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Abstract

Background: Food insecurity is associated with deficits in child development and health, but little is known about how

children�s specific food-insecurity experiences play out through nutritional and non-nutritional pathways that may

compromise well-being.

Objective: This study used child self-reports of food insecurity to examine the types of food-insecurity experiences that

were most prevalent and the relations between child food insecurity (CFI), child diet, and child physical activity (PA).

Methods: A total of 3605 fourth- and fifth-grade children whose schools participated in the Network for a Healthy

California–Children�s PowerPlay! campaign completed 24-h diary-assisted recalls and surveys including items from the

Child Food Security Assessment and questions about PA. Data were analyzed by using regression and logistic regression

models.

Results:CFI was present in 60%of the children and included experiences of cognitive, emotional, and physical awareness

of food insecurity. Greater levels of CFI were associatedwith higher consumption of energy, fat, sugar, and fiber and a diet

lower in vegetables. For instance, a child at the highest level of CFI, on average, consumed;494 kJ/d (118 kcal), 8 g/d of

sugar, and 4 g/d of fat more than a food-secure child. Higher CFI was associated with a marginally significant difference

(P = 0.06) in minutes of PA (17 min/d less for children at the highest level of CFI vs. those who were food secure) and with

significantly greater perceived barriers to PA.

Conclusions: CFI is a troublingly frequent, multidomain experience that influences children�s well-being through both

nutritional (dietary) and non-nutritional (e.g., PA) pathways. CFI may lead to poor-quality diet and less PA and their

developmental consequences. Practitioners should consider CFI when assessing child health andwell-being and can do so

by asking children directly about their CFI experiences. J Nutr 2015;145:499–504.
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Introduction

Household food insecurity is prevalent even in high-income
countries (1) and is associated with deficits in child educational,
socioemotional, behavioral, and physical health outcomes (2–5).
Some research also indicates that children who experience food
insecurity are more likely to become overweight or obese (6–8),
suggesting connections between food insecurity and proximal

causes of weight gain such as increased energy intake and
reduced physical activity (PA)7. Thus far, empirical evidence
linking food insecurity to child dietary quality has been mixed
(9–11), and there is a dearth of empirical evidence linking food
insecurity to PA (12).

This gap in knowledge results in part from limited data on
children�s experiences of child food insecurity (CFI). Food
insecurity has been conceptualized as a household-level situation
that is managed by adults; a household is categorized for food
security on the basis of parental reports, including reports of
whether children experience cutbacks in food quality or quan-
tity. This approach is limiting in 2 main ways. First, it assumes
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that parents have complete knowledge about children�s food
security experiences. Second, it focuses narrowly on children�s
experiences in terms of food quantity and quality, not attending
to the psychosocial domains of food insecurity that may impinge
on child development through non-nutritional pathways. Recent
research finds that children experience food insecurity more
frequently than their parents know (13–15) and in ways that
extend beyond compromised food quality and quantity. Chil-
dren experience awareness of food insecurity, including physical
(hunger, discomfort, tiredness), emotional (worry, sadness,
anger), and cognitive (knowing that food is running low,
vigilance) awareness. Children also may take responsibility for
household food management, including participation in adult
strategies (helping to choose cheap foods, complying with adult
requests to save food for later), initiation of child strategies
(cutting back portions, asking siblings to eat less), and gener-
ation of resources to augment the household food supply
(contributing money from odd jobs, bringing food home from
school or a friend�s house) (13, 15).

A new child-centered, multidomain understanding of CFI
aligns conceptually with the diverse developmental conse-
quences documented among children who have experienced
food insecurity. Both food insecurity (7, 16) and a lack of PA (17,
18) are associated with higher BMI, both food insecurity (7, 19)
and psychological strain (20, 21) are associated with worse
educational outcomes, and both food insecurity (22, 23) and
stress (24, 25) are associated with greater consumption of
energy-dense foods. A multidomain understanding of CFI raises
the possibility that these associations are interconnected. For
instance, a child who feels tired and worried because of food
shortages may opt out of PA that would help maintain a healthy
weight. A child who is worried about running out of food may
struggle to focus on school work or become irritable with friends
and teachers. A child who knows and worries that food often
runs low may overeat energy-dense foods when they are
available, anticipating future feelings of hunger and to soothe
feelings of stress.

