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Abstract

Objective: Food insecurity has been linked to adverse health consequences. We sought to determine if food
insecurity was related to obesity and prediabetes risk in U.S. adolescents. We also investigated if Supplemental
Nutrition Assistance Program (SNAP) utilization mitigated any observed risks.

Materials and Methods: We used linear and logistic regression analysis of cross-sectional data from a na-
tionally representative sample of U.S. adolescents aged 12—-19 years participating in the National Health And
Nutrition Examination Survey 2003-2014 who had an income:poverty ratio of <5.0 and had complete data
regarding metabolic laboratory assessments, food security, and socioeconomic status (n=2662).

Results: Food insecurity was present in 18.40% (95% confidence interval (CI): 16.47-20.37) among U.S. ado-
lescents meeting inclusion criteria. Food insecurity was associated with increased odds of elevated blood pressure
(adjusted odds ratio [aOR]=1.57, 95% CI: 1.11-2.22) and prediabetes (aOR=1.94, 95% CI: 1.16-3.25). SNAP
usage was associated with higher body mass index z-score (e.g., mean: 0.80 vs. 0.59, P=0.02), increased insulin
resistance, and increased prediabetes odds among food-secure adolescents relative to nonusage.

Conclusions: Food insecurity is relatively prevalent among U.S. adolescents with an income:poverty ratio of
<5.0. Food insecurity is related to laboratory abnormalities and corresponding adverse health outcomes among
U.S. adolescents in this relatively large sample. SNAP usage was associated with adverse health observations
among food-secure adolescents. Ongoing efforts are still needed toward food assistance as important public
health efforts aimed at mitigating the adverse outcomes related to food insecurity.
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Introduction

0OD INSECURITY HAS been studied over several decades

with data associating it with worse health outcomes,
including poorer general health, poorer cognitive and de-
velopmental outcomes, obesity, and increased risk of hos-
pitalization.'™ Despite food insecurity repeatedly being
linked to adverse health outcomes, specific associations
have been difficult to replicate across different studies and
sample groups. Variations have been reported based on sex,
age, socioeconomic status, geography, and other factors.®
Among children and adolescents, food insecurity has been
linked both to being underweight (largely in developing
areas of the world)'®'? and to overweight or obesity
(in developed areas),”'*'* though the majority of these

studies have been performed among younger children,
leaving these relationships unclear among U.S. adolescents.
Also unclear is whether these relationships with obesity
extend to other metabolic consequences, including findings
related to the metabolic syndrome (MetS).

It is important to understand how food insecurity plays a
role in the current obesity epidemic among children and
adolescents. While the prevalence of obesity may have
plateaued, body mass index (BMI) z-scores have consis-
tently trended upward in U.S. adolescents.'> Childhood and
adolescent obesity portends other adverse outcomes such as
MetS, prediabetes, cardiovascular disease, fatty liver dis-
ease, and renal dysfunction.'®"® Food insecurity is a po-
tentially modifiable factor in the pathogenesis of the obesity
epidemic. One potential means of mitigating food insecurity
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is through the Supplemental Nutrition Assistance Program
(SNAP), though data assessing food insecurity and SNAP
use among adolescents are scarce.

In assessing these relationships among U.S. adolescents,
we hypothesized the following: (1) food insecurity would be
independently associated with obesity in U.S. adolescents,
as we had previously demonstrated in U.S. kindergarten-
ers'*; (2) among adolescents with available fasting labora-
tory data, food insecurity would be associated with
metabolic abnormalities; and (3) SNAP utilization would
mitigate the adverse associations with food insecurity, as
had been demonstrated in previous studies.>°

Materials and Methods

We examined participant data from the CDC NHANES
from 2003 to 2014. NHANES is a cross-sectional, national,
stratified, multistage probability survey conducted in 2-year
waves with randomly selected noninstitutionalized U.S. ci-
vilians. We included multiple waves of the study to allow for
improved power. Race/ethnicity was self-reported as white or
black Hispanic, non-Hispanic white, or non-Hispanic black
(subsequently referred to as Hispanic, white, and black, re-
spectively). Racial/ethnic minorities and individuals <130%
of the federal poverty level were intentionally oversampled.
Sample weights were provided by NHANES to account for
the oversampling as well as different response rates in an
effort to create a nationally representative sample.”' Addi-
tional weights were created based on fasting status for labo-
ratory measures. This study was approved by the National
Center for Health Statistics ethics review board (Protocol
Nos. 98-12, 2005-06, and 2011-17). Participants or their
legal guardians provided informed consent.

