three-way interaction between time, race/ethnicity, and SNAP participation.

Two-sided p<0.05 was considered statistically significant.

To examine potential racial/ethnic disparities, we first calculated mean differences with
95% confidence intervals in annual global cognition, memory, and executive function
scores by race/ethnicity, stratified by SNAP use status (SNAP user versus SNAP non-
user). To examine whether the association between SNAP use and decline in global
cognition varied across specific subgroups, we conducted additional subgroup analyses
stratified by covariates, this approach helped investigate whether SNAP’s effect on
cognitive decline was consistent or varied across these key sociodemographic and
health-related factors. To address possible within-group heterogeneity within
racial/ethnic groups and potential differences in characteristics between SNAP users

and non-users, we conducted stratified analyses by race/ethnicity.



Finally, to assess the robustness of our findings, we conducted two sensitivity analyses.
First, we utilized Propensity Score Matching (PSM) to reduce potential bias from
confounding variables. SNAP users and non-users were matched on the SNAP
propensity score, and matching was done using the nearest neighbor method with
replacement, setting 1:3 matching and caliper to be 0.01. Second, we conducted a
sensitivity analysis in which SNAP participation was treated as a time-varying variable
and participants who become income-ineligible for SNAP at any point during follow-
up were excluded, thereby limiting the analytic sample to individuals who were
consistently eligible for SNAP from 2010 to 2020. All analyses used RStudio version
2024.09.1.

3. RESULTS

Among the 2010 SNAP-eligible population, our sample included 1,131 (48.19%)
SNAP users and 1,216 (51.81%) SNAP-eligible non-users. The average baseline global
cognitive score was 15.60 out of 27. The unadjusted annual rate of global cognitive
decline was slower among SNAP users compared to non-users (SNAP users: -0.10,
non-users: -0.36). The participants were more likely to be female (74.7%) than male
(25.3%), with an average age of 62.74 + 10.84 years. Most participants were Non-
Hispanic White (43.2%) and Non-Hispanic Black (30.6%). Sample participants had a
median total household income of $8,195 (IQR: $0-$83,842) and 1.57 + 1.32 chronic
diseases. Most of the participants had health insurance coverage (64.70%) and did not
report symptoms of depression (78.6%). The SNAP users were more likely to be
younger (mean £ SD=59.57 &+ 9.31 years) than non-users (mean + SD=65.69 + 11.32
years). A higher proportion of Non-Hispanic Black participants were among SNAP
users (35.6%) compared with non-users (25.9%). A higher percentage of SNAP users
were current smokers (32.7%) compared to non-users (20.0%). SNAP users were more

likely to attend some colleges (27.6%) than non-users (23.1%) (Table 1).

Table 2 shows the associations between SNAP participation and the decline in global
cognition, memory, and executive function over time across three models with
progressively adjusted covariates. In all three models, time was negatively associated
with global cognition (B =-0.19; 95% CI: -0.22, -0.15; p < 0.001), and two domains

(memory B =-0.12; 95% CI: -0.15, -0.09; p < 0.001; executive function § =-0.05; 95%
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CI: -0.07,-0.04; p <0.001), showing an overall decline in cognitive function over time.
The interaction term of SNAP and time was positively significant in all cognitive
outcomes, which indicates that SNAP participation was associated with a slower
decline in global cognition (B =0.10; 95% CI: 0.05, 0.14; p <0.001), memory ( =0.07;
95% CI: 0.03, 0.11; p <0.001), and executive function (f = 0.03; 95% CI: 0.01, 0.04;
p = 0.004). The PSM analysis (Table 4) revealed similar results, as presented by the
positive interaction terms of SNAP and Time, indicating that SNAP participation was
associated with delayed declines in global cognition, memory, and executive function.
Results from the sensitivity analysis were consistent with the main analysis (Table S1).
SNAP participation was associated with a significantly slower annual decline in global
cognition (f = 0.12, 95% CI: 0.07, 0.17, p < 0.001), memory ( = 0.08, 95% CI: 0.04,
0.11, p<0.001), and executive function (f = 0.04, 95% CI: 0.02, 0.06, p < 0.001).

Table 3 shows the association between SNAP participation and declines in global
cognition, memory, and executive function by race/ethnicity. The SNAP*NHB*Time
(B=-0.12,95% CI: -0.22, -0.01, p = 0.04) and SNAP*HIS*Time ( =-0.12; 95% CI: -
0.23, -0.01; p = 0.03) interactions were significant, indicating that the Non-Hispanic
Black and Hispanic participants among SNAP users have a slightly faster cognitive
decline, compared with Non-Hispanic White. For memory and executive function,
similar results were observed but did not reach statistical significance. Results from
Table S2 also demonstrated the similar findings, SNAP participation was significantly
associated with a slower rate of decline in global cognition (f = 0.16; 95% CI: 0.09,
0.23; p < 0.001), memory (B = 0.12; 95% CI: 0.06, 0.18; p < 0.001), and executive
function (B = 0.04; 95% CI: 0.01, 0.07; p = 0.006) among Non-Hispanic White
participants. However, the association was weaker and non-significant among Non-

Hispanic Black and Hispanic participants.

Figure 1 further stratifies the association between SNAP participation and cognitive
changes across different racial/ethnic groups over time. For global cognition, SNAP
non-users exhibit accelerated cognitive decline than SNAP users across all racial/ethnic
groups. The declines showed a greater variance across the racial/ethnic groups among
SNAP non-users relative to SNAP users. Similar results are observed in the domains of

memory and executive function.

To further test the association between SNAP participation and cognitive decline in
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different population groups, we conducted subgroup analyses examining the
association between SNAP participation and global cognitive decline, stratified by key
covariates including depression status, education attainment, gender, insurance status,
employment status, relationship status, and smoking status (Figure S2). The data shows
that SNAP users have lower rates of annual cognitive decline than SNAP non-users
among all subgroups. Additionally, the variance within each SNAP user's subgroup is

smaller compared to that of SNAP non-users.

4. DISCUSSION

Our study examines the association between SNAP participation and decline in global
cognition, memory, and executive function among older adults. The findings suggest
that SNAP participation is associated with a slower decline in global cognition and the
domains of memory and executive function, demonstrating a potential protective effect
of SNAP participation on cognitive function. However, cognitive disparities across
racial/ethnic groups exist. Non-Hispanic Black and Hispanic SNAP participants

experience a faster decline in global cognition compared with Non-Hispanic White.

The results show that SNAP users had a slower rate of cognitive decline compared to
SNAP non-users, suggesting SNAP participation could delay this cognitive decline.
This trend was observed in global cognition and both domains, suggesting SNAP
participation may play a comprehensive role in mitigating cognitive decline.
Additionally, the PSM analysis demonstrated that the observed associations between
SNAP participation and cognitive outcomes were robust to confound. Furthermore,
sensitivity analyses that restricted the sample to participants who were consistently
eligible for SNAP throughout the study period also showed similar results. These
findings are consistent with previous research that has highlighted the positive impact
of food security on cognitive function. Specifically, prior research has shown that
improved nutritional intake associated with food assistance programs can improve brain
health and delay cognitive decline.®!'® Additionally, studies have found that food
insecurity is linked to accelerated cognitive decline due to stress and nutritional
deficiency.?**° Our results further expand upon this evidence by showing that the
protective effect of SNAP is observed across global cognition as well as domain-

specific measures of cognition, highlighting the role of food assistance programs in
9



supporting long-term cognitive health.

Although SNAP participation may offer cognitive protection and reduce variability in
cognitive performance across racial/ethnic groups, racial/ethnic disparities still exist.
While SNAP participation was generally associated with a slower rate of cognitive
decline, this protective effect appeared weaker among Non-Hispanic Black and
Hispanic participants, suggesting that the cognitive benefits of SNAP may be
moderated by race/ethnicity. Hispanic and non-Hispanic Black SNAP users show
slightly faster global cognition than non-Hispanic White participants. In other words,
while SNAP participation is protective, it may not fully eliminate cognitive disparities
among different racial/ethnic groups. This result is consistent with the context discussed
in the introduction. Even Hispanic and Non-Hispanic Black population are eligible for
SNAP enrollment, they have many barriers, such as troublesome application process,
transportation challenges to farmer’s markets, etc., to fully make use of SNAP
benefits.3!33 Future research is warranted to explore some potential unobservable

variables contributing to these racial and ethnic disparities.

The subgroup analysis provides further evidence that SNAP participation may have a
protective effect on cognitive health. In addition, it indicates that SNAP participation
has the potential to reduce disparities in cognitive decline across different subgroups,
which suggests that SNAP participation may contribute to promoting health equity in

cognitive health.

The observed differences in cognitive decline across domains, such as executive
function and memory, might reflect the fact that key nutrients and bioactives found in
healthy foods can directly impact underlying brain structures that support cognitive
function. For example, high-level executive function is influenced by dietary intake of
nutrients such as protein, iron, and vitamins like B6 and B12.% Intake of dietary
carotenoids lutein and zeaxanthin in dark green, leafy vegetables is associated with
improved hippocampal white matter integrity, brain morphology, and memory function.
These cognitive domains may respond differently to nutritional intervention, such as

SNAP participation because they are influenced by different neurobiological processes.

