
Food Insecurity and Obesity
in US Adolescents:

A Population-Based Analysis

Mark A. Fleming II, MD,1 William J. Kane, MD,1 Max O. Meneveau, MD,1

Christopher C. Ballantyne, MD, MS,1 and Daniel E. Levin, MD2

Abstract
Background: Food insecurity and obesity are significant problems affecting adolescents. There is a paucity of recent data

examining this relationship. This study utilizes a recent nationally representative sample of US adolescents to examine the rela-
tionship between obesity and food security status, as well as other risk factors.

Methods: A cross-sectional analysis of 4777 US adolescents (13–18 years old) was performed using data from the National Health
and Nutrition Examination Surveys 2007–2016. Prevalence of obesity based on food security status was calculated. Multivariable
logistic regression was performed to examine characteristics of adolescents in relationship to obesity.

Results: The prevalence of obesity among adolescents from food insecure households was significantly higher compared to those
who were not, with a prevalence ratio of 1.3 (95% CI: 1.2–1.5, p < 0.0001). Food insecurity was associated with a higher unadjusted
rate of obesity, with an odds ratio of 1.4 (95% CI: 1.2–1.7, p = 0.0002). After adjustment for potential confounding factors, food
insecurity was no longer significantly associated with obesity (OR 1.19, 95% CI: 1.0–1.4, p = 0.08). However, other factors such as
black race, Hispanic ethnicity, male sex, and households with a monthly income £185% of the poverty line were associated with
increased odds of obesity.

Conclusions: While the prevalence of obesity in adolescents from food insecure households was higher compared to those who
were not, no association between the two was found when accounting for other risk factors. Data on independent food-seeking
behaviors of adolescents may help clarify this complex relationship in future work.
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Introduction

A
dolescence is considered one of three critical peri-
ods, along with early infancy and the 5–7-year age
range, for the development of obesity and its sub-

sequent complications.1 One of the sequela of obesity in
adolescence is metabolic syndrome in adulthood—a compi-
lation of clinical traits that lead to increased cardiovascular
disease and type II diabetes mellitus, which are associated
with increased morbidity and mortality.2,3 Over one-third of
children aged 2–17 years are either overweight or obese.4

According to the most recent data from the National Health
and Nutrition Examination Survey (NHANES), 20.6% of
US adolescents (12–19 years) are living with obesity. This
prevalence is higher compared to that of younger children.5

Research focused on identifying risk factors that contribute

to obesity in adolescence is crucial to highlight potential
areas of intervention such as lifestyle and socioeconomic
modifications.3

Food insecurity, which is defined by the USDA as the lack
of ‘‘access at all times to enough food for an active, healthy
life,’’ has been shown to impact the quality of food con-
sumed by adolescents.6,7 In fact, the majority of adolescents
fail to meet most of the US dietary guidelines and go on to
develop poor dietary behaviors during this phase of life.8 It
is believed that food insecurity puts adolescents at a greater
risk of obesity due to unpredictable food availability and
limited healthy food options when food is available.9,10 In
2018, the prevalence of food insecurity was estimated to be
11.1% of all US households and 13.9% of US households
with children and adolescents.7 In households with adoles-
cents, food insecurity is almost twice as prevalent compared
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to households with children up to age 4 years, and the die-
tary quality of food is lowest for adolescents experiencing
food insecurity.11,12

Although the link between food insecurity and childhood
obesity has been previously examined, studies examining the
association between obesity and food insecurity among ad-
olescents are sparse, out of date, and mostly include smaller
sample sizes.13–20 Furthermore, results have been conflicting
and do not adequately address the effect of confounding
environmental and behavioral factors. Factors such as race
and ethnicity, health care access, and socioeconomic con-
ditions (e.g., poverty level) are some of the important ones
to consider. Racial and ethnic minorities experience sig-
nificant health disparities due to the effects of implicit bias
and systemic racism, and thus should always be examined
for points of intervention.21 Health care access and poverty
level are two examples of the social determinants captured
by NHANES, and that contribute to ‘‘the conditions in which
people live, learn, work, play, and worship’’ which in turn
impact their health.22 In light of this, and the fact that poor
diet quality is a determinant of obesity,23 further elucidating
the relationship between food insecurity and obesity in ad-
olescents is essential. Independent choices about health be-
haviors and dietary patterns are shaped during childhood,
including adolescence and interventions targeted specifically
at this age group have the potential for significant long-term
impact.24–27

Due to the limitations of current literature regarding food
insecurity as it relates to obesity in adolescence, the present
study sought to examine the association of food insecurity,
among other risk factors, with obesity in a population-based
sample of adolescents interviewed during NHANES 2007–
2016. It was hypothesized that food insecurity would be as-
sociated with obesity after adjusting for other relevant risk
factors in the model. Importantly, if no association was found,
such findings would suggest that other risk factors are more
directly associated with obesity and would position food in-
security instead as a mediating factor.

