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BACKGROUND: Numerous studies have examined if food
insecurity (FI) leads to increased weight gain, but little is
known about how FI affects obese participants.
OBJECTIVE: Our objective was to determine if obese,
food-insecure adults are more likely to have medical co-
morbidities than obese, food-secure adults.
DESIGN:We conducted a cross-sectional study using the
2007–2014 National Health and Nutrition Examination
Survey (NHANES).
PARTICIPANTS: All obese participants (≥ 20 years) in
NHANES were eligible. Participants who were pregnant
or missing FI data were excluded.
MAINMEASURES: The primary exposure was household
FI, and the primary outcome was the total number of
obesity-related comorbidities. Secondary outcomes eval-
uated the association between FI and individual comor-
bidities. Propensity score weighting was used to improve
covariate balance. We used negative binomial regression
to test the association between FI and the total number of
comorbidities. We used logistic regression to test the as-
sociation between FI and individual comorbidities.
KEY RESULTS: Of the 9203 obese participants, 15.6%
were food insecure. FI (β = 0.09, 95% CI: 0.02, 0.15; p =
0.01) and very low food security (β = 0.17, 95% CI: 0.07,
0.28; p = 0.003) were associated with an increased num-
ber of comorbidities. In secondary analyses, FI was asso-
ciated with increased odds of coronary artery disease (OR:
1.5, 95% CI: 1.1, 2.0) and asthma (OR: 1.3, 95% CI: 1.1,
1.6). Very low food security was associated with increased
odds of coronary artery disease, diabetes, and asthma.
CONCLUSION: Obese adults living in food-insecure
householdsweremore likely to have an increased number
of comorbid conditions than obese adults living in food-
secure households. Clinicians should be aware of the
association between FI and comorbid medical conditions
when treating patients with obesity.
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INTRODUCTION

The social determinants of health (SDH), or the circum-
stances in which people are born, live, and age, have a
profound influence on morbidity and mortality.1–8 Food
insecurity (FI), the lack of consistent access to enough
food, is an important SDH affecting 40 million Ameri-
cans.9 FI is assessed by the US Department of Agriculture
(USDA). Households are identified as having high food
security (no indications of food access problems), margin-
al food security (anxiety over food sufficiency), low food
security (individuals reduce the quality of their diet, but
not food intake), and very low food security (multiple
indications of disrupted eating patterns and reduced food
intake).9

A growing body of research has found that FI is asso-
ciated with negative health outcomes.10–17 Prior studies
have also evaluated if FI is associated with obesity.18–21

Individuals living in food-insecure households are more
likely to consume cheap, high-calorie foods and are less
likely to be physically active, potentially leading to in-
creased weight gain and obesity.22–25 Although prior stud-
ies have evaluated if FI leads to obesity, there is limited
data about how FI affects individuals who are obese.
Obese adults who are food insecure may have difficulty
making lifestyle modifications due to limited resources.
This difficulty in making lifestyle modifications could
lead to obesity-related comorbid conditions, such as dia-
betes, hypertension, and cardiovascular disease.
Although prior studies have found that FI is associated

with increased risk of cardiovascular risk factors in the
general population,12,13,17 there is limited data assessing if
FI is associated with chronic conditions among obese
adults. To fill this gap in the literature, we evaluated if
FI was associated with an increased number of comorbid
conditions among obese adults. We hypothesized that
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adults who are obese and food insecure would be more
likely to have an increased number of medical comorbid-
ities than obese, food-secure individuals.

METHODS

Study Design and Data Sources

We conducted a cross-sectional analysis of data from the
National Health and Nutrition Examination Survey
(NHANES). NHANES is a series of large, cross-sectional
surveys conducted by the National Center for Health Statis-
tics.26 The data obtained in NHANES includes responses to an
in-home interview on a variety of demographic and health
characteristics, findings from a physical examination conduct-
ed at a mobile examination center, and laboratory measure-
ments. NHANES is conducted in 2-year cycles, and we com-
bined data from the 2007–2008, 2009–2010, 2011–2012, and
2013–2014 waves of NHANES. Further details of the study
design and procedures have been previously published.26

Study Sample

We included all obese participants who were 20 years of age or
older. Obesity is defined as a body mass index (BMI) ≥ 30.
BMI was based on measured heights and weights from the
NHANES examination. Participants who were pregnant (N =
93) or missing food insecurity data (N = 118) were excluded
for a total unweighted sample size of 9203.