Despite the significant findings, our study has some limitations. First, the use of self-
reported data may introduce the potential for recall and social desirability bias. In

particular, underreporting of SNAP participation is a well-documented concern in
10



survey data, with studies estimating false negative rates of 30% to 50%.>*° However,
such underreporting could reduce our sample size, particularly if SNAP users are
misclassified as non-users. Small sample size to get significant results, so we may see
similar or even more pronounced result in a sample with accurate SNAP reporting.
Second, although the HRS is nationally representative, the generalizability of our
findings may be limited due to exclusions based on cognitive status, missing data, and
follow-up availability. Also, we did not use sampling weights which may limit the
generalizability. But this decision was made to prioritize model efficiency and minimize
potential bias when estimating conditional associations between SNAP participation
and cognitive outcomes. Third, there is some missing information about participants’
cognitive status, SNAP participation status, and race/ethnicity, which might lead to bias.
Fourth, unobserved factors such as enrollment motivation, social support,
neighborhood and community factors, or unmeasured health conditions may differ
between SNAP users and non-users, potentially influencing the observed associations.
Fifth, the possibility of reverse causality cannot be entirely ruled out, as individuals
experiencing cognitive decline may be more likely to enroll in SNAP. Although we
excluded participants with cognitive impairment at baseline to reduce this risk, doing
so may still have introduced selection bias if baseline cognitive status was associated

with both SNAP participation and future cognitive trajectories.

Our study has some strengths that are worth noting. such as the fact that this is the first
study to examine whether SNAP participation is associated with a slower rate of
cognitive decline across racial/ethnic groups. This focus is important for identifying if
food assistance programs can help reduce health inequalities. Given the fact that
different nutrients and dietary bioactives impact cognitive function (and likely also risk
for age-related cognitive decline) differently, this study provides groundwork for
investigating the association between intake of nutrient-dense, higher quality diets and

AD prevention in large, representative samples.

These results also have public health implications: expanding SNAP access may not
only reduce food insecurity but may also help slow cognitive decline. AD is expected
to cost the U.S. healthcare system more than $1trillion by 2050. To get more older adults
at-risk for AD enrolled in SNAP (and ostensibly achieving the benefits we found for

cognitive function), efforts to simplify application and recertification processes are
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particularly important, and particularly important for Black and Hispanic adults, who
are at higher risk for AD. Reducing administrative burdens, providing assistance with
applications, offering online enrollment options, and ensuring culturally and

linguistically appropriate outreach could help bridge participation gaps.

There are also clinical implications for our results. The baseline global cognition score
was 15.6 (out of 27), indicating that most participants began the study cognitively intact.
The average unadjusted annual cognitive decline was 0.36 points among non-SNAP
users. Based on this rate, individuals in our study could be expected to progress to mild
cognitive impairment (typically defined as a score <12) in approximately 10 years. In
contrast, our adjusted regression model showed that SNAP participation was associated
with a 0.10 point slower annual decline compared to non-users. If sustained, this slower
rate could delay the onset of cognitive impairment by more than 35 years, highlighting
a clinically meaningful protective effect. Consequently, SNAP advocacy from would

facilitate providing a more comprehensive approach to managing cognitive health.

5. CONCLUSION

This study provides evidence that SNAP participation is associated with a slower
decline in global cognition, memory, and executive function in older adults. These
findings highlight the significance of food assistance programs in protecting cognitive
health and reducing health disparities across racial/ethnic groups. Further research is
warranted to explore the underlying mechanisms and to design interventions that can
maximize the benefits of SNAP and other food assistance programs in improving
cognitive outcomes for vulnerable populations. In addition, future work should aim to
link self-reported survey datasets with administrative records to refine estimates of

SNAP participation and thus provide more robust conclusions.*’

12



Acknowledgments: The authors thank the developers and funders of the Health and
Retirement Study https://hrs.isr.umich.edu/ at the University of Michigan, supported by
the National Institute on Aging and the Social Security Administration.

Conflict of interest: The authors have no conflicts of interest.

Financial disclosure: This study was supported by the National Center for
Advancing Translational Sciences of the National Institutes of Health under Award
Number UL1TR002378. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes of Health.

Preprint Statement: The I[ZA Discussion Paper Series serves as a preprint server to
deposit latest research for feedback

13


https://hrs.isr.umich.edu/

References

1.

10.

I1.

12.

13.

14.

15.

16.

17.

Jaul E, Barron J. Age-Related Diseases and Clinical and Public Health
Implications for the 85 Years Old and Over Population. Front Public Health.
2017;5:335.

McMichael AJ, McGuinness B, Lee J, Minh HV, Woodside JV, McEvoy CT.
Food insecurity and brain health in adults: a systematic review. Critical reviews
in food science and nutrition. 2022;62(31):8728-8743.

Russell PS, Jessica B, Rhonna S, Jennifer JM, Suzanne EJ. Association of
Adherence to a MIND-Style Diet With the Risk of Cognitive Impairment and
Decline in the REGARDS Cohort. Neurology. 2024;103(8):¢209817.

Maggi S, Ticinesi A, Limongi F, Noale M, Ecarnot F. The role of nutrition and
the Mediterranean diet on the trajectories of cognitive decline. Experimental
Gerontology. 2023;173:112110.

Valls-Pedret C, Sala-Vila A, Serra-Mir M, et al. Mediterranean Diet and Age-
Related Cognitive Decline: A Randomized Clinical Trial. JAMA Internal
Medicine. 2015;175(7):1094-1103.

Kim B, Samuel LJ, Thorpe RJ, Crews DC, Szanton SL. Food insecurity and
cognitive trajectories in community-dwelling Medicare beneficiaries 65 years
and older. JAMA Network Open. 2023;6(3):e234674-¢234674.

Qian H, Khadka A, Martinez SM, et al. Food Insecurity, Memory, and Dementia
Among US Adults Aged 50 Years and Older. JAMA Network Open.
2023;6(11):e2344186-¢2344186.

Chen C, Zissimopoulos JM. Racial and ethnic differences in trends in dementia
prevalence and risk factors in the United States. Alzheimer's & Dementia:
Translational Research & Clinical Interventions. 2018;4:510-520.

Chin AL, Negash S, Hamilton R. Diversity and disparity in dementia: the impact
of ethnoracial differences in Alzheimer disease. A/lzheimer Dis Assoc Disord.
2011;25(3):187-195.

Jones JW. Key Statistics and Research. 2024;
https://www.ers.usda.gov/topics/food-nutrition-assistance/supplemental-
nutrition-assistance-program-snap/key-statistics-and-research/.

EK. M. 7 Facts About Older Adults and SNAP. 2024;
https://www.ncoa.org/article/7-facts-about-older-adults-and-snap/.

Ratcliffe C, McKernan S-M. How much does SNAP reduce food insecurity?
2010.

Gundersen C, Kreider B, Pepper JV. Partial Identification Methods for
Evaluating Food Assistance Programs: A Case Study of the Causal Impact of
SNAP on Food Insecurity. American Journal of Agricultural Economics.
2017;99(4):875-893.

Egede LE, Walker RJ, Williams JS. Addressing Structural Inequalities,
Structural Racism, and Social Determinants of Health: a Vision for the Future.
Journal of General Internal Medicine. 2024;39(3):487-491.

Travers JL, Altizer Jr RA. When a Difference Might Be a Disparity. Journal of
the American Geriatrics Society. 2025;n/a(n/a).

Samuel LJ, Crews DC, Swenor BK, et al. Supplemental nutrition assistance
program access and racial disparities in food insecurity. JAMA Network Open.
2023;6(6):€2320196-e2320196.

NaM, Dou N, Brown MJ, Chen-Edinboro LP, Anderson LR, Wennberg A. Food
Insufficiency, Supplemental Nutrition Assistance Program (SNAP) Status, and

14



https://www.ers.usda.gov/topics/food-nutrition-assistance/supplemental-nutrition-assistance-program-snap/key-statistics-and-research/
https://www.ers.usda.gov/topics/food-nutrition-assistance/supplemental-nutrition-assistance-program-snap/key-statistics-and-research/
https://www.ncoa.org/article/7-facts-about-older-adults-and-snap/

18.

19.

20.

21.

22.

23.

24.

9-Year Trajectory of Cognitive Function in Older Adults: The Longitudinal
National Health and Aging Trends Study, 2012-2020. The Journal of Nutrition.
2023;153(1):312-321.

Lu P, Kezios K, Lee J, Calonico S, Wimer C, Zeki Al Hazzouri A. Association
between supplemental nutrition assistance program use and memory decline:
Findings from the Health and Retirement Study. Neurology. 2023;100(6):e595-
e602.

Lohman MC, Wei J, Bawa EM, Fallahi A, Verma M, Merchant AT. Longitudinal
Associations of Diet, Food Insecurity, and Supplemental Nutrition Assistance
Program Use with Global Cognitive Performance in Middle-Aged and Older
Adults. The Journal of Nutrition. 2024;154(2):714-721.

Senanarong V, Cummings JL, Fairbanks L, et al. Agitation in Alzheimer's
disease is a manifestation of frontal lobe dysfunction. DEMENTIA AND
GERIATRIC COGNITIVE DISORDERS. 2004;17(1-2):14-20.

Bugliari D CJ, Hayden O, et al. RAND HRS Longitudinal File 2018 (V2)
Documentation. . Santa Monica, CA: RAND Center for the Study of Aging;
2018.

Study HaR. Langa-Weir Classification of Cognitive Function (1995-2020).
In:2023.

Ofstedal MB, Fisher GG, Herzog AR. Documentation of cognitive functioning
measures in the Health and Retirement Study. Ann Arbor, MI: University of
Michigan. 2005;10:1114577250-1662476251.

Kenneth M. Langa DRW, Mohammed Kabeto, and Amanda Sonnega. Langa-
Weir Classification of Cognitive

Function (1995-2020). 2023;

25.

26.