Methods

Sample
The NHANES program conducts a series of cross-sectional

surveys designed to assess the health and nutritional status of
noninstitutionalized, civilian adults and children in the United
States based on a weighted representative sample. This pro-
gram is overseen by the National Center for Health Statistics
(NCHS), which is a part of the CDC.28 The use of these data
for research purposes has been approved by the NCHS
Research Ethics Review Board under Protocols #2005–
06 and #2011–17.29 Data from the five most recent complete
survey cycles, 2007–2016, were used. Respondents aged
13–18 years with complete data were included in the study.

Food Insecurity
NHANES has been using the Food Security Survey

Module, similar to the module included in the Current Po-

pulation Survey, to assess food security since 1999. This
module is included in the family questionnaire portion of the
NHANES household interview. An adult family member,
typically the head of household, answers the family ques-
tionnaire on behalf of the entire family and questions refer to
all household members. Households with children younger
than 18 years of age receive an additional 8 questions for a
total of 18 items, compared to households without chil-
dren.30 Data collected from these responses are then released
on each household participant’s record. Four categories
classify the level of household food security based on the
number of affirmative responses to the 18 items: full food
security, marginal food security, low food security, and very
low food security.30 To fall into the low or very low food
security categories, households required 3–7 and 8–18 af-
firmative responses, respectively. For analysis, a binary
variable was created where the low and very low food se-
curity categories were labeled as food insecure, and the full
and marginal food security categories were grouped as food
secure.7,30 Although NHANES also screens for food inse-
curity at the child- and individual-level, the questions and
who answers them varies based on age. A proxy provides
the answers to specific questions for participants younger
than 16 years of age at the child-level, and younger than
12 years of age at the individual-level. Individual-level
questions referred to the past month, whereas the child- and
household-level questions refer to the past year. Further-
more, child food security data are only generated for chil-
dren younger than the age of 18, and individual-level food
security data collection was discontinued in 2011. Thus, the
use of the household aggregate measure allows for the in-
clusion of 18 year olds in this analysis and ensures consis-
tency in the data among this study’s specific age group.

Obesity
In addition to interviews, NHANES is unique in that it

also performs physical examinations according to the
Anthropometric Standardization Reference Manual.31

The body measurement data is collected by trained health
technicians within mobile examination centers where
staff performance is monitored by a chief health techni-
cian. Supervisory staff also ensure scheduled equipment
calibration. Unusual and erroneous values are flagged and
reviewed within the context of the entire body measure-
ments. Weight in kilograms was recorded for respondents of
all ages and heights in centimeters were recorded for those
who were 2 years and older. BMI, measured as a function of
body weight and height in kilograms per meters squared
by NHANES staff, within this dataset was used as a
marker of obesity (BMI ‡95th percentile) in adolescents
according to age- and sex-specific percentiles on the standard
growth charts outlined by the CDC.31,32 If an adolescent did
not meet the BMI ‡95th percentile threshold for obesity
(i.e., <95th percentile), they were considered not to have
obesity (i.e., ‘‘No Obesity’’) and the BMI percentile
range for girls and boys of that group was >5th percen-
tile to <95th percentile.33
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Covariates
Covariates, including age, race, sex, household poverty

level, and routine access to health care were also captured
from the NHANES datasets and included in our final
model. Covariates were identified by literature review and
clinical judgement.9,13,17,34 Similar to food security, data
on household income and access to health care were col-
lected through the family questionnaire. The family monthly
poverty level index is a ratio of a family’s monthly income to
poverty as determined by the Department of Health and
Human Services’ poverty guidelines for that year. It is
used by many federal programs, including supplemental
food programs to determine eligibility of participants.
Participants were grouped into households with a monthly
income £185% of the poverty line and a monthly income
>185% of the poverty line because households with incomes
£185% are at increased risk of being food-insecure.7 In
addition, this categorization is consistent with the categories
used by NHANES and the USDA Economic Research
Service.35,36 Routine access to health care was captured as a
binary variable. If respondents answered ‘‘Yes’’ or stated
‘‘There is more than one place’’ to the NHANES question
HUQ030: ‘‘Is there a place that [you/SP] usually [go/goes]
when [you are/he/she is] sick or [you/s/he] need[s] advice
about [your/his/her] health?’’ they were categorized as
having ‘‘routine access to healthcare.’’ If the respondents
answered ‘‘there is no place,’’ they were categorized as ‘‘no
routine access to healthcare.’’37 Data quality control was
checked by NHANES staff.

