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Objectives. To investigate total and cause-specific cardiometabolic mortality among

Supplemental Nutrition Assistance Program (SNAP) participants, SNAP-eligible non-

participants, and SNAP-ineligible individuals overall and by age, gender, race/ethnicity,

and other characteristics.

Methods. We performed a prospective study with nationally representative survey

data from the National Health Interview Survey (2000–2009), merged with subsequent

Public-Use Linked Mortality Files (2000–2011). We used survey-weighted Cox pro-

portional hazards models adjusted for age and gender to estimate hazard ratios of total

and cause-specific cardiometabolic mortality for 499 741 US adults aged 25 years or

older.

Results. Over a mean of 6.8 years of follow-up (maximum 11.9 years), 39 293 deaths

occurred, including 7408 heart disease, 2185 stroke, and 1376 diabetes deaths. In-

dividuals participating in SNAP exhibited higher total and cardiovascular disease mor-

tality, largely limited to non-Hispanic Whites and non-Hispanic Blacks, than both

SNAP-eligible nonparticipants and SNAP-ineligible individuals, and higher diabetes

mortality across races/ethnicities (P < .01).
Conclusions. Participants in SNAP require greater focus to understand and further

address their poor health outcomes.

Public Health Implications. Low-income Americans require even greater efforts to

improve their health than they currently receive, and such efforts should be a priority for

public health policymakers. (Am J Public Health. 2017;107:466–474. doi:10.2105/

AJPH.2016.303608)

See also Galea and Vaughan, p. 363.

The Supplemental Nutrition Assistance
Program (SNAP), the largest US

food-assistance program,1 covered 1 in 6
Americans during 20152 and represented
more than half of the entire US Department
of Agriculture’s annual budget of $155 bil-
lion.3 Eligibility for SNAP is determined by
household income and resources—in par-
ticular, gross monthly household income at or
below 130% of the poverty level.4,5 By many
measures, SNAP targets a disadvantaged
population, who are more likely to live under
the poverty threshold and less likely to have
health insurance or higher educational at-
tainment, compared with nonparticipants.6

Consistent with this, SNAP participants
cross-sectionally have higher rates of

obesity,7–9 metabolic risk factors,9 and other
health conditions6 compared with eligible as
well as ineligible nonparticipants.

With recognition that low-income
Americans are at higher risk of poor health
outcomes because ofmultiple environmental,
behavioral, and sociocultural risks, SNAP is
designed to reduce food insecurity and im-
prove the diet of participating individuals and
families by providing financial assistance

(average $125 per month per person) to
purchase foods for at-home consumption.2,10

However, the extent to which SNAP is fully
addressing the long-term health risks
of low-income Americans is not well-
established. According to data from 25 years
ago,11 SNAP participants had higher
all-cause mortality than income-eligible
nonparticipants. Whether such disparities
remain has not been evaluated. In addition, to
our knowledge, no studies have examined
cause-specific mortality for SNAP participants
versus SNAP-eligiblenonparticipants,whichcan
help inform potential determinants of disparities
in these populations. Among diet-related dis-
eases, cardiometabolic diseases such as coronary
heart disease (CHD), stroke, and diabetes are
particularly relevant because of their health and
economic burdens and links with diet.12,13

Understanding the relationship between
SNAP participation status and total and
cardiometabolic mortality is crucial for
informing whether additional supportive
interventions are needed to better serve this
population. We therefore prospectively
investigated the risk of total and car-
diometabolic mortality comparing SNAP
participants, SNAP income-eligible non-
participants, and SNAP-ineligible in-
dividuals by linking together large,
nationally representative data sets. As a sec-
ond prespecified aim, we investigated
potential differences in these relationships
by age, gender, and race/ethnicity to help
elucidate how SNAP status and potential
interventions might relate to health dispar-
ities in these groups.
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METHODS
We utilized nationally representative data

from the 2000–2009 National Health In-
terview Survey (NHIS),14 which is based on
multistage probability sampling (n = 80 000–
100 000 respondents per year; overall re-
sponse rate = 82%–88%) of the civilian,
noninstitutionalized US population.
In-home, interviewer-administered ques-
tionnaires assessed age, gender, race/
ethnicity, family income, education, other
participant characteristics, and SNAP
participation. For the current investigation,
we evaluated 499 741 adults aged 25 years or
older who provided information on age,
gender, race/ethnicity, and SNAP partici-
pation. We then linked NHIS data to mor-
tality data from the Public-Use Linked
Mortality Files,15 which provide follow-up
for the NHIS sample through December 31,
2011 (additional details to follow).