27.

28.

29.

30.

31.

https://hrsdata.isr.umich.edu/sites/default/files/documentation/data-
descriptions/1695907706/Data_Description_Langa Weir_Classifications2020
_V2.pdf.

Langa KM. Langa-Weir classification of cognitive function (1995 Onward).
Survey Research Center Institute for Social Research, University of Michigan.
2020.

David Weir RM, Lindsay Ryan, and Kenneth Langa. Cognitive Test Selection
for the Harmonized Cognitive Assessment Protocol (HCAP). Survey Research
Center Institute for Social Research: University of Michigan; Ann Arbor,
Michigan;2014.

Coe N, Zamarro G. How does retirement impact health behaviors? An
international comparison. An international comparison (October 1, 2015)
CESR-schaeffer working paper. 2015(2015-033).

Latham K, Williams MM. Does neighborhood disorder predict recovery from
mobility limitation? Findings from the Health and Retirement Study. Journal of
Aging and Health. 2015;27(8):1415-1442.

Frith E, Loprinzi PD. Food insecurity and cognitive function in older adults:
Brief report. Clinical Nutrition. 2018;37(5):1765-1768.

Portela-Parra ET, Leung CW. Food insecurity is associated with lower cognitive
functioning in a national sample of older adults. The Journal of nutrition.
2019;149(10):1812-1817.

McMaughan DJ, Oloruntoba O, Smith ML. Socioeconomic status and access to
healthcare: interrelated drivers for healthy aging. Frontiers in public health.
2020;8:231.

15


https://hrsdata.isr.umich.edu/sites/default/files/documentation/data-descriptions/1695907706/Data_Description_Langa_Weir_Classifications2020_V2.pdf
https://hrsdata.isr.umich.edu/sites/default/files/documentation/data-descriptions/1695907706/Data_Description_Langa_Weir_Classifications2020_V2.pdf
https://hrsdata.isr.umich.edu/sites/default/files/documentation/data-descriptions/1695907706/Data_Description_Langa_Weir_Classifications2020_V2.pdf

32.

33.

34.
35.

36.

37.

38.

39.

40.

Adkins-Jackson PB, Kim B, Higgins Tejera C, et al. "Hang Ups, Let Downs,
Bad Breaks, Setbacks": Impact of Structural Socioeconomic Racism and
Resilience on Cognitive Change Over Time for Persons Racialized as Black.
Health Equity. 2024;8(1):254-268.

Figueroa R, Owoputi I, Liu R, et al. Participation in the Supplemental Nutrition
Assistance Program (SNAP) 2019-2024: A Systematic Review of Barriers and
Enablers. Policy Insights from the Behavioral and Brain Sciences.
2024:23727322241304104.

Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135-168.
Nakajima S, Gerretsen P, Takeuchi H, et al. The potential role of dopamine D3
receptor neurotransmission in cognition. European Neuropsychopharmacology.
2013;23(8):799-813.

Tardy AL, Pouteau E, Marquez D, Yilmaz C, Scholey A. Vitamins and Minerals
for Energy, Fatigue and Cognition: A Narrative Review of the Biochemical and
Clinical Evidence. Nutrients. 2020;12(1).

Opitz B. Memory function and the hippocampus. The hippocampus in clinical
neuroscience. 2014;34:51-59.

Melgar-Locatelli S, de Ceglia M, Manas-Padilla MC, et al. Nutrition and adult
neurogenesis in the hippocampus: Does what you eat help you remember? Front
Neurosci. 2023;17:1147269.

Courtemanche C, Denteh A, Tchernis R. Estimating the Associations between
SNAP and Food Insecurity, Obesity, and Food Purchases with Imperfect
Administrative Measures of Participation. Southern Economic Journal.
2019;86(1):202-228.

Meyer BD, Mittag N, Goerge RM. Errors in Survey Reporting and Imputation
and Their Effects on Estimates of Food Stamp Program Participation. Journal
of Human Resources. 2022;57(5):1605.

16



SMNAP User SNAP Mon-user

1 |

Non Hispanic-White —— —— !

1 |

1 |

Non Hispanic-Other & ® i
: : race_ethnicity

Non Hispanic-Black —0— 1 —— !

1 |

1 |

Hispanic —— —— |

1 |

06 04 D2 0.0 0206 04 02 0.0 02

Annual Cognitive Decline with 95% ClI

SMNAP User SMNAP Mon-user
1 1
Non Hispanic-White —— —— !
| 1
. . | 1

Non Hispanic-Other & i ——

: : race_ethnicity

Non Hispanic-Black — 0 —&— 1
1 1
1 1

Hispanic —— ——
1 1

-0.50 0.25 0.00 0.25 -0.50 -0.25 0.00 0.25

Annual Memory Function Decline with 95% CI

SMNAP User SMNAP Nan-user

| |

Non Hispanic-White —&1— —o— |

| |

. . I I

Non Hispanic-Other @ & i
: : race_ethnicity

Non Hispanic-Black — 0+ —— 1

| |

| |

Hispanic —OJI— —— :

| |

-0.2 -0.1 0.0 0.1 02 -0.2 -0.1 0.0 01 02

Annual Executive Function Decline with 95% CI

Figure 1 Annual decline in global cognition, memory, and executive function in SNAP users and
non-users by race/ethnicity



Table 1 Baseline characteristics of SNAP Eligible participants by Participation Status:
Health and Retirement Study, 2010-2020

Variables Total SNAP: No SNAP: Yes p-value
(N=2,347) (N=1,216) (N=1,131)

Global Cognition (mean [SD]) 15.60 (2.75) 15.52 (2.78) 15.67 (2.73) 0.185

Memory Score (mean [SD]) 10.29 (2.40) 10.20(2.42) 10.39(2.38) 0.069

Executive Function Score (mean [SD])  5.30 (1.59) 5.32 (1.58) 5.29 (1.60) 0.647

Annual cognitive decline (mean [SD]) -0.27 (0.89) -0.36 (1.06) -0.10(0.41) <0.001

Age (mean [SD] in years) 62.74 (10.84) 65.69(11.32) 59.57(9.31) <0.001

Race/Ethnicity (%) <0.001
Non-Hispanic White 1013 (43.2) 554 (45.6) 459 (40.6)
Non-Hispanic Black 718 (30.6) 315 (25.9) 403 (35.6)
Non-Hispanic Other 81 (3.5) 42 (3.5) 39 (3.4)

Hispanic 535 (22.8) 305 (25.1) 230 (20.3)

Sex (%) 0.067
Mem 594 (25.3) 288 (23.7) 306 (27.1)

Women 1753 (74.7) 928 (76.3) 825 (72.9)

Marital Status (%) <0.001
In a Relationship 683 (29.1) 302 (24.9) 381 (33.7)

Previously in a Relationship 1391 (59.3) 776 (63.9) 615 (54.5)
Never in a Relationship 270 (11.5) 137 (11.3) 133 (11.8)
Total Wealth (median [IQR] in §) 8,195.00 23,766.50 2800.00 <0.001
(0.00-83,842) (0.00-118,775) (0.00-49,375)

Labor Status (%) <0.001
Employed 539 (23.0) 229 (18.8) 310 (27.4)
Unemployed 158 (6.7) 61 (5.0) 97 (8.6)

Retired 1280 (54.5) 768 (63.2) 512 (45.3)
Disabled 146 (6.2) 50 (4.1) 96 (8.5)
Not in labor force 224 (9.5) 108 (8.9) 116 (10.3)

Education (%) <0.001

Less than High-school 666 (28.4) 362 (29.8) 304 (26.9)
GED 162 (6.9) 61 (5.0) 101 (8.9)
High-school graduate 725 (30.9) 410 (33.7) 315 (27.9)
Some college 593 (25.3) 281 (23.1) 312 (27.6)

College and above 200 (8.5) 101 (8.3) 99 (8.8)

Insurance type (%) <0.001

Medicare & Medicaid Dual-Eligible 1130 (48.1) 700 (57.6) 430 (43.6)
Private 363 (15.5) 166 (13.7) 197 (17.4)
CHAMPUS 25 (1.1) 14 (1.2) 11 (1.0)

Uninsured 829 (35.3) 336 (27.6) 493 (43.6)

Depression (%) <0.001
No 1843 (78.6) 998 (82.2) 845 (74.8)

Yes 501 (21.4) 216 (17.8) 285 (25.2)

Smoke (%) <0.001
Never smoking 958 (40.8) 564 (46.4) 394 (34.8)

Ever smoking 775 (33.0) 408 (33.6) 367 (32.4)
Current smoker 613 (26.1) 243 (20.0) 370 (32.7)



Num of Chronic Diseases (mean [SD]) 1.57 (1.32) 1.56 (1.30) 1.59 (1.34) 0.623

Drink (%) 0.864
Heavy drink 103 (4.4) 52 (4.3) 51 (4.5)
Others 2235 (95.6) 1159 (95.7) 1076 (95.5)
Physical Activity (mean [SD]) 6.69 (4.07) 6.78 (4.14) 6.59 (4.00) 0.266
a) Abbreviations: SD: standard deviation; IQR: interquartile range; GED: General Educational
Development; SNAP: the Supplemental Nutrition Assistance Program.
b) Non-Hispanic-Other: American Indian, Alaska Native, Asian, Native Hawaiian, Pacific Islander
c¢) The annual cognitive decline was calculated as the difference between the baseline and most

recent cognitive scores divided by the number of follow-up years. (presented for reference)



