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HILDHOOD OVERWEIGHT AND OBESITY ARE
important public health problems in the United
States'? and worldwide® because of their magnitude,
concurrent and long-term health consequences,*”
and persistence into adulthood.®® In the United States, the
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ABSTRACT

Background Obesity and its co-occurrence with household food insecurity among low-
income families is a public health concern, particularly because both are associated with
later adverse health consequences.

Objective Our aim was to examine the relationship between household food insecurity
with and without hunger in infancy and later childhood with weight status at 2 to 5
years.

Design This longitudinal study uses household food-security status, weight, and height
data collected at the first infancy and last child (2 to 5 years) Special Supplemental
Nutrition Program for Women, Infants, and Children visits. Household food security was
based on parent/caretaker responses to a four-question subscale of the 18-item Core
Food Security Module. Obesity was defined as sex-specific body mass index for age
=95th percentile.

Participants/setting A diverse (58.6% non-white) low-income sample of 28,353 chil-
dren participating in the Massachusetts Special Supplemental Nutrition Program for
Women, Infants, and Children (2001-2006); 24.9% of infants and 23.1% of children lived
in food-insecure households and 17.1% were obese at their last child visit.

Statistical analysis Multivariate logistic regression analyses assessed the association
between household food-security status during the infant and child visits, and risk of
preschool obesity, while controlling for child race/Hispanic ethnicity, sex, child and
household size, maternal age, education, and prepregnancy weight. Interactions be-
tween these covariates and household food-security status were also examined. In cases
of multiple comparisons, a Bonferroni correction was applied.

Results Persistent household food insecurity without hunger was associated with 22%
greater odds of child obesity (odds ratio=1.22; 95% CI 1.06 to 1.41) compared with those
persistently food secure (P<0.05). Maternal prepregnancy weight status modified this
association with children of underweight (adjusted odds ratio=3.22;95% CI 1.70t0 6.11;
P=0.003) or overweight/obese (adjusted odds ratio=1.34; 95% CI 1.11 to 1.62; P=0.03)
mothers experiencing greater odds of child obesity with persistent household food in-
security without hunger compared with those with persistent household food security.
Conclusions These results suggest that persistent household food insecurity without
hunger is prospectively related to child obesity, but that these associations depend on
maternal weight status. Vulnerable groups should be targeted for early interventions to
prevent overweight and obesity later in life.

J Acad Nutr Diet. 2012;112:1949-1958.

prevalence of childhood obesity has been steadily rising, even
among preschool-aged children, increasing from 7.2% to
12.4% among 2- to 5-year-olds between the 1988-1994 and
2003-2006 National Health and Nutrition Examination Sur-
veys."? In addition, preschool-aged low-income children
might have a higher prevalence of obesity compared with the
prevalence in the general population.'® Based on the Centers
for Disease Control and Prevention’s Pediatric Nutrition Sur-
veillance System, the prevalence of obesity in low-income 2-
to 5-year-old children participating in publicly funded health
and nutrition programs in 2007 was 14.9%, representing a
relative increase of 34.5% since 1995.° Even more striking
was the substantially higher combined overweight and obe-
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sity prevalence: 33% of low-income preschool-aged children
were either overweight or obese!® compared with 24% of US
preschool-aged children in the general population.?

Food insecurity is defined as the lack of access to enough
food for an active healthy life that results from limited or
uncertain access to nutritionally adequate and safe foods in
socially acceptable ways.!! The US Department of Agriculture
reported that, in 2010, 14% of all US households experienced
food insecurity, with low-income households, particularly
those with children, experiencing household food insecurity
at much higher rates.!?In 2010, 41% of low-income household
with young children (ie, younger than 6 years) in the United
States reported low or very low household food security
(called food insecurity in this article*).'? Furthermore, food
insecurity is over-represented among racial and ethnic mi-
norities, with 25.1% of black and 26.2% of Hispanic households
experiencing household food insecurity as compared with
10.7% of non-Hispanic white households.'?

The increased prevalence of overweight and its co-occurrence
with household food insecurity among low-income families has
raised the interesting question as to whether the relation be-
tween food security and overweight is causal. Dietz was the first
to suggest that food insecurity might be one of the underlying
contributors to pediatric obesity, and attributed this association
to the possible inclusion of more high-fat energy-dense foods of
poor nutritional quality in the diets of children in food-insecure
households, or binge eating as an adaptive response to episodic
food shortages.'* Research on the association between household
food insecurity and weight status in women has consistently
shown that women who experience household food insecurity are
at a significantly higher risk of overweight/obesity than women
who live in food-secure households,'>¢ although findings vary de-
pending on the instrument used to assess food insecurity.'”

Cross-sectional and longitudinal studies of preschool and
school-aged children that have examined associations be-
tween food insecurity and weight status have yielded mixed
results'®39; six are cross-sectional!8-2025-27.29:30 ap( six are
longitudinal 21242628 [nconsistencies in results of cross-sec-
tional studies are likely a result of the inherent design limita-
tions of cross-sectional studies, as well as differences in the
childhood age group and socioeconomic status (ie, low-in-
come or general population) studied. Of the seven longitudi-
nal studies that have examined these relationships, four of
which used the Early Childhood Longitudinal Study-Kinder-
garten cohort,?1-24262831 three found that food insecurity or
insufficiency increased the risk of high weight status,?32428
one found it decreased risk,>?> and three found no associa-
tions.?!2631 One recent study reported that high-risk children
with a high cumulative social risk score at 1 and 3 years of age
had a higher risk of obesity at age 5; this risk score included food
insecurity.>! A major limitation of even the well-designed longi-
tudinal studies is that the samples were drawn from the general
population rather than low-income populations, thus reducing
the ability to detect associations between food insecurity and
health outcomes given the low incidence of food insecurity

*It should be noted that the terms food insecure with
hunger and food insecure without hunger used in this ar-
ticle reflect accepted terminology at the time data were col-
lected, rather than the current use of low and very low food
security.”®
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among populations at higher income levels and unavoidable
confounding by income. The purpose of the current analysis is to
examine the relationship of household food insecurity with and
without hunger in infancy and later childhood with weight sta-
tus in a diverse low-income sample of 2- to 5-year-old children
participating in the Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC) program during a 5-year
period (2001-2006).