Food security was assessed with the U.S. Department of
Agriculture (USDA) 18-item household food security ques-
tionnaire.”>** Ten questions were directed at the adult and
household experience with food insecurity, and eight ques-
tions were directed at child-specific experiences. A composite
scaled score and categorical classification of household food
security was created using all 18 items, with positive re-
sponses to any of the questions indicating the presence of
food insecurity.*** The food security questionnaire was
administered only to participants with a household income-
to-poverty ratio <5.0. SNAP utilization was self-reported and
was asked of all participants (including those who were in-
eligible to receive SNAP benefits). There was an adjustment
in survey questionnaire phrasing between 2006 and 2007,
changing from if a household was “‘authorized” for SNAP to
if a household ‘“‘had received” SNAP benefits.

Dietary intake was determined based on two 24-hour food
recall interviews administered by a trained dietary inter-
viewer using a four-step multipass approach. The first recall
interview was administered on examination day at the mo-
bile examination centers. The second recall interview was
administered by telephone. Interview data were processed
and coded to determine specific macronutrient intake based
on the USDA National Nutrient Database for Standard Re-
ference.”**> Total macronutrient intake (in grams) was
calculated as an average of the two 24-hour food recall in-
terviews. Macronutrient consumption was reported as per-
centage of total calories accounted by specific food group.”®
The equations were as follows: % total energy from—
carbohydrates (4 xgrams of carbohydrates)/total calories,
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protein (4 x grams of protein)/total calories, fats (9 x grams
of fats)/total calories. Physical activity data did not have a
consistently surveyed variable until the 2007-2008 wave.
Starting then, physical activity was self-reported as average
daily minutes of moderate-to-vigorous physical activity.

Clinical and fasting laboratory measurements were ob-
tained each year using controlled equipment and protocols.
Fasting samples were obtained from participants who at-
tended morning sessions at the mobile examination centers.
z-scores were calculated according to the U.S. CDC 2000
Growth Reference adjusting for age and gender.”’ Elevated
blood pressure (BP) was defined as average systolic or di-
astolic BP exceeding the 90th percentile for a%e, sex, and
height, or being on antihypertensive medication.”® MetS was
evaluated with the adolescent adaptation of the Adult
Treatment Panel III (ATP-III) criteria and with the MetS
severity score (MetS z-score-http://mets.health-outcomes-
policy.ufl.edu/calculator). ATP-III MetS was defined as
having at least three of five: elevated BP, BMI z-score,
fasting glucose, fastinF triglycerides, or low high-density
lipoprotein (HDL).?**" Prediabetes was defined per criteria
from the American Diabetes Association with glycosylated
hemoglobin (HbA1C) between 5.7%-6.4%.>* Because of
small numbers of those with diabetes, we combined predi-
abetes and diabetes for analysis.

Participants aged 12-19 were included for analysis. Only
Hispanic, white, and black participants were included be-
cause the MetS z-score has not been derived for other
race/ethnicity groups. Participants were excluded on the
basis of following factors: antidiabetic medication usage,
pregnant at the time of examination, nonfasting status, in-
complete laboratory data regarding MetS, incomplete
household income data, incomplete parental education data,
and incomplete food security assessment. The final sample
only included adolescents with household income-to-
poverty-ratio <4.0 due to the food security assessment ad-
ministration. Antidiabetic medication usage and pregnancy
status were used as exclusion criteria, given their potential
to alter laboratory data and/or current weight status. It is
important to note for the major excluding factor (incomplete
laboratory data), fasting laboratory data were only drawn on
half of all NHANES participants, those who are attending
morning sessions at the mobile examination centers.