Table 2 Association between SNAP and declines in global cognition, memory, and

executive function

Modell Model2 Model3
Global Cognition
SNAP*Time 0.09 0.10 0.10
95% ClI (0.05, 0.13) (0.05, 0.14) (0.05, 0.14)
p-value <0.001 <0.001 <0.001
SNAP -0.19 -0.10 -0.07
95% ClI (-0.36,0.11) (-0.35,0.15) (-0.33,0.19)
p-value 0.29 0.43 0.85
Time -0.19 -0.20 -0.19
95% ClI (-0.23,-0.16) (-0.24, -0.17) (-0.22, -0.15)
p-value <0.001 <0.001 <0.001
Memory
SNAP*Time 0.07 0.07 0.07
95% Cl (0.03, 0.10) (0.03,0.11) (0.03,0.11)
p-value <0.001 <0.001 <0.001
SNAP -0.20 -0.12 -0.10
95% ClI (-0.41,0.01) (-0.33,0.08) (-0.31,0.11)
p-value 0.06 0.24 0.35
Time -0.14 -0.13 -0.12
95% Cl (-0.17,-0.11)  (-0.16,-0.10)  (-0.15, -0.09)
p-value <0.001 <0.001 <0.001
Executive Function
SNAP*Time 0.03 0.03 0.03
95% ClI (0.01, 0.05) (0.01, 0.05) (0.01, 0.04)
p-value <0.001 0.003 0.004
SNAP -0.04 -0.02 0.00
95% Cl (-0.17,0.09)  (-0.15,0.11)  (-0.13,0.13)
p-value 0.54 0.83 0.97
Time -0.05 -0.05 -0.05
95% ClI (-0.07,-0.04) (-0.07,-0.04) (-0.07,-0.04)
p-value <0.001 <0.001 <0.001

a) Note: Results are derived from linear mixed-effects models with random intercepts
b) Model 1 adjusted for time, age, race/ethnicity, gender, marital status.
¢ Model 2 additionally adjusted for Total Wealth, Labor Status, Education, Insurance.

d) Model 3 additionally adjusted for Depression, Smoke, Drinking, Physical activity, and Number of

Chronic Diseases.

e) Cl: Confidence Interval, SNAP: the Supplemental Nutrition Assistance Program.



Table 3 The effect of SNAP on global cognition, memory, and executive function across different racial/ethnic groups

Global Cognition P-value Memory P-value Executive Function P-value
B B B
(95% Cl) (95% Cl) (95% Cl)

SNAP -0.06 (-0.43, 0.32) 0.77 0.05 (-0.25, 0.36) 0.73 -0.16 (-0.35, 0.04) 0.12
Non-Hispanic Black -1.57 (-1.99, -1.15) <0.001 -0.68 (-1.03, -0.33) <0.001 -0.90 (-1.11, -0.68) <0.001
Non-Hispanic Other -1.06 (-1.96, -0.16) 0.02 -0.64 (-1.39, 0.11) 0.09 -0.47 (-0.94, 0.01) 0.05
Hispanic -0.92 (-1.35, -0.49) <0.001 -0.31 (-0.67, 0.05) 0.09 -0.64 (-0.87, -0.41) <0.001
Time -0.29 (-0.34, -0.24) <0.001 -0.20 (-0.25, -0.16) <0.001 -0.08 (-0.10, -0.05) <0.001
SNAP*NHB 0.32 (-0.25, 0.88) 0.27 -0.04 (-0.51, 0.43) 0.87 0.36 (0.06, 0.66) 0.02
SNAP*NHO -0.75 (-2.06, 0.56) 0.26 -0.99 (-2.08, 0.11) 0.08 0.22 (-0.47, 0.90) 0.54
SNAP*HIS -0.21 (-0.82, 0.40) 0.51 -0.35(-0.86, 0.16) 0.18 0.15 (-0.17, 0.48) 0.35
SNAP*Time 0.16 (0.09, 0.23) <0.001 0.12 (0.06, 0.18) <0.001 0.04 (0.01, 0.07) <0.001
NHB*Time 0.15 (0.06, 0.23) <0.001 0.10(0.03, 0.17) 0.01 0.04 (0.00, 0.07) 0.05
NHO*Time 0.06 (-0.12, 0.25) 0.51 0.03 (-0.13, 0.18) 0.75 0.04 (-0.04, 0.12) 0.35
HIS*Time 0.19 (0.11, 0.27) <0.001 0.14 (0.08, 0.21) <0.001 0.04 (0.00, 0.07) 0.04
SNAP*NHB*Time -0.12 (-0.22, -0.01) 0.04 -0.08 (-0.17, 0.01) 0.09 -0.03 (-0.08, 0.01) 0.15
SNAP*NHO*Time 0.08 (-0.18, 0.34) 0.55 0.14 (-0.08, 0.35) 0.22 -0.05 (-0.16, 0.06) 0.36
SNAP*HIS*Time -0.12 (-0.23, -0.01) 0.03 -0.10 (-0.19, -0.00) 0.05 -0.02 (-0.07, 0.03) 0.42

Abbreviations: Cl: confidence interval; NHW: Non-Hispanic-White/Caucasian; NHB: Non-Hispanic-Black/African American; NHO: Non-Hispanic-Other; HIS: Hispanic; SNAP:

the Supplemental Nutrition Assistance Program.



Table 4 Propensity Score-matched model for association between SNAP and declines in global cognition, memory, and executive function (n=

6,244)

Modell Model2 Model3
Global Cognition
SNAP*Time 0.09 0.07 0.07
95% ClI (0.03,0.14) (0.01, 0.12) (0.01, 0.12)
p-value <0.001 0.01 0.01
SNAP -0.02 0.08 0.07
95% ClI (-0.30, 0.26) (-0.18, 0.35) (-0.21, 0.35)
p-value 0.89 0.54 0.64
Time -0.19 -0.18 -0.18
95% ClI (-0.22,-0.16) (-0.22, -0.15) (-0.22, -0.15)
p-value <0.001 <0.001 <0.001
Memory
SNAP*Time 0.06 0.04 0.05
95% Cl (0.01, 0.10) (0.00, 0.08) (0.00, 0.09)
p-value 0.01 0.06 0.13
SNAP -0.06 0.05 0.04
95% ClI (-0.29,0.17) (-0.18,0.27) (-0.14, 0.31)
p-value 0.60 0.67 1.00
Time -0.13 -0.12 -0.12
95% Cl (-0.16, -0.10) (-0.15, -0.09) (-0.15, -0.09)
p-value <0.001 <0.001 <0.001
Executive Function
SNAP*Time 0.03 0.02 0.02
95% ClI (0.01, 0.05) (0.00, 0.05) (0.00, 0.04)



p-value <0.001 0.03 0.07

SNAP 0.01 0.00 0.03
95% Cl (-0.14, 0.15) (-0.14, 0.14) (-0.11, 0.17)
p-value 0.92 0.97 0.65
Time -0.06 -0.05 -0.05
95% Cl (-0.07,-0.04) (-0.07,-0.04) (-0.07, -0.04)
p-value <0.001 <0.001 <0.001

a)  Model 1 adjusted for time, age, race/ethnicity, gender, marital status.

b) Model 2 additionally adjusted for Total Wealth, Labor Status, Education, Insurance.

o Model 3 additionally adjusted for Depression, Smoke, Drinking, Physical activity, and Number of Chronic Diseases.
d) Cl: Confidence Interval, SNAP: the Supplemental Nutrition Assistance Program.



Table S1 Sensitivity analysis model for association between SNAP and declines in global
cognition, memory, and executive function

Global Cognition Memory Executive Function

SNAP*Time 0.12 0.08 0.04

95% Cl (0.07,0.17) (0.04,0.11) (0.02, 0.06)
p-value <0.001 <0.001 <0.001
SNAP 0.06 -0.02 0.04

95% ClI (-0.24, 0.35) (-0.26, 0.23) (-0.12, 0.19)
p-value 0.71 0.88 0.65

Time -0.19 -0.13 -0.05

95% Cl (-0.23,-0.16) (-0.16, -0.10) (-0.07, -0.04)
p-value <0.001 <0.001 <0.001

a) Model adjusted for time, age, race/ethnicity, gender, marital status, Total Wealth, Labor Status,
Education, Insurance, Depression, Smoke, Drinking, Physical activity, and Number of Chronic
Diseases.