METHODS

Data for this study are derived from individuals who partici-
pated in the Massachusetts WIC program between September
2001 and August 2006. WIC is a federally funded nutrition pro-
gram for low-income mothers and children. WIC sets income
guidelines at <185% of the federal poverty threshold. WIC aims
to improve the nutritional status of pregnant and lactating
women and their children up to the age of 5 years by providing
them vouchers for the purchase of nutritious foods to supple-
ment their diet, breastfeeding support, nutrition counseling, and
health care referrals. The Massachusetts WIC program data, cap-
tured by the WIC management information system, include an-
thropometric, food security, health-related, and sociodemo-
graphic information on mothers and children. The child’s
anthropometrics (height/length and weight) were either measured
at WIC every 6 months at the participants’ certification/recertifica-
tion visit or were reported to WICby the child’s pediatrician. House-
hold food-security information was also obtained at the certifica-
tion visit every 6 months. Sociodemographic data and mother’s
health-related data were obtained once at the certification visits,
which generally occurred during the mother’s pregnancy. It should
be noted that pregravid weight was self-reported rather than mea-
sured. Although clearly not optimal, several studies have evaluated
the correlation between maternal self-reported pregravid weight
and measured weight and found them to be well correlated.>?=>*In
addition, most of the analyses we propose, weight gain is catego-
rized. Under these circumstances, self-reported weight should pro-
vide a reasonable estimate, as the reporting error (1 to 2 kg) is a
small percentage of total body weight.>>

All these program data are reported to the Centers for Disease
Control and Prevention (CDC) as part of the state’s participation
in the Pregnancy and Pediatric Nutrition Surveillance Systems.
For this study, the data files of mothers and children were linked
to provide relevant sociodemographic variables, such as mater-
nal education, which is captured on the mother’s file only.

All mothers and their children who were first certified into
WIC between August 2001 and September 2006 and who met
the following inclusion criteria were included in the analytic sam-
ple (n=28,353): mother received WIC during her pregnancy with
that child and has complete data on covariates (ie, maternal educa-
tion and age); infant age at certification =12 months; data are com-
plete for household food-security status at child certification and
last visit and on covariates (eg, birth weight, age, sex, race/ethnici-
ty); child is non-Hispanic white, non-Hispanic black, Hispanic, or
Asian; complete anthropometric data at first (infancy) and last
(child) visit; and child’s age 24 to 60 months at the last visit.

The study protocol was reviewed and approved by the Insti-
tutional Review Board for the Massachusetts Department of
Public Health; it was also reviewed by the Simmons College In-
stitutional Review Board and deemed exempt.
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Table 1. Time-integrated food-security variable used in a study examining the relationship between household food

insecurity and obesity in preschool children

Household Food-Security Status during Childhood

Household food security

during infancy Food secure

Food insecure without
hunger

Food insecure with hunger

Food secure Persistent food security
(n=16,777)

Early food insecurity, without
hunger (n=3,789)

Early food insecurity with
hunger (n=1,063)

Food insecure without
hunger

Food insecure with
hunger

Late food insecurity, without
hunger (n=3,478)

Persistent food insecurity
without hunger (n=1,378)
Persistent food insecurity, with

early hunger (n=369)

Late food insecurity with
hunger (n=880)

Persistent food insecurity with
late hunger (n=253)

Persistent food insecurity with
hunger (n=166)

Food-Security Measures

Food-security measures were added to the WIC information sys-
tem in Massachusetts in 1998 as part of a demonstration site
project to assess the feasibility and usefulness of their inclusion
in the Pediatric Nutrition Surveillance System. Household food-
security status was based on parent/caretaker responses to a
four-question subscale®® of the 18-item Core Food Security
Module. The individual items and coding scheme for the four-
item subscale have been provided in detail elsewhere.?” Briefly,
the four items in the subscale address the following aspects of
household food-security status: not having enough money to
buy food for a balanced meal, adults cutting the size of or skip-
ping meals, adult frequency of cutting or skipping meals, and
adults not eating for a whole day. Household food-security sta-
tus was defined by the number of positive (yes or frequently
true) responses to the questions.?” This subscale has been vali-
dated in households with children with incomes <185% of the
poverty level*® and specific results have been published.? Based
on the responses to the food-security questions, household
food-security status was categorized as food secure, food inse-
cure without hunger, or food insecure with hunger.

Household food-security status at the first infancy (hereafter
called infancy visit) and last (when child was 2 to 5 years of age)
child visits (hereafter called child visit) were used for these anal-
yses. A third measure of food-security status was created by
combining the two measures into a single time-integrated vari-
able that reflected status at both time points as a measure of
chronicity. The time-integrated measure of food-security vari-
able includes nine different combinations of the three levels of
food-security status at the infancy and child visits, as shown by
the 3x3 table (Table 1), which illustrates the intersection of
household food security at the infancy and child visits.

Because the sample sizes for the combinations that included
food insecurity with hunger were small (n=166 for those whose
households were food insecure with hunger at both time
points), they were omitted from any stratified analyses that
were conducted, although they were retained in the main effects
analyses.

Weight Status Measures

Weights and heights were taken using standard procedures
briefly described here.>” At WIC, standing height was measured
(to the nearest 1/8 in) using a Stadiometer, without shoes, hats
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or hair accessories, and weight was measured (to the nearest 1/4
1b) using a beam balance scale or a good-quality digital scale
after the removal of shoes, sweaters, and heavy jackets (for chil-
dren) and clothing (for infants) except undergarments. Height
and weight were measured once at each visit.

