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University of California, Berkeley, CA, USA; and 6Department of Public Health Sciences, Stockholm University, Stockholm, Sweden

ABSTRACT
Background: Limited research exists on the relationship between food insecurity and children’s adiposity and diet and

how it varies by demographic characteristics in the United States.

Objective: The aim of this study was to assess the relationship between household food insecurity and child adiposity-

related outcomes, measured as BMI (kg/m2) z score (BMI-z), weight status, and waist circumference, and diet outcomes,

and examined if the associations differ by age, sex, and race/ethnicity.

Methods: Data collected in 2013–2015 from 5138 US schoolchildren ages 4–15 y from 130 communities in the

cross-sectional Healthy Communities Study were analyzed. Household food insecurity was self-reported using a

validated 2-item screener. Dietary intake was assessed using the 26-item National Cancer Institute’s Dietary Screener

Questionnaire, and dietary behaviors were assessed using a household survey. Data were analyzed using multilevel

statistical models, including tests for interaction by age, sex, and race/ethnicity.

Results: Children from food-insecure households had higher BMI-z (β: 0.14; 95% CI: 0.06, 0.21), waist circumference

(β: 0.91 cm; 95% CI: 0.18, 1.63), odds of being overweight or obese (OR: 1.17; 95% CI: 1.02, 1.34), consumed more

sugar from sugar-sweetened beverages (β: 1.44 g/d; 95% CI: 0.35, 2.54), and less frequently ate breakfast (β: −0.28

d/wk; 95% CI: −0.39, −0.17) and dinner with family (β: −0.22 d/wk; 95% CI: −0.37, −0.06) compared to children from

food-secure households. When examined by age groups (4–9 and 10–15 y), significant relationships were observed only

for older children. There were no significant interactions by sex or race/ethnicity.

Conclusions: Household food insecurity was associated with higher child adiposity-related outcomes and several

nutrition behaviors, particularly among older children, 10–15 y old. J Nutr 2019;149:1642–1650.

Keywords: children, food insecurity, adiposity, obesity, dietary intake, dietary behaviors

Introduction

In 2017, an estimated 11.8% of households in the United
States were food insecure, with 6.5 million children living
in households where at least 1 child was food insecure (1).
Low food security is defined as lacking consistent access
to adequate food resulting in reduced quality, variety, or
desirability of the diet; very low food security is further defined
as having disrupted eating patterns and lower food intake (2).
Numerous studies have documented a link between childhood
food insecurity and adverse outcomes across multiple domains.
Children living in food-insecure households are more likely to
have poor-quality diets, lower physical activity, poorer physical

and mental health, behavioral problems, and lower academic
achievement (3–13).

Research is inconclusive on whether or not household food
insecurity is associated with obesity in children (14–16). A life-
course perspective suggests that exposure to food insecurity
can occur over time and create disparities in obesity (17).
For example, in a longitudinal study of US children, Burke
et al. (17) found that there was a significant relationship
between food insecurity and greater BMI (kg/m2) growth from
kindergarten through eighth grade among females, and the
relationship between food insecurity and BMI depends on the
life-course stage, with different results when female children
were kindergarten age versus in eighth grade. Few studies
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note an association between household food insecurity and
overweight status for young children of preschool age to 5 y old
(18–20), whereas others see a positive relationship only for older
children who are from food-insecure households (21, 22). In
addition to age, differences by sex have also been observed, with
girls in food-insecure homes being at greater risk for weight gain
and overweight than boys (13, 18, 22). This may be attributed to
the stress of food insecurity affecting females more than males
(23). With regard to race/ethnicity, although the likelihood of
being overweight or obese is greater for non-Hispanic African-
American and Hispanic children than non-Hispanic white and
non-Hispanic Asian children (24, 25), there is limited research
on racial/ethnic disparities in overweight or obesity by food-
insecurity status among children, and findings by race/ethnicity
are mixed (22, 26, 27).

Assessing the food insecurity–obesity association also raises
questions pertaining to dietary intake and diet related behaviors.
The risk of food insecurity is higher among households with
incomes at or below the Federal Poverty Level (1), and low-
income households are more likely to consume unhealthy foods
and beverages, which are often low cost, energy dense, and
limited in nutrients (28). Nutrient-dense foods are typically
less available and more expensive in low-income communities
(29, 30). As such, food-insecure individuals are more likely
to derive a higher portion of their energy needs from fat and
carbohydrates, eat less protein, and consume fewer fruits and
vegetables (14, 31, 32). They are also more likely to eat irregular
meals or skip breakfast (33, 34).