Because both SNAP eligibility and par-
ticipation are associated with diverse other
characteristics that may influence health, our
aim was not to draw inferences on the causal
effect of SNAPonmortality, but to accurately
describe the actual observed mortality
differences among SNAP participants,
SNAP-eligible nonparticipants, and
SNAP-ineligible individuals to inform
the need for further investigation and
interventions in these populations.

Determining Program
Participation and Eligibility

We categorized respondents as SNAP
participants, SNAP-eligible nonparticipants,
or SNAP-ineligible individuals. We identi-
fied SNAP participants as individuals who
reported someone in their family (defined by
NHIS as an individual or a group of 2 ormore
related persons who are living together in the
same household) who participated in the
program at any point during the previous
year. We identified SNAP-eligible non-
participants by monthly family gross income
less than or equal to 130% of the poverty
guideline (i.e., income-to-poverty
ratio £ 1.305).

Although one primary federal eligibility
criterion is household gross income,4 we used
family gross income for consistency with how
poverty-to-income ratio is measured, which
is at the family level. We confirmed that

household and family income are nearly
identical in 96% of adults aged 25 years or
older by using the 3-year Public-Use
Microdata Sample from the American
Community Survey (2007–2009).16 A sec-
ond related criterion, monthly household net
income less than or equal to 100% of the
poverty guideline,4 was not assessed in NHIS
and could not be used. Because of the cate-
gories of NHIS reporting of income-to-
poverty ratio in 2000 to 2008 (i.e., 0–0.74,
0.75–1.24, 1.25–1.49, etc.), we utilized
a poverty-to-income ratio of less than 1.25 to
categorize SNAP eligibility in these years, and
less than or equal to 1.30 in 2009 when
more precise income data were reported. We
utilized the established NHIS-imputed in-
come data for 18%of the sample not reporting
income to correct for observed biases that
result from using data without imputation.17

Outcome Ascertainment
Our primary outcomes were all-cause

mortality, cardiovascular mortality (including
death from heart disease [International Classi-
fication of Disease 10th Revision codes I00–I09,
I11, I13, I20–I51], and stroke [I60–I69]),
and diabetes mortality (E10–E14), as identi-
fied by the Public-Use Linked Mortality
Files.15 We also secondarily evaluated CHD
and stroke mortality separately, as well as
combined cardiometabolic mortality (the
sum of deaths attributable to CHD, stroke,
and diabetes).

In the Public-Use Linked Mortality Files
(2000–2011), NCHS staff matched NHIS
respondents to the National Death Index
(NDI),18 a database of all US deaths cataloged
since 1979, by using standardized pro-
cedures.15 In brief, participants were screened
for sufficient identifying information, such as
social security number, name, date of birth,
and state of residence. The NCHS used
probabilistic matching methods to link these
participants to records in the NDI. The NDI
has been documented to capture nearly all
deaths (~97%) when social security numbers
are available, as is the case for all eligibleNHIS
participants linked to the NDI.19,20

Statistical Analysis
We estimated the association between

SNAP status and risk of mortality by using
Cox proportional hazards, with time-at-risk

from the date of survey response until death or
censoring on December 31, 2011, the latest
date of available linked mortality data. For
cause-specific cardiometabolic mortality an-
alyses, we censored participants for other
causes of death. We tested the proportional
hazards assumption by plotting and visually
inspecting the survival functions against time
and it was not rejected. All analyses accounted
for the complex survey design, weighting,
and multiply imputed data so that results are
nationally representative over this 10-year
time period.

Because our aim was to quantify the actual
observed mortality differences among
Americans by SNAP participation and eligi-
bility, rather than to attempt to draw in-
ference on the causal effects of SNAP per se,
we adjusted our main findings only for age
(25–34, 35–44, 45–54, 55–64, 65–74, ‡ 75
years) and gender. We also conducted strat-
ified analyses by age (2 groups: 25–64 and‡ 65
years), gender, and race/ethnicity (3 groups:
non-Hispanic White, hereafter referred to as
White; non-Hispanic Black, hereafter re-
ferred to as Black; and Hispanic); we did not
evaluate “other” race/ethnicity because of
small numbers and greater racial/ethnic
heterogeneity within this category.