Statistical Analysis
Demographic data were summarized using mean and

standard deviation for normal data and median and in-
terquartile range for nonnormal data. Descriptive analyses
were performed for the overall sample and presented based
on food security status. The chi-squared test was used to
compare categorical variables, and Student’s t-test or its
nonparametric analog was used to compare continuous var-
iables. A two-sided p-value <0.05 was considered significant
for all hypothesis tests. Appropriate sample weights, masked
variance strata, and units corresponding to the 10-year cycle
were used to account for the complex survey design. The
difference in prevalence of obesity between adolescents from
food secure and food insecure households was examined.
Multivariable logistic regression was used to explore the
relationship between food insecurity, as well as the other
model covariates, and the primary outcome of obesity. All
analyses were generated using SAS� Version 9.4, SAS In-
stitute, Inc. (Cary, NC).

Results
A total of 4843 adolescents aged 13–18 years were ini-

tially identified. Sixty-five (1.3%) participants had missing
food security data, and one participant had missing food
security and health access data; they were therefore excluded
from the analysis. Ultimately 4777 adolescents were in-
cluded in the analysis, and the majority were male (51.4%),
Hispanic (33.8%), and were from a household with a

Table 1. Differences in Demographics of 4777 US Adolescents Aged 13–18 Years
from the National Health and Nutrition Examination Survey Based on Food Security Status

Demographic variable Food insecure, N (%) Food secure, N (%) p

Total 1331 (27.9) 3446 (72.1)

Age, years, median (IQR) 15 (14–17) 15 (14–17) 0.08

Sex

Male 703 (52.8) 1757 (51.0) 0.23

Race <0.0001

Black 378 (28.4) 829 (24.1)

Hispanic 568 (42.7) 1041 (30.2)

Mixed 99 (7.4) 511 (14.8)

White 286 (21.5) 1065 (30.9)

Obesea 341 (25.6) 714 (20.7) 0.0003

Family monthly poverty level index category, % <0.0001

£185 1111 (83.5) 1682 (48.8) 0.0001

>185 220 (16.5) 1764 (51.2)

Health care access 1124 (84.5) 3053 (88.6)

aUnadjusted prevalence of obesity, for adjusted prevalence see Table 2.

IQR, interquartile range.
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monthly poverty level income £185% of the poverty line
(57.7%). Approximately 26% were living with obesity
and 27.9% were from a food insecure household. Dif-
ferences in demographics based on food insecurity status
are outlined in Table 1.

The prevalence of obesity among adolescents from food
insecure households was significantly higher when com-
pared to those from food secure households (Table 2), with
a prevalence ratio of 1.33 (95% CI: 1.15–1.53, p < 0.0001).
Food insecurity was associated with a higher unadjusted
rate of obesity, with an odds ratio of 1.44 (95% CI: 1.20–
1.74, p = 0.0002). However, on multivariable logistic re-
gression adjusting for age, sex, race, poverty level, and
routine access to health care (Table 3), food insecurity was
no longer associated with adolescent obesity (OR: 1.19,
95% CI: 0.98–1.44, p = 0.08). Black and Hispanic partici-
pants, males, and those with a household monthly income
£185% of the poverty line were some of the covariates
associated with increased odds of obesity within the model.
No significant interactions between our independent vari-
able, food insecurity, and the other covariates in the model
were identified. As a measure of model discrimination for
binary outcomes in a logistic regression model, the c-statistic

(also known as the area under the receiver operating curve)
for the multivariable model was 0.57.38

Discussion
This is the most recent study of NHANES data examining

the relationship between food insecurity and obesity in US
adolescents. The present study demonstrated that the prev-
alence of obesity is higher among US adolescents from food
insecure homes compared to those from food secure homes.
However, after adjusting for age, sex, race, poverty, and
health care access, no association was found between food
insecurity and obesity.