Because the evidence regarding the relationship between
food insecurity and adiposity among children and adolescents
is mixed, it is important that research not only evaluate
adiposity-related outcomes, but also investigate the potential
mechanisms by which food insecurity may influence adiposity,
such as dietary intake or diet related behaviors; however, few
studies of food insecurity in children have incorporated both
adiposity and diet related outcomes. This study examined the
relationship between household food insecurity and adiposity-
related outcomes [BMI z-score (BMI-z), overweight or obese
status (assessed from BMI), and waist circumference] among
a sample of diverse US schoolchildren. It was hypothesized
that household food insecurity would be associated with higher
BMI-z, higher waist circumference, and higher odds of being
overweight or obese, with a greater association for older
children (ages 10–15 y) than younger children, girls than boys,
and minority racial/ethnic groups than non-Hispanic white
children. This study also examined the relationship between
household food insecurity and dietary intake and diet related
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behaviors with the hypothesis that household food insecurity
would be associated with less healthy dietary intake and diet
related behaviors.

Methods
Participants
The Healthy Communities Study (HCS) was an observational study
from 2013 to 2015 of US schoolchildren ages 4–15 y, which was
designed to assess how community programs and policies targeting child
obesity are related to diet, weight status, and physical activity (35). A
logic model of HCS is illustrated in Ritchie et al. (36)

Data were collected on 5138 children from kindergarten through
eighth grade. The HCS used a hybrid sampling method for selecting
communities to maximize variation in community childhood obesity
programs and policies (37). From the national probability-based sample
of 195 communities and 69 additional communities termed certainty
communities, which were selected based on their known programs
and policies addressing childhood obesity, 130 diverse US communities
were selected (102 randomly selected communities and 28 certainty
communities). A community was defined as a high school catchment
area. The probability-based sampling was proportional to the number
of children ages 4–15 y in each census tract, such that communities
were randomly selected with probability proportional to size. The HCS
was designed to oversample communities with high proportions of
low-income and African-American and Hispanic/Latino communities
as these populations are at higher risk for obesity (37). To develop
a stratification variable related to income, the HCS adopted the
US Department of Housing and Urban Development designation of
Qualified Census Tracts for purposes of the Low-Income Housing Tax
Credit program (37). Minority tracts were defined as having at least
30% of the community population being African American or Hispanic
(37).

Within HCS communities, up to 2 public elementary and 2 public
middle schools were recruited. Child participants were selected from
participating households if they met the study’s recruitment goals
related to sex, age, and race/ethnicity. At the household level, 67.9%
of those who agreed to participate completed visits (38). The sampling
is further discussed in Strauss et al. and the recruitment outcomes are
outlined in Sagatov et al. (37, 38).

Measures
The HCS protocol included assessment of child dietary intake,
anthropometry, physical activity, and demographics. More detailed
descriptions on the entire set of measures used are provided in papers
on the HCS methods (35–41). Trained field data collectors, who
were residents of the study communities or lived nearby, conducted
home visits to collect household- and child-level data. The visit
included a household survey, which was completed by a primary
respondent determined by the child’s age: parent/adult caregiver proxy
for children 4–8 y old with child assistance; children 9–11 y old
with adult assistance; and children 12–15 y old with input from
adult only if needed. Demographic questions were answered solely by
the parent/adult caregiver, and included items on parent educational
attainment, employment status, race, ethnicity, household income, and
food insecurity (36).

Food insecurity
A validated 2-item screener was used to identify families at risk for
food insecurity (42). The screener items were derived from the USDA
18-item Household Food Security Survey. HCS parents/adult caregivers
responded on a 5-point Likert scale (very often, often, sometimes, rarely,
or never) to the following questions: 1) “Within the past 12 months
we worried whether our food would run out before we got money to
buy more” and 2) “Within the past 12 months the food we bought
just didn’t last and we didn’t have money to get more.” Households
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were classified as food insecure if responses were affirmative (very often,
often, or sometimes) to one or both of the items.