We also evaluated and included in-
formation from NHIS on other variables that
might help explain any observed mortality
differences, including education, region of
residence, employment status, marital status,
insurance coverage, family structure, and,
available in randomly available subsets, self-
reported smoking status, body mass index
(BMI; defined as weight in kilograms divided
by the square of height inmeters), alcohol use,
physical activity, hypertension, and high
cholesterol (Table 1). In secondary analyses,
we adjusted for these additional variables to
explore the extent to which such factors
might partly explain the observed mortality
differences by SNAP status. Information on
dietary habits, of special interest in these
populations, is unfortunately not available
in NHIS.

To consider the issue of reverse causation
because of substantial prevalent disease, we
conducted a sensitivity analysis in which we
excluded all person-time and events in the
first year of follow-up. We performed ana-
lyses with Stata version 14 (StataCorp LP,
College Station, TX), with 2-tailed a< 0.01
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to conservatively assess our 3 main mortality
outcomes (all-cause, cardiovascular, diabetes).

RESULTS
When we compared the 499 471 US men

and women in our analysis, the mean age of
SNAP participants was about 4 to 6 years
younger than either SNAP-ineligible in-
dividuals or SNAP-eligible nonparticipants
(Table 1). Participants in SNAP were
more likely to be female (61.9%) than
SNAP-eligible nonparticipants (55.9%) or
SNAP-ineligible individuals (51.0%). About
half of both SNAP participants and
SNAP-eligible nonparticipants were White;
about three quarters of SNAP-ineligible in-
dividuals were White. About 1 in 4 (26.4%)
and 1 in 6 (16.4%) of SNAP participants and
SNAP-eligible nonparticipants were Black,
respectively. SNAP-ineligible individuals
were far more likely to have greater educa-
tion, whereas SNAP participants and
SNAP-eligible nonparticipants had much
more similar distributions of educational at-
tainment. Compared with SNAP-ineligible
individuals, individuals eligible or partici-
pating in SNAP were slightly more likely to
live in the southern United States, compared
with other regions.

As would be expected, SNAP-ineligible
individuals were more likely to be employed
and had higher household incomes.
SNAP-ineligible individuals were also more
likely to be married and to be in families with
multiple adults and no children. Differences
in health insurance were more modest and,
interestingly, a greater proportion of SNAP
participants had health insurance compared
with SNAP-eligible nonparticipants. Mean
BMI for all groups was overweight (25.0 to
<30.0 kg/m2), yet BMI was higher among
SNAP participants compared with the other
groups. Participants in SNAP were more
likely to be current smokers; prevalence of
heavy alcohol intake was similar among
groups. SNAP-ineligible individuals were
more likely to meet guidelines for physical
activity. The prevalence of hypertension was
similar between SNAP participants and
SNAP-eligible nonparticipants, but lower for
SNAP-ineligible individuals. The prevalence
of high cholesterol was similar across all
groups.

TABLE 1—Respondent Characteristics: US National Health Interview Survey 2000–2009

Characteristic No.
SNAP-Ineligible

Individuals (n = 417 547)
SNAP Participants

(n = 31 761)

SNAP-Eligible
Nonparticipants
(n = 50 433)

No. of deathsa

All-cause 39 293 29 868 2 884 6 541

Coronary heart disease 7 408 5 571 533 1 304

Stroke 2 185 1 668 145 373

Diabetes 1 376 989 143 244

Cardiovascularb 9 593 7 239 677 1 677

Cardiometabolicc 10 969 8 230 817 1 921

Age, yd 499 741 49.3 (49.2, 49.5) 45.0 (44.8, 45.3) 50.8 (50.5, 51.0)

Female 499 741 51.0 (50.8, 51.1) 61.9 (61.5, 62.4) 55.9 (55.5, 56.3)

Race/ethnicity 499 741

Non-Hispanic White 361 368 76.5 (76.1, 77.0) 48.6 (47.3, 49.9) 53.4 (52.3, 54.4)