Body mass index (BMI) was derived from directly measured
height and weight. Child age was calculated as the difference
between the last WIC measurement date and birth date. The
age- and sex-specific BMI z score and percentile relative to the
2000 CDC growth reference®® was determined using the child’s
measured height and weight. Anthropometric values that were
not within the biologically plausible range based on CDC criteria
were excluded.®® For our analyses, BMI z score was analyzed as a
continuous measure. We also used the sex-specific BMI-for-age
to define obesity (BMI-for-age z score >95th percentile) based
on CDC reference data, as recommended.*%4!

Other Covariates

The choice of covariates was based on both the literature sup-
porting their relationship to food-security status and their avail-
ability in the program data. The following covariates were in-
cluded: maternal weight status based on prepregnancy BMI
(categorized as underweight: BMI <18.5; healthy weight: BMI
18.5 to 25; or overweight/obese: BMI >25), maternal age in
years, maternal education (categorized as <12 years, 12 years, or
>12 years), household size (defined as number of people living
in the household), child’s age at the last visit in months, race/
ethnicity (coded as non-Hispanic white, non-Hispanic black,
Hispanic, or Asian) and birth weight. Because food insecurity has
been shown to increase risk of overweight and obesity in
women, inclusion of maternal weight status might partial out
some of the effects of household food insecurity on child weight
status.*? On the other hand, maternal weight can be an indicator
of both familial predisposition as well as feeding behaviors that
can affect child’s risk of overweight, thereby being an interme-
diary marker of such behaviors.*® For these reasons, in our ex-
amination of the associations between household food-security
and weight status, we considered models with and without ma-
ternal weight status.

Statistical Analyses

We examined the association between household food-security
status at the infancy and child WIC visits and children’s weight
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status using both multivariate linear and logistic regressions.
Linear regression was used to examine the association between
both infancy and child visits’ measures of household food-secu-
rity status and a continuous measure of children’s weight status,
as expressed by BMI-for-age z score; all three levels of household
food-security status were included at each time point (ie, house-
hold food secure, household food insecure without hunger, and
household food insecure with hunger). The interaction term (ie,
infant food security by child food-security status) was also ex-
amined; this is comparable with examining a time-integrated
variable as described previously.

Logistic regression analyses were used to examine the associ-
ation between infancy and child household food-security mea-
sures and the likelihood of 2- to 5-year-old children being obese
at their last child WIC visit. Household food-security status was
examined in relation to child obesity by inclusion of the time-
integrated household food-security variable (described previ-
ously), with persistent food security as the referent.

For models with child obesity status as the dependent vari-
able, the outcome was obese vs BMI-for-age between the 5th
and 95th percentile. Underweight (ie, BMI-for-age <5th percen-
tile) children (3.3% of the sample) were excluded from these
analyses because the key contrast of interest was between
obese children and those with weight within the normal range.
We wanted to have as pure a subgroup as possible, so restricted
the comparison group to normal weight children.

The multivariate analyses were conducted including all of
the covariates and child birth weight in the model. A second
set of analyses additionally controlled for maternal prepreg-
nancy weight status (ie, underweight, normal weight, or over-
weight/obese). Only preplanned comparisons that related to
the questions under investigation were made.

Research suggests that child feeding can vary by food-secu-
rity status,! race/ethnicity,! maternal education, and mater-
nal weight status?**>; some of these differences have been
shown to affect weight status in early childhood.?*! These
potential differences imply that the effect of food insecurity
on risk of child obesity can be different by differing levels of
these variables. Therefore, in separate models, we also tested
for two-way interactions between the household food-secu-
rity status variables and the covariates: maternal education,
maternal age, maternal prepregnancy weight status, child
race/ethnicity, birth weight, and child sex. A P value of <0.05
was considered statistically significant for main effects and
for interactions. Where interactions were statistically signifi-
cant, stratified models are presented. All analyses were con-
ducted using SAS version 9.2 (SAS Institute, Inc).

RESULTS

Overall, 28,353 children contributed data to these analyses;
sample sizes for the analyses that included maternal prepreg-
nancy weight status (n=28,152) were slightly lower due to
missing values (<1% of the total sample). Sociodemographic
characteristics are shown in Table 2. On average, at the child
WIC visit, children were about 3 years old, and came from house-
holds with four members (including the child). Almost 60% of
children were from non-Hispanic black, Hispanic, or Asian back-
grounds, with the majority of Hispanic origin. About one third of
mothers had <12 years of education, and about 21% had >12
years of education. At their infancy visit, about one quarter of
infants lived in households with some food insecurity, with
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5.7% living in households reporting food insecurity with hun-
ger. At their child visit, 23% of children lived in households
with some food insecurity, with 4.6% living in households re-
porting food insecurity with hunger. Approximately 17% of 2-
to 5-year-old children were obese.

Household Food Security and Child BMI-for-Age
Z Scores

Household food-security status at the infancy and child visits
were examined in relation to child visit BMI-for-age z score. Al-
though the main effect of household food security at the infancy
visit (controlling for the food-security status at the child visit) on
child BMlI-for-age z score was of borderline significance
(P<0.06), the adjusted means show that household food-secu-
rity status in infancy was prospectively associated with child
BMI-for-age z score at 2 to 5 years (Table 3). Infants from house-
holds reporting food insecurity without hunger had a higher
mean childhood BMI-for-age z score than infants whose house-
holds reported food insecurity with hunger (0.54 vs 0.47;
P<0.05). A significant interaction was identified between in-
fancy household food-security status and maternal prepreg-
nancy weight status (P<0.05). The adjusted means from the
analyses stratified by maternal prepregnancy weight status in-
dicated that although there was no association between house-
hold food-security status and mean BMI-for-age z scores among
children whose mother’s prepregnancy weight status was nor-
mal or underweight, there was an association among those
whose mothers were overweight or obese (Table 4). Among chil-
dren whose mothers were overweight/obese prepregnancy, in-
fants residing in households that reported food insecurity with-
out hunger (ie, infancy visit) later had a significantly higher
adjusted mean child BMI-for-age z scores than infants whose
households were food secure (mean difference=0.06 z score
units; P=0.018). There was no association between household
food-security status at the child visit and child’s mean BMI-for-
age z score at their child visit (P=0.22).