Table S2 Association between SNAP and declines in global cognition, memory, and executive
function among different races/ethnicities

Global Cognition Memory Executive Function
Non-Hispanic White
SNAP*Time 0.16 0.12 0.04
95% ClI (0.09, 0.23) (0.06, 0.18) (0.01, 0.07)
p-value <0.001 <0.001 0.006
SNAP -0.18 -0.07 -0.16
95% Cl (-0.58, 0.21) (-0.41, 0.26) (-0.35, 0.03)
p-value 0.36 0.67 0.10
Time -0.29 -0.20 -0.08
95% ClI (-0.34,-0.24) (-0.24, -0.16) (-0.10, -0.05)
p-value <0.001 <0.001 <0.001
Non-Hispanic Black
SNAP*Time 0.05 0.05 0.01
95% ClI (-0.03,0.14) (-0.03,0.12) (-0.02, 0.05)
p-value 0.21 0.22 0.47
SNAP 0.33 0.09 0.21
95% Cl (-0.13, 0.78) (-0.29,0.47) (-0.04, 0.46)
p-value 0.16 0.64 0.11
Time -0.14 -0.10 -0.04
95% ClI (-0.21,-0.07) (-0.16, -0.04) (-0.07,-0.01)
p-value <0.001 <0.001 0.006
Non-Hispanic Other
SNAP*Time 0.24 0.27 -0.02
95% Cl (-0.07, 0.55) (0.01, 0.53) (-0.15,0.11)
p-value 0.12 0.04 0.72
SNAP -1.06 -1.19 0.08
95% ClI (-2.51, 0.38) (-2.52, 0.15) (-0.63,0.79)
p-value 0.15 0.08 0.82
Time -0.23 -0.18 -0.04
95% Cl (-0.45, 0.00) (-0.37,0.01) (-0.13, 0.06)
p-value 0.04 0.07 0.43
Hispanic
SNAP*Time 0.04 0.02 0.03
95% Cl (-0.04, 0.13) (-0.05, 0.10) (-0.01, 0.06)
p-value 0.33 0.57 0.14
SNAP -0.11 -0.23 0.07
95% ClI (-0.61, 0.39) (-0.63,0.17) (-0.22,0.35)
p-value 0.68 0.26 0.64
Time -0.11 -0.06 -0.04
95% Cl (-0.17, -0.05) (-0.12,-0.01) (-0.06, -0.01)
p-value <0.001 0.01 0.002

a) Model adjusted for time, age, race/ethnicity, gender, marital status, Total Wealth, Labor Status,
Education, Insurance, Depression, Smoke, Drinking, Physical activity, and Number of Chronic

Diseases.
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1. INTRODUCTION

Alzheimer’s disease and related dementias (ADRD) are a growing public health
concern, particularly as the population ages.! AD, the most common dementing illness,
begins with prodromal / age-related cognitive changes that progress to mild cognitive
impairment, which then often progresses to early-stage AD. Food security, i.e., access
to sufficient, safe, and nutritious food, impacts cognitive function in adults.? A healthy
diet has been reported to delay cognitive decline and the onset of dementing illness,
prolonging the prodromal stage.’® Moreover, emerging studies show that food
insecurity is associated with a faster rate of cognitive decline.” However, studies on
food assistance programs such as the Supplemental Nutrition Assistance Program
(SNAP) and age-related cognitive decline are limited. Furthermore, Non-Hispanic
Black and Hispanic Americans are at increased AD risk,® and are more likely to
experience food insecurity.’” The intersection of food security, age-related cognitive
function, and racial/ethnic disparities is a multifaceted issue. Consequently, a
comprehensive approach is needed to understand the factors that cause these disparities,

before addressing these disparities.

The SNAP, formerly known as the Food Stamp Program, is a cornerstone of the United
States (U.S.) government efforts to combat food insecurity among low-income
households. With over 40 million participants enrolled,'® SNAP provides monthly
financial benefits to purchase qualified food items, thereby enhancing food security and
supporting nutritional intake.'""!* The SNAP participation rate among older adults is
relatively low, with only 4.8 million older adults enrolled in SNAP,!' and SNAP
participation’s impact on age-related cognitive decline remains largely unexplored.
Non-Hispanic Black and Hispanic Americans are more likely to meet SNAP eligibility
criteria because they experience higher poverty rates. This situation is largely due to
structural racism that affects housing, employment, and healthcare, and thus creating
economic vulnerability.'* In this study, we interpret these racial/ethnic differences as
disparities, as they arise from systemic and avoidable inequities rather than random
variation.!> However, even among those eligible, Non-Hispanic Black and Hispanic
individuals often face additional barriers that limit their participation. SNAP
participation challenges are not only about eligibility. The cumbersome enrollment

process and state-level variations in enrollment and recertification requirements impose



additional administrative burdens, and disproportionately affect Non-Hispanic Black
and Hispanic households.!® Given the complex relationship between food security and
cognitive health, examining the association between SNAP participation and cognitive
decline across racial/ethnic groups may offer insights into the magnitude of the benefits
of nutrition assistance programming, and thus help motivate tailored public health

initiatives to reduce cognitive decline risk in these populations.

So far, limited research has examined the association between SNAP participation and
cognitive health, and the existing research findings are inconsistent.!”"!” For example,
some studies found that SNAP participation can be a protective factor that slows
cognitive decline, while others found no significant association between SNAP
participation and cognitive decline. No previous study has specifically associated
SNAP participation and cognitive decline across diverse racial/ethnic groups, and few
studies have directly assessed the association between SNAP use and function across
multiple cognitive domains, such as memory, and executive function, and global
cognition in older adults. Moreover, several prior studies omitted key relevant
covariates that may limit the generalizability of their findings. To address these gaps,
our study utilizes longitudinal data from the Health and Retirement Study (HRS) to
evaluate the long-term trajectories of cognitive outcomes such as global cognition,
memory, and executive function associated with SNAP participation by racial/ethnic
groups. We aim to understand the association between SNAP participation and
cognitive decline among older adults and determine whether this association differs
across diverse racial and ethnic groups. We hypothesize that SNAP participation is
associated with a slower rate of age-related cognitive decline among older adults, with
potentially stronger protective effects in socioeconomically vulnerable racial/ethnic
groups, particularly Non-Hispanic Black and Hispanic older adults who face higher
food insecurity and structural barriers, and thus may receive outsized benefit from

supplemental nutrition.

2. METHODS
2.1 Data source
Original survey datasets from the HRS are publicly available to all registered
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researchers. More information can be found on the website https://hrs.isr.umich.edu/.

All HRS participants provided verbal informed consent for study participation, and
HRS data collection received approval from the Health Sciences and Behavioral
Sciences Institutional Review Board at the University of Michigan. Additionally, this
study was approved by the Institutional Review Board at the University of Georgia
PROJECT00008358. The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.

2.2 Study design and participants

The HRS is a longitudinal survey of a nationally representative sample of Americans
aged 50 and older. HRS data has been collected every two years since 1992. More
detailed  information about HRS is available on the  website:
https://hrs.isr.umich.edu/about. We developed our dataset by integrating the raw Core
HRS data with the longitudinal HRS data harmonized by the RAND Corporation.?! In
addition, we incorporated the Langa-Weir Classification of Cognitive Function, a
dataset that provides summary scores based on measures from the core HRS
interview.?? We used wave 10 (i.e., 2010) as our baseline, following up with participants
biennially through the examination years 2012, 2014, 2016, 2018, and 2020.
Participants were followed up until they either withdrew from the study (death included)

or completed the 2020 survey.

Among the 42,712 respondents who participated in the 2010 HRS survey, 5,068
participants were eligible for SNAP at baseline (i.e., household income was < 130% of
the federal poverty threshold during the 2010 interview).!®!” We also excluded those
with missing cognitive (n=398), SNAP participation (n=0), and race/ethnicity (n=7)
data. This study focuses on preventing age-related cognitive decline that can eventually
progress to AD; consequently, we also excluded cognitively impaired individuals at
baseline (global cognition score < 11; n=1,827). Our final analytical sample (N=2,347)
had at least two global cognition scores between 2010-2020 (Figure S1).

2.3 Cognition


https://hrs.isr.umich.edu/

Cognitive function was measured using the Telephone Interview for Cognitive Status
(TICS-m).?* Beginning in the 2018 interview, a web-based self-administered interview
was introduced for some participants.’* A global cognitive score (ranging from 0 —27)
was computed by summing the scores from immediate word recall (0-10), delayed
word recall (0-10), serial 7 subtraction (0-5), and backward counting (0—2). Scores
between 7-11 indicate cognitive impairment, and scores <7 indicate likely dementia.?®
A composite memory score (0 —20) was computed from immediate and delayed word
recall tasks. A composite executive function score (0 —7) was computed from serial 7

subtraction and backward counting.?®

2.4 SNAP participation

There are two relevant questions in the HRS to assess if respondents participated in
SNAP: 1) “Did you (or any other family members who were living here) receive
government food stamps since the last interview?”” and 2) “Are you (or other family
members living here) still receiving food stamps?”. An affirmative answer (“yes”) to
each question indicated that the household had participated in SNAP within the past
two years. Otherwise, they were classified as SNAP non-users though eligible based on

Income.

2.5 Covariates

Our models accounted for potentially confounding factors including participants’ age;
Sex (Men, Women); race/ethnicity (Non-Hispanic-White/Caucasian [NHW], Non-
Hispanic-Black/African =~ American = [NHB], = Non-Hispanic-Other [NHO],
Hispanic[HIS]); marital status (in a relationship, previously in a relationship, never in
a relationship); total wealth; employment status (employed, unemployed, retired,
disabled, not in labor force); education attainment (less than high-school, GED, high-
school graduate, some college, college and above); insurance (uninsured, insured);
depression (yes, no); smoke (never smoked, ever smoked, current smoker); drink
(heavy drinker, others);?’ physical activity (0-17.6: low-vigorous intensity);* the
number of chronic diseases (0-6: 1. high blood pressure or hypertension; 2. diabetes or
high blood sugar; 3. cancer or a malignant tumor of any kind except skin cancer; 4.

5



chronic lung disease except asthma such as chronic bronchitis or emphysema; 5. heart
attack, coronary heart disease, angina, congestive heart failure, or other heart problems;

and 6. stroke or transient ischemic attack).

2.6 Empirical strategy

Mean + standard deviation (SD) was computed for continuous variables, median
(interquartile range: IQR) for total wealth due to its skewed distribution, and percentage
(%) was used for categorical variables. Chi-square tests were used to compare
categorical variables, and ANOVA was used to compare continuous variables. Then,
we estimated the direct effect of SNAP participation on the decline in global cognition,
memory, and executive function using linear mixed models with random intercepts and
random slopes for time for each participant. The random intercepts account for the
individual variability in baseline cognitive performance, and the random slopes capture
individual variability in the rate of cognitive decline over time. The model includes
fixed effects for the intercept, time, SNAP, and the interaction between time and SNAP

(SNAP*time). The model adjusted for potential confounders mentioned above.