In a review from 2018, Eicher-Miller and Zhao high-
lighted the importance of addressing food insecurity among
adolescents due to the relevance of this life stage to adult
health. The authors stress the finding that adolescents have
larger nutrient gaps and are more vulnerable to food inse-
curity within their households than younger children.15

Despite this, obesity is still a prevalent issue for adolescents
from food insecure households. It has been shown that ad-
olescents enjoy some degree of autonomy, while still living
with their families.26 An explanation for the higher rate of
obesity among food insecure adolescents may be reflective
of their ability to find food for themselves. This food inde-
pendence may be even truer in families with low-income, in
an effect by the adolescent to reduce their financial burden in
the household.39 The foods adolescents choose are likely
inexpensive and may not be healthy.17 The null findings of
this study on multivariable analysis raise the question of
what down-stream effects, like altered behaviors or attitudes
toward food, does food insecurity have on the weight status
of adolescents who take responsibility to provide their own
nutrition. In other words, food insecurity may instead be a
mediating factor that influences alternative behaviors, which
in turn lead to obesity. While NHANES captures the be-
havior of children and adolescents who avoid eating specific
meals or eating at certain times due to their food insecurity,
it does not capture their alternative food-seeking behaviors.

In 2006, Casey et al. published a study that examined the
relationship between household food insecurity, child food
insecurity, and overweight status among *2798 children
and adolescents, aged 13–17 years, using NHANES data
from 1999 to 2002.9 Similar to this present study, household
food insecurity status was not associated with participants

Table 2. Prevalence of Obesity in Adolescents from Households
with and without Food Security

Food insecure Food secure

Prevalence ratio pObesity No obesity Obesity No obesity

25.9% (22.9–28.9) 74.1% (71.1–77.1) 19.5% (17.6–21.5) 80.5% (78.6–82.4) 1.3 (1.2–1.5) <0.0001

Percentage of adolescents and 95% confidence intervals are reported for each category. The 95% confidence interval is presented in parentheses

for the prevalence ratio.

Table 3. Risk Factors of Obesity
after Multivariable Logistic Regression

Variable
Odds ratio

(95% confidence interval) p

Food insecurity 1.19 (0.98–1.44) 0.08

Age 0.95 (0.85–1.06) 0.86

Sex (male) 1.27 (1.07–1.50) 0.007

African American/black
(vs. white)

1.31 (1.01–1.70) 0.04

Hispanic (vs. white) 1.29 (1.04–1.60) 0.02

Mixed Race (vs. white) 0.88 (0.61–1.28) 0.50

Household monthly income
<185% of poverty threshold

1.36 (1.13–1.64) 0.002

No routine health
care access

1.00 (0.74–1.35) 1.00
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who had a BMI ‡95th percentile.9 In addition, a significant
association between black race and a BMI ‡85th percentile
was demonstrated, but no association was found between
sex or poverty level, and overweight status. Furthermore,
they did not demonstrate a relationship between race or
sex, and obesity status (BMI ‡95th percentile). These
findings are distinct from our study, which identified sig-
nificant associations between obesity (BMI ‡95th percentile)
and black race, Hispanic ethnicity, male sex, and partici-
pants from households with monthly incomes £185% of
the poverty line.

Another more recent study examining the relationship be-
tween food insecurity and obesity among NHANES (2001–
2010) children aged 2–11 years only found a significant
association in the 6- to 11-year-old group as it relates to
their individual-level food insecurity.13 With regard to
their child-level food insecurity, no association was found
among all ages examined. Similar to this study, when ag-
gregate measures of food security in children (child-level
food insecurity or household food insecurity) are used, no
association was found regardless of age.

The present study utilized the largest and most recent
nationally representative sample of US adolescents and
contributes to the understanding of the relationship, or lack
thereof, between obesity and food insecurity among ado-
lescents. It is possible that other sociodemographic fac-
tors that were not accounted for in the model or captured
by NHANES may skew this relationship toward the null.
However, no significant interactions between the effect of
the covariates and food insecurity were found. Our results
suggest that race, sex, and household income may have a
greater effect on obesity than the measure of food inse-
curity itself. For example, there could be more variability
(disparities) in poverty-level that could explain why it
had the largest and most significant effect in the model.
Therefore, it would not matter if one has access to healthy
food if one cannot afford it and has to rely on cheaper,
less healthy options.

There are some limitations to the study, including its
cross-sectional nature and the use of a household measure
of food insecurity as opposed to an individual one. Given the
relatively small sample size of available NHANES data, the
potential for type II error also exists. The present study
also relies on the accuracy of survey responses, which
inherently contain a level of measurement bias, as the
respondent could under- or overestimate their responses
to the food security questions. Furthermore, the study is
limited by its retrospective nature, which precludes a
determination of causality.

Conclusions
While the prevalence of obesity in adolescents from food

insecure households was higher compared to those from
food secure households, no association between obesity and
food insecurity was found in this national representative
sample, when accounting for possible confounding var-

iables. However, factors such as black race, Hispanic eth-
nicity, male sex, and participants from households with
monthly incomes £185% of the poverty line were inde-
pendently associated with obesity. This null primary find-
ing could be due to the fact that other factors within food
insecure households may be driving obesity, including be-
havioral ones that are not captured in the NHANES survey.
Nonetheless, in light of our findings, the focus of further
work could be shifted to elucidate other risk factors as
well as the mechanisms behind the complex relationship
between food insecurity and obesity among adolescents.