Non-Hispanic Black 55 258 9.1 (8.8, 9.4) 26.4 (25.3, 27.6) 16.4 (15.7, 17.2)

Hispanic 58 394 9.4 (9.2, 9.7) 20.7 (19.8, 21.6) 24.4 (23.6, 25.3)

Non-Hispanic other 24 721 4.9 (4.7, 5.0) 4.3 (3.8, 4.8) 5.8 (5.3, 6.2)

Education 492 383

<high school 78 951 11.5 (11.3, 11.7) 40.0 (39.2, 40.7) 38.7 (37.9, 39.4)

High school or equivalent 146 584 29.2 (28.9, 29.5) 33.7 (33.1, 34.3) 31.9 (31.3, 32.5)

Some college 132 473 28.2 (28.0, 28.4) 21.6 (21.0, 22.3) 20.0 (19.1, 20.2)

College graduate 134 374 31.1 (30.7, 31.6) 4.7 (4.4, 5.0) 9.7 (9.3, 10.2)

Region of residencee 499 741

Northeast 94 490 19.4 (18.9, 19.9) 17.5 (16.5, 18.5) 16.0 (15.3, 16.7)

Midwest 118 562 24.3 (23.6, 24.9) 23.8 (22.6, 24.9) 19.4 (18.6, 20.3)

South 183 440 35.7 (35.0, 36.4) 41.4 (40.0, 42.8) 41.8 (40.8, 42.9)

West 103 249 20.6 (20.1, 21.2) 17.4 (16.3, 18.4) 22.7 (21.8, 23.7)

Married 498 330 68.4 (68.0, 68.7) 35.7 (34.8, 36.5) 46.8 (46.1, 47.5)

Employedf 498 950 69.5 (69.2, 69.8) 39.7 (39.0, 40.4) 45.2 (44.5, 45.8)

Health insurance coverageg 497 023 89.2 (89.0, 89.3) 71.3 (70.7, 72.0) 65.9 (65.2, 66.5)

Family structure 255 754

1 adult, no children 44 143 15.7 (15.5, 16.0) 17.4 (16.7, 18.1) 30.2 (29.5, 30.1)

Multiple adults, no children 112 353 47.5 (47.3, 47.8) 22.0 (21.2, 22.8) 28.9 (28.3, 29.5)

1 adult, at least 1 child 8 798 2.2 (2.2, 2.3) 14.2 (13.7, 14.7) 6.2 (6.0, 6.5)

Multiple adults, at least 1

child

90 486 34.5 (34.2, 34.9) 46.4 (45.5, 47.3) 34.7 (34.0, 34.9)

Poverty-to-income ratioh 499 741

0–0.74 32 037 0.0 (0.0, 0.0) 39.7 (38.8, 40.6) 37.9 (37.2, 38.5)

0.75–1.24 40 402 0.0 (0.0, 0.0) 29.1 (28.2, 29.9) 61.5 (60.9, 62.2)

1.25–1.99 66 054 14.4 (14.1, 14.7) 17.5 (16.8, 18.2) 0.6 (0.5, 0.7)

2.00–3.99 155 798 36.5 (36.2, 36.9) 11.1 (10.5, 11.8) 0.0 (0.0, 0.0)

‡ 4.00 205 449 49.1 (48.6, 49.5) 2.5 (2.2, 2.9) 0.0 (0.0, 0.0)

Body mass index,d,i,j kg/m2 218 540 27.2 (27.1, 27.2) 29.4 (29.3, 29.5) 27.4 (27.3, 27.5)

Smokingi 255 754

Never 137 033 54.7 (54.3, 55.0) 42.4 (41.5, 43.7) 53.2 (52.4, 54.0)

Former 62 813 25.9 (25.6, 26.1) 16.7 (16.0, 17.3) 20.5 (19.9, 21.1)

Current 55 908 19.5 (19.2, 19.7) 41.0 (40.0, 42.0) 26.3 (25.6, 27.0)

Continued
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Mortality by SNAP Status
During a mean 6.8 years of follow-up