Statistical analyses were performed with SAS (version
9.4, Cary, NC). Survey procedures were used to account for
the survey design and incorporated sample weights as pro-
vided by NHANES. Least-squares mean analyses were used
to show differences in clinical measurements between dif-
ferent groups. Logistic regression analyses were used to
show differences in clinical outcomes between different
groups. Out of concern for the potential for confounding, all
statistical analyses adjusted for age, sex, race/ethnicity, and
household income-to-poverty ratio, as performed in pre-
vious NHANES assessments of food insecurity in other age
ranges.'>*° For all logistic regression models, we assessed
for possible interactions that food insecurity might have
with age, sex, and income (separately). Having found not
such interactions, the interaction terms were dropped from
the models. We assessed collinearity between income and
insecurity through the variance inflation factor; values were
<2, indicating no collinearity. Because of the large number
of participants being excluded due to nonfasting status, we
performed a sensitivity analysis evaluating all participants
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with data regarding food insecurity status and family income
for relationships with body weight status, BP, and HbA1C,
which does not require fasting status.

Results

We analyzed data from 2662 participants with complete
data as previously described. Table 1 shows the demographic
data of the sample. Food insecurity was present in 18.40%
(95% confidence interval [CI]: 16.47-20.37) of the sample.
Chi-square tests revealed significant differences in the dis-
tribution of food insecurity within groups by race/ethnicity
and income-to-poverty ratio. In direct comparison with white
participants, the proportion of the food-insecure partici-
pants was higher in Hispanic and black adolescents (both
P <0.0001). The proportion of food-insecure participants was
higher in those with lower household income-to-poverty ratio
<1.0 than for 2.0-3.0 (P<0.0001) and in those whose pa-
rental education ended at high school compared with those
beyond high school (P<0.0001). There was no statistically
significant difference in food insecurity prevalence based on
sex in our sample. Excluded participant characteristics are
shown in Supplementary Table S1. There were no differences
based on sex, household income, or parental education. There
was a difference within race/ethnicity due to all participants
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in the “‘other” race/ethnicity category (Asian, Pacific Islan-
der, Native American/Alaskan, and mixed) being excluded
because the MetS z-score has not been derived for these
groups yet.

Of the final sample, 3.64% (95% CI: 2.72-4.56) had
prediabetes as determined by HbA1C, whereas only 0.12%
(95% CI: 0.00-0.25) had diabetes. In subsequent analyses,
the small percentage of participants with diabetes was
grouped with the participants with prediabetes.

Table 2 shows metabolic differences based on food insecu-
rity status. Food-insecure adolescents had significantly higher
HbA1C (5.21 vs.5.16, P=0.03) and increased odds of elevated
BP (adjusted odds ratio [aOR]=1.65, 95% CI: 1.38-1.98) and
prediabetes/diabetes (aOR=1.96, 95% CI: 1.17-3.19). No-
tably, food-insecure adolescents overall did not have a higher
BMI z-score, or increased odds of ATP-III MetS, being either
overweight or obese, or being obese. We did note potential
trends toward higher BMI z-score (P =0.06) and higher MetS z-
score (P=0.11) in the food-insecure group.

Table 3 shows differences in macronutrient consumption
based on food insecurity status and SNAP utilization. Not all
participants in the sample had complete data regarding di-
etary intake and SNAP. In a subset of 2392 participants with
complete data regarding dietary intake and food insecurity,
food-insecure adolescents ate fewer total calories than their

TABLE 1. PARTICIPANT DEMOGRAPHICS®

Total sample

. b
Food secure Food insecure

n % (95% CI) n % (95% CI) n % (95% CI)
2662 1977  81.58 (79.63-83.53) 685 18.40 (16.47-20.37)
Sex
Female 1225 48.14 (45.17-51.11) 915 82.49 (80.02-94.97) 310 17.51 (15.03-19.98)
Male 1437 51.86 (48.89-54.83) 1062 80.73 (78.06-83.40) 375 19.27 (16.60-21.94)
P=0.30
Race ethnicity
Hispanic 986 18.76 (15.49-22.03) 680 70.53 (66.60-74.45) 306 29.47 (25.55-33.40)
White 819 66.08 (61.87-70.29) 683 87.37 (85.17-89.57) 136 12.63 (10.43-14.83)
Black 857 15.16 (12.66-17.66) 614 70.00 (65.39-74.62) 243 30.00 (25.38-34.61)
P <0.0001
Income:poverty
4.0-5.0 444 27.35 (23.81-30.89) 437 98.61 (85.93-100.00) 7 1.39 (0.15-2.62)
3.0-4.0 279 14.25 (11.44-17.05) 254 91.86 (72.62-100.00) 25  8.13 (3.29-100.00)
2.0-3.0 358 14.41 (12.36-16.36) 290 84.15 (69.60-98.69) 68 15.85 (10.06-21.64)
1.0-2.0 715  21.73 (19.47-24.00) 493 71.30 (61.63-80.97) 222 28.70 (24.06-33.33)
<1.0 866 22.26 (19.26-25.26) 503 62.44 (56.82-68.06) 363 37.56 (31.94-43.18)
P <0.0001
Parental education
No HS diploma 702 15.09 (13.02-17.16) 436 64.68 (59.87-69.50) 266 35.32 (30.50-40.13)
HS diploma 570  19.71 (16.83-22.50) 389 74.76 (69.27-80.25) 181  25.24 (19.75-30.73)
>HS diploma 1390  65.20 (61.59-68.80) 1152 87.55 (85.49-89.62) 238 12.45 (10.38-14.51)
P <0.0001
SNAP use (subset of sample) 1885 1346 539
Used SNAP 626 33.21 (28.01-38.41) 341 25.33 (21.35-29.32) 285 52.88 (42.96-62.80)
Did not use SNAP 1259 66.79 (60.78-72.80) 1005 74.67 (69.74-79.59) 254 47.12 (38.44-55.81)