Household Food Security and Risk of Childhood
Obesity

The association between the time-integrated household food-
security variable and preschool obesity showed that persistent
household food insecurity without hunger was associated with
22% greater odds of obesity at the child visit (odds ratio=1.22;
95% CI 1.06 to 1.41; P<0.01) compared with those who were
persistently food secure (Table 5). Other factors associated with
an elevated risk of obesity included child age and black non-
Hispanic or Hispanic origin (Table 5). Factors associated with a
lower risk included being of Asian origin, and having a mother
with >12 years of education (Table 5). Maternal prepregnancy
weight status was also significantly associated with obesity at
the child visit: maternal prepregnancy overweight/obesity was
associated with a 65% (adjusted odds ratio [AOR]=1.65; 95% CI
1.54 to 1.77) greater risk, while maternal underweight was as-
sociated with a45%(A0OR=0.55; 95% C10.44 to 0.66) lower risk of
childhood obesity at the child visit compared with children of
healthy-weight mothers.

Tests for interaction revealed that the relationship between
the time-integrated household food-security status variable and
child weight status was modified by maternal prepregnancy
weight status (P<0.05). In stratified models (Table 6), the asso-
ciation between the time integrated household food-security
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Table 2. Description of sample used to assess the association between
household food insecurity and weight status of 2- to 5-year-old children

(N=28,353)"

Age (mo)

Birth weight (g)

Household size (no. of people)
Maternal age (y)

Female

Maternal education (% of household)
<12y

12y

>12y

Maternal weight status (n=25,012)
Underweight (BMI® <18.5)

Normal weight (BMI 18.5-25)
Overweight/obese (BMI >25)

<— mean=standard deviation —
36.9+9.7
3,264+606
412*1.46
264*+6.4
%
49.0

333
46.0
20.7

6.1
48.8
451

Infancy visit household food-security status

Food secure
Food insecure without hunger
Food insecure with hunger

75.1
19.2
57

Child visit household food-security status

Food secure

Food insecure without hunger
Food insecure with hunger
Child race/ethnicity
Non-Hispanic white
Non-Hispanic black

Hispanic

Asian

76.9
18.5
4.6

414
20.6
31.6

6.5

Weight status category of child atage 2to 5y

Underweight (BMI-for-age <5th percentile)

Normal weight (BMI-for-age 5th to 85th
percentile)

Child overweight (BMI-for-age 85th to 95th

percentile)

Child obese (BMI-for-age >95th percentile)

33
62.8

16.8

17.1

“Includes 201 children for whom maternal prepregnancy weight is missing.

bBMI=Dbody mass index.

variable, among those children whose mothers were either un-
derweight or overweight/obese (P<0.05), was positive, but
there was no association evident among children whose moth-
ers had normal weight status. Specifically, compared with those
whose households were persistently food secure, children of un-
derweight mothers from households with persistent food inse-
curity without hunger (compared with those from persistently
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food-secure households) were more than three times as likely to
be obese at 2 to 5 years of age (AOR=3.22; 95% CI 1.70 to 6.11).
Similarly, children of overweight/obese mothers who came
from households with persistent food insecurity without hunger
(compared with children from food-secure households) were
34%more likely to be obese at 2 to 5 years of age (AOR=1.34; 95%
Cl1.11t0 1.62).
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Table 3. Adjusted® mean=+standard error for BMI°-for-age
z scores by household food-security status at infancy and
child visits (main effects) in a study examining the
relationship between household food insecurity and
obesity in preschool children

Infant visit Child visit

Household food secure 0.50+0.01%% 0.52+0.01

Household food insecure 0.54+0.02Y 0.52+0.02
without hunger

Household food insecure 0.47+0.03* 0.46+0.03

with hunger

“Controlling for age at child visit, sex, race/ethnicity, household size, birth weight,
maternal age, maternal education, maternal weight status, household food-security
status at the child visit and interaction term between maternal weight and food-security
status at child Special Supplemental Nutrition Program for Women, Infants, and Children
Visit.

BMI=body mass index.

Y*Means without a common superscripts are different from each other; P<<0.05.

DISCUSSION

The analysis of WIC program data on low-income mothers
and children in Massachusetts (2001-2006) provides evi-
dence of an association between household food security and
child weight status that depends in part on maternal factors.
Our results indicate that household food insecurity at the in-
fancy visit was prospectively related to later child relative
BMI. Our results also showed that a time-integrated indicator
of household food insecurity both in infancy and childhood
was related to child obesity, but that mother’s prepregnancy
weight modified these relationships. Among children whose
mothers were overweight or obese before pregnancy, house-
hold food insecurity without hunger in infancy was associ-
ated with higher BMI-for-age z scores in childhood than those
in food-secure households. Similarly, among children whose
mothers were either overweight/obese or underweight
prepregnancy, persistent food insecurity (without hunger)
through infancy and childhood increased the odds of child-
hood obesity.

Factors associated with obesity in early life are important to
identify, given the evidence that children who gain weight rap-
idly during the first few years of life are at increased obesity
risk.*® Moreover, the identification of significant interactions be-
tween household food-security status and maternal weight sta-
tus suggest that failure to examine such interactions in relation
to childhood weight and obesity might account at least in part
for some of the conflicting findings found in the literature. Sev-
eral other factors were also associated with obesity risk in this
study. Some identified as protective against child obesity risk
included being of Asian origin, having a mother with >12 years
of education, and having an underweight mother, while mater-
nal overweight/obesity elevated risk.