To test whether SNAP participation affects cognitive decline differently across
racial/ethnic groups, we included the following interaction terms in the models: SNAP
participation and race/ethnicity, race/ethnicity and time, SNAP participation and time,
and the three-way interaction between time, race/ethnicity, and SNAP participation.

Two-sided p<0.05 was considered statistically significant.

To examine potential racial/ethnic disparities, we first calculated mean differences with
95% confidence intervals in annual global cognition, memory, and executive function
scores by race/ethnicity, stratified by SNAP use status (SNAP user versus SNAP non-
user). To examine whether the association between SNAP use and decline in global
cognition varied across specific subgroups, we conducted additional subgroup analyses
stratified by covariates, this approach helped investigate whether SNAP’s effect on
cognitive decline was consistent or varied across these key sociodemographic and
health-related factors. To address possible within-group heterogeneity within
racial/ethnic groups and potential differences in characteristics between SNAP users

and non-users, we conducted stratified analyses by race/ethnicity.



Finally, to assess the robustness of our findings, we conducted two sensitivity analyses.
First, we utilized Propensity Score Matching (PSM) to reduce potential bias from
confounding variables. SNAP users and non-users were matched on the SNAP
propensity score, and matching was done using the nearest neighbor method with
replacement, setting 1:3 matching and caliper to be 0.01. Second, we conducted a
sensitivity analysis in which SNAP participation was treated as a time-varying variable
and participants who become income-ineligible for SNAP at any point during follow-
up were excluded, thereby limiting the analytic sample to individuals who were
consistently eligible for SNAP from 2010 to 2020. All analyses used RStudio version
2024.09.1.

3. RESULTS

Among the 2010 SNAP-eligible population, our sample included 1,131 (48.19%)
SNAP users and 1,216 (51.81%) SNAP-eligible non-users. The average baseline global
cognitive score was 15.60 out of 27. The unadjusted annual rate of global cognitive
decline was slower among SNAP users compared to non-users (SNAP users: -0.10,
non-users: -0.36). The participants were more likely to be female (74.7%) than male
(25.3%), with an average age of 62.74 + 10.84 years. Most participants were Non-
Hispanic White (43.2%) and Non-Hispanic Black (30.6%). Sample participants had a
median total household income of $8,195 (IQR: $0-$83,842) and 1.57 + 1.32 chronic
diseases. Most of the participants had health insurance coverage (64.70%) and did not
report symptoms of depression (78.6%). The SNAP users were more likely to be
younger (mean £ SD=59.57 &+ 9.31 years) than non-users (mean + SD=65.69 + 11.32
years). A higher proportion of Non-Hispanic Black participants were among SNAP
users (35.6%) compared with non-users (25.9%). A higher percentage of SNAP users
were current smokers (32.7%) compared to non-users (20.0%). SNAP users were more

likely to attend some colleges (27.6%) than non-users (23.1%) (Table 1).

Table 2 shows the associations between SNAP participation and the decline in global
cognition, memory, and executive function over time across three models with
progressively adjusted covariates. In all three models, time was negatively associated
with global cognition (B =-0.19; 95% CI: -0.22, -0.15; p < 0.001), and two domains

(memory B =-0.12; 95% CI: -0.15, -0.09; p < 0.001; executive function § =-0.05; 95%
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CI: -0.07,-0.04; p <0.001), showing an overall decline in cognitive function over time.
The interaction term of SNAP and time was positively significant in all cognitive
outcomes, which indicates that SNAP participation was associated with a slower
decline in global cognition (B =0.10; 95% CI: 0.05, 0.14; p <0.001), memory ( =0.07;
95% CI: 0.03, 0.11; p <0.001), and executive function (f = 0.03; 95% CI: 0.01, 0.04;
p = 0.004). The PSM analysis (Table 4) revealed similar results, as presented by the
positive interaction terms of SNAP and Time, indicating that SNAP participation was
associated with delayed declines in global cognition, memory, and executive function.
Results from the sensitivity analysis were consistent with the main analysis (Table S1).
SNAP participation was associated with a significantly slower annual decline in global
cognition (f = 0.12, 95% CI: 0.07, 0.17, p < 0.001), memory ( = 0.08, 95% CI: 0.04,
0.11, p<0.001), and executive function (f = 0.04, 95% CI: 0.02, 0.06, p < 0.001).

Table 3 shows the association between SNAP participation and declines in global
cognition, memory, and executive function by race/ethnicity. The SNAP*NHB*Time
(B=-0.12,95% CI: -0.22, -0.01, p = 0.04) and SNAP*HIS*Time ( =-0.12; 95% CI: -
0.23, -0.01; p = 0.03) interactions were significant, indicating that the Non-Hispanic
Black and Hispanic participants among SNAP users have a slightly faster cognitive
decline, compared with Non-Hispanic White. For memory and executive function,
similar results were observed but did not reach statistical significance. Results from
Table S2 also demonstrated the similar findings, SNAP participation was significantly
associated with a slower rate of decline in global cognition (f = 0.16; 95% CI: 0.09,
0.23; p < 0.001), memory (B = 0.12; 95% CI: 0.06, 0.18; p < 0.001), and executive
function (B = 0.04; 95% CI: 0.01, 0.07; p = 0.006) among Non-Hispanic White
participants. However, the association was weaker and non-significant among Non-

Hispanic Black and Hispanic participants.

Figure 1 further stratifies the association between SNAP participation and cognitive
changes across different racial/ethnic groups over time. For global cognition, SNAP
non-users exhibit accelerated cognitive decline than SNAP users across all racial/ethnic
groups. The declines showed a greater variance across the racial/ethnic groups among
SNAP non-users relative to SNAP users. Similar results are observed in the domains of

memory and executive function.

To further test the association between SNAP participation and cognitive decline in

8



different population groups, we conducted subgroup analyses examining the
association between SNAP participation and global cognitive decline, stratified by key
covariates including depression status, education attainment, gender, insurance status,
employment status, relationship status, and smoking status (Figure S2). The data shows
that SNAP users have lower rates of annual cognitive decline than SNAP non-users
among all subgroups. Additionally, the variance within each SNAP user's subgroup is

smaller compared to that of SNAP non-users.

4. DISCUSSION

Our study examines the association between SNAP participation and decline in global
cognition, memory, and executive function among older adults. The findings suggest
that SNAP participation is associated with a slower decline in global cognition and the
domains of memory and executive function, demonstrating a potential protective effect
of SNAP participation on cognitive function. However, cognitive disparities across
racial/ethnic groups exist. Non-Hispanic Black and Hispanic SNAP participants

experience a faster decline in global cognition compared with Non-Hispanic White.

The results show that SNAP users had a slower rate of cognitive decline compared to
SNAP non-users, suggesting SNAP participation could delay this cognitive decline.
This trend was observed in global cognition and both domains, suggesting SNAP
participation may play a comprehensive role in mitigating cognitive decline.
Additionally, the PSM analysis demonstrated that the observed associations between
SNAP participation and cognitive outcomes were robust to confound. Furthermore,
sensitivity analyses that restricted the sample to participants who were consistently
eligible for SNAP throughout the study period also showed similar results. These
findings are consistent with previous research that has highlighted the positive impact
of food security on cognitive function. Specifically, prior research has shown that
improved nutritional intake associated with food assistance programs can improve brain
health and delay cognitive decline.®!'® Additionally, studies have found that food
insecurity is linked to accelerated cognitive decline due to stress and nutritional
deficiency.?**° Our results further expand upon this evidence by showing that the
protective effect of SNAP is observed across global cognition as well as domain-

specific measures of cognition, highlighting the role of food assistance programs in
9



supporting long-term cognitive health.

Although SNAP participation may offer cognitive protection and reduce variability in
cognitive performance across racial/ethnic groups, racial/ethnic disparities still exist.
While SNAP participation was generally associated with a slower rate of cognitive
decline, this protective effect appeared weaker among Non-Hispanic Black and
Hispanic participants, suggesting that the cognitive benefits of SNAP may be
moderated by race/ethnicity. Hispanic and non-Hispanic Black SNAP users show
slightly faster global cognition than non-Hispanic White participants. In other words,
while SNAP participation is protective, it may not fully eliminate cognitive disparities
among different racial/ethnic groups. This result is consistent with the context discussed
in the introduction. Even Hispanic and Non-Hispanic Black population are eligible for
SNAP enrollment, they have many barriers, such as troublesome application process,
transportation challenges to farmer’s markets, etc., to fully make use of SNAP
benefits.3!33 Future research is warranted to explore some potential unobservable

variables contributing to these racial and ethnic disparities.

The subgroup analysis provides further evidence that SNAP participation may have a
protective effect on cognitive health. In addition, it indicates that SNAP participation
has the potential to reduce disparities in cognitive decline across different subgroups,
which suggests that SNAP participation may contribute to promoting health equity in

cognitive health.

The observed differences in cognitive decline across domains, such as executive
function and memory, might reflect the fact that key nutrients and bioactives found in
healthy foods can directly impact underlying brain structures that support cognitive
function. For example, high-level executive function is influenced by dietary intake of
nutrients such as protein, iron, and vitamins like B6 and B12.% Intake of dietary
carotenoids lutein and zeaxanthin in dark green, leafy vegetables is associated with
improved hippocampal white matter integrity, brain morphology, and memory function.
These cognitive domains may respond differently to nutritional intervention, such as

SNAP participation because they are influenced by different neurobiological processes.