(maximum 11.9 years), 39 293 deaths oc-
curred, including 9593 from cardiovascular
disease (7408 CHD; 2185 stroke) and 1376
from diabetes (Table 1). When we adjusted
for age and gender, SNAP participants
exhibited the highest risk of all-cause and
cardiometabolic mortality, followed by
SNAP-eligible nonparticipants and then

SNAP-ineligible individuals (Figure 1).
Total mortality was 51% higher among
SNAP-eligible nonparticipants (hazard ratio
[HR]= 1.51; 95% confidence interval
[CI] = 1.46, 1.56), and 100% higher among
SNAP participants (HR=2.00; 95%
CI= 1.90, 2.10). Mortality differences were
largest for deaths attributable to diabetes, with
82% higher risk (HR=1.82; 95% CI= 1.55,
2.13) among SNAP-eligible nonparticipants

and 3-fold higher risk (HR=3.04; 95%
CI= 2.52, 3.67) among SNAP participants,
compared with SNAP-ineligible individuals.
Notably, mortality was significantly higher
(P < .01) among SNAP participants compared
with SNAP-eligible nonparticipants for all
outcomes (except for stroke mortality;
P= .016). Mortality differences were con-
sistent over time, with increasing divergence
of survival throughout follow-up (Figure 2).
Findings were very similar in sensitivity an-
alyses excluding all person-time and events
occurring in the first year of follow-up (data
not shown).

By age and gender. Findingswere consistent
when stratified by age, although, as would be
expected, proportional mortality differences
by SNAP status were larger among in-
dividuals aged 25 to 64 years, whereas ab-
solute mortality difference by SNAP status
were larger among individuals aged 65 years
or older (Figure A, available as a supplement
to the online version of this article at http://
www.ajph.org). Results were also consistent
with the overall findings when stratified by
gender (Figure B, available as a supplement to
the online version of this article at http://
www.ajph.org).

By race/ethnicity. Higher all-cause and
cardiovascular mortality among SNAP par-
ticipants was largely restricted to Whites
(HR=2.25; 95% CI= 2.12, 2.40; and
HR=2.29; 95% CI= 2.01, 2.61) and Blacks
(HR=2.26; 95% CI= 2.10, 2.43; and
HR=2.38; 95% CI= 2.01, 2.83), with
a smaller risk difference among Hispanics
(HR=1.28; 95% CI= 1.17, 1.40; and
HR=1.25; 95% CI= 1.04, 1.50; Figure 3).
By contrast, higher diabetes mortality among
SNAP participants was evident in Whites
(HR=2.81; 95% CI= 2.07, 3.82), Hispanics
(HR=3.29; 95% CI= 2.40, 4.50), and es-
pecially Blacks (HR=5.16; 95% CI= 3.90,
6.82). When we compared SNAP-eligible
nonparticipants to SNAP-ineligible in-
dividuals, we saw similar racial/ethnic dis-
parities, but these differences were of smaller
magnitude. Key exceptions were among
Hispanics: Hispanic SNAP-eligible non-
participants did not have higher total or
cardiovascular mortality compared with
SNAP-ineligible Whites; SNAP-ineligible
Hispanics actually had lower total and car-
diovascular mortality compared with
SNAP-ineligible Whites.

TABLE 1—Continued

Characteristic No.
SNAP-Ineligible

Individuals (n = 417 547)
SNAP Participants

(n = 31 761)

SNAP-Eligible
Nonparticipants
(n = 50 433)

Alcohol intakei,k 181 872

Never 38 597 18.9 (18.6, 19.2) 34.4 (33.4, 35.4) 33.3 (32.5, 34.2)

Light 97 925 55.1 (54.7, 55.4) 48.3 (47.3, 49.3) 46.4 (45.5, 47.3)

Moderate 33 684 20.0 (19.4, 20.0) 10.4 (9.8, 11.0) 13.4 (12.8, 14.0)

Heavy 11 665 6.3 (6.2, 6.5) 6.8 (6.3, 7.4) 6.8 (6.4, 7.3)

Physical activityi,l 236 945

Does not meet either

guideline

130 271 51.3 (50.8, 51.7) 72.4 (71.5, 73.4) 70.1 (70.0, 71.2)

Meets guideline for strength

physical activity

8 666 3.8 (3.7, 3.9) 2.9 (2.7, 3.2) 3.2 (2.9, 3.4)