Adiposity-related outcomes
To assess adiposity, field data collectors took measurements of
children’s weight, height, and waist circumference according to standard
NHANES procedures (43), which were adapted for the home setting
(40). While neither BMI nor waist circumference accurately measure
body fat mass, previous research on children suggests that high BMI
is an adequate measure of weight status and waist circumference is an
adequate measure of central adiposity (44–47). By using CDC growth
charts (48), BMI was adjusted for age and sex to create a BMI-z for
each child, and children were categorized as overweight or obese if their
BMI was at the 85th percentile or greater for age and sex. Biologically
implausible values and observations with measurement issues were
excluded. For a full description of the anthropometric protocol, see
Sroka et al. (40)

Dietary intake and diet related behaviors
The Dietary Screener Questionnaire (DSQ), a 26-item food frequency
questionnaire developed by the National Cancer Institute (NCI) was
administered during household visits (49). Prior studies have evaluated
the DSQ, and found that it is an acceptable tool to measure dietary
intake among a nationally representative sample of the US population
(50) and among a diverse population of children in the HCS sample
(51). The DSQ assesses intake on selected foods consumed as meals
or snacks at home, school, or elsewhere over the past 30 d in number
of times per day, week, or month. NCI-generated scoring algorithms
were used to convert reported frequencies to estimated quantities of
select food groups and nutrients, based on age- and sex-specific 24-
h dietary recall portion size data from NHANES (52). Dietary intake
outcomes included fruits/vegetables/legumes (without fried potatoes),
dairy, whole grains, dietary fiber, total added sugar, sugar from sugar
sweetened beverages (SSBs), and frequency of consumption of energy-
dense foods of minimal nutritional value (e.g., fried potatoes, candy,
cookies, desserts, chips, and crackers) (36). The household survey also
included questions on children’s diet related behaviors within the past
week, such as frequency of eating dinner while watching television,
eating at a fast food restaurant, eating dinner with family, eating
breakfast, and regular consumption of lower-fat milk (skim, 1%, or soy
milk).

The Battelle Memorial Institute Institutional Review Board ap-
proved the study, and the US Office of Management and Budget
approved the study protocol and data collection forms. Participant
burden, safety, and study progress were reviewed by an NIH-appointed
Observational Study Monitoring Board. Written informed consent for
children’s participation was obtained from parents/caregivers. The data
for this study were provided in de-identified form. For further details on
human subject protections, see John et al. (39).

Statistical analysis
To examine the unadjusted associations between household food
insecurity and outcomes and covariates of interest, t tests and chi-square
tests were performed. Due to the large number of sociodemographic
variables available in the dataset and the highly correlated nature of
these variables, the least absolute shrinkage and selection operator
(lasso) technique was used to determine the model covariates (53).
The lasso technique was carried out separately for adiposity and
diet related outcomes, resulting in different covariates used in
the respective models. The individual-level covariates included in the
models were from this set: age, sex, child height, parental employment
status, maximum biological mother employment, maximum biological
father education, race/ethnicity, annual household income, seasonality
of interview (based on sinusoidal curve over time), and/or maximum
parental education depending on the outcome variable of interest
(adiposity or diet). The community-level covariates included were from
this set: US region, urbanicity, proportion of population below the
federal poverty level and/or unemployed, and/or whether a minority
population (30% or more African American or Hispanic).

Multilevel statistical models were generated to relate food insecurity
with adiposity, dietary intake, and diet related behaviors, adjusting for
child- and community-level covariates and clustering by school and
community levels (37). For binary outcomes, multilevel logistic models
were generated. Missing data due to nonresponse were addressed via
multiple imputations, which created 20 imputed datasets that were then
combined for inference (54).

Since the food insecurity–obesity relationship may differ across
subgroups, interactions by child sex, age group (4–9 and 10–15 y
old), and race/ethnicity were assessed. The age groups were chosen
based on NIH research regarding the onset of puberty, between ages
8 and 13 y for girls and ages 9 and 14 y for boys (55). Reported
predicted means (or predicted probabilities for binary outcomes) were
determined for all interaction subgroups based on the overall sample
and adjusted model for each outcome. For outcomes with an overall
significant interaction at the P < 0.05 level, pairwise comparisons
were conducted and adjusted using Bonferroni corrections for multiple
comparisons, thereby decreasing the likelihood of committing a type
I error. For pairwise comparisons, significance was set at P < 0.008
(P = α/n = 0.05/6 groups = 0.008). Analyses were conducted in SAS
9.4 (SAS Institute).

