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Abstract

Background: Older adults dually eligible for Medicare and Medicaid have particularly high food 

insecurity prevalence and healthcare use.
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Objective: We sought to determine whether Supplemental Nutrition Assistance Program (SNAP) 

participation, which reduces food insecurity, is associated with lower healthcare use and cost for 

older adults dually eligible for Medicare and Medicaid.

Design: Incident user retrospective cohort study. We assessed the association between SNAP 

participation and healthcare use and cost using outcome regression, supplemented by entropy 

balancing, matching, and instrumental variable analyses.

Setting: North Carolina, September 2016 through July 2020.

Participants: Older adults (age ≥65 years) dually enrolled in Medicare and Medicaid but 

initially not enrolled in SNAP.

Measurements: Inpatient admissions (primary outcome), emergency department visits, long-

term care admissions, and Medicaid expenditures.

Results: Of 115,868 individuals included, 5093 (4.4%) enrolled in SNAP. Mean follow-up was 

approximately 22 months. In outcome regression analyses, SNAP enrollment was associated, per 

1000 person-years, with fewer inpatient hospitalizations (−24.6, 95% confidence interval [CI] 

−40.6 to −8.7), emergency department visits (−192.7, 95%CI −231.1 to −154.4), long-term care 

admissions (−65.2, 95%CI −77.5 to −52.9), and $2360 (95%CI −2649 to −2071) fewer dollars in 

Medicaid payments per person per year. Results were similar in entropy balancing, matching, and 

instrumental variable analyses.

Limitations: Single state; no Medicare claims data available; possible residual confounding.

Conclusions: SNAP participation was associated with fewer inpatient admissions and lower 

healthcare costs for older adults dually eligible for Medicare and Medicaid.

Funding Source: National Institutes of Health
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Over 35 million Americans lived in households affected by food insecurity—insufficient 

or uncertain access to enough food for an active, healthy life—in 2019(1), a number 

that grew to as many as 54 million during the COVID-19 pandemic.(2) Food insecurity 

is associated with worse health through a number of pathways, including incentivizing 

worse diet quality, forcing trade-offs between food, medications, and other basic needs, and 

increasing psychological distress.(3–12) The negative impact of food insecurity on health 

is reflected in high use of acute care services (such as inpatient admissions and emergency 

department visits), and higher healthcare costs.(13–17)

The Supplemental Nutrition Assistance Program (SNAP) is the nation’s largest direct effort 

to fight food insecurity, reaching almost 40 million Americans.(18) Prior studies have 

shown that SNAP reduces both the depth and breadth of food insecurity.(19,20) However, 

many eligible individuals, particularly older adults, do not participate in SNAP.(21) SNAP 

participation may improve health in several ways, which in turn may be associated with 
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lower healthcare use and cost. SNAP could affect health through a nutrition pathway, though 

this would likely occur over a relatively long time frame. Further, SNAP’s effect, if any, on 

diet quality is unclear.(22,23) Therefore, particularly in the short-term, other mechanisms 

may be more salient. SNAP represents a relatively large near-cash transfer for those with 

lower income.(24) In 2019, the mean SNAP benefit was about $1500 per person, per 

year.(25) Prior studies have estimated that SNAP lifts approximately 8 million individuals 

out of poverty each year.(26,27) Income freed up by SNAP may translate into improved 

medication adherence, reduced stress and depressive symptoms, and the ability to meet other 

health-related social needs (such as housing and transportation).(8,12)

The relationship between SNAP participation and health has been difficult to study as SNAP 

participation cannot be randomized. Thus, it can be difficult to account for differences 

between those who are known to have enrolled in SNAP and those who are eligible 

for SNAP but do not enroll. Prior studies have suggested that SNAP is associated with 

lower healthcare use and cost(28–31), but questions about prevalent user designs, residual 

confounding, and self-reported SNAP status have led to continued uncertainty regarding the 

effect, if any, of SNAP on health.

Older adults who are dually eligible for Medicare and Medicaid may be especially likely 

to benefit from SNAP. Owing to a combination of low-income and older age, this group 

experiences both high rates of food insecurity and high healthcare use and costs.(32–34) 

Because eligibility requirements are similar, most individuals dually eligible for Medicare 

and Medicaid are also eligible for SNAP.(35,36) However, many SNAP eligible individuals 

do not enroll.