Meets guideline for aerobic

physical activity

60 463 27.1 (26.8, 27.4) 18.2 (17.5, 19.0) 18.8 (18.2, 19.4)

Meets both guidelines 37 545 17.9 (17.6, 18.2) 6.4 (5.9, 6.8) 7.2 (6.8, 7.6)

Note. SNAP= Supplemental NutritionAssistanceProgram. Some SNAPparticipantsmay have income-to-
poverty ratios >1.3 because income tests do not apply if all family members participate in Temporary
Assistance forNeedy Familiesor receive Supplemental Security Income. In addition, SNAPparticipation is on
a monthly basis whereas data on income were collected on an annual basis. Values are proportions
(95% confidence intervals) within each column unless otherwise noted, accounting for survey design
samplingweights.Percentagesmightnotadd to100becauseof rounding.Thesamplesizewasn=499741.
aInternational Classification ofDisease, Tenth Revision, codes,15 as identifiedbyNational Center for Health
Statistics Linked Mortality Public-Use Files: coronary heart disease (I00–I009, I11, I113, I20–I51), stroke
(I60–I69), diabetes (E10–E14). Cardiovascular disease mortality includes deaths from coronary heart
disease and stroke, and cardiometabolic disease mortality includes deaths from cardiovascular disease
and diabetes.
bCoronary heart disease and stroke.
cCoronary heart disease, stroke, and diabetes.
dSurvey-weighted mean (95% confidence interval).
eCensus regions (https://www.census.gov/geo/reference/gtc/gtc_census_divreg.html).
fEmployed duringweek before interview. Includesworking not for pay at a family business and part-time
employment.
gIncludes coverage under private and public health insurance policy.
hComputed as income divided by poverty threshold, accounting for family size and composition.
Households with current gross incomes greater than 1.3 of the poverty threshold can have participated
in SNAP because of meeting other criteria (e.g., household net income less than or equal to 1.0 of the
poverty threshold) or becauseof increases in income since theyparticipated in SNAPduring thepast year
(https://www.census.gov/hhes/www/poverty/about/overview/measure.html).
iData available only for a random subsample of respondents in each year.
jNational Health Interview Survey staff computed body mass index based on self-reported height and
weight.
kNever = fewer than 12 drinks in lifetime; light = 3 or fewer drinks per week over the past year; mod-
erate = 3 ormore drinks per week up to 14 drinks per weekover the past year (men), 3 ormore drinks per
week up to 7 drinks per week over the past year (women); heavy = greater than 14 drinks per week over
the past year (men), greater than 7 drinks per week over the past year (women).
lLeisure time physical activity guideline is from Healthy People 2020.
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Adjustment for Potential
Explanatory Variables

Disparities in mortality by SNAP status
were smaller following additional adjustment
for race/ethnicity, education, region of resi-
dence, employment status, marital status,
insurance coverage, family structure, and, in
a subset, BMI, smoking, alcohol intake,
physical activity, hypertension, and high
cholesterol (Table A, available as a supple-
ment to the online version of this article at
http://www.ajph.org). Among these, dif-
ferences in race/ethnicity, region, insurance
coverage, family structure, BMI, smoking
status, alcohol intake, physical activity, and
hypertension each had little appreciable in-
fluence, whereas differences in education,
employment status, and marital status (and,
for stroke, physical activity) each partly at-
tenuated the disparities in mortality, sug-
gesting that these factors at least partly explain
the differences in risk of death. Yet, evenwith
these additional adjustments, significant
(P < .01) differences in mortality remained
among SNAP-ineligible individuals,
SNAP-eligible nonparticipants, and SNAP

participants. Additional adjustment for high
cholesterol in a small subset removed
remaining mortality differences between
SNAP-eligible nonparticipants and SNAP
participants, although significant (P< .01)
differences in all-cause mortality between
these groups and SNAP-ineligible individuals
remained.