Results
The average age of the study sample was about 9 y old (Table
1). About half of the sample was female (50.9%), and nearly
half of the children were of Hispanic or Latino origin (44.7%).
About 40% of the children were categorized as overweight
or obese, and distribution of food-security status was fairly
even (55.4% food secure). A little more than one-quarter of
the children (26.9%) lived in a household with a total annual
income <$20,000. About 40% of the children had parents with
a maximum education level of high school or less, and nearly
three-quarters (73.0%) had at least 1 parent employed full-time.
At the community level, about one-third of children (34.8%)
lived in a community classified as low income. About 60%
of children lived in communities with a census tract minority
classification of African American or Hispanic. Geographic
region was more concentrated in the South (41.6%) compared
to other regions. All adiposity and many dietary intake and
dietary behavior variables were significantly different by food-
insecurity status in unadjusted analyses.

Household food insecurity was significantly associated with
child adiposity measures in both unadjusted and adjusted
analyses. In the adjusted analysis, children in food-insecure
households had a BMI z-score of 0.14 higher (95% CI: 0.06,
0.21) and a waist circumference of 0.91 cm higher (95% CI:
0.18, 1.63) than children in food-secure households (Table 2).
Compared to children in food-secure households, children in
food-insecure households had 1.17 times the odds of being
overweight or obese (adjusted OR: 1.17; 95% CI: 1.02, 1.34).
After adjustment for child- and community-level covariates,
intake of sugar from SSBs (P = 0.01), eating breakfast
(P < 0.0001), and eating together with family (P = 0.006) were
significantly associated with food insecurity. Children in food-
insecure households consumed on average 1.44 g more per day
of sugar from SSBs (95% CI: 0.35, 2.54) than children in food-
secure households. For dietary behaviors, on average children
in food-insecure households ate breakfast (−0.28 d/wk; 95%
CI: −0.39, −0.17) and ate dinner together with family (−0.22
d/wk; 95% CI: −0.37, −0.06) less frequently than children in
food-secure households.

The overall interaction terms between food-insecurity status
and age group differed significantly for adiposity outcomes
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TABLE 1 Demographic, adiposity, and dietary characteristics of children in the Healthy Communities Study by food security status1

All children Food secure Food insecure
Characteristic n = 5138 n = 2845 (55.4%) n = 2293 (44.6%) P value2

Sociodemographic characteristics
Age, y 9.3 ± 2.7 9.1 ± 2.6 9.4 ± 2.6 <0.0001
Child overweight or obese,3 % 40.5 34.6 47.8 <0.0001
Female, % 50.9 48.9 53.4 0.001
Child race/ethnicity,4 % <0.0001

Non-Hispanic white 29.6 41.4 15
Non-Hispanic African American 18 15.3 21.5
Non-Hispanic other 7.7 9.5 5.5
Hispanic or Latino 44.7 33.9 58.1

Household annual income, % <0.0001
<$20,000 26.9 15.5 41.1
$20,000–35,000 24.5 16.5 34.4
$35,000–50,000 12.6 11.7 13.6
$50,000–75,000 10.9 14.1 6.9
$75,000–100,000 7.8 12.1 2.4
>$100,000 17.4 30.1 1.7

Maximum parental education level of biological parents,5 % <0.0001
Less than high school 22.7 13.7 33.7
High school diploma or equivalent 20.2 14.9 26.7
Some college or Associate degree 25 22.9 27.5
Bachelor degree 15.3 20.9 8.4
Graduate degree 16.9 27.5 3.8

Maximum employment status of biological parents,6 % <0.0001
Working full-time for pay now 73 82.3 61.3
Working part-time for pay now 10.1 7.7 13.1
Unemployed 6.1 3.5 9.4
Other 10.9 6.6 16.2

Community income classification,7 % 0.001
High 65.2 67.1 62.8
Low 34.8 32.9 37.2

US region, % 0.03
Midwest 19.3 20.3 18.1
Northeast 15.4 15.9 14.8
South 41.6 39.9 43.7
West 23.8 24 23.5

Community minority classification, % <0.0001
African American 20.6 18.5 23.2
Hispanic 39.8 33.1 48.1
Other 39.6 48.4 28.7