We used a unique circumstance to better study the association between SNAP participation 

and healthcare use and cost. As part of a state program to increase SNAP enrollment, 

individuals dually eligible for Medicare and Medicaid received outreach for SNAP 

enrollment. This allowed for previously unavailable linkages between data sets related to 

SNAP outreach, SNAP participation, and healthcare use and cost. We used these data to 

estimate the association between gaining SNAP benefits and changes in healthcare use and 

cost, hypothesizing that SNAP participation would be associated with lower healthcare use 

and cost.

Methods

Study Design and Setting

This was an ‘incident-user’, retrospective cohort study using data from two key sources. The 

first data source was the outreach records of Benefits Data Trust (BDT). BDT is a 501(c)3 

charitable organization that provides outreach to help enroll individuals in government 

programs. In 2017, BDT received a contract from North Carolina to help enroll older 

individuals (age ≥ 65 years) dually eligible for Medicare and Medicaid (‘dual-eligibles’) in 

SNAP.(37) BDT received, on a quarterly basis, information on all dual-eligible individuals 

in North Carolina not enrolled in SNAP. Many dual-eligibles are eligible for SNAP, but 

may not have enrolled owing to administrative burdens.(35) Enrollment assistance can 

increase SNAP enrollment, as demonstrated by a prior randomized trial.(38) BDT provides 

Berkowitz et al. Page 3

Ann Intern Med. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



enrollment assistance consisting of an initial outreach mailing, telephone-based screening, 

and if the individual chooses, SNAP application filing. BDT data included information on 

whether outreach occurred, date of contact, whether a SNAP application was submitted, 

and whether the individual ultimately enrolled in SNAP (confirmed by state administrative 

records).

The second data source for this study was North Carolina Medicaid claims (we did not 

have access to Medicare claims). BDT and Medicaid claims data were linked by the North 

Carolina Department of Health and Human services using unique state benefit ID numbers, 

along with name, social security number, and birth date. These data were then anonymously 

coded. The UNC institutional review board approved this study (IRB number 18-1312). Data 

covered the time period 9/13/16 to 7/31/20 (Appendix Figure 1). All individuals included in 

the study were assigned an ‘index date’, defined as the date BDT received their information. 

Index dates ranged from 9/14/17 to 1/1/20. We used data up to 365 days prior to the index 

date to calculate baseline variables (such as comorbidity indicators and healthcare utilization 

and cost in the baseline period). We used all available NC Medicaid data after the index date 

(up to a study end date of 7/31/20) to calculate study outcomes. Analyses were completed in 

August 2021.

Participants

Study participants were community-dwelling older adults (age ≥ 65 years) who resided in 

North Carolina, were dually eligible for Medicaid and Medicare, and were not enrolled in 

SNAP at the time their information was provided to BDT.

SNAP Participation

SNAP participation was confirmed by the administrative records of the North Carolina 

Department of Health and Human Services. Any enrollment in SNAP during the study 

period was classified as SNAP participation, even if the individual subsequently disenrolled.

Outcomes

We examined three outcomes related to healthcare utilization, and two outcomes related 

to healthcare expenditure. The utilization outcomes were: inpatient hospital admissions 

(primary outcome), emergency department visits, and long-term care admissions. The first 

expenditure outcome was the sum of all claims paid by NC Medicaid. Because those 

included were dually eligible, this does not equal the total cost of care in the study period, 

as Medicare also bore some costs. Next, the claims data indicate the highest amount that 

Medicaid could have paid for a given claim, had the individual not also had Medicare 

coverage. The total of these ‘allowable expenditures’ was a secondary outcome.

Covariates

We considered several covariates that may confound the association between SNAP 

participation and health services use and cost, at both individual and area levels. At the 

individual level, covariates from Medicaid claims data were: age, gender, race/ethnicity 

(categorized as: non-Hispanic Black, non-Hispanic White, Hispanic, and other), indicators 

for five common comorbidities associated with food insecurity (hypertension, diabetes, 
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depression, chronic kidney disease, and coronary heart disease)(8,39–41), the Gagne 

comorbidity index(42), and healthcare use and cost during the baseline period. Because 

some types of Medicare-Medicaid dual eligibility provide only partial Medicaid coverage 

(which affects which claims Medicaid pays), we distinguished between full and partial 

Medicaid coverage using CMS categories of dual eligibility.(43) As the study outcomes 

were related to use of health services, we selected the hospital service area (HSA), 

based on home address at the index date, as the relevant level.(44) Area-level covariates 

included mean HSA-level SNAP enrollment in the study cohort(45), and three indicators 

of healthcare service use and morbidity at the HSA level (taken from the most recently 

available Dartmouth Atlas data for each variable)(44): hospital discharges per 1000 

Medicare enrollees in 2015, total Medicare reimbursements per enrollee in 2017, and the 

age, sex, and race adjusted total mortality among Medicare enrollees in 2017.