DISCUSSION
In this nationally representative in-

vestigation of nearly half a million Americans
enrolled and followed from 2000 through
2011, individuals in families participating in
SNAP during the previous year exhibited
higher risk of subsequent all-cause, cardio-
vascular, and especially diabetes mortality,
compared with either SNAP-eligible non-
participants or SNAP-ineligible individuals.
Risk among SNAP-eligible nonparticipants
was only about half as large as that of SNAP
participants, even though many sociodemo-
graphic characteristics were similar in these
groups (other than age and gender, which

were adjusted in all analyses). These observed
mortality differences by SNAP status were
similar in subgroups stratified by age and
gender. When stratified by race/ethnicity,
mortality differences according to SNAP
status were more heterogeneous, with several
interesting findings. To our knowledge, this is
the first investigation to evaluate all-cause and
cause-specific cardiometabolic mortality dif-
ferences according to SNAP status in the
contemporary era.

Participation in SNAP is linked to many
sociocultural, environmental, and behavioral
characteristics.6,21 For example, people who
perceive themselves to be at higher health
risk, which can have consequences for em-
ployment, food security, and poverty, may
be more likely to elect to participate in
SNAP.6,22 Compared with nonparticipants,
SNAP participants are more likely to have
children or other family members with de-
velopmental delays or functional limitations,
and aremore likely to report forgoingmedical
care because of financial hardship.6 Such
conditions, whether acute or chronic, likely
influence individuals’ choice to participate in
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SNAP, yet the effects of these specific in-
fluences on the choice to participate in SNAP
are challenging to assess in large nationally
representative data sets. Thus, it is crucial to
emphasize that our findings should not be
interpreted as a causal effect of participating in
SNAP. For instance, it is plausible that these
individuals, if they did not participate in
SNAP, might have even worse health
outcomes.

Among potential explanatory variables,
differences in education, employment status,
and marital status each appeared to partly, but
not fully, account for the observed disparities
in mortality. Adjustment for high cholesterol
in a small subset removed remainingmortality
differences between SNAP-eligible non-
participants and SNAP participants, yet dif-
ferences in all-cause mortality remained
between these groups and SNAP-ineligible
individuals. Although our investigation does
not specify the cause of these disparities, we
can conclude that these disparities exist and
that low-income Americans require even

greater efforts to improve their health than
they currently receive.

Lifestyle habits are principal determinants
of cardiometabolic diseases, major contribu-
tors to the identified health disparities in our
analysis.More than 40%of SNAP participants
were current smokers, compared with 26% of
SNAP-eligible nonparticipants and 20% of
SNAP-ineligible Americans, and only 18%
met guidelines for aerobic physical activity
(although this was similarly poor among
SNAP-eligible nonparticipants). Suboptimal
diet is a leading cause of poor health,23 and
SNAP participants tend to have lower diet
quality than nonparticipants.24

Modifications to SNAP provide a natural
opportunity to improve the health of its
participants: SNAP is an existing point of
contact, diet is a major determinant of car-
diometabolic diseases,12 and this is an area of
active policy discussion and innovation at
state and national levels. For example, recent
experience in Massachusetts demonstrated
that providing a financial incentive to SNAP

participants of $0.30 for every $1.00 spent on
fruits and vegetables increased consumption
of these foods by 26%.25 On the basis of this
success, the US Department of Agriculture
has funded similar projects in 26 states, to-
taling $31 million.26 Although this is prom-
ising, this subsidy represents less than 0.1% of
the $82 billion SNAP budget,3 suggesting
a need for larger and broader economic in-
centives on more healthy food items.

In addition, SNAP could omit or provide
financial disincentives for unhealthful op-
tions.27,28 For example, the recent bipartisan
report on hunger and food security concluded
that sugar-sweetened beverages should be
removed from program eligibility,29 which
has precedent in other currently omitted
items such as alcohol, prepared hot foods, and
dietary supplements. Although questions re-
main about political feasibility and imple-
mentation,10,30,31 broad public support exists
for these proposals, even among SNAP par-
ticipants.32,33 Another major US Department
of Agriculture feeding program, the Special
Supplemental Nutrition Program for
Women, Infants, and Children, already
contains potential exemplar health criteria.34