Empirical research is needed to determine children�s patterns
of experience of food insecurity and the pathways that link these
experiences to a range of child developmental consequences.
Toward that end, this study examined the patterns of food
insecurity that characterize children�s experiences and the
association of CFI with child diet quality and PA. We used
information from a newly developed and validated instrument
(14) to assess CFI reported by fourth- and fifth-grade children.

Methods

We conducted a secondary analysis of data originally collected in 2012 as

part of the evaluation of the Network for a Healthy California–
Children�s PowerPlay! campaign (26). PowerPlay! was a school-based

social marketing initiative targeting ethnically diverse, low-income

fourth- and fifth-grade children and their families in California,
encouraging children to eat the recommended amount of fruit and

vegetables and get at least 60 min of PA daily.

The sample consisted of fourth- and fifth-grade children in selected San

Diego County schools. All county schools were eligible for selection if 1) at
least 50% of students qualified for free or reduced price lunch in the 2010–

2011 school year (the latest year for which data were available at the time

of recruitment), 2) the school received no federally funded nutrition

intervention program in the previous year, and 3) the school had no unique
characteristics (e.g., juvenile detention school) that would compromise the

generalizability of findings. The final sample consisted of 44 schools with

rates of eligibility for free or reduced price lunch ranging from 37% to

99% of students (median = 69%) during the 2011–2012 school year.

Schoolswere randomly assigned to intervention (n = 22) or control (n = 22)
conditions, with a total of 3605 children for whomdietary, food insecurity,

PA, and demographic data were available.

Measures. Postintervention measurements were made of dietary intake

and PA. Dietary intake was measured by the diary-assisted recall

method, a more rigorous method than traditional dietary recalls, with a

higher response rate than is typical for diaries (27). Children received
in-class motivational training on how to record 24-h food intake in food

diary booklets. Within 2 d of completing the diary, each child was

interviewed individually by a trained and certified dietary researcher

using a structured multiple-pass method to assist the child to recall
details about the foods and drinks consumed and to confirm or add

portion-size estimates by using two- and three-dimensional models. All

children recorded dietary data for a 24-h period that included a school
day rather than on a weekend.

Foods and beverages from diary-assisted recalls were coded and

entered by trained dietary coders using the USDA Food and Nutrient

Database for Dietary Studies (28). Distributions for selected foods and
nutrients were reviewed, and extreme values were verified or corrected

on individual records. Dietary variables selected for further analyses

included energy intake and foods and nutrients used to score each child�s
diet using the Healthy Eating Index (HEI)–2005, which assesses diet
quality in relation to the Dietary Guidelines for Americans (29).

Potential HEI-2005 scores range from 0 to 100, with higher scores

representing a higher quality diet. Twelve HEI subscales are also
generated including the following: total vegetables, dark-green and

orange vegetables and legumes, total fruit (including 100% juice), whole

fruit (not including juice), total grains, whole grains, milk, meat and

beans, oils, saturated fats, sodium, and calories from solid fats, alcohol,
and added sugar. The HEI and its subscales are expressed as a percentage

of calories or per 4187 kJ (1000 kcal). Participating children also

completed a 40-min self-administered survey about their attitudes and

preferences related to fruit and vegetable consumption, PA behaviors
and attitudes, food-insecurity experiences (postintervention only), and

demographic characteristics.

CFI was measured by using 5 items from the Child Food Security

Assessment (CFSA) (14), which tapped all 3 domains of child awareness of
food insecurity. Like the USDA child self-report food security module (30),

the CFSA asks children to report the frequency of a number of food-

insecurity experiences. Although the USDA measure is used only with
children aged$12 y, the CFSA is validated for use with children as young

as 7 y. In addition, although the USDA measure adapted language used in

the related adult measure, the CFSA is derived from interviews with

children and thus is based on children�s experiences and their ways of
thinking about and explaining those experiences. Finally, although the

USDA measure asks about only food quality and quantity, the CFSA taps

children�s cognitive, emotional, and physical awareness of food insecurity.

