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Although there is substantial evidence that food insecurity influences children’s 

experiences and their development, little is known about the pathways through which this 

occurs.  Conceptually, food insecurity is posited to affect individual well-being through both 

nutritional and non-nutritional pathways, and in ways that are shaped by attributes of individuals 

as well as by the family, social, and resource contexts in which food choices are negotiated  

(National Research Council, 2006).   There is little empirical evidence, however, regarding the 

relationships between child food insecurity and child health and the pathways or contexts that 

ultimately impact the health of a food-insecure child.   

Clarifying how children’s experiences of food insecurity impact their health is critical for 

developing policies and programs to improve child health; this is particularly salient now, given 

the childhood obesity epidemic and the potentially greater risk for obese children who are food-

insecure (Casey et al., 2006; Larson & Story, 2011).  In particular, to inform policies and 

programs that can improve child food security without promoting unhealthy weight gain, we 

need to more fully understand how food insecurity shapes what children eat, how much they 
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engage in physical activity, and how these may differ for children in various cultural, socio-

economic, institutional, and geographic contexts.   

To address this need, our team conducted secondary analysis of data from a school-based 

intervention study, conducted with a diverse sample (n=3605) of 4th and 5th graders from high-

poverty schools in San Diego County, California.  These data include information about 

children’s experiences of food insecurity, their diet and physical activity, and several contextual 

factors.  

Background and study aims 

Child food insecurity and diet quality. Diet quality is an important predictor of a variety 

of health outcomes.  Existing research indicates that adults who experience food insecurity tend 

to have poorer diet quality than do food-secure adults, but research on the relationship between 

food insecurity and diet quality among children is both limited and mixed. A few studies suggest 

that children who experience food insecurity have, on average, worse diets in one or more 

domains of diet quality.  For instance, Kirkpatrick and Tarasuk (2008) found that children in 

food-insecure households consumed fewer servings of fruits, vegetables, and milk products than 

did children in food-secure households.  A number of studies also indicate that very low food 

security is associated with a lower likelihood of meeting dietary guidelines, although study 

samples were very small (Kaiser et al., 2002; Kilanowski & Moore, 2010; Oh & Hong, 2003).  In 

contrast, other studies found little or no relationship between food insecurity and child diet.  For 

instance, Lorson et al. (Lorson, Melgar-Quinonez, & Taylor, 2009) found no difference in fruit 

or vegetable intake related to food-security status, and Dave and Cullen (Dave & Cullen, 2012) 

found no differences in nutrient intake between children in low- versus very-low-food-security 

households.   
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These disparate findings may be related to measurement error due to reliance on parent 

reports of food insecurity rather than children’s reports of their own experiences. One recent 

study used child food-security status reported by children using a 9-item measure developed by 

Connell et al (Connell, Nord, Lofton, & Yadrick, 2004), and found that children’s very low food 

security was associated with increased total energy intake and a greater proportion of energy 

from fat and added sugar (Sharkey, Nalty, Johnson, & Dean, 2012).  While limited by a small 

sample size (n=50) and a homogeneous population group (Mexican-origin children, ages 6-11 

yers, living in the Texas colonias), this study sets a promising direction for clarifying the 

relationship between children’s own report of food insecurity and their diet quality.  The present 

study extends this work using a larger and more diverse sample of children, testing the 

hypothesis that child food insecurity is negatively related with child diet quality. 

Child food insecurity and physical activity. Physical activity is critical to children’s 

health, and promoting physical activity is particularly important for children at risk of 

overweight and obesity.  Since children who are food-insecure may have elevated risk of 

overweight and obesity, it is necessary to understand the relationship between physical activity 

and food insecurity.  In one study, children in food-insecure households were rated by their 

parents as being less physically active and getting less aerobic exercise than other children their 

age (Rose & Bodor, 2006), but we are aware of no research examining the relationship between 

child-reported food insecurity and child physical activity directly.   

Children who are food-insecure may engage in less physical activity than children who 

are food-secure for three main reasons.  First, children who are food-insecure experience a 

variety of individual and family stressors (Fram et al., 2011) that may interfere with physical 

activity.  Research shows that child physical activity is associated with self-efficacy and family 
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support (Van Der Horst, Marijke, Twisk, & Van Mechelen, 2007).  Children who are coping 

with food insecurity may have lower-levels of self-efficacy due to feelings of helplessness that 

can accompany food hardships.  They may also experience less family support for physical 

activity, since parents who are worried about putting food on the table may have less time and 

energy for other concerns.  Second, children who are food-insecure can experience hunger or 

tiredness (Fram et al., 2011) that makes physical activity more challenging.  For instance, in our 

previous research, children talked about feeling so hungry and tired due to lack of food that they 

went to sleep as early as possible.  One teenager specifically discussed quitting his high school 

football team because, without enough food, he did not have the physical energy for sports.  

Third, children who are food-insecure may have altered daily activities. Food-insecure children 

in Venezuela were more likely than food-secure children to engage in work activities at home 

and outside of home and to be absent from school (Bernal, Frongillo Jr, Herrera, & Rivera, 

submitted).  These altered daily activities may involve some physical activity, but also may 

divert time from physical activity. Examining the potential relationship between child food 

insecurity and physical activity can shed new light on the mechanisms through which food 

insecurity inhibits child development and health.  