Funding Information
This research did not receive any specific grant from

funding agencies in the public, commercial, or not-for-profit
sectors. Mark Fleming II, MD was supported by an NIH T32
Training Grant #5T32HL007849-2.

Author Disclosure Statement
No competing financial interests exist.

References

1. Dietz WH. Critical periods in childhood for the development of
obesity. Am J Clin Nutr 1994;59:955–959.

2. Ferreira I, Twisk JWR, van Mechelen W, et al. Development of
fatness, fitness, and lifestyle from adolescence to the age of 36
years: Determinants of the metabolic syndrome in young adults:
The Amsterdam growth and health longitudinal study. Arch Intern
Med 2005;165:42–48.

3. Samson SL, Garber AJ. Metabolic syndrome. Endocrinol Metab
Clin North Am 2014;43:1–23.

4. Kohut T, Robbins J, Panganiban J. Update on childhood/adoles-
cent obesity and its sequela. Curr Opin Pediatr 2019;31:645–653.

5. NCHS. National Health and Nutrition Examination Survey-NCHS
Fact Sheet-Prevalence of obesity among youth. 2017. Available at
https://www.cdc.gov/nchs/data/factsheets/factsheet_nhanes.htm (Last
accessed November 30, 2020).

6. Core indicators of nutritional state for difficult-to-sample popula-
tions. J Nutr 1990;120(Suppl 11):1555–1600.

7. Coleman-Jensen A, Rabbit MP, Gregory CA, Singh A. Household
Food Security in the United States in 2018. Economic Research
Service, U.S Department of Agriculture: Washington, DC, 2019.

8. Wang J, Fielding-Singh P. How food rules at home influence inde-
pendent adolescent food choices. J Adolesc Health 2018;63:219–226.

9. Casey PH, Simpson PM, Gossett JM, et al. The association of child
and household food insecurity with childhood overweight status.
Pediatrics 2006;118:e1406–e1413.

10. Dietz WH. Does hunger cause obesity? Pediatrics 1995;95:766–767.

11. Coleman-Jensen A, McFall W, Nord M. Food Insecurity in House-
holds with Children: Prevalence, Severity, and Household Char-
acteristics, 2010–11. Economic Research Service, U.S. Department
of Agriculture: Washington, DC, 2013.

12. Nord M, Hanson K. Adult caregiver reports of adolescents’ food
security do not agree well with adolescents’ own reports. J Hunger
Environ Nutr 2012;7:363–380.

114 FLEMING II ET AL.

https://www.cdc.gov/nchs/data/factsheets/factsheet_nhanes.htm


13. Kaur J, Lamb MM, Ogden CL. The association between food in-
security and obesity in children-The National Health and Nutrition
Examination Survey. J Acad Nutr Diet 2015;115:751–758.

14. Lee AM, Scharf RJ, DeBoer MD. Association between kinder-
garten and first-grade food insecurity and weight status in U.S.
children. Nutrition 2018;51–52:1–5.

15. Eicher-Miller HA, Zhao Y. Evidence for the age-specific rela-
tionship of food insecurity and key dietary outcomes among US
children and adolescents. Nutr Res Rev 2018;31:98–113.

16. Jackson JA, Smit E, Branscum A, et al. The family home envi-
ronment, food insecurity, and body mass index in rural children.
Health Educ Behav 2017;44:648–657.

17. Alaimo K, Olson CM, Frongillo Jr., EA. Low family income and
food insufficiency in relation to overweight in US children: Is there
a paradox? Arch Pediatr Adolesc Med 2001;155:1161–1167.

18. Eisenmann JC, Gundersen C, Lohman BJ, et al. Is food insecurity
related to overweight and obesity in children and adolescents? A
summary of studies, 1995–2009. Obes Rev 2011;12:e73–e83.

19. Bhattacharya J, Currie J, Haider S. Poverty, food insecurity, and
nutritional outcomes in children and adults. J Health Econ 2004;
23:839–862.

20. Robson SM, Lozano AJ, Papas M, Patterson F. Food insecurity and
cardiometabolic risk factors in adolescents. Prev Chronic Dis
2017;14:E110.

21. Williams DR, Mohammed SA. Racism and health I: Pathways and
scientific evidence. Am Behav Sci 2013;57. DOI: 10.1177/000276
4213487340.
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