In each item, children reported how frequently they had experienced an
aspect of food insecurity over the past school year, with response options of

‘‘never,’’ ‘‘one or two times,’’ and ‘‘many times’’ coded as 0, 1, and 2,

respectively. The 5 experiences queried were as follows: not gettingwanted
food (cognitive awareness), worry about how hard it is for parents to get

enough food (emotional awareness), worry about not having enough to eat

(emotional awareness), feeling hungry (physical awareness), and getting

really tired (physical awareness). Items and response options were
previously validated with diverse children in the study age range (14),

and comparison of item responses to child in-depth interview data

indicated that the items distinguished food-insecurity experiences from

potentially similar experiences such as instances of transient hunger and
not being able to get a wanted food treat. CFI scores were calculated by

summation overall (0–10) and by domain (0–4 for physical and emotional

awareness and 0–2 for cognitive), with higher scores indicating more
frequent awareness of more aspects of food insecurity.

PAwas measured by 4 variables. Total minutes of PA in the past 24 h

was estimated as the sum of child-reported minutes in a variety of

activities on the basis of items from a modified version of the Self-
Administered Physical Activity Checklist (31). Preference for PA was

measured by child level of agreement or disagreement with the statement

‘‘I like being physically active,’’ dichotomized to contrast those who
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agree or strongly agree with those who are neutral, disagree, or strongly

disagree. Two perceived barriers to PA were measured: tiredness (‘‘I am

too tired to do physical activities’’) and weight (‘‘My weight makes it
hard for me to do physical activities’’). Responses to both were

dichotomized to contrast children for whom the statement was always

true to those for whom it was sometimes or never true.

Additional variables were used in the analysis to adjust for child age (y),
gender, and intervention group (intervention, control). The child�s school

was also included to account for the effect on SEs of clustering from the

school-based design. Because information on household income was not

available, and the purpose of this analysis was a child-centered analysis of
pathways linking CFI to child outcomes, household factors that are typically

considered in analysis of household food insecurity (e.g., household income

and nonfood expenses, cultural context) were not included.

Analytic strategies. Child experiences and patterns of experience of
food insecurity were assessed by using descriptive statistics. Associations

of CFI with diet and PAwere examined by using mixed-effects linear and

logistic regression (for dichotomous outcomes) with the Stata 12

xtmixed and xtlogit commands, respectively, with clustering (i.e.,
random effects) by school and controlling for child age, gender, and

intervention group. Residual plots were examined to confirm assump-

tions of linear relations.We replicated the regression analyses accounting
for clustering using a Huber-White estimator instead of random effects;

the results were quite similar, so only results from the mixed-effects

analysis are reported here. We used a = 0.05 for significance, with a <

0.10 considered evidence of marginal significance.
The evaluation study was approved by the Institutional Review

Board of the Public Health Institute. Deidentified postintervention data

only were used for the secondary analyses for this study, because there

was no baseline measure of CFI. The Institutional Review Board of the
University of South Carolina determined that the secondary analysis of

the deidentified data were exempt from human subjects review.

Results

Considering an affirmative response to any CFI item as evidence of
food insecurity (e.g., at least one itemwas experienced at least ‘‘1 or
2 times’’), three-fifths (60.9%) of sample children reported expe-
riencing food insecurity during the academic year (Table 1), and the
average total CFI score was 2.0 (range: 0–10; IQR: 0–3; skewness =
1.2; median = 1). Looking at CFI by domain, 34.6% of children
reported some experience of cognitive awareness, with 39.5%
reporting physical awareness and 45.4% reporting emotional
awareness of food insecurity. The most frequent pattern among
children experiencing food insecurity was at least one affirmative
response in all 3 domains (18.9%), and the least frequent pattern
was those who reported experiencing both physical and cognitive
awareness but not emotional awareness (3.7%) (Table 2).