One interpretation of this study’s findings is that in the pres-
ence of familial predisposition to overweight, food insecurity
can interfere with healthy food choices. Food insecurity, partic-
ularly that without hunger, is characterized by not having
enough money for balanced meals, which can impact the quality
of food more than its quantity. This trade-off between quality
and quantity among food-insecure households can lead to in-
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creased consumption of lower-quality foods that are typically
higher in refined grains, fat, and sugar, and are less satiating and
more likely to lead to weight gain.*” In addition, some evidence
suggests that food insecurity has an indirect effect on toddler
overweight risk through parenting and infant feeding prac-
tices,*® with less supportive parenting and infant feeding prac-
tices being observed in households with food insecurity.*® In
addition, a recent study shows that among girls, those in lower-
income families are not only more likely to consume two or
more sweetened beverages per day at age 5, but this higher con-
sumption at age 5 is associated with higher weight status at 15
years of age.*® Although food insecurity was not directly exam-
ined in the aforementioned study, poverty and food insecurity
are highly correlated,'? therefore making these findings rele-
vant.

Previous prospective studies of these associations in this age
group are few, and results are inconsistent. Of the six published
longitudinal studies of the association between household food
insecurity (either specifically or as part of a risk index) and off-
spring weight status among young children,?'-?*?® two found
that food insecurity or insufficiency increased the risk of high
weight gain?® or high weight status,?*?® one reported an indi-
rect association that was mediated through parenting and infant
feeding practices that were associated with child overweight,
and one found that food insecurity as part of a high cumulative
risk score was associated with obesity risk at age 5.3 One of
these studies reported that food insecurity was associated with a
reduced risk of overweight?? while another found no associa-
tion.?! The results of our study are consistent with four of these
longitudinal studies, most of which examined this association in
a general population sample.?3242831 Jyoti and colleagues®> ex-
amined this question over a 3-year period (kindergarten to third
grade) and, similar to our study, found that household food in-
security increased weight or BMI in girls and boys. Specifically,
persistent household food insecurity (compared with persistent
food security) was associated with significantly higher BMI
change among girls. Among boys, becoming food insecure over
the 3-year course of the study (compared with households that
became food secure) was associated with greater weight and
BMI gains??; in our study, the elevated risk of child obesity asso-
ciated with persistent food insecurity without hunger did not
vary by child sex, however. Our study is also consistent with a
recent longitudinal study that examined food insecurity as one
social risk factor of several, and reported that children with a
high cumulative social risk score at 1 and 3 years of age were
more likely to be obese at age 5.3! The population studied in this
article was a high-risk population with additional risk factors
and, therefore, might be comparable with the study of cumula-
tive risk mentioned previously.

A major limitation of even the well-designed longitudinal
studies is that the samples were drawn from the general popu-
lation. There are three major issues with use of the general pop-
ulation to address this question. First, household food insecurity
is most relevant among low-income populations, given that it is
much more prevalent in these populations.'? Second, there are
inherent socioeconomic differences between food-secure and
food-insecure groups, given the virtually nonexistent food inse-
curity in higher-income groups; those that are food secure are
not only higher income, but are less likely to be single mothers,
have young children, and be people of color.'? Examining this
question in the general population involves accounting for these
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Table 4. Adjusted® means=+standard error for BMI°-for-age z scores by
household food-security status at first infancy visit and maternal prepregnancy
weight status in a study examining the relationship between household food
insecurity and obesity in preschool children

Maternal Prepregnancy Weight Status (n=28,152)

Household food-security

Underweight Normal weight Overweight/obese

status (BMI <18.5) (BMI 18.5-25) (BMI >25)

Food secure 0.09+0.03 0.42+0.02 0.69+0.02¢

Food insecure without 0.21+0.06 0.40+0.02 0.76+0.03”*
hunger

Food insecure with hunger 0.21%0.11 0.36+0.04 0.66+0.04

BMI=body mass index.

“Controlling for age at child visit, sex, race/ethnicity, household size, birth weight, maternal age, maternal education,
maternal weight status, household food-security status at the child visit and interaction term between maternal weight
and food-security status at child Special Supplemental Nutrition Program for Women, Infants, and Children visit.
¥Means without a common superscripts are different from each other at P=0.018 with a Bonferroni correction;

unadjusted P=0.003.

and other underlying factors associated with food-security sta-
tus and child weight statistically. Statistical control for this myr-
iad of factors is likely to be ineffective, given that one is really
comparing different income categories when comparing food-
secure and insecure groups.

It is noteworthy that both approaches to characterizing the
effects of food security over time yielded findings that point to
an important interaction between maternal weight status and
child overweight risk. Importantly, the findings suggest that
different mechanisms might be operating for mothers, de-
pending on their own weight status. Low-income lean and
overweight mothers might be actively limiting their own in-
takes (in different ways) in order to assure that their children
have food,>° although there is evidence that this food might
be of lower quality because of economic constraints.*” This
would be consistent with findings that in food-insecure
households mothers tend to go hungry in order to protect
their children from hunger.>! Among overweight mothers,
changes in behavior to protect their children in the face of
household food insecurity®® can occur in conjunction with
both a biological predisposition to overweight and ongoing
food insecurity that limits access to nutritionally adequate
food; these can jointly increase the risk for their children. In
addition, there is some evidence that the effect of different
types of feeding behaviors on children can vary, depending on
maternal weight status. One study reported that overweight
mothers’ restriction of their 5-year-old daughters’ food intake
increased the child’s eating in the absence of hunger at age 9.
This was not found among daughters of normal-weight moth-
ers who restricted food at age 5. In addition, among daughters
of overweight mothers, higher eating in the absence of hunger
at age 5 was associated with higher BMI change between 5
and 9 years of age.>?