Urbanicity, % 0.60
Rural 22.6 22.8 22.4
Suburban 39.6 40 39
Urban 37.8 37.2 38.6

Outcome variables
BMI,8 kg/m2 20.0 ± 5.4 19.3 ± 5.1 20.9 ± 5.7 <0.0001
BMI-z8 0.7 ± 1.2 0.5 ± 1.2 0.9 ± 1.2 <0.0001
Waist circumference,8,9 cm 69.5 ± 14.9 67.5 ± 13.7 72.0 ± 16.0 <0.0001

Dietary intake outcomes
Fruit/vegetable/legume, no fried potatoes, cup/d 2.5 ± 0.9 2.5 ± 0.9 2.4 ± 0.9 <0.0001
Whole grains, g/d 20.2 ± 12.3 20.2 ± 11.5 20.2 ± 13.3 0.93
Fiber, g/d 15.5 ± 3.9 15.6 ± 3.8 15.4 ± 4.1 0.03
Dairy, cup/d 2.5 ± 0.8 2.5 ± 0.7 2.5 ± 0.8 0.73
Calcium, mg/d 1110 ± 254 1110 ± 241 1110 ± 269 0.36
Total added sugar, g/d 76.1 ± 31.5 72.7 ± 27.7 80.4 ± 35.2 <0.0001
Sugar from SSBs, g/d 28.0 ± 19.1 25.6 ± 16.5 30.9 ± 21.6 <0.0001
Energy-dense foods of minimal nutritional value, times/d 2.0 ± 1.8 1.9 ± 1.7 2.0 ± 2.0 0.0009

(Continued)
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TABLE 1 (Continued)

All children Food secure Food insecure
Characteristic n = 5138 n = 2845 (55.4%) n = 2293 (44.6%) P value2

Diet related behaviors
Eating breakfast,10 d/wk 6.1 ± 1.8 6.4 ± 1.5 5.9 ± 2.0 <0.0001
Eating dinner with family,10 d/wk 5.0 ± 2.4 5.3 ± 2.3 4.7 ± 2.6 <0.0001
Eating fast food,10 d/wk 1.0 ± 1.2 1.0 ± 1.1 1.1 ± 1.2 0.006
Regular consumption of nonfat or 1% milk,11,12 % 27.7 32 22.5 <0.0001
Eating dinner while watching TV,13 % 39.2 36 43.1 <0.0001

1Households were classified as food insecure if responses were affirmative (very often, often, or sometimes) to one or both of the items on validated 2-item screener derived
from the USDA 18-item Household Food Security Survey. Values are means ± SDs or percentages, overall sample size is n = 5138 unless otherwise noted, percentages may
not add up to 100% due to rounding. BMI-z, BMI z score; SSB, sugar-sweetened beverage.
2Results from chi-square tests for categorical variables or t tests for continuous variables.
3Overweight/obese includes BMI at ≥85th percentile for age and gender using CDC growth charts (48). Biologically implausible values were excluded.
4Child race/ethnicity: other includes non-Hispanic American Indian/Alaska Native; Native Hawaiian/Pacific Islander; Asian; more than 1 race including African American; and more
than 1 race not including African American.
5Graduate degree includes masters, professional, and doctorate degrees.
6Unemployed includes only temporarily laid off, on sick leave or maternity leave, looking for work, unemployed; other includes disabled, keeping house, retired, student, other.
7To develop a stratification variable related to income, the HCS adopted the US Department of Housing and Urban Development designation of Qualified Census Tracts for
purposes of the Low-Income Housing Tax Credit program (37).
8Mean BMI and waist circumference exclude observations with measurement issues.
9Waist circumference sample size: n = 5094.
10Reported frequency in last week.
11Reported usually drinking skim, 1%, or soy milk.
12Regular consumption of nonfat or 1% milk sample size: n = 4976.
13Reported often/very often or never/rarely/sometimes.

and 1 dietary behavior (Table 3). Children 10–15 y old from
food-insecure households had higher BMI-z (0.83 versus 0.62;
P < 0.0001), waist circumference (69.4 cm versus 67.3 cm;
P < 0.0001), overweight or obesity (44.4% versus 36.9%;
P = 0.0009), and ate dinner together with their families
less frequently (4.4 d/wk versus 4.8 d/wk; P = 0.0006) than
their food-secure counterparts; no significant associations were
seen among food-insecure and food-secure 4–9-y-old children.
Interactions between sex or race/ethnicity and food-insecurity
status were not found to be statistically significant for any
outcomes (Supplementary Table 1).