CFI was associated with differences in both quantity and
quality of diet in this sample (Table 3). Higher CFI score was
associated with a higher consumption of total energy (P = 0.02),
fat (P = 0.05), sugar (P = 0.05), and fiber (P = 0.02) (Table 3). On
average, a child with the highest CFI score consumed about
494 kJ (118 kcal), 4 g fat, and 8 g sugarmore in a day than did a child
who experienced no food insecurity. A higher CFI score was also
associated with a lower HEI total vegetable subscale score (P =
0.02), so although children with food insecurity appeared to eat
more overall, their diets were less healthy in terms of energy-
adjusted vegetable consumption. In additional analysis (data not
shown), we examined each CFI domain separately and found
that physical awareness was significantly related to increased
total calories and fat and reduced vegetable consumption,
whereas emotional awareness was significantly related to
increased consumption of total calories and sugar. Cognitive
awareness showed no independent relation to dietary outcomes.

Higher CFI score was associated with marginally significant
lower minutes of self-reported PA (P = 0.06), averaging
;17 min/d less PA for a child at the highest CFI score compared
with a childwho experienced no food insecurity (Table 3). Although
a minority (;5%) of children reported feeling too tired for PA or
that weight made PA difficult, each unit increase in CFI score
was associated with 8% lower odds of liking PA (P < 0.001),
20% higher odds of always feeling too tired for PA (P < 0.001),
and 25% higher odds of always feeling that weight makes PA
hard (P < 0.001). On average, the ORs comparing children
across the IQR of CFI score (0 compared to 3) were 0.78 (95%
CI: 0.70, 0.86), 2.0 (95% CI: 1.7, 2.3), and 1.7 (95% CI: 1.4,
2.0) for liking PA, weight barrier to PA, and too tired for PA,

TABLE 1 Demographic, dietary, and PA characteristics of the
study sample1

Variable Value

Child characteristics

Male, % 49.7

Age, y 10.1 6 0.8

School-level factors, %

Free/reduced lunch eligible 71 6 13

Intervention (vs. control) 45.3

Child dietary measures

Energy, kJ/d 6710 6 2870

Sugar, g/d 96.4 6 55.7

Fat, g/d 56.6 6 31.8

Vegetables, mL/d 173 6 186

Fruit, mL/d 264 6 273

Fiber, g/d 13.4 6 8.0

HEI-2005 score

Total scale (0–100) 56.8 6 12.3

Total fruit (0–5) 3.0 6 2.0

Whole fruit (0–5) 2.7 6 2.3

Total vegetables (0–5) 2.1 6 1.7

Dark-green and orange vegetables and legumes (0–5) 0.9 6 1.6

Total grains (0–5) 4.7 6 0.8

Whole grains (0–5) 1.3 6 1.4

Milk (0–10) 7.1 6 3.3

Meat and beans (0–10) 7.7 6 2.9

Oils (0–10) 4.8 6 3.7

Saturated fats (0–10) 6.3 6 3.4

Sodium (0–10) 3.4 6 2.8

Energy from SoFAAS (0–20) 12.9 6 5.7

Child PA indicators

Minutes of PA, min/past 24 h 134 6 128

PA preference,2 % 91.2

PA barrier,3 %

Tired 5.1

Weight 5.0

CFI

Total CFI score (0–10) 2.0 6 2.4

Emotional awareness, % with any affirmation 45.4

Cognitive awareness, % with any affirmation 34.6

Physical awareness, % with any affirmation 39.5

1 Values are means 6 SDs unless otherwise indicated, n = 3605. CFI, child food

insecurity; HEI-2005, Healthy Eating Index–2005; PA, physical activity; SoFAAS,

saturated fats, alcohol, and added sugar.
2 Preference for PA was measured by child agreement (agree or strongly agree) with

the statement ‘‘I like being physically active.’’
3 Two perceived barriers to PA were measured by child endorsement (‘‘always true’’)

for tiredness (‘‘I am too tired to do physical activities’’) and weight (‘‘My weight makes

it hard for me to do physical activities’’).
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respectively. When we assessed PA outcomes in relation to each
CFI domain separately (data not shown), physical, emotional,
and cognitive awareness were each significantly related to lower
odds of liking PA and increased odds of feeling too tired for PA
and that weight made PA difficult.