Despite the significant findings, our study has some limitations. First, the use of self-
reported data may introduce the potential for recall and social desirability bias. In

particular, underreporting of SNAP participation is a well-documented concern in
10



survey data, with studies estimating false negative rates of 30% to 50%.>*° However,
such underreporting could reduce our sample size, particularly if SNAP users are
misclassified as non-users. Small sample size to get significant results, so we may see
similar or even more pronounced result in a sample with accurate SNAP reporting.
Second, although the HRS is nationally representative, the generalizability of our
findings may be limited due to exclusions based on cognitive status, missing data, and
follow-up availability. Also, we did not use sampling weights which may limit the
generalizability. But this decision was made to prioritize model efficiency and minimize
potential bias when estimating conditional associations between SNAP participation
and cognitive outcomes. Third, there is some missing information about participants’
cognitive status, SNAP participation status, and race/ethnicity, which might lead to bias.
Fourth, unobserved factors such as enrollment motivation, social support,
neighborhood and community factors, or unmeasured health conditions may differ
between SNAP users and non-users, potentially influencing the observed associations.
Fifth, the possibility of reverse causality cannot be entirely ruled out, as individuals
experiencing cognitive decline may be more likely to enroll in SNAP. Although we
excluded participants with cognitive impairment at baseline to reduce this risk, doing
so may still have introduced selection bias if baseline cognitive status was associated

with both SNAP participation and future cognitive trajectories.

Our study has some strengths that are worth noting. such as the fact that this is the first
study to examine whether SNAP participation is associated with a slower rate of
cognitive decline across racial/ethnic groups. This focus is important for identifying if
food assistance programs can help reduce health inequalities. Given the fact that
different nutrients and dietary bioactives impact cognitive function (and likely also risk
for age-related cognitive decline) differently, this study provides groundwork for
investigating the association between intake of nutrient-dense, higher quality diets and

AD prevention in large, representative samples.

These results also have public health implications: expanding SNAP access may not
only reduce food insecurity but may also help slow cognitive decline. AD is expected
to cost the U.S. healthcare system more than $1trillion by 2050. To get more older adults
at-risk for AD enrolled in SNAP (and ostensibly achieving the benefits we found for

cognitive function), efforts to simplify application and recertification processes are
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particularly important, and particularly important for Black and Hispanic adults, who
are at higher risk for AD. Reducing administrative burdens, providing assistance with
applications, offering online enrollment options, and ensuring culturally and

linguistically appropriate outreach could help bridge participation gaps.

There are also clinical implications for our results. The baseline global cognition score
was 15.6 (out of 27), indicating that most participants began the study cognitively intact.
The average unadjusted annual cognitive decline was 0.36 points among non-SNAP
users. Based on this rate, individuals in our study could be expected to progress to mild
cognitive impairment (typically defined as a score <12) in approximately 10 years. In
contrast, our adjusted regression model showed that SNAP participation was associated
with a 0.10 point slower annual decline compared to non-users. If sustained, this slower
rate could delay the onset of cognitive impairment by more than 35 years, highlighting
a clinically meaningful protective effect. Consequently, SNAP advocacy from would

facilitate providing a more comprehensive approach to managing cognitive health.

5. CONCLUSION

This study provides evidence that SNAP participation is associated with a slower
decline in global cognition, memory, and executive function in older adults. These
findings highlight the significance of food assistance programs in protecting cognitive
health and reducing health disparities across racial/ethnic groups. Further research is
warranted to explore the underlying mechanisms and to design interventions that can
maximize the benefits of SNAP and other food assistance programs in improving
cognitive outcomes for vulnerable populations. In addition, future work should aim to
link self-reported survey datasets with administrative records to refine estimates of

SNAP participation and thus provide more robust conclusions.*’
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non-users by race/ethnicity



Table 1 Baseline characteristics of SNAP Eligible participants by Participation Status:
Health and Retirement Study, 2010-2020

Variables Total SNAP: No SNAP: Yes p-value
(N=2,347) (N=1,216) (N=1,131)

Global Cognition (mean [SD]) 15.60 (2.75) 15.52 (2.78) 15.67 (2.73) 0.185

Memory Score (mean [SD]) 10.29 (2.40) 10.20(2.42) 10.39(2.38) 0.069

Executive Function Score (mean [SD])  5.30 (1.59) 5.32 (1.58) 5.29 (1.60) 0.647

Annual cognitive decline (mean [SD]) -0.27 (0.89) -0.36 (1.06) -0.10(0.41) <0.001

Age (mean [SD] in years) 62.74 (10.84) 65.69(11.32) 59.57(9.31) <0.001

Race/Ethnicity (%) <0.001
Non-Hispanic White 1013 (43.2) 554 (45.6) 459 (40.6)
Non-Hispanic Black 718 (30.6) 315 (25.9) 403 (35.6)
Non-Hispanic Other 81 (3.5) 42 (3.5) 39 (3.4)

Hispanic 535 (22.8) 305 (25.1) 230 (20.3)

Sex (%) 0.067
Mem 594 (25.3) 288 (23.7) 306 (27.1)

Women 1753 (74.7) 928 (76.3) 825 (72.9)

Marital Status (%) <0.001
In a Relationship 683 (29.1) 302 (24.9) 381 (33.7)

Previously in a Relationship 1391 (59.3) 776 (63.9) 615 (54.5)
Never in a Relationship 270 (11.5) 137 (11.3) 133 (11.8)
Total Wealth (median [IQR] in §) 8,195.00 23,766.50 2800.00 <0.001
(0.00-83,842) (0.00-118,775) (0.00-49,375)

Labor Status (%) <0.001
Employed 539 (23.0) 229 (18.8) 310 (27.4)
Unemployed 158 (6.7) 61 (5.0) 97 (8.6)

Retired 1280 (54.5) 768 (63.2) 512 (45.3)
Disabled 146 (6.2) 50 (4.1) 96 (8.5)
Not in labor force 224 (9.5) 108 (8.9) 116 (10.3)

Education (%) <0.001

Less than High-school 666 (28.4) 362 (29.8) 304 (26.9)
GED 162 (6.9) 61 (5.0) 101 (8.9)
High-school graduate 725 (30.9) 410 (33.7) 315 (27.9)
Some college 593 (25.3) 281 (23.1) 312 (27.6)

College and above 200 (8.5) 101 (8.3) 99 (8.8)

Insurance type (%) <0.001

Medicare & Medicaid Dual-Eligible 1130 (48.1) 700 (57.6) 430 (43.6)
Private 363 (15.5) 166 (13.7) 197 (17.4)
CHAMPUS 25 (1.1) 14 (1.2) 11 (1.0)

Uninsured 829 (35.3) 336 (27.6) 493 (43.6)

Depression (%) <0.001
No 1843 (78.6) 998 (82.2) 845 (74.8)

Yes 501 (21.4) 216 (17.8) 285 (25.2)

Smoke (%) <0.001
Never smoking 958 (40.8) 564 (46.4) 394 (34.8)

Ever smoking 775 (33.0) 408 (33.6) 367 (32.4)
Current smoker 613 (26.1) 243 (20.0) 370 (32.7)



Num of Chronic Diseases (mean [SD]) 1.57 (1.32) 1.56 (1.30) 1.59 (1.34) 0.623

Drink (%) 0.864
Heavy drink 103 (4.4) 52 (4.3) 51 (4.5)
Others 2235 (95.6) 1159 (95.7) 1076 (95.5)
Physical Activity (mean [SD]) 6.69 (4.07) 6.78 (4.14) 6.59 (4.00) 0.266
a) Abbreviations: SD: standard deviation; IQR: interquartile range; GED: General Educational
Development; SNAP: the Supplemental Nutrition Assistance Program.
b) Non-Hispanic-Other: American Indian, Alaska Native, Asian, Native Hawaiian, Pacific Islander
c¢) The annual cognitive decline was calculated as the difference between the baseline and most

recent cognitive scores divided by the number of follow-up years. (presented for reference)



Table 2 Association between SNAP and declines in global cognition, memory, and

executive function

Modell Model2 Model3
Global Cognition
SNAP*Time 0.09 0.10 0.10
95% ClI (0.05, 0.13) (0.05, 0.14) (0.05, 0.14)
p-value <0.001 <0.001 <0.001
SNAP -0.19 -0.10 -0.07
95% ClI (-0.36,0.11) (-0.35,0.15) (-0.33,0.19)
p-value 0.29 0.43 0.85
Time -0.19 -0.20 -0.19
95% ClI (-0.23,-0.16) (-0.24, -0.17) (-0.22, -0.15)
p-value <0.001 <0.001 <0.001
Memory
SNAP*Time 0.07 0.07 0.07
95% Cl (0.03, 0.10) (0.03,0.11) (0.03,0.11)
p-value <0.001 <0.001 <0.001
SNAP -0.20 -0.12 -0.10
95% ClI (-0.41,0.01) (-0.33,0.08) (-0.31,0.11)
p-value 0.06 0.24 0.35
Time -0.14 -0.13 -0.12
95% Cl (-0.17,-0.11)  (-0.16,-0.10)  (-0.15, -0.09)
p-value <0.001 <0.001 <0.001
Executive Function
SNAP*Time 0.03 0.03 0.03
95% ClI (0.01, 0.05) (0.01, 0.05) (0.01, 0.04)
p-value <0.001 0.003 0.004
SNAP -0.04 -0.02 0.00
95% Cl (-0.17,0.09)  (-0.15,0.11)  (-0.13,0.13)
p-value 0.54 0.83 0.97
Time -0.05 -0.05 -0.05
95% ClI (-0.07,-0.04) (-0.07,-0.04) (-0.07,-0.04)
p-value <0.001 <0.001 <0.001

a) Note: Results are derived from linear mixed-effects models with random intercepts
b) Model 1 adjusted for time, age, race/ethnicity, gender, marital status.
¢ Model 2 additionally adjusted for Total Wealth, Labor Status, Education, Insurance.

d) Model 3 additionally adjusted for Depression, Smoke, Drinking, Physical activity, and Number of

Chronic Diseases.

e) Cl: Confidence Interval, SNAP: the Supplemental Nutrition Assistance Program.