Exposure

The exposure of interest was household FI. FI was measured in
NHANES using the 10-item Food Security Scale (https://www.
ers.usda.gov/media/8279/ad2012.pdf).27 This validated ques-
tionnaire was developed by the USDA to measure household
FI over the prior 12 months. NHANES administers the Food
Security Scale in accordance with the USDA recommendations
and uses the established scoring system for response to the
items to categorize household food security: high food security
(0 affirmative responses), marginal food security (1–2 affirma-
tive responses), low food security (3–5 affirmative responses),
and very low food security (6–10 affirmative responses).27

Consistent with USDA definitions, adults who report low or
very low food security are considered to have FI.9 In this study,
we analyzed the data using both the categorical FI variable
(high food security, marginal food security, low food security,
and very low food security) and FI as a binary variable by
categorizing participants as food secure (0–2 affirmative re-
sponses) or food insecure (≥ 3 affirmative responses).9,12,28

Outcomes

The primary outcome was the total number of obesity-related
medical comorbidities, a commonly used measure of multiple
comorbid conditions.29,30 We included coronary artery disease,

diabetes, hypertension, dyslipidemia, congestive heart failure,
stroke, asthma, and obesity-associated cancers. Given some of
these diseases may not constitute equivalent risk, secondary
outcomes evaluated the association between FI and individual
obesity-related comorbidities. Consistent with prior studies,10,
28 a participant was defined as having diabetes if they had any of
the following: self-report of diabetes, a fasting glucose > 126, a
glycolated hemoglobin > 6.5%, or currently taking a diabetic
medication (including a sulfonylurea, insulin, or an incretin
mimetic). A participant was defined as having dyslipidemia if
they had any of the following: self-report of high cholesterol,
currently taking a cholesterol lowering medication, or laborato-
ry diagnosis for dyslipidemia (total ≥ 240 mg/dl, HDL < 30mg/
dl, LDL ≥ 160 mg/dl, triglycerides ≥ 150 mg/dl). Hypertension
was defined as any of the following: self-report of high blood
pressure, currently taking blood pressure medication, or elevat-
ed blood pressure based on the average of 3 blood pressure
readings (systolic blood pressure > 140 mmHg or diastolic
blood pressure > 90 mmHg).
Coronary artery disease was defined by self-report of a

history of coronary artery disease, angina, or prior myocardial
infarction. Congestive heart failure, stroke, and asthma were
also based on self-report. Based on prior studies,31 a participant
was defined as having any obesity-associated cancer (yes or no)
if she or he reported any of the following: esophageal, stomach,
liver, kidney, pancreatic, colon, rectal, gallbladder, breast, ovar-
ian, or thyroid cancer.

Covariates

Covariates included demographic and clinical characteristics
that have been associated with FI and/or obesity in prior
studies.9,32 These included age, gender, and race/ethnicity
(non-Hispanic White, non-Hispanic Black, Hispanic, or oth-
er). We included the household income-to-poverty ratio,
highest education level achieved, current marital status, and
if a participant reported being born outside of the USA. We
further included participant’s BMI, smoking status (current,
former, or never), health insurance (private, Medicare, public
not including Medicare, or none), and if a participant reported
using a nutrition assistance program (Supplemental Nutrition
Assistance Program (SNAP), Special Supplemental Nutrition
Assistance Program for Women, Children, and Infants (WIC),
or received food from a food pantry or soup kitchen).