Several modeling studies have estimated
that altering financial incentives for different
foods purchased by SNAP participants would
improve diets and reduce CVD and di-
abetes.35–37 For SNAP, a voluntary, com-
bined incentive–restriction program (which
we would term “SNAP-plus”) might be
effective and well-received. If participants
elected to participate in SNAP-plus, the
Electronic Benefits Transfer system would
provide a 30% subsidy for selected healthful
foods (e.g., for each $1 spent on fruits or
vegetables, 70% would come from the usual
SNAP benefit and 30% from additional
government subsidies) and restrictions on the
use of SNAP benefits for selected unhealthful
foods. Pilot studies are needed to adequately
evaluate the effectiveness of restricting such
purchases, and to minimize administrative
challenges and burden to participants and
retailers.31

More broadly, state or national pricing
frameworks and incentives for industry (ag-
riculture, manufacturers, retailers, restaurants)
could increase prices of less-healthful foods
and subsidize prices of more-healthful foods
for all Americans, normalizing prices closer to
true societal costs and thereby altering
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incentives across the food system to improve
health and reduce disparities.38,39 Additional
effective approaches for improving dietary
habits can include focused mass media cam-
paigns, food and menu labeling, changes to
the built food environment, and food pro-
curement policies and quality standards in
schools, worksites, and government offices.40

The health system represents another key
platform to help reduce health disparities.We
found that SNAP participants were more
likely than SNAP-eligible nonparticipants to
have health insurance, yet still had worse
outcomes, indicating a need for health sys-
tems strengthening to address their risk. For
instance, several organizations are testing
novel health systems strategies to better
evaluate and address social determinants
of health.41 Promising community
approaches include standardized training of
community-based health workers42 and im-
proved reimbursement for community-based
health education.43,44 Our findings highlight
the need for careful investigation of the major
determinants of the identified mortality

differences by SNAP participation status,
including the notable heterogeneity by
race/ethnicity, and corresponding
evidence-informed interventions and
evaluation.

Strengths and Limitations
Our analysis has several strengths. This is

the first study, to the best of our knowledge,
to compare all-cause and cause-specific car-
diometabolic mortality among SNAP par-
ticipants, SNAP-eligible nonparticipants, and
SNAP-ineligible individuals overall and
stratified by age, gender, and race/ethnicity.
The large sample size and numbers of events
allowed us to detect meaningful health dis-
parities among groups. These data are na-
tionally representative for age, gender, and
race/ethnicity, making our findings gener-
alizable to the US population.

Potential limitations should be considered.
Cause-of-death coding is subject to error,
with possible overestimation of CHD mor-
tality45,46 and underestimation of diabetes

mortality.47 Thus, our findings should be
considered the best available national esti-
mates, rather than perfect clinical de-
termination, of mortality differences. The
overall NHIS response rate was 82% to 88%;
although this is relatively high, SNAP par-
ticipants were 6% of the sample, compared
with 8% to 9%of allUS adults during the same
time period.48–50 This indicates either
underparticipation or underreporting by
SNAP participants in NHIS, as observed by
others,6 and may result from sicker in-
dividuals, who may be more likely to par-
ticipate in SNAP, being less likely to
participate in national surveys. Thus, our
findingsmay underestimate the truemortality
differences according to SNAP participation.

The NHIS survey does not assess the
duration of time individuals have been in
SNAP, and SNAP participation is also dy-
namic over time, with changes in monthly
participation status as household income and
other conditions vary.51 As a consequence,
some participants may have beenmisclassified
because of movement in and out of SNAP
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over time. Yet, the mortality differences we
observed were stable over time, indicating
that, even with some inevitable mis-
classification, SNAP participation status over
the previous year usefully discriminates future
health risk. Our analysis aimed to determine
and describe mortality differences according
to SNAP status, not draw inference on causal
effects of participating in SNAP. Other
household and individual characteristics and
conditions may be related to both SNAP
participation and risk of mortality; our find-
ings heighten the need to identify and address
the determinants of these poor health
outcomes.

Public Health Implications
Individuals participating in SNAP

exhibited higher risk of subsequent all-cause
and cause-specific cardiometabolic mortality
compared with SNAP-eligible non-
participants and SNAP-ineligible individuals,
particularly for diabetes mortality. These
mortality differences were consistent by age
and gender, whereas racial/ethnic differences
and disparities were more varied. These re-
sults show that low-income Americans re-
quire even greater efforts to improve their
health than they currently receive, and such
efforts should be a priority for public health
policymakers.
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