Table 3 The effect of SNAP on global cognition, memory, and executive function across different racial/ethnic groups

Global Cognition P-value Memory P-value Executive Function P-value
B B B
(95% Cl) (95% Cl) (95% Cl)

SNAP -0.06 (-0.43, 0.32) 0.77 0.05 (-0.25, 0.36) 0.73 -0.16 (-0.35, 0.04) 0.12
Non-Hispanic Black -1.57 (-1.99, -1.15) <0.001 -0.68 (-1.03, -0.33) <0.001 -0.90 (-1.11, -0.68) <0.001
Non-Hispanic Other -1.06 (-1.96, -0.16) 0.02 -0.64 (-1.39, 0.11) 0.09 -0.47 (-0.94, 0.01) 0.05
Hispanic -0.92 (-1.35, -0.49) <0.001 -0.31 (-0.67, 0.05) 0.09 -0.64 (-0.87, -0.41) <0.001
Time -0.29 (-0.34, -0.24) <0.001 -0.20 (-0.25, -0.16) <0.001 -0.08 (-0.10, -0.05) <0.001
SNAP*NHB 0.32 (-0.25, 0.88) 0.27 -0.04 (-0.51, 0.43) 0.87 0.36 (0.06, 0.66) 0.02
SNAP*NHO -0.75 (-2.06, 0.56) 0.26 -0.99 (-2.08, 0.11) 0.08 0.22 (-0.47, 0.90) 0.54
SNAP*HIS -0.21 (-0.82, 0.40) 0.51 -0.35(-0.86, 0.16) 0.18 0.15 (-0.17, 0.48) 0.35
SNAP*Time 0.16 (0.09, 0.23) <0.001 0.12 (0.06, 0.18) <0.001 0.04 (0.01, 0.07) <0.001
NHB*Time 0.15 (0.06, 0.23) <0.001 0.10(0.03, 0.17) 0.01 0.04 (0.00, 0.07) 0.05
NHO*Time 0.06 (-0.12, 0.25) 0.51 0.03 (-0.13, 0.18) 0.75 0.04 (-0.04, 0.12) 0.35
HIS*Time 0.19 (0.11, 0.27) <0.001 0.14 (0.08, 0.21) <0.001 0.04 (0.00, 0.07) 0.04
SNAP*NHB*Time -0.12 (-0.22, -0.01) 0.04 -0.08 (-0.17, 0.01) 0.09 -0.03 (-0.08, 0.01) 0.15
SNAP*NHO*Time 0.08 (-0.18, 0.34) 0.55 0.14 (-0.08, 0.35) 0.22 -0.05 (-0.16, 0.06) 0.36
SNAP*HIS*Time -0.12 (-0.23, -0.01) 0.03 -0.10 (-0.19, -0.00) 0.05 -0.02 (-0.07, 0.03) 0.42

Abbreviations: Cl: confidence interval; NHW: Non-Hispanic-White/Caucasian; NHB: Non-Hispanic-Black/African American; NHO: Non-Hispanic-Other; HIS: Hispanic; SNAP:

the Supplemental Nutrition Assistance Program.



Table 4 Propensity Score-matched model for association between SNAP and declines in global cognition, memory, and executive function (n=

6,244)

Modell Model2 Model3
Global Cognition
SNAP*Time 0.09 0.07 0.07
95% ClI (0.03,0.14) (0.01, 0.12) (0.01, 0.12)
p-value <0.001 0.01 0.01
SNAP -0.02 0.08 0.07
95% ClI (-0.30, 0.26) (-0.18, 0.35) (-0.21, 0.35)
p-value 0.89 0.54 0.64
Time -0.19 -0.18 -0.18
95% ClI (-0.22,-0.16) (-0.22, -0.15) (-0.22, -0.15)
p-value <0.001 <0.001 <0.001
Memory
SNAP*Time 0.06 0.04 0.05
95% Cl (0.01, 0.10) (0.00, 0.08) (0.00, 0.09)
p-value 0.01 0.06 0.13
SNAP -0.06 0.05 0.04
95% ClI (-0.29,0.17) (-0.18,0.27) (-0.14, 0.31)
p-value 0.60 0.67 1.00
Time -0.13 -0.12 -0.12
95% Cl (-0.16, -0.10) (-0.15, -0.09) (-0.15, -0.09)
p-value <0.001 <0.001 <0.001
Executive Function
SNAP*Time 0.03 0.02 0.02
95% ClI (0.01, 0.05) (0.00, 0.05) (0.00, 0.04)



p-value <0.001 0.03 0.07

SNAP 0.01 0.00 0.03
95% Cl (-0.14, 0.15) (-0.14, 0.14) (-0.11, 0.17)
p-value 0.92 0.97 0.65
Time -0.06 -0.05 -0.05
95% Cl (-0.07,-0.04) (-0.07,-0.04) (-0.07, -0.04)
p-value <0.001 <0.001 <0.001

a)  Model 1 adjusted for time, age, race/ethnicity, gender, marital status.

b) Model 2 additionally adjusted for Total Wealth, Labor Status, Education, Insurance.

o Model 3 additionally adjusted for Depression, Smoke, Drinking, Physical activity, and Number of Chronic Diseases.
d) Cl: Confidence Interval, SNAP: the Supplemental Nutrition Assistance Program.



Table S1 Sensitivity analysis model for association between SNAP and declines in global
cognition, memory, and executive function

Global Cognition Memory Executive Function

SNAP*Time 0.12 0.08 0.04

95% Cl (0.07,0.17) (0.04,0.11) (0.02, 0.06)
p-value <0.001 <0.001 <0.001
SNAP 0.06 -0.02 0.04

95% ClI (-0.24, 0.35) (-0.26, 0.23) (-0.12, 0.19)
p-value 0.71 0.88 0.65

Time -0.19 -0.13 -0.05

95% Cl (-0.23,-0.16) (-0.16, -0.10) (-0.07, -0.04)
p-value <0.001 <0.001 <0.001

a) Model adjusted for time, age, race/ethnicity, gender, marital status, Total Wealth, Labor Status,
Education, Insurance, Depression, Smoke, Drinking, Physical activity, and Number of Chronic
Diseases.



Table S2 Association between SNAP and declines in global cognition, memory, and executive
function among different races/ethnicities

Global Cognition Memory Executive Function
Non-Hispanic White
SNAP*Time 0.16 0.12 0.04
95% ClI (0.09, 0.23) (0.06, 0.18) (0.01, 0.07)
p-value <0.001 <0.001 0.006
SNAP -0.18 -0.07 -0.16
95% Cl (-0.58, 0.21) (-0.41, 0.26) (-0.35, 0.03)
p-value 0.36 0.67 0.10
Time -0.29 -0.20 -0.08
95% ClI (-0.34,-0.24) (-0.24, -0.16) (-0.10, -0.05)
p-value <0.001 <0.001 <0.001
Non-Hispanic Black
SNAP*Time 0.05 0.05 0.01
95% ClI (-0.03,0.14) (-0.03,0.12) (-0.02, 0.05)
p-value 0.21 0.22 0.47
SNAP 0.33 0.09 0.21
95% Cl (-0.13, 0.78) (-0.29,0.47) (-0.04, 0.46)
p-value 0.16 0.64 0.11
Time -0.14 -0.10 -0.04
95% ClI (-0.21,-0.07) (-0.16, -0.04) (-0.07,-0.01)
p-value <0.001 <0.001 0.006
Non-Hispanic Other
SNAP*Time 0.24 0.27 -0.02
95% Cl (-0.07, 0.55) (0.01, 0.53) (-0.15,0.11)
p-value 0.12 0.04 0.72
SNAP -1.06 -1.19 0.08
95% ClI (-2.51, 0.38) (-2.52, 0.15) (-0.63,0.79)
p-value 0.15 0.08 0.82
Time -0.23 -0.18 -0.04
95% Cl (-0.45, 0.00) (-0.37,0.01) (-0.13, 0.06)
p-value 0.04 0.07 0.43
Hispanic
SNAP*Time 0.04 0.02 0.03
95% Cl (-0.04, 0.13) (-0.05, 0.10) (-0.01, 0.06)
p-value 0.33 0.57 0.14
SNAP -0.11 -0.23 0.07
95% ClI (-0.61, 0.39) (-0.63,0.17) (-0.22,0.35)
p-value 0.68 0.26 0.64
Time -0.11 -0.06 -0.04
95% Cl (-0.17, -0.05) (-0.12,-0.01) (-0.06, -0.01)
p-value <0.001 0.01 0.002

a) Model adjusted for time, age, race/ethnicity, gender, marital status, Total Wealth, Labor Status,
Education, Insurance, Depression, Smoke, Drinking, Physical activity, and Number of Chronic

Diseases.
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Figure S1 Participants selection diagram

Abbreviation: HRS: Health and Retirement Study; SNAP: Supplemental Nutrition Assistance
Program; CIND: Cognitive impairment with no dementia)
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