As noted previously, results from prospective studies on the
association between food security and overweight have been
inconsistent, and none of the previous studies have included
measures of maternal weight. The findings presented here
would argue for a more fully delineated model that considers
maternal weight status as well as food-security status in pre-
dicting child weight.
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Although current debates around food-security mea-
sures and nomenclature are beyond the scope of this arti-
cle, the shift in terminology to food security, low food secu-
rity, and very low food security,>® rather than food insecurity
with and without hunger implies a linear relation between
food-security types and weight status, with very low food
security being most severe; this implication belies the con-
tention by experts at the US Department of Agriculture
(USDA) that the measures are not linear.>* Our study re-
sults are also consistent with a nonlinear relationship,
given that the measure of food insecurity that was most
highly related to child BMI was that of food insecurity with-
out hunger, a “middle” category. This would argue for ex-
amining these distinct categories within food insecurity
separately because their effects on diet likely differ with
reduced dietary quality being the predominant feature of
food insecurity without hunger and reduced quantity and
quality being more common in food insecurity with hun-
ger.”* It has been shown that energy-dense food is less ex-
pensive than nutrient-dense food,*” and that those with
food insufficiency had a worse diet quality based on the
Healthy Eating Index than those who were food suffi-
cient.>”

Our study had several strengths. This is the first longitu-
dinal study of preschool weight status that examined this
issue within a low-income, diverse population at high risk
for both household food insecurity and obesity. The large
sample conferred a level of statistical power to detect small
effect sizes and enabled an examination of other factors
that could modify the relationship between food insecurity
and child obesity, as well as the ability to stratify analyses
to understand their effects.

Several limitations to the current undertaking are note-
worthy. The data used for this study are program data and
generally have greater measurement error than data gath-
ered specifically for research. For example, the heights and
weights of mothers and children were collected with a sin-
gle measurement, rather than in duplicate or triplicate.
Also, household food-security status reflected adult (rather
than child) status. Earlier studies suggest that adults might
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deprive themselves in order to buffer effects of household

Table 5. Predictors of obesity in 2- to 5-year-olds used in a study examining the
relationship between household food insecurity and obesity in preschool

children

Predictor in the model (n=27,426)

Obese (BMI® =95) vs
normal weight, adjusted®
odds ratio (95% Cl)

Child age at last visit (mo)

Each additional month

Child sex

Female vs male

Child’s birth weight (g)

Child’s race/ethnicity

Black non-Hispanic vs white non-Hispanic

Hispanic vs white non-Hispanic

Asian vs white non-Hispanic

Household size

One additional member

Maternal age (y)

Maternal education

12yvs <12y

>12yvs <12y

Food security (time-integrated variable)

Early food insecurity, no hunger vs persistent
food security

Late food insecurity, no hunger vs persistent
food security

Persistent food insecurity, no hunger vs
persistent food security

Early food insecurity with hunger vs persistent
food security

Late food insecurity with hunger vs persistent
food security

Persistent food insecurity, with early hunger vs
persistent food security

Persistent food insecurity, with late hunger vs
persistent food security

Persistent food insecurity with hunger vs
persistent food security

1.02€ (1.01-1.02)

0.95 (0.89-1.01)
1.00¢ (1.00-1.001)

1.12¢(1.02-1.22)
1.51¢(1.40-1.62)
0.77¢ (0.66-0.90)

0.96° (0.94-0.98)
1.01°(1.01-1.02)

0.94 (0.87-1.01)
0.82¢ (0.75-0.90)

1.00 (0.91-1.10)
1.01 (0.91-1.11)
1.22% (1.06-1.41)
1.00 (0.85-1.18)
0.84 (0.69-1.02)
0.97 (0.73-1.29)
0.96 (0.69-1.34)

0.85 (0.55-1.32)

“BMI=body mass index.

bControlling for age at last visit, sex, race/ethnicity, household size, birth weight, and maternal education and maternal

age.
“P<0.05.
dp=0.04 after a Bonferroni correction; unadjusted P=0.005.

food insecurity on their children.®! To the extent that

household food-acquisition strategies can be modified by
household food insecurity without hunger, the quality of
food available to the child might represent an underlying
contributor to higher z scores.
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CONCLUSIONS

The results of this study point to a significant association be-
tween persistent household food insecurity without hunger,
young children’s weight status, and risk of childhood obesity.
It is noteworthy, however, that the associations depend on mater-
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Table 6. Association between longitudinal measures of household food-security status (hunger excluded) and obesity risk

of children at 2 to 5 years, stratified by maternal weight status

Time integrated household
food-security status®

Maternal Weight Status (N=24,613)

BMI® <18.5 (n=1,466)

BMI 18.5 to <25 (n=12,013) BMI =25 (n=11,134)

Early food insecurity no hunger vs
persistently food secure

Late food insecurity no hunger vs
persistently food secure

Persistent food insecurity, no hunger
vs persistently food secure

1.09 (0.62-1.92)
1.53 (0.85-2.73)

3.22 (1.70-6.11)¢

adjusted® odds ratio (95% Cl)

0.87 (0.75-1.02) 1.12 (0.98-1.27)

0.98 (0.78-1.24) 1.01 (0.88-1.15)

0.98 (0.78-1.24) 1.34 (1.11-1.62)¢

“Excluding those with food insecurity with hunger (n=166).
BMI=body mass index.

“Controlling for age at last visit, sex, race/ethnicity, household size, birth weight, maternal age, and maternal education.
dp =0.0027 after a Bonferroni correction for multiple comparisons (unadjusted P=0.0003).
€P=0.027 after a Bonferroni correction for multiple comparisons (unadjusted P=0.003).

nal weight status. Given that results imply that specific groups of
children are particularly vulnerable to adverse effects of household
food insecurity, targeting these groups might be necessary.

Future studies should examine effects of household food insecu-

rity on child weight, while not only controlling for maternal weight
status, but also assessing whether this or other factors modify how
food insecurity is associated with child weight; this appears to be a
complex relationship and should be examined as such.

References

1.

10.

11.

12.

Ogden CL, Flegal KM, Carroll MD, Johnson CL. Prevalence and trends in
overweight among US children and adolescents, 1999-2000. JAMA.
2002;288(14):1728.

Ogden CL, Carroll MD, Flegal KM. High body mass index for age among US
children and adolescents, 2003-2006. JAMA. 2008;299(20):2401-2405.

de Onis M, Blossner M, Borghi E. Global prevalence and trends of
overweight and obesity among preschool children. Am J Clin Nutr.
2010;92(5):1257-1264.

Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS. Rela-
tionship of childhood obesity to coronary heart disease risk factors in
adulthood: The Bogalusa Heart Study. Pediatrics. 2001;108(3):712.

Sorof ], Daniels S. Obesity hypertension in children: A problem of
epidemic proportions. Hypertension. 2002;40(4):441-447.