Statistical Analysis

Analyses were completed using Stata 15.0 (StataCorp, College
Station, TX) and R Software (version 3.4.1).33 Participant char-
acteristics were presented as mean (standard deviation) for con-
tinuous variables or N (percent) for categorical variables, and
were compared using t tests and binomial tests. p values of <
0.05 were considered statistically significant. We used propen-
sity score weighting to improve covariate balance between food-
insecure and food-secure participants and potentially reduce
estimate bias in complex survey data.34–36 We also ran
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multivariable regression models and found similar results to
propensity models (online Supplemental Table 1). Propensity
scores for food-secure vs food-insecure were estimated based on
demographic and clinical covariates using a machine-learning
technique called random forest using the R package
randomForest.37,38 We used missForest imputation to replace
missing values for income-to-poverty ratio (7.9% missing) and
BMI (11.6% missing) in analysis estimating propensity scores.
For the primary outcome, we used negative binomial regression
to test the association between FI and total number of medical
comorbidities. As a sensitivity analysis, we evaluated the asso-
ciation between FI and the total number of objectively measured
comorbidities (diabetes, dyslipidemia, and hypertension) (on-
line). We conducted stratified analyses by gender, age (which
was included as a continuous variable in primary analyses but
categorized as 20–45 years of age, 45–65 years of age, and >
65 years of age for stratified analysis only), and race/ethnicity to
further evaluate relationships (online). For secondary outcomes,
we used logistic regression to test the associations between FI
and each individual comorbidity. All analyses were adjusted for
the complex survey design of NHANES by applying sample
weights, clustering, and the primary sampling unit. The Wake
Forest School of Medicine Institutional Review Board deemed
this study of publically available, de-identified data exempt from
human subjects research.

RESULTS

Study Population Characteristics

Of the 9203 participants (weighted study population N =
333,135,322), the majority was female, non-Hispanic
white, and had greater than a high school education
level (Table 1). The mean age was 48.5 years (SD =
16.1 years) and the mean BMI was 35.9 (SD = 5.8). Of
the participants, 15.6% lived in a food-insecure house-
hold, which included 9.0% with low food security and
6.6% with very low food security.
In bivariate analysis, FI was associated with younger

age, lower educational attainment, lower household
income-to-poverty ratio, lack of health insurance, and
smoking (all p < 0.0001; Table 2). In unadjusted models,
participants who were food insecure, compared with
participants who were food secure, were more likely to
report having ever received SNAP (58.3% vs 18.6%,
p < 0.0001), receiving WIC in the last 12 months
(17.1% vs 6.2%, p < 0.0001), and having used emergen-
cy food resources (food pantry, soup kitchen, or food
bank) in the last 12 months (33.2% vs 3.9%,
p < 0.0001). Food-insecure participants also had a signif-
icantly higher BMI than food-secure participants (36.9
vs 35.7, p < 0.0001).

Table 1 Study population characteristics

N = 9203 (weighted N = 333,135,322) Weighted %

Age Mean = 48.5 years (SD = 16.1)
Gender Female 53.3
Race/ethnicity Non-Hispanic, White 65.4

Non-Hispanic, Black 14.1
Hispanic 15.5
Other 4.5

Marital status Married 55.3
Never married 17.2
Divorced/widowed/separated 20.8
Living with partner 6.7

Adult education level < High school 19.3
High school graduate 24.4
>High school 56.3

Household income-to-poverty ratio Mean = 2.8 (SD = 1.6)
Born outside the USA Yes 14.3
Insurance Private 46.9

Medicare 14.5
Public, not Medicare 19.6
None 19.0

Smoking Never 55.6
Current 18.6
Former 25.8

SNAP Yes 24.8
WIC Yes 7.9
Emergency food (food pantry, soup kitchen) Yes 8.5
Body mass index (BMI) Mean = 35.9 (SD = 5.8)
Household food security Food secure 74.5

Marginal food security 9.9
Low food security 9.0
Very low food security 6.6

Food insecurity Yes 15.6

SD, standard deviation; SNAP, Supplemental Nutrition Assistance Program; WIC, The Special Supplemental Nutrition Program of Women, Infants, and
Children
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Food Insecurity and Total Number of Obesity-
Related Comorbid Conditions