P <0.0001

“Demographic breakdowns for the total sample are shown in the left-most columns. The distribution of food insecure among the total
sample is shown in the center and right columns. Unweighted n’s and weighted percentages with 95% Cls are reported. Statistical
significance was determined through chi-square testing for difference in prevalence between groups by food security status and by

demographic characteristic subcategory.

Food security was assessed with the U.S. Department of Agriculture (USDA) 18-item household food security questionnaire,?? with
positive response to any of the questions indicating the presence of food insecurity.
CI, confidence interval; SNAP, Supplemental Nutrition Assistance Program.
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TABLE 2. CLINICAL MEASUREMENTS AND OUTCOMES BASED ON FOOD SECURITY STATUS?

N

Clinical outcomes

Overall

Food secure

Food insecure

2662

1977

685

Food insecure vs.

food secure

% (95% CI)

% (95% CI)

% (95% CI)

aOR (95% CI)

ATP-1II MetS®
Overweight or obese®
Obese®

Elevated BP!
Prediabetes or diabetes®

7.27 (5.83-8.71)
36.56 (34.07-39.04)

20.23 (17.92-22.54)
7.43 (5.85-9.02)
3.65 (2.72-4.58)

6.58 (5.05-8.11)

35.62 (32.72-38.53)
19.52 (16.93-22.10)
6.50 (4.88-8.13)
2.89 (1.98-3.81)

10.30 (7.33-13.27)
40.68 (35.89-45.48)
23.37 (19.16-27.58)
11.55 (8.62-14.48)
6.98 (4.41-9.55)

23 (0.80-1.90)
14 (0.85-1.52)
08 (0.83-1.41)
65 (1.38-1.98)
96 (1.17-3.19)

1
1
L.
1.
1

Clinical measurements

Mean (95% CI)

Mean (95% CI)

Mean (95% CI)

P

MetS z-score

BMI z-score

HDL (mg/dL)
Triglycerides (mg/dL)
Glucose (mg/dL)
Insulin (pU/mL)

-0.03 (~0.07-0.01)
0.65 (0.58-0.69)
52.63 (52.02-53.25)
85.72 (82.73-88.71)
93.04 (92.50-93.57)
12.16 (11.65-12.68)

HbA1C (%)

5.17 (5.15-5.19)

—-0.02 (-0.06-0.03)
0.64 (0.57-0.70)
52.28 (51.63-52.93)
86.32 (83.20-89.44)
93.37 (92.77-93.97)
12.46 (11.83-13.10)
5.16 (5.14-5.18)

0.06 (~0.02-0.13)
0.76 (0.65-0.87)
52.47 (51.27-53.67)
89.98 (84.28-95.67)
93.11 (92.13-94.09)
13.52 (12.25-14.78)
5.21 (5.17-5.24)

0.11
0.06
0.78
0.22
0.64
0.13
0.03

Bold text refers to statistically significant differences between the food secure and food insecure groups (P <0.05).

“Unweighted n’s and weighted percentages/means with 95% Cls are reported. ORs (comparing clinical outcomes between those food
secure and insecure) and mean levels are all reported following adjustment of age, sex, race/ethnicity, and household income-to-poverty
ratio. All clinical outcomes and clinical measurements were modeled separately.