Discussion

CFI was frequent within this sample of children in high-poverty
elementary schools. When children were food insecure, they
were most likely to know and worry about the situation and to

feel hungry or tired due to food running low, affirming items in
each of the 3 domains. Although emotional awareness (e.g.,
worry) was the most common domain, physical awareness (e.g.,
hunger) was also common. This finding conflicts with the
understanding, based on parent-report research, that the over-
whelming majority of children are protected from hunger, even
in food-insecure households in the United States (32). It also
suggests that CFI tends to be a holistic, multidomain experience
rather than either a narrow one (e.g., food-specific) or one that
begins with only worry in the least severe situation and expands
to include hunger in the most severe situations.

Consistent with our finding of a multidomain experience of
food insecurity, this study�s findings show that CFI is associated
with both nutritional and non-nutritional consequences. Higher
CFI was associated with consuming more total calories, more fat
and sugar, and a diet that was lower in vegetables. These findings
expand on other research showing negative child dietary con-
sequences of household food insecurity (10) and reveal that
children�s, as well as parents�, experiences of the food environ-
ment are important contexts for child diet. Moreover, although
some significant differences may not be clinically important
(e.g., a difference of 0.03 HEI points for each point in CFI), some
dietary differences are likely important. If a child at the highest
level of CFI consumes, on average, 494 kJ (118 kcal) more per
day than a child with no food insecurity, as this study suggests,
this is a substantive difference given that a reduction of 553 kJ/d
(132 kcal/d) has been estimated as the amount needed to reverse

TABLE 2 Patterns of affirmation of Child Food Security
Assessment items

Affirmation pattern n %

No domains 1409 39.1

All 3 domains 681 18.9

Emotional and physical 360 10.0

Emotional only 342 9.5

Emotional and cognitive 255 7.1

Physical only 247 6.9

Cognitive only 176 4.9

Physical and cognitive 135 3.7

Total 3605 100.0

TABLE 3 Association of CFI total score (0–10) with child diet and physical activity1

Outcome b or OR (95% CI)2 P

Diet

Energy, kJ/d 49.61 (9.80, 89.43) 0.02

Sugar, g/d 0.79 (0.0098, 1.57) 0.05

Fat, g/d 0.45 (0.013, 0.89) 0.04

Vegetables, mL/d 21.52 (24.11, 1.08) 0.25

Fruit, mL/d 1.36 (22.44, 5.16) 0.48

Fiber, g/d 0.13 (0.023, 0.24) 0.02

HEI-2005 score

Total scale (0–100) 20.0025 (20.17, 0.17) 0.97

Total fruit (0–5) 0.0030 (20.025, 0.031) 0.83

Whole fruit (0–5) 0.014 (20.017, 0.045) 0.40

Total vegetables (0–5) 20.027 (20.050, 20.0036) 0.02

Dark-green and orange vegetables and legumes (0–5) 20.0043 (20.027, 0.018) 0.71

Total grains (0–5) 0.0020 (20.0084, 0.012) 0.71

Whole grains (0–5) 20.0053 (20.025, 0.014) 0.60

Milk (0–10) 0.038 (20.0071, 0.084) 0.10

Meat and beans (0–10) 20.0014 (20.042, 0.040) 0.95

Oils (0–10) 20.0071 (20.058, 0.044) 0.78

Saturated fats (0–10) 0.0037 (20.043, 0.050) 0.88

Sodium (0–10) 0.0049 (20.034, 0.044) 0.81

Energy from SoFAAS (0–20) 20.024 (20.10, 0.054) 0.54

PA

Minutes of PA, min/past 24 h 21.67 (23.44, 0.09) 0.06

Prefer PA3 0.92 (0.89, 0.95) ,0.001

Weight barrier to PA4 1.25 (1.19, 1.32) ,0.001

Too tired for PA4 1.20 (1.13, 1.27) ,0.001

1 Values are adjusted bs or ORs of the outcome associated with a 1-unit difference in CFI total score (0–10). CFI, child food insecurity; HEI-

2005, Healthy Eating Index-2005; PA, physical activity; SoFAAS, saturated fats, alcohol, and added sugar.
2 Estimates are adjusted regression coefficients (b), except for the last 3 values, which are ORs.
3 Preference for PA was measured by child agreement (‘‘agree or strongly agree’’) with the statement ‘‘I like being physically active.’’
4 Two perceived barriers to PA were measured by child endorsement (‘‘always true’’) for tiredness (‘‘I am too tired to do physical activities’’)

and weight (‘‘My weight makes it hard for me to do physical activities’’).
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the obesity epidemic among elementary school–aged children
(33). Even making the more modest comparison of a food-secure
child to a child scoring at the 90th percentile of CFI involves
an average difference of 300 kJ/d (71.7 kcal/d), or more than half
of the difference that would be needed to reverse the obesity
epidemic.