In unadjusted analyses, participants in food-insecure
households had a mean number of 1.73 (SD = 1.41) comor-
bid conditions while food-secure participants had a mean
number of 1.66 (SD = 1.30) conditions. The propensity
score model showed good model fit with FI as the depen-
dent variable and all covariates included as the independent
variables (C-statistic: 0.856; 95% CI: 0.848, 0.863, online
Supplemental Figure 1). In propensity score weighted
models, food-insecure adults had a significant increase in
the total number of obesity-related comorbidities (β = 0.09,
95% CI: 0.02, 0.15; p = 0.01; Table 3). This was primarily
seen among participants who lived in very low food-secure
households (β = 0.17, 95% CI: 0.07, 0.28; p = 0.003). In
sensitivity analyses evaluating the association between FI
and total number of objectively measured comorbidities
(diabetes, dyslipidemia, and hypertension), very low food
security was also associated with an increased number of

comorbidities (β = 0.12, 95% CI: 0.02, 0.21; p = 0.02; on-
line Supplemental Table 2). Stratified analyses by gender
and age found similar increases in comorbidities among
adults in very low food-secure households (see online
supplemental tables). Adults in very low food-secure
households had an increase in the number of comorbidities

Table 2 Characteristics of food-secure compared with food-insecure participants

Food secure: weighted % (N =
7329)

Food insecure: weighted % (N =
1874)

p value

Total population N = 9203 82.6 17.4
Age Mean (SD) 49.5 (16.3) 43.6 (14.5) < 0.0001
Gender < 0.0001

Male 48.1 39.3
Female 51.9 60.8

Race < 0.0001
Non-Hispanic, White 69.0 46.0
Non-Hispanic, Black 13.6 20.4
Hispanic 13.0 28.7
Other 4.4 4.9

Marital status < 0.0001
Married 58.3 39.0
Never married 16.2 22.5
Divorced/widowed/
separated

19.5 27.7

Living with partner 5.9 10.7
Education level < 0.0001

< High school 16.4 34.7
High school graduate 24.0 27.0
>High school 59.6 38.4

Income-to-poverty
ratio

Mean (SD) 3.1 (1.6) 1.4 (1.0) < 0.0001

Born outside the USA < 0.0001
Yes 12.9 22.3

Insurance < 0.0001
Private 51.2 24.2
Medicare 15.5 9.3
Public, not Medicare 17.8 29.1
None 15.6 37.5

Smoking < 0.0001
Never 56.8 49.1
Current 16.1 31.9
Former 27.1 19.0

SNAP < 0.0001
Yes 18.6 58.3

WIC < 0.0001
Yes 6.2 17.1

Emergency food < 0.0001
Yes 3.9 33.2

Body mass index Mean (SD) 35.7 (5.6) 36.9 (6.7) < 0.0001

SD, standard deviation; SNAP, Supplemental Nutrition Assistance Program; WIC, The Special Supplemental Nutrition Program of Women, Infants, and
Children

Table 3 Propensity Score Adjusted analysis of the Association
between Food Insecurity and the Total number of Obesity-Related

Comorbidities

β 95% CI p value

Food secure Ref
Food insecure 0.09 0.02, 0.15 0.01
Food secure Ref
Marginal food security − 0.01 − 0.09, 0.06 0.72
Low food security 0.02 − 0.05, 0.09 0.58
Very low food security 0.17 0.07, 0.28 0.003

We used negative binomial regression to test the association between FI
and the total number of medical comorbidities
Italics means the results were significantly different (p<0.05)
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within racial/ethnic groups, but the increase was only sig-
nificant among non-Hispanic, Whites.

Food Insecurity and Individual Obesity-Related
Comorbid Conditions

Our secondary outcomes were the association between FI and
each obesity-related comorbidity (Table 4). FI was significant-
ly associated with coronary artery disease (OR: 1.5; 95% CI:
1.1, 2.0, p = 0.01) and asthma (OR: 1.3; 95% CI: 1.1, 1.6, p =
0.002). The increased odds of coronary artery disease (OR:
2.0; 95% CI: 1.3, 3.0, p = 0.001) and asthma (OR: 1.5; 95%
CI: 1.1, 2.0, p = 0.006) were primarily seen among participants
living in very low food security households. Adults living in
very low food security households also had significantly
higher odds of diabetes (OR: 1.3; 95% CI: 1.1, 1.7, p = 0.02).