PAt least three of the five following: elevated BMI percentile >85th%, BP, fasting triglycerides, fasting glucose, or low HDL.

“Overweight defined as BMI percentile 85 to <95; obese defined as BMI percentile >95th.

YDefined as >90th percentile for age, sex, and height.

°Prediabetes defined as A1C 5.7%—6.4%, diabetes defined as A1C >6.4%.
aOR, adjusted odds ratio; ATP, Adult Treatment Panel; BMI, body mass index; BP, blood pressure; HbA1C, glycosylated hemoglobin;

HDL, high-density lipoprotein; MetS, metabolic syndrome.

food-secure counterparts (1996 vs. 2138, P=0.03). There
were no differences in macronutrient consumption, though
there was a potential trend toward lower percentage of
saturated fat intake in those who were food insecure
(P=0.08). In a subset of 1704 participants with complete
data regarding dietary intake and SNAP usage, total calories

and macronutrient consumption did not significantly differ
based on food stamps usage.
In addition, there were no differences in self-reported
physical activity based on food insecurity status regardless of
sex or household income in the sample of participants from
2007 to 2014 (n=2894) whom these data were available for.

TABLE 3. MACRONUTRIENT CONSUMPTION DIFFERENCES BASED ON FOOD SECURITY STATUS AND SNAP UsaGe®

Food security status

Overall

Food secure

n=2392

n=1795

Mean (95% CI)

Mean (95% CI)

Food insecure

Food insecure

Calories

% carbohydrates
% protein

% saturated fat
% total fat

2114 (2065-2163)

52.74 (52.18-53.30)
14.94 (14.71-15.12)
11.27 (11.11-11.45)
33.05 (32.59-33.51)

2138 (2079-2196)

52.61 (52.03-53.20)
14.90 (14.69-14.37)
11.34 (11.14-11.54)
33.18 (32.62-33.73)

SNAP utilization

Overall

Did not use SNAP

n=1704

n=171165

Mean (95% CI)

Mean (95% CI)

Calories

% carbohydrates
% protein

% saturated fat
% total fat

2154 (2098-2209)

53.01 (52.29-53.73)
14.62 (14.40-14.85)
11.30 (11.07-11.53)
33.00 (32.38-33.62)

2169 (2148-2190)

52.55 (48.83-56.28)
14.71 (14.03-15.40)
11.48 (10.20-12.75)
33.25 (30.20-36.30)

n=597 Vs. secure
Mean (95% CI) P
1996 (1896-2095) 0.03
53.32 (52.02-54.61) 0.32
14.84 (14.37-15.30) 0.77
10.96 (10.59-11.32) 0.08
32.57 (31.58-33.55) 0.31
Used SNAP
SNAP usage
n=539 vS. nonusage
Mean (95% CI) P
2061 (1706-2416) 0.34
54.12 (49.03-59.22) 0.52
14.34 (13.14-15.54) 0.48
10.83 (8.70-12.97) 0.50
32.29 (27.81-36.77) 0.64

Bold text refers to statistically significant differences between the food secure and food insecure groups (P <0.05).

“Food recall and food stamps usage data were not complete for the entire sample. Unweighted n’s and weighted statistics are reported. All
analyses controlled for sex, age, race/ethnicity, and household income.
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SNAP utilization among food-secure adolescents

Table 4 shows how SNAP utilization affected clinical
measurements and outcomes within food-secure and inse-
cure participants. Food-secure adolescents who used SNAP
(compared with nonusage) had higher BMI z-score (0.80 vs.
0.59, P=0.03) and fasting glucose measurements (93.95 vs.
92.83, P=0.005). This corresponded with significantly in-
creased overweight/obese (aOR =1.63, 95% CI: 1.11-2.40)
and prediabetes/diabetes (aOR=5.29, 95% CI: 1.73-16.13)
odds. There was also a potential trend toward higher HbA1C
among SNAP users vs. nonusers (P=0.05).