Discussion

Children living in food-insecure households had higher BMI-
z, waist circumference, and odds of being overweight or obese
than children living in food secure households. When examined
by age, these associations were true only for older children,
consistent with a life-course perspective which emphasizes that
obesity does not occur spontaneously but rather develops over
time (17). For example, exposure to food insecurity may be
associated with changes in BMI growth for younger children,
but not enough to classify them as overweight or obese, whereas
adolescents may have had more exposure to food insecurity
over their life-course (17). Further, although parents can seek
to protect their children from reduced food availability and
disrupted meal patterns (8, 56–60), food insecurity is stressful
for children. This may be particularly true for older children,
who are more cognitively and socially aware of the strains of
food insecurity (61).

Considering food insecurity as a chronic stressor, some
individuals may cope with stress by restricting intake and losing
weight, whereas others may consume more highly palatable
foods that contain higher amounts of fats, sugar, or salt; are
energy dense; and can reduce the impact of stress on the brain
(62–66). In this study, children in food-insecure households, on

average, consumed 31 g sugar from SSBs and about 80 g total
added sugar per day, which far exceeds current American Heart
Association recommendations for children to consume ≤25 g
(6 teaspoons) of added sugar per day (67). Although there was
a significant difference in added sugar intake between food-
insecurity groups, children in food-secure households consumed
almost 73 g total added sugar per day, which also exceeds this
recommendation.

People living in poverty may concurrently experience high
levels of food insecurity and high levels of obesity, which is
also relevant in explaining the association between household
food insecurity and child adiposity (13, 68). Episodic food
shortages may lead an individual to overconsume previously
restricted foods once the period of shortage ends, such that
an individual’s dietary choices or physiologic adaptations in
response to food deprivation contribute to increased body fat,
otherwise known as the feast–famine hypothesis (8, 68–71).
In this study, children in food-insecure households exhibited
lower frequencies of eating breakfast and eating dinner with
their families. These differences were on average about one-
quarter times per day, which may be interpreted as being almost
equivalent to eating 1 less meal or snack per week for children
in food-insecure households. More information is needed in
future studies to examine this feast–famine hypothesis, however,
as these 2 meal-related questions do not assess amounts
consumed.

Since HCS uses an observational, cross-sectional study
design, it is not possible to draw any causal conclusions
between food insecurity and the outcomes of interest or to
look at food insecurity over time in relation to child weight
or diet outcomes. The dietary assessments were self-reported
and are subject to recall error and reporting bias. The USDA
screener for food insecurity is a household-level measure
reported by parents, so it does not entirely capture the child’s
experience of food insecurity and thus has limited validity as a
construct, because parents and children differ in perceptions and
experience of food insecurity (57, 61, 72). For example, Fram

1646 Au et al.



TABLE 2 Relationship of food insecurity with adiposity, dietary intake, and diet related behaviors
of children in the Healthy Communities Study (n = 5138)1

Variable P value2,3

Adiposity-related outcomes
β (95% CI)

BMI-z 0.14 (0.06, 0.21) 0.0005
Waist circumference,4 cm 0.91 (0.18, 1.63) 0.01

OR (95% CI)
Normal weight Ref
Overweight or obese 1.17 (1.02, 1.34) 0.02

Dietary intake
β (95% CI)

Fruit/vegetable/legume, no fried potatoes, cup/d − 0.04 (−0.10, 0.02) 0.21
Fiber, g/d − 0.14 (−0.39, 0.10) 0.26
Total added sugar, g/d 1.62 (−0.23, 3.47) 0.09
Energy-dense foods of minimal nutritional value, times/d 0.00003 (−0.12, 0.12) 0.90
Whole grains, g/d 0.39 (−0.41, 1.2) 0.34
Dairy, cup/d 0.02 (−0.03, 0.07) 0.37
Sugar from SSBs, g/d 1.44 (0.35, 2.54) 0.01
Calcium, mg/d 5.77 (−9.34, 20.87) 0.45