Statistical Analysis

We conducted descriptive statistics, and estimated intraclass correlation coefficients (ICC) at 

different geographic levels (HSA, along with ZIP Code, and hospital referral region [HRR] 

as alternative geographic areas) to better understand the variation in SNAP enrollment and 

study outcomes across geographic areas.

Because of the overlap between Medicaid and SNAP eligibility, an estimand that would 

be useful for policymakers is the average treatment effect (ATE) of SNAP enrollment on 

healthcare use and cost. The ATE in this case represents the difference in healthcare use and 

cost if all dual eligibles enrolled in SNAP, compared with the counterfactual scenario where 

none enrolled in SNAP.

Our primary analytic approach was outcome regression. For the outcome regression 

analyses, we fit generalized linear mixed models with a random intercept term for the HSA. 

For utilization outcomes, we used negative binomial regression models. For expenditure 

outcomes, which often have a large point mass at zero and skewed right tails (i.e., a few 

individuals with very high expenditures), we used a gamma error distribution and a log 

link function.(46) These models adjusted for the individual-level and area-level covariates 

described above. They also adjusted for the number of follow-up days (to account for 

differing risks of experiencing study outcomes), and the index date (to account for secular 

trends regarding healthcare use and cost). We adjusted for race/ethnicity variables in the 

analyses because these variables may indicate the experience of racism, which worsens 

health and may affect healthcare use and cost. These models adjust for the baseline version 

of the outcome (e.g., baseline inpatient admissions in models with inpatient admission is the 

outcome), which helps account for unmeasured time-invariant confounding. To make results 

more interpretable, we then used predictive margins(47) to estimate marginal means, and 

their difference as an estimate of the ATE. This standardizes the estimate of the association 

between the treatment and outcome over the distribution of covariates included in the model.

Because all analytic strategies have strengths and limitations, we supplemented our primary 

analyses with three additional approaches. Each of these approaches makes different 

assumptions than the others, and is susceptible to bias in different ways. We reasoned that 

if four different analytic approaches, each of which makes different assumptions and thus 
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would be unlikely to be biased in the same way, yield similar results, we could have greater 

confidence in the study’s findings.

The second set of analyses used a weighting based approach called entropy balancing.(48–

51) Whereas outcome regression models the association between exposure and outcome, 

entropy balancing is similar to inverse probability weighting in that it uses weights to 

balance covariates between those who do and do not enroll in SNAP, removing their 

confounding effect in a weighted pseudopopulation.(48) We used the same covariates to 

estimate the entropy balancing weights as adjusted for in the outcome regression models, 

again targeting the ATE estimand (Supplement). After estimating the balancing weights, 

we then estimated the association between SNAP and the study outcomes in weighted 

regression models (negative binomial models for count outcomes and log-gamma models for 

cost outcomes).

The third set of analyses used a matching based approach. This approach estimated 

a propensity score (the probability of enrolling in SNAP) using individual-level 

characteristics, and then matched participants on the basis of the propensity score within the 

participants’ HSA (meaning a participant who enrolled in SNAP was matched to participants 

who did not enroll in SNAP from their same HSA). Matching within HSA has the effect 

of accounting for HSA-level confounding.(52) After matching, we fit regression models 

identical to the models used in the outcome regression analysis, but in the matched subset of 

the study sample (Supplement for details).(53)

The final set of analyses used were instrumental variable analyses. The association between 

receipt of SNAP benefits and healthcare use and cost could be confounded by factors that 

are not measured in claims data, such as interest in receiving government assistance. To 

avoid bias caused by this confounding, we made use of a unique feature of the BDT dataset. 