DISCUSSION

In this nationally representative sample, we found that obese,
food-insecure adults were significantly more likely to have
medical comorbidities than obese adults who were food se-
cure. This was primarily seen among adults who lived in
households with very low food security, and individuals living
in a very low food security household were significantly more
likely to have coronary artery disease, diabetes, and asthma.
This data suggests that FI is associated with an increased
prevalence of comorbid health conditions in obese adults.
Our results are consistent with the growing body of research

showing FI is associated with an increased risk of chronic
health conditions, including diabetes and other cardiovascular
risk factors.10–13, 16, 28 Recently, a national study conducted by
the USDA showed that FI is associated with an increased risk
of ten common chronic conditions in non-elderly adults, in-
cluding coronary artery disease, hypertension, and diabetes.16

Similar to our study, the authors found that households with
the most severe form of FI, very low food security, were more
likely to report these conditions. Our results add to this grow-
ing body of research by showing that FI is associated with an
increased number of chronic conditions among obese adults, a
group at increased risk of developing cardiovascular risk
factors due to weight.

Prior studies have also evaluated if FI leads to an increased
risk of weight gain and obesity.18–21 Compared with individ-
uals in food-secure households, individuals living in food-
insecure households are more likely to consume fewer fruits
and vegetables, have higher intake of high-calories foods, and
are less likely to be physically active.22–25 These behaviors
could lead to increased weight gain and obesity, but also make
it more difficult for obese adults to lose weight placing them at
risk of developing comorbid conditions.
The causal mechanism by which FI leads to poor health

outcomes remains unclear, but previous studies have hypoth-
esized several pathways by which FI could lead to the devel-
opment of chronic health conditions.39 These pathways in-
clude a nutrition pathway, characterized by deficits in the
quality of food individuals eat; a mental health pathway,
characterized by increased stress and depression due to con-
cerns about having access to enough food; and a behavioral
pathway, characterized by delays in seeking necessarymedical
care and obtaining prescribed medications because of con-
cerns about cost.11,19,39–45 All of these pathways could con-
tribute to the development or worsening of chronic health
conditions. Understanding the relationship between these
pathways and determining how to most effectively address
the factors along these pathways in order to mitigate the
negative health effects of FI should be a focus for future
research.
Given our study was cross sectional, it is also possible that

an increased number of comorbid conditions increases the risk
of obese adults being food insecure. The out-of-pocket costs or
other medical costs associated with obesity-related comorbid
conditions could increase the financial hardship in the home
and lead to FI.12,13,46 Individuals living in food-insecure
households often face competing priorities, e.g., having to
choose between spending money on medications, transporta-
tion, or food. This could lead to a cycle by which obese adults
develop comorbid conditions and then become food insecure,
thus making it more difficult for them to make lifestyle mod-
ifications, lose weight, and improve their overall health.
Our results have both important clinical and public health

significance. Obesity remains a national epidemic and improv-
ing weight status and nutrition is a top priority of
HealthyPeople 2020.47, 48 Obesity treatment has changed with
the development of new medications and surgical approaches,

Table 4 Adjusted odds ratios for the Association between Food Insecurity and Comorbid Conditions among Obese Participants

CAD DM HTN Dyslipidemia CHF Stroke Cancer Asthma

Food secure Ref Ref Ref Ref Ref Ref Ref Ref
Food insecure 1.5 (1.1,

2.0)*
1.2 (1.0,
1.4)

1.0 (0.9,
1.2)

1.1 (0.9, 1.4) 1.3 (0.9,
1.8)

1.1 (0.7,
1.5)

1.0 (0.7, 1.5) 1.3 (1.1,
1.6)**

Food secure Ref Ref Ref Ref Ref Ref Ref Ref
Marginal food
security

1.2 (0.8, 1.7) 0.9 (0.8,
1.1)

0.9 (0.7,
1.1)

1.1 (0.8, 1.3) 0.8 (0.5,
1.2)

1.3 (0.9,
2.0)

0.6 (0.3,
1.0)*

1.1 (0.9, 1.3)

Low food security 1.3 (0.9, 1.8) 1.0 (0.9,
1.3)

0.8 (0.7,
1.0)

1.1 (0.9, 1.4) 1.0 (0.6,
1.6)