Diet related behaviors
β (95% CI)

Eating breakfast, d/wk5 − 0.28 (−0.39, −0.17) <0.0001
Eating dinner with family, d/wk5 − 0.22 (−0.37, −0.06) 0.006
Eating fast food, d/wk5 0.06 (−0.01, 0.14) 0.10

OR (95% CI)
Not regular consumption of nonfat/1% milk Ref
Regular consumption of nonfat or 1% milk 6,7 0.89 (0.76, 1.05) 0.16
Not eating dinner while watching TV Ref
Eating dinner while watching TV8 1.10 (0.96, 1.30) 0.16

1Binary predictor of interest in all models was food insecure compared to food secure (0 = food secure, 1 = food insecure). BMI-z,
BMI z score; Ref, reference; SSB, sugar-sweetened beverage.
2Analyses used multilevel modeling for BMI-z, waist circumference, dietary intake, and eating breakfast, dinner with family, and fast
food; and multilevel logistic regression for overweight or obese status, regular consumption of nonfat or 1% milk, and eating dinner
while watching TV.
3Covariates included age (as polynomial with degrees as follows: 0 for regularly consumed lower-fat milk; 1 for fruit and vegetables; 2
for waist circumference, dairy, whole grains, fiber, ate breakfast; 3 for sugar from SSBs; 4 for total added sugar, energy-dense foods
of minimal nutritional value), sex (diet, diet related behaviors, and waist circumference only), child height (waist circumference only),
maximum father education (adiposity only), maximum maternal employment (adiposity only), maximum parental education (diet and
diet related behaviors only), maximum parental employment (diet and diet related behaviors only), race/ethnicity, annual household
income, and seasonality (diet and diet related behaviors only). The community-level covariates included US region, minority, urbanicity
(diet and diet related behaviors only), proportion of population below the federal poverty level and/or unemployed (diet and diet related
behaviors only), and whether a minority population tract (30% or more African American or Hispanic) (diet and diet related behaviors
only). The SEs are clustered at the community and school levels.
4Waist circumference analytical sample size: n = 5094.
5Reported frequency in last week.
6Reported usually drinking skim, 1%, or soy milk.
7Regular consumption of nonfat or 1% milk analytical sample size: n = 4976.
8Reported often/very often or never/rarely/sometimes.

et al. reported that children 11–16 y old were aware of food
insecurity and undertook strategies to manage food resources;
they concluded that children are in the best position to relate
their own experiences of food insecurity (61). In addition, the
severity of household food insecurity was not assessed with the
2 food insecurity questions used in this study. Further, while
households were considered food insecure if they reported
experiencing indicators of food insecurity at any time over
the past year, dietary intakes were reported over the past
30 d. It is possible that dietary impacts of food insecurity may
have been missed because they did not concur with periods
of household food insecurity. Although socioeconomic status
was controlled by income categories, educational level, and
employment as covariates, some residual confounding may have

remained because these variables may not have fully captured
socioeconomic status and/or the association of these variables
with food insecurity may not have been the same over the range
of socioeconomic status.

In conclusion, household food insecurity in children was
associated with a higher BMI-z and waist circumference, greater
likelihood of being overweight or obese, consuming more sugar
from SSBs, and less frequently eating breakfast and eating
dinner with family. Observed relationships were particularly
strong among older children. Further research is needed to
disentangle the complex picture of how food insecurity is a
possible contributor to childhood obesity and to poorer dietary
outcomes in diverse populations. More research is needed
to investigate whether reducing household food insecurity
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TABLE 3 Relationship of food insecurity with child adiposity, dietary intake, and dietary related behavior outcomes of children in the
Healthy Communities Study, by age group (n = 5138)

Ages 4–9 y Ages 10–15 y

Variable Food secure Food insecure Food secure Food insecure P interaction1,2,3,4

Adiposity-related outcomes, mean (95% CI) or %
BMI-z5 0.64 (0.51, 0.77)b 0.70 (0.56, 0.84)b 0.62 (0.49, 0.76)b 0.83 (0.70, 0.97)a 0.03
Waist circumference,5,6 cm 70.1 (68.8, 71.4)a 70.0 (68.6, 71.3)a 67.3 (66.0, 68.6)b 69.4 (68.1, 70.8)a 0.0004
Overweight or obese7, % 35.5b 35.4b 36.9b 44.4a 0.009