Sinha R, Fisch G, Teague B, et al. Prevalence of impaired glucose tol-
erance among children and adolescents with marked obesity. N Engl |
Med. 2002;346(11):802-810.

American Diabetes Association. Type 2 Diabetes in children and ado-
lescents. Pediatrics. 2000;105(3 Pt 1):671-680.

Guo SS, Roche AF, Chumlea WC, Gardner ]D, Siervogel RM. The pre-
dictive value of childhood body mass index values for overweight at
age 35y. Am ] Clin Nutr. 1994;59(4):810-819.

Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting
obesity in young adulthood from childhood and parental obesity. N
Engl ] Med. 1997;337(13):869-873.

Polhamus B DK, Borland E, Mackintosh H, Smith B, Grummer-Strawn L.
Pediatric Nutrition Surveillance 2007 Report. Atlanta, GA: US Department of
Health and Human Services, Centers for Disease Control and Prevention;
2009.

Anderson S. Core indicators of nutritional state for difficult-to-sample
populations. J Nutr. 1990;102(suppl 11):1559-1660.

Coleman-Jensen A, Nord M, Andrews M, Carlson S. Household Food
Security in the United States, 2010. Economic Research Report No. (ERR-
125). Washington, DC: US Department of Agriculture, Economic Re-
search Division; September 2011.

December 2012 Volume 112 Number 12

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS

Nord M, Andrews M, Carlson S. Household food security in the United
States 2002. Food Assistance and Nutrition Research Report No.
(FANRR35). Washington, DC: US Department of Agriculture, Eco-
nomic Research Division; October 2003.

Dietz WH. Does hunger cause obesity? Pediatrics. 1995;95(5):766.

Olson CM. Food insecurity in women: A recipe for unhealthy trade-
offs. Topics Clin Nutr. 2005;20(4):321-328.

Peterman JN, Wilde PE. Individual weight change is associated with
household food security status. J Nutr. 2006;136(5):1395-1400.

Kaiser LL, Townsend MS, Melgar-Quifionez HR, Fujii ML, Crawford PB.
Choice of instrument influences relations between food insecurity
and obesity in Latino women. Am J Clin Nutr. 2004;80(5):1372-1378.

Kaiser LL, Melgar-Quifionez HR, Lamp CL, Johns MC, Sutherlin JM, Harwood
JO. Food security and nutritional outcomes of preschool-age Mexican-
American children. ] Am Diet Assoc. 2002;102(7):924-929.

Matheson DM, Varady ], Varady A, Killen JD. Household food security
and nutritional status of Hispanic children in the fifth grade. AmJ Clin
Nutr.2002;76(1):210-217.

Casey PH, Simpson PM, Gossett JM, et al. The association of child and
household food insecurity with childhood overweight status. Pediat-
rics. 2006;118(5):e1406-e1413.

Winicki J, Jemison K. Food insecurity and hunger in the kindergarten
classroom: Its effect on learning and growth. Contemp Econ Policy.
2003;21(2):145.

Rose D, Bodor JN. Household food insecurity and overweight status in
young school children: Results from the Early Childhood Longitudinal
Study. Pediatrics. 2006;117(2):464-473.

Jyoti DF, Frongillo EA, Jones SJ. Food insecurity affects school chil-
dren’s academic performance, weight gain, and social skills. ] Nutr.
2005;135(12):2831-2839.

Dubois L, Farmer A, Girard M, Porcherie M. Family food insufficiency
is related to overweight among preschoolers’. Social Sci Med. 2006;
63(6):1503-1516.

Metallinos-Katsaras E, Sherry B, Kallio J. Food insecurity is associated
with overweight in children younger than 5 years of age. ] Am Diet
Assoc. 2009;109(10):1790-1794.

Bhargava A, Jolliffe D, Howard LL. Socio-economic, behavioural and
environmental factors predicted body weights and household food
insecurity scores in the Early Childhood Longitudinal Study-Kinder-
garten. Br ] Nutr. 2008;100(2):438-444.

Gundersen C, Garasky S, Lohman BJ. Food insecurity is not associated
with childhood obesity as assessed using multiple measures of obe-
sity. J Nutr. 2009;139(6):1173-1178.

Bronte-Tinkew ], Zaslow M, Capps R, Horowitz A. Food Insecurity and
Overweight among Infants and Toddlers: New Insights into a Troubling

1957



RESEARCH

Linkage. Child Trends Research Brief. Publication #2007-20.
Washington, DC: Child Trends; 2007.

44,

Faith MS, Berkowitz RI, Stallings VA, Kerns ], Storey M, Stunkard AJ.
Parental feeding attitudes and styles and child body mass index: Pro-
spective analysis of a gene-environment interaction. Pediatrics. 2004;

29. Hager ER, Quigg AM, Black MM, et al. Development and validity of a 114(4)-0429-0436
2-item screen to identify families at risk for food insecurity. Pediatrics. (4):e429-e436.
2010;126(1):e26-e32. 45.  Francis LA, Hofer SM, Birch LL. Predictors of maternal child-feeding style:
30. Karnik A, Foster BA, Mayer V, et al. Food insecurity and obesity in New Maternal and child ct?ara‘\denstlcs, AP petite. ?001 37(3):231-243. .
York City primary care clinics. Med Care. 2011;49(7):658-661. 46. gng K, Loos R. Rapid lr:jfat?cy \évcilght gain and ;ubsegluzr}t ob;ggz:
31. Suglia SF, Duarte CS, Chambers EC, Boynton-Jarrett R. Cumulative ggige)g?)t‘ifggeglews and hopeful suggestions. Acta Paediatr. !
social risk and obesity in early childhood. Pediatrics. 2012;129(5): ) o . . o .
e1173-e1179. 47. Drewnowski A. Obesity, diets, and social inequalities. Nutr Rev. 2009;
. . 67(suppl 1):S36-S39.
32. Lederman SA, Paxton A. Maternal reporting of prepregnancy weight . X
and birth outcome: Consistency and completeness compared with 48. ?;soenctgr-iTt;/n\}\(/%\ﬁ(Js' tzt?rs(iz‘gh]\g;sg?gsl)ssiolzﬁl-plgrrz\gtliz ;;\l;l/ldcﬁ?;?;rfae ]ev([j'ill':lzfig
the clinical re.cord. Matern Child Healthj. 1998'2(2)']23-12.6_' . influence overweight and health in toddlers.j Nutr. 2007;137(9):
33. Tomeo CA, Rich-Edwards JW, Michels KB, et al. Reproducibility and 2160-2165.

validity of maternal recall of pregnancy-related events. Epidemiology.
1999;10(6):774-777.