Because of the large number of potentially SNAP eligible individuals to contact, not all 

individuals could receive outreach at the same time. To ensure a fair chance to receive 

outreach that did not rely on characteristics of the participants, each individual was assigned 

an outreach group at random. Thus, although enrolling in SNAP may be correlated with 

study outcomes, receipt of outreach was not, and can thus be considered an instrumental 

variable. For instrumental variable analyses, we used the two-stage residual inclusion 

(2SRI, also called the ‘control function’) approach.(54–56) We describe the rationale for 

instrumental variable analyses, testing of assumptions, and analytic procedures in detail in 

the Supplement and Appendix Tables 1–2. However, while outreach was strongly associated 

with treatment (5.3% of those who received outreach enrolled in SNAP, compared with 0.7% 

of those who did not receive outreach; p < .001), the low overall enrollment in SNAP even 

with outreach means that weak instrument bias in the instrumental variable results cannot be 

excluded.(57)

To formally test the sensitivity of the outcome regression analyses to unmeasured 

confounding, we used the EValue approach to quantify the strength of association an 

unmeasured confounder would need to have with both SNAP enrollment and the outcome 

for a given analysis in order to render the observed association null.(58) Because type of 

dual eligibility may affect the claims data available to us, we also fit outcome regression 
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models identical to those used for the main analyses, but among the subset of study 

participants who had full Medicaid benefits, as their claims information is most complete. 

Further sensitivity analyses are described in the Supplement.

We considered the outcome regression analysis examining inpatient hospitalization the 

primary analysis. As data missingness was very low, we did not pursue imputation 

(Supplement Table 1). A p-value < 0.05 indicated statistical significance. Analyses were 

conducted in SAS 9.4, Stata 16.1, and R 3.6.0.

Role of the Funding Source

This study was funded by the National Institutes of Health, which had no role in the study’s 

design, conduct, or reporting.

Results

BDT records for 105 individuals could not be matched to Medicaid records and were 

excluded; records for 115,868 individuals could be matched and were included as the final 

study sample. The mean age was 74.2 years (SD: 7.6), 67.4% were women, and 34.5% were 

identified as non-Hispanic black in the administrative records (Table 1). The mean duration 

of follow-up was 664 days (SD: 308), or approximately 22 months. 5093 (4.4%) individuals 

enrolled in SNAP at any time during the study period. There were participants from all 96 

North Carolina HSAs (codes 34001 – 34102). Table 2 and Supplement Figures 1–5 present 

data on the study outcomes. ICC’s showed that little variation was explained at various 

geographic levels (Supplement Table 2).

Outcome Regression Results

In generalized linear mixed models with a random intercept term for HSA and adjustment 

for individual- and area-level covariates, SNAP enrollment was associated with reduced 

healthcare utilization and cost for all outcomes (Table 3 and full models in Supplement 

Tables 3–7). SNAP enrollment was associated with 24.6 fewer (95% CI −40.6 to −8.7) 

inpatient hospitalizations per 1000 person-years, 192.7 fewer (95%CI −231.1 to −154.4) 

emergency department visits per 1000 person-years, and 65.2 fewer (95%CI −77.5 to −52.9) 

long term care admissions per 1000 person-years. SNAP enrollment was associated with 

an estimated $2360 fewer (95%CI −2649 to −2071) dollars in Medicaid expenditures per 

person per year. Results were similar in the subset of individuals who were full dually 

eligible (Supplement Table 8).

Entropy Balancing Results

Entropy balancing weights produced exact balance on all covariates (Supplement Table 9). 

Results from entropy balancing analyses (Table 3) were similar to results from the outcome 

regression analyses. For example, SNAP enrollment was associated with 47.4 fewer (95% CI 

−67.4 to −27.4) inpatient hospitalizations per 1000 person-years, and 101.9 fewer (95%CI 

−187.3 to −16.6) emergency department visits per year.
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Matching Results

All but 3 (5090/5093, 99.9%) of those who enrolled in SNAP were matched, to 50887 

individuals who did not enroll in SNAP but resided in the same HSA. Matching produced 

excellent balance (SMD < 0.02) for all covariates (Supplement Table 10). Results from 

the matching analyses were similar to results from the outcome regression analyses. For 

example, SNAP enrollment was associated with 22.8 fewer (95% CI −39.0 to −6.5) 

inpatient hospitalizations per 1000 person-years, and 186.8 fewer (95%CI −227.3 to −146.2) 

emergency department visits per year (Table 3).

Two-Stage Residual Inclusion Results

In 2SRI analyses, SNAP enrollment was associated with significantly lower healthcare 

utilization and lower costs for all outcomes (Table 3, full models in Supplement Tables 

11–16).