SNAP utilization among
food-insecure adolescents

Table 4 shows how SNAP usage affected clinical mea-
surements and outcomes, both overall (adjusted for food
insecurity) and separately within food-secure and insecure
participants. In the overall sample, SNAP use was associ-
ated with higher odds of overweight and obesity, as well as
higher levels of glucose, insulin, and HbA1C. Food-insecure
adolescents who used SNAP (compared with nonusage)
showed no differences in any of the anthropometric or labo-
ratory measurements. SNAP usage in this group showed no
difference in odds for ATP-III MetS, overweight status, ele-
vated BP, or prediabetes/diabetes. There was also a potential
trend toward lower HDL cholesterol (P =0.07).

Sensitivity analysis

Given that we excluded a high number of participants on
the basis of incomplete fasting laboratory data for MetS
evaluation, we performed a sensitivity analysis among par-
ticipants with complete food security assessment and house-
hold income data (no other excluding criteria). Our goal was
to examine whether the observed associations of food inse-
curity with increased elevated BP and prediabetes/diabetes
odds, and the lack of association with BMI z-score and
overweight/obesity odds were reproducible outside of the
small restricted sample used for our primary analysis.

There were 8175 adolescents included in this sensitivity
analysis sample. The multivariate model adjusted for age, sex,
and household income consistent with our previous models. We
performed the analyses with nonfasting weights, given that
complete fasting laboratory data were no longer an inclusion
criterion. We found that food-insecure adolescents had no sig-
nificant differences in BMI z-score (difference estimate =—0.07,
95% CI: —0.16-0.01, P=0.10). Food-insecure adolescents had
elevated odds of high BP (aOR=1.35, 95% CI: 1.08-1.69).

Among these 8175 participants, 8061 had HbA1C (non-
fasting laboratory) data for which we also analyzed predi-
abetes/diabetes outcomes. Food-insecure adolescents in this
sensitivity analysis had significantly increased HbA1C (5.23
vs. 5.18, P=0.006) and increased odds of prediabetes/dia-
betes (aOR=1.59, 95% CI: 1.22-2.07). These findings are
all consistent with our central analysis.

Discussion

Our study contributes to the extensive field of food in-
security by showing associations of abnormal laboratory
measurements and corresponding clinical outcomes with
food insecurity among U.S. adolescents. In this cohort of
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2662 U.S. adolescents, food-insecure adolescents were more
likely to have elevated HbA1C, and had higher odds of
elevated BP and prediabetes/diabetes. Contrary to our ex-
pectations, we found that while there appeared to be trends
toward higher BMI z-scores among those who were food
insecure, overall food insecurity was not independently as-
sociated with obesity within this sample. In a sensitivity
analysis with a larger sample, we confirmed the observations
of the central analysis. This is important because our final
sample excluded a large number of participants on the basis
of incomplete fasting laboratory data. This sensitivity
analysis showed that these associations can be observed (or,
in the case of obesity, observed to be not significantly as-
sociated) across a larger sample, and that our final sample
was adequately powered to detect them.

How food insecurity is mechanistically related to weight
status and prediabetes is unclear. One possible theory is that
food insecurity fosters unhealthy eating behaviors in chil-
dren and adolescents, translating to poor health markers
after prolonged establishment of these habits.*> Another
theory is that food-insecure children are more dependent on
less nutritious and more obesogenic foods, perpetuating the
negative outcomes.>**> A third theory is that food insecurity
is more of a marker of poorer socioeconomic status and does
not independently influence health outcomes.®*® Our data
did not show any differences in macronutrient consumption
based on food security status, with only a potential trend of
lower saturated fat in the food-insecure group (P=0.08),
which was in the opposite direction of what one might have
guessed for higher metabolic risk. However, macronutrient
analysis is a superficial analysis. For example, percentage
carbohydrate consumption will not differentiate between the
complex and simple sugars that may affect a food’s gly-
cemic index. Based on our data, we could not support any
specific theory linking food insecurity with weight status
and prediabetes. Additionally related to lifestyle factors,
there were no significant differences in self-reported exer-
cise based on food security status.

Addressing food insecurity through food assistance pro-
grams has the potential to reduce development of adverse
health outcomes in children. Previous studies have shown that
SNAP positively influenced health among food-insecure
children.>?° However, our data showed adverse health out-
comes associated with SNAP utilization among food-secure
adolescents. SNAP usage among food-secure U.S. adoles-
cents was related to significantly increased odds of being
overweight/obese and having prediabetes/diabetes. This was
correlated with increased BMI z-score and fasting glucose in
that group, and with a trend toward lower HDL (P=0.07).
Although the statistically significant difference in fasting
glucose in that group appears clinically insignificant, it was
associated with the increased odds of prediabetes/diabetes.