Dietary intake outcomes, mean (95% CI)
Fruit and vegetables,5 cup/d 2.5 (2.3, 2.6) 2.4 (2.3, 2.5) 2.6 (2.5, 2.7) 2.5 (2.4, 2.6) 0.83
Fiber,5 g/d 15.0 (14.5, 15.4) 14.9 (14.4, 15.3) 15.8 (15.4, 16.2) 15.6 (15.2, 16.1) 0.65
Total added sugar,5 g/d 71.1 (67.9, 74.4) 72.3 (68.9, 75.8) 82.2 (78.9, 85.5) 84.3 (80.9, 87.7) 0.56
Energy-dense foods,5 (times/day) 2.0 (1.8, 2.2) 2.0 (1.8, 2.2) 2.0 (1.8, 2.2) 2.0 (1.7, 2.2) 0.91
Whole grains,5 g/d 20.0 (19.3, 21.4) 20.7 (19.3, 22.1) 18.9 (17.5, 20.3) 19.0 (17.6, 20.4) 0.37
Dairy,5 cup/d 2.5 (2.4, 2.6) 2.5 (2.4, 2.6) 2.4 (2.3, 2.5) 2.4 (2.4, 2.5) 0.53
Sugar from SSBs,5 g/d 25.0 (23.0, 27.0) 25.5 (23.4, 27.6) 32.9 (30.9, 34.9) 35.3 (33.2, 37.3) 0.07
Calcium,5 mg/d 1099 (1073, 1125) 1103 (1076, 1130) 1110 (1083, 1136) 1117 (1090, 1144) 0.78

Diet related behaviors, mean (95% CI) or %
Breakfast,5 d/wk 6.5 (6.3, 6.7) 6.3 (6.1, 6.5) 5.8 (5.6, 6.0) 5.5 (5.3, 5.7) 0.31
Eating fast food,5 d/wk 0.89 (0.76, 1.02) 0.92 (0.8, 1.1) 0.92 (0.8, 1.1) 1.1 (0.9, 1.2) 0.19
Eating dinner with family,5 d/wk 5.2 (4.9, 5.4)c 5.1 (4.8, 5.4)c 4.8 (4.5, 5.1)b 4.4 (4.2, 4.7)a 0.04
Regular consumption of 1% milk7, % 26.5 26.4 27.9 23.3 0.09
Eating dinner while watching TV7,8, % 34.4 38.2 41.2 41.8 0.25

1Analyses used multilevel modeling for BMI-z, waist circumference, dietary intake, and eating breakfast, dinner with family, and fast food; and multilevel logistic regression for
overweight or obese status, regular consumption of nonfat or 1% milk, and eating dinner while watching TV. All models included an interaction term for binary predictor of food
security (food secure versus food insecure) by age group (ages 4–9 versus ages 10–15).
2Covariates included sex (diet, diet related behaviors, and waist circumference only), child height (waist circumference only), maximum father education (adiposity only), maximum
maternal employment (adiposity only), maximum parental education (diet and diet related behaviors only), maximum parental employment (diet and diet related behaviors only),
race/ethnicity, annual household income and seasonality (diet and diet related behaviors only). The community-level covariates included: US region, minority, urbanicity (diet and
diet related behaviors only), proportion of population below the federal poverty level and/or unemployed (diet and diet related behaviors only), and whether a minority population
tract (30% or more African American or Hispanic) (diet and diet related behaviors only). The SEs are clustered at community and school levels.
3Results from overall test for interaction by age group for outcome variable at P < 0.05.
4The different letters (a, b, c) indicate significant differences between values, adjusted for multiple comparison using the Bonferroni method, with significance set at P < 0.008.
For example, for the outcome BMI-z, children ages 10–15 y from food-insecure households had higher BMI-z scores than children ages 10–15 y from food-secure households,
as well as children ages 4–9 y from both food-insecure and food-secure households.
5Values reported are predicted means (95% CIs) from adjusted analysis using multilevel linear regression.
6Waist circumference analytical sample size: (n = 5094).
7Values reported are predicted probabilities (as percentages) from adjusted analysis using multilevel logistic regression.
8Eating dinner while watching TV analytical sample size: (n = 4976).

results in improved adiposity and diet related outcomes in
children.
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