Sensitivity Analyses

Results were robust across several types of analyses examining sensitivity to violations 

of instrumental variable assumptions, different modeling specifications, or unmeasured 

confounding (Supplement Tables 17–18). For the primary analysis (outcome regression 

of the inpatient admission outcome), the EValue approach suggests that an unmeasured 

confounder that was associated with both the treatment and the outcome with a risk ratio of 

1.50 each, after adjustment for the measured confounders, would explain away the observed 

association; the confidence interval could be moved to include the null by an unmeasured 

confounder that was associated with both the treatment and the outcome by a risk ratio 

of 1.21, after adjustment for the measured confounders.(58) EValues for other outcomes 

and analytic approaches are presented in Appendix Table 3. Overall, moderate to strong 

unmeasured confounding would be needed to explain away the observed associations.

Discussion

In this cohort study of older adults dually eligible for Medicare and Medicaid, we found that 

SNAP enrollment was associated with fewer inpatient admissions, emergency department 

visits, and long-term care admissions over approximately 22 months of follow-up. SNAP 

enrollment was also associated with approximately $2360 lower annual Medicaid spending 

per person. Further, these findings were similar across several analytic approaches that 

make different methodological assumptions. Despite this, enrollment in SNAP was low 

overall, suggesting that there is substantial room for improvement with regard to individuals 

accessing benefits for which they are eligible.

The results of this study are consistent with and expand prior literature on the topic of SNAP 

and health. A prior randomized trial in Pennsylvania demonstrated that outreach could 

significantly increase SNAP uptake, but did not examine health outcomes.(38) Several prior 

studies have also suggested that SNAP enrollment may be associated with lower healthcare 

cost and use, and at least one study has associated SNAP enrollment with decreased 

mortality.(28–31,59) This study adds to the literature by using a dataset with observation 

before and after SNAP enrollment (to account for unmeasured time-fixed characteristics), 
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administrative confirmation of SNAP enrollment (rather than self-report), and making use of 

a situation in which SNAP outreach is known not to be correlated with study outcomes.

The findings of this study have several important implications. First, the low SNAP 

participation rate suggests that we should increase efforts to boost enrollment. Coordination 

between different agencies within state governments may help.(35) However, we should 

also reassess the administrative burdens of means-tested programs.(60,61) Even if barriers 

to enrollment can be overcome with outreach, these burdens may not need to be present 

in the first place. Lengthening re-certification periods and streamlining social assistance by 

moving from multiple programs with similar eligibility criteria (e.g., SNAP, the Housing 

Choice Voucher Program, Low Income Home Energy Assistance Program) to a single 

more comprehensive program deserves consideration. So do more universal social assistance 

programs that focus on categorical eligibility rather than means-testing. Future research 

should explore the health effects of alternate approaches to social assistance, and also 

investigate how soon benefits may accrue.

Study findings should be considered in the context of several limitations. First, we did 

not have access to Medicare data. While this is unlikely to affect assessment of healthcare 

utilization outcomes, as virtually all of these care episodes will be reflected in Medicaid 

claims, it does preclude a more comprehensive analysis of healthcare spending. However, 

our findings were very similar in the subset of participants who were fully Medicaid eligible, 

which suggests that the lack of Medicare data is unlikely to meaningfully affect the study’s 

findings. Second, this study included only older adults dually eligible for Medicare and 

Medicaid in North Carolina, and there was low SNAP enrollment even with outreach. 

Thus, how the results generalize to other settings is not known. Finally, as an observational 

study, bias caused by residual confounding cannot be excluded. However, all four analytic 

approaches, which each made different assumptions, yielded similar results, which helps 

increase confidence in the findings.

Conclusions

SNAP is a vital part of the US safety net, and addresses both food insecurity and poverty for 

millions of Americans. In this study, we find that SNAP is also associated with meaningfully 

lower healthcare use and cost. This is important, as lower use of healthcare services like 

inpatient admission and emergency department visits may indicate better overall health. 

However, we should distinguish between studying changes in healthcare utilization as 

indicators of health, and viewing SNAP as a program to produce a ‘return on investment’ 

by reducing healthcare costs. We view SNAP as a program that provides critical nutrition 

and income support to millions of Americans, rather than a cost containment strategy for 

the healthcare system.(62) Given the clear connection between income and health, programs, 

like SNAP, that provide nutrition and income support to individuals made vulnerable by the 

political economy are a key tool for advancing health equity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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