49.

Fiorito LM, Marini M, Francis LA, Smiciklas-Wright H, Birch LL. Bev-
erage intake of girls at age 5 y predicts adiposity and weight status in

34. Yu SM, Nagey DA. Validity of self-reported pregravid weight. Ann childhood and adolescence. Am J Clin Nutr. 2009;90(4):935-942.
Epidemiol. 1992:2(5):715-721. 50. Martin MA, Lippert AM. Feeding her children, but risking her health:

35.  Gunderson EP, Abrams B. Epidemiology of gestational weight gain and body The intersection of gender, household food insecurity and obesity.
weight changes after pregnancy. Epidemiol Rev. 2000;22(2):261-274. Social Sci Med. 2012;74(11):1754-1764.

36. Metallinos-Katsaras E, Gorman KS, Wilde P, Kallio ]J. A longitudinal 51. Coleman-Jensen A, Nord M, Andrews M, Carlson S. Household Food Security
study of WIC participation on household food insecurity. Maternal in the United States in 2010. ERR-125. Washington, DC: US Department of
Child Health J. 2011;15(5):627-633. Agriculture, Economic Research Service; September 2011.

37. Massachusetts Nutrition Assistant (CPA 1) Training Program, Anthropo- 52.  Francis LA, BirchLL Maternal weight status modulates the effects of restric-
morphic Assessment. Boston, MA: Commonwealth of Massachusetts tion on daughters’ eating and weight. Int ] Obesity. 2005;29(8):942-949.
Department of Public Health, WIC Program; 2001. 53. Nord M, Anderson M, Carlson S. Household Food Insecurity in the

38.  Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC Growth Charts for United States in 2007 (ERR-66). Washington, DC: US Department of
the United States: methods and development. Vital And Health Statis- Agriculture, Economic Research Division; November 2007.
tics. Series 11, Data From The National Health Survey. 2002(246):1-190. 54. Institute of Medicine. Hunger and Obesity: Understanding a Food Inse-

39. Centers for Disease Control and Prevention. File definition, codes and curity Paradigm: Workshop Summary. Washington, DC: The National
edits. In: PedNSS Users Guide. Atlanta, GA: Centers for Disease Preven- Academies Press; 2011.
tion and Control; 2006. 55. Basiotis PP, Lino M. Food i{lsufﬁciency and prevalence of overweight

40. Krebs NF, Jacobson MS. Prevention of pediatric overweight and obe- among adult women. Family Econ Nutr Rev. 2003;15(2):55-57.
sity. Pediatrics. 2003;112(2):424-430.

41. Barlow SE, Dietz WH. Obesity evaluation and treatment: Expert Committee B e Bt
recommendations. The Maternal and Child Health Bureau, Health Re- eal My a L i . - e | ikrary®
sources and Services Administration and the Department of Health and "gm' andEAgeLcs Evidence Ana lySI s Libra ry
Human Services. Pediatrics. 1998;102(3):E29-E29.

42. Townsend MS, Peerson ], Love B, Achterberg C, Murphy SP. Food in- For additional information on this topic, visit the

43.

security is positively related to overweight in women. J Nutr. 2001;
131(6):1738-1745.

Raj M, Kumar RK. Obesity in children and adolescents. Indian | Med
Res. 2010;132(5):598-607.

AUTHOR INFORMATION

Academy’s Evidence Analysis Library at
www.andevidencelibrary.com.

E. Metallinos-Katsaras is an associate professor and director of the Didactic Program in Dietetics, Department of Nutrition, Simmons College,
Boston, MA. A. Must is a professor and chair, Department of Public Health and Community Medicine, and dean, Public Health & Professional
Degree Programs, Tufts University School of Medicine, Medford, MA. K. Gorman is a professor, Department of Psychology, and director, Feinstein
Center for a Hunger Free America, University of Rhode Island, Kingston.

Address correspondence to: Elizabeth Metallinos-Katsaras, PhD, RD, Department of Nutrition, School of Nursing and Health Sciences, Simmons
College, 300 The Fenway, Boston, MA 02115. E-mail: Metallin@simmons.edu

STATEMENT OF POTENTIAL CONFLICT OF INTEREST

No potential conflict of interest was reported by the authors.

FUNDING/SUPPORT

This research was funded through a Research Innovation and Development Grants in Economics (RIDGE) Grant from the Economic Research
Service of the USDA.

ACKNOWLEDGEMENTS

We would like to gratefully acknowledge the Economic Research Service of the USDA for providing the funding for this research and the
following individuals for their contribution to this project: Lucia Kaiser and Tammy McMurdo, UC Davis RIDGE; Jan Kallio, former director of
Nutrition Services, Massachusetts WIC; Joshua Nyambose, Data management and cleaning; Mark Nord, ERS USDA; Bettylou Sherry, CDC; Mary
Kassler, Massachusetts WIC Director, and WIC program staff.

1958 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS December 2012 Volume 112 Number 12


mailto:Metallin@simmons.edu

	A Longitudinal Study of Food Insecurity on Obesity in Preschool Children
	Methods
	Food-Security Measures
	Weight Status Measures
	Other Covariates
	Statistical Analyses

	Results
	Household Food Security and Child BMI-for-Age z Scores
	Household Food Security and Risk of Childhood Obesity

	Discussion
	Conclusions
	Acknowledgements
	References