1.1 (0.7,
1.6)

0.9 (0.5, 1.5) 1.3 (1.0, 1.6)*

Very low food
security

2.0 (1.3,
3.0)**

1.3 (1.0,
1.7)*

1.2 (0.9,
1.6)

1.3 (1.0, 1.6) 1.5 (0.9,
2.4)

1.3 (0.8,
2.1)

1.1 (0.6, 1.8) 1.5 (1.1,
2.0)**

CAD, coronary artery disease; DM, diabetes; HTN, hypertension; CHF, congestive heart failure; *p < 0.05; **p < 0.01
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but lifestyle modification remains the mainstay of treatment.49,
50 Obese patients suffering from FI, though, may be less likely
to comply with lifestyle changes due to limited resources, and
FI may increase the risk of obese patients developing medical
comorbidities. Obesity treatment guidelines have not included
information about how to address FI as part of care though,
and few clinicians systematically screen for FI.51,52

Also, increasing national organizations are recommending
that health systems identify FI and other SDH in order to
improve patient care and population health. A growing body
of literature has developed strategies to address FI as a routine
part of clinical care.6–8,53–55 Further research is needed to
determine if addressing FI in clinical practices prevents the
development of comorbid conditions, but clinicians and health
systems could consider addressing FI to mitigate the broader
social issues affecting patients. Prior studies have shown that
addressing FI in clinical practices can improve the resources,
such as access to local food pantries or nutritional assistance
programs, patients receive.53–55 Clinicians could also advocate
for policies that broaden the eligibility requirements and role
of nutrition assistance programs, such as SNAP. SNAP has
been shown to be effective in reducing household FI and
expanding SNAP could further decrease FI and potentially
comorbid conditions.56,57 Given the public health burden of
obesity and FI, developing effective strategies for public
health organizations and healthcare systems to address pa-
tient’s unmet food needs while promoting healthy lifestyle
changes should continue to be a priority for future research.
This study has several limitations. First, we cannot deter-

mine causation with the cross-sectional design used in this
study. Whether FI causes adults to develop obesity-related
comorbidities or an increased number of comorbidities
causes adults to be food insecure is unclear. Though our
study was cross sectional, a strength of the design is the
large, nationally representative sample to provide accurate
results regarding FI. Second, several of the outcomes were
measured using self-report. During the interview in
NHANES, the participants are asked if a doctor told them
they had a particular health condition. As food-insecure
adults are less likely to seek preventative care,40,44 however,
we would expect this to bias our results toward the null. In
sensitivity analyses evaluating the association between FI
and comorbidities that were directly measured in NHANES,
we also found a small, but significant association between
very low food security and the number of comorbidities.
Third, we used propensity scores to improve covariate bal-
ance between food-secure and food-insecure participants.
Propensity scores can only balance observed characteristics,
and it is possible that imbalances remain due to unmeasured
characteristics. Also, NHANES does not include data on
other SDH, such as lack of transportation or housing insta-
bility, that often cluster with FI. So it is unclear if FI is a
marker for some of these other SDH or on the causal pathway
in the development of these comorbid conditions. Although
some characteristics may have been unmeasured, there were

many observed covariates, which we were able to include in
our analysis and is consistent with previous studies.10,12,13, 28

Fourth, we did not include physical activity in our models.
The physical activity assessment in NHANES underwent a
change during the study period and could not be included.
Physical inactivity has been considered a mediator between
FI and chronic health conditions in prior conceptual models
and studies;28,58 thus, we did not consider it to be a con-
founder in our results. Despite these limitations, our study
provides robust results for assessing the association between
FI and comorbid conditions.

CONCLUSION

Food insecurity and obesity remain major public health prob-
lems and lead to numerous negative health outcomes. In this
nationally representative cohort, we found that obese adults
who lived in food-insecure households were significantly
more likely to have an increased number of comorbid medical
conditions than obese, food-secure adults. Although further
research is needed to determine causality and confirm our
findings, clinicians should consider how FI might impact care
when treating obese patients, particularly those with multiple
comorbidities. Future studies should assess the effectiveness
of methods for reducing FI and comorbid outcomes in obese
individuals.
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