The association of SNAP utilization and increased weight
status and prediabetes odds could have multiple explana-
tions. One theory previously reported is that families de-
pendent on SNAP are more likely to develop a feast—famine
cycle, characterized by 3 weeks of abundant food con-
sumption and 1 week of relative food insufficiency.®>"®
The existence of this cycle is further supported by reports of
families consistently running out of their SNAP benefits
allotment before the month’s end.*® This feast—famine cycle
fosters the development of binge-eating behaviors that result
in weight gain over time.*’ Insulin resistance may
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subsequently develop in conjunction with weight gain and
abnormal eating patterns.>’° We were limited by the nature
of the NHANES data, and we could not make any conclu-
sions explaining the observed association of SNAP usage
with increased prediabetes/diabetes and overweight/obese
odds in food-secure adolescents.

We want to emphasize that our study does not identify
SNAP as a driver of adverse health associations in U.S. ad-
olescents. Other studies have shown that SNAP is associated
with significant health benefits among food-insecure chil-
dren.** Our data showing SNAP associated with increased
odds of prediabetes/diabetes and overweight/obesity in food-
secure children suggest that there exists room for improve-
ment within SNAP. Policy-based changes can be considered
to improve the system.®*° If the current monthly distribution
plan propagates a feast—famine cycle,”’** a 2-week distri-
bution cycle may reduce this risk. Increasing nutrition and
budget management education among SNAP recipients could
also mitigate adverse outcomes associated with the feast—
famine cycle.*! Improving access to healthier nutritious foods
would provide potential benefit to SNAP recipients.*'

There are alternative theories on why SNAP utilization has
been associated with overweight/obesity and prediabetes/dia-
betes odds. Households who receive SNAP benefits could
differ from those who elect not to. These households could be
more likely to have experienced hunger, which is a more severe
variant of food insecurity. They may have experienced a greater
duration of food insecurity, with duration being the driving
factor of abnormal eating behaviors rather than the feast—
famine cycle.* NHANES is limited in its ability to assess food
insecurity duration due to the cross-sectional design.

Our study had several important limitations, especially
given the survey design of NHANES. Due to the cross-
sectional nature, we are only able to report correlations and
precise causation cannot be ascertained. Another limitation
is that physical activity was not consistently assessed 2003—
2014 and was dependent on self-reporting. Per our analyses,
the sample mean minutes of daily exercise well exceeded
current recommendations, yet the Youth Risk Behavior
Surveillance showed that there is increasing sedentary be-
havior in U.S. adolescents.*> Our analytic sample was
highly restricted, given the requirement for having complete
data regarding laboratory, socioeconomic, and food security
assessment. For example, food insecurity was designed to be
assessed only among individuals with an income:poverty
ratio <5.0 (which in the most recent year of NHANES an-
alyzed [2014] represented an income of ~$119,000 for a
household of 4). This limits the generalizability of our
findings to the whole of the U.S. adolescent population,
which is a common limitation in many studies examining
food insecurity. In addition, a large number of participants
did not answer questions regarding SNAP use, further lim-
iting our conclusions on the intersection between SNAP use,
food insecurity, and metabolic outcomes. We also excluded
individuals on medicine, which might have affected MetS
severity levels, though this applied to only a small number
of adolescents (n=19). However despite our high number of
excluded participants, the final sample and excluded par-
ticipants did not differ significantly in terms of food inse-
curity and socioeconomic status. Indeed, we had adequate
power such that some of the differences between groups
may not be seen as clinically significant, though they may
still reveal important differences on a population basis.
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Conclusions

Food insecurity has been repeatedly linked to adverse
health outcomes across various subgroups of the United
States. Our study shows that among adolescents, food in-
security most significantly carries increased odds of elevated
BP and prediabetes. The primary intervention of prediabetes
is based on lifestyle changes, which can prevent the con-
tinuation toward type 2 diabetes mellitus,** a significant
burden to both individuals and society. Thus, programs
addressing food security such as SNAP are vital to public
health efforts. Our findings associating use of SNAP with
higher weight and prediabetes may highlight the need for
further assessment of current practice regarding food secu-
rity management in the United States.
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