Not all dietary variables were related to CFI, and there was no
relation between CFI and HEI; thus, consideration is warranted
regarding how and why CFI influences specific aspects of child
diet. For instance, the higher costs of fresh produce compared
with other foods may constrain vegetable consumption at times of
food insecurity (22), but this would not explain why children eat
more of foods other than vegetables (given that total energy, fat,
and sugar are higher) when they are food insecure. It may be that
the psychological stress associated with food insecurity leads some
individuals to use food to self-soothe and cope with negative
emotions and to overeat and/or eat foods higher in fat or sugar
(34). Linkages between stress, emotion, and ultimately body
weight may involve behavioral, neurological, and endocrine
processes. For example, chronic stress may lead to changes in the
functioning of the hypothalamic-pituitary-adrenal axis. Resultant
increased concentrations of cortisol and insulin can, in turn, lead
to dysregulation of appetite and visceral fat accumulation (35).
Leptin may also be involved in the regulation of eating in response
to stress (36). Coping with stress through changes in amount or
quality of food consumed may help to explain the relation
between food insecurity (i.e., the stressor) and obesity (37).

Turning to non-nutritional consequences, our findings linking
CFI and PA provide new insight into how and why food
insecurity may influence child physical health and potential
connections with obesity (6, 7). We are not aware of any
previous research that has examined CFI and child PA using
children�s reports of their own experience. Children in this study
reported marginally significant lower minutes of PA when they
were food insecure, but the generally high error in child self-
reports of PA (38) and the absence of other research to either
support or contradict this finding point to the need for additional
study of this potentially important mechanism. That children
were more likely to report substantially more frequent barriers
to PA when they were food insecure suggests that CFI exerts an
influence at the intersection of physiologic and psychological
processes: children�s feelings of being too tired or too heavy for
PA may be consequences of inadequate diet and also may be
indicators of emotional distress or depression. An emotional
distress explanation is also supported by the lower preference for
PA among children who were food insecure, because lack of PA
is associated with depression (39).

Study findings should be interpreted with some caution
because of limitations in the sample and study design. First, this
population was geographically limited, with a different racial/
ethnic composition (i.e., higher proportion of Latinos) than is
typical in the United States. Second, although a gold-standard
24-h diary-assisted recall was conducted and we would not expect
this to lead to any systematic differences between food-insecure
and food-secure children, it would be ideal to expand on this
study and examine multiple days of intake, including intake
during non–school days. Food insecurity is a product of individual
and household economic factors but also involves contextual
factors involving culture and place, so additional research will
need to examine the relations between CFI, diet, and PA in
different geographic areas and for different groups of children. In
addition, our data did not include information about household
income, any other indicators of material hardship, or any other
measures of emotional, physical, or mental stressors. Some of the

observed relations between CFI and our outcomes may ultimately
be attributable to household income poverty, which is partially
experienced by the child in terms of food insecurity. Finally, this
study considered only one non-nutritional pathway (i.e., PA)
linking CFI to child well-being; additional research should address
a broader set of child outcomes, including mental health, social
skills, and cognitive development.

In conclusion, children experience food insecurity in emo-
tional, cognitive, and physical domains that tend to co-occur.
A brief set of 5 items can be used to screen for children
experiencing these domains of food insecurity (14). These
experiences are associated with greater energy intake, a diet
lower in vegetables, and greater barriers to PA. Health, social
work, educational, and other professionals who work with
children should be aware of food insecurity as a possible
contributing factor to obesity risk when a child�s dietary or PA
behaviors are a concern or when a child is overweight or exhibits
other health problems that may be consequent to poor diet or
lack of PA. In addition, professionals across many sectors who
work with children should investigate and respond to CFI as a
multidomain problem, with attention to child mental health,
stress, tiredness, worry, and strained familial relations as well as
more overtly food-related difficulties.
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