Child food insecurity and contextual factors. Food insecurity is a situated phenomenon; 

although child food insecurity may be experienced by an individual child, it is an experience that 

unfolds and has meaning and impact within family, socio-cultural, and resource contexts.  We 

see evidence of the situated nature of child food insecurity in studies showing differences in 

prevalence and consequences depending on child ethnicity, family structure, and geographic 

location.  For instance, there is higher prevalence of food insecurity among children who are 
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Hispanic and Black (versus White), in single-mother households, and in either non-metropolitan 

or principal city areas (versus suburbs) (Nord, 2009).   

There is also evidence that these contextual factors are related to child diet quality and 

physical activity.  For instance, Joens-Matre (Joens-Matre et al., 2008) found that children in 

rural areas are at greater risk of obesity and on average have less physical activity when 

compared to children in urban or small city areas.  Morton and Blanchard (Morton & Blanchard, 

2007) report high proportions of residents having inadequate fruit and vegetable intake within a 

small sample of non-metropolitan counties.  This may relate to the reduced access to healthy 

foods in many rural areas (Liese, Weis, Pluto, Smith, & Lawson, 2007), but culture likely plays a 

role as well.  In a focus group study exploring barriers and facilitators of fruit and vegetable 

consumption (Yeh et al., 2008), Hispanic participants reported difficulty locating culturally 

familiar vegetables and fruits, while African American participants noted the traditional use of 

meat fat to cook and season vegetables.    

Finally, the school environment represents an important resource and social context for 

children, particularly in relation to eating and to physical activity.  Meal programs, recess, and 

physical education classes are part of children’s regular school day; the provision of 

opportunities through school may equalize experiences across children from different socio-

economic backgrounds.  At the same time, school-based interventions may be experienced 

differently depending on a child’s home environment.  A child whose family struggles to provide 

enough food throughout the month may use the school lunch and breakfast programs more fully 

than a child who has plenty to eat at home.  On the other hand, a child with a more resource-rich 

home environment may be better able to act on school-provided information about healthy food 
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and exercise choices to the extent that parents can afford to purchase recommended foods and 

athletic or other activities.  

Study aims.  Given this background, this study addressed the following specific aims: 

1. To determine the relationships of child food insecurity with diet quality and physical 

activity.   

2. To evaluate whether cultural, school, and geographic contexts modify these relationships. 

Methods 

Data. We conducted analysis of data collected in 2012 as part of the evaluation of the 

Network for a Healthy California–Children’s PowerPlay! Campaign (California Department of 

Public Health).  PowerPlay! is a social-marketing initiative that targets ethnically diverse, low-

income 4th and 5th grade children and their families in California, encouraging children to eat 

the recommended amount of fruits and vegetables and get at least 60 minutes of physical activity 

daily. The 10-week intervention consisted of ten 50-minute, teacher-administered, nutrition 

education activities in the classroom and in on-site, after-school programs, physical activity 

energizers in classrooms, school- and cafeteria-based promotions, parent education, and nutrition 

education information at local community sites.  The PowerPlay! study sample consisted of 4th 

and 5th grade children in selected San Diego County schools.  All county schools were eligible 

for selection if: 1) at least 50% of students were eligible for free or reduced price lunch, 2) the 

school received no federal nutrition intervention program in the past year, and 3) the school had 

no unique characteristics (e.g., juvenile detention school) that would compromise 

generalizability of findings.  The final sample consisted of 44 schools with free or reduced lunch 

eligibility ranging from 37-99% (median = 69%), randomly assigned to intervention (n=22) and 
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control (n=22) conditions, with a total of 3605 children for whom dietary, food insecurity, 

physical activity, and demographic data were available.   

To evaluate the effect of the PowerPlay! intervention, pre- and post-intervention, 

children received a motivational training on maintaining a 24-hour food diary.  Within one to 

two days of completing the diary, each child was interviewed by a certified interviewer using a 

structured multiple pass method to assist the child to recall details about the foods and drinks 

consumed and to confirm or verify portion estimates using 2- and 3- dimensional models. 

Participating children also completed a 40-minute self-administered survey collecting 

information about their attitudes and preferences related to fruit and vegetable consumption, 

physical activity behaviors and attitudes, food insecurity experiences (post-intervention only), 

and demographics. This study was approved by the institutional review board of the Public 

Health Institute.  De-identified data collected post-intervention were used for this study’s 

analyses.  Post-test data only were used because the child food insecurity assessment (CFSA) 

was added to the study for post-test data collection.  The institutional review board of the 

University of South Carolina determined that the secondary analysis of the de-identified data was 

exempt from human subjects review. 

Measures.  Child food insecurity was measured using five items from the CFSA that 

tapped all 3 domains (physical, emotional, and cognitive) of child awareness of food insecurity 

(Fram, Frongillo, Draper, & Fishbein, 2013). In each item, children reported how frequently they 

had experienced an aspect of food insecurity over the last school year, with response options of 

“never”, “one or two times”, and “many times”, coded as 0, 1 and 2 respectively.  Items and 

response options were previously validated with diverse children in the study age range (Fram et 

al., 2013).  CFSA scores were calculated by summation overall (0-10) and by domain (0-4 for 
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physical and emotional awareness and 0-2 for cognitive), with a higher score indicating more 

frequent awareness of food insecurity. 

Child diet was measured in terms of the quantity of food and quality of food consumed, 

with all data coming from the 24-hour food diary interviews linked to the USDA Food and 

Nutrient Database for Dietary Studies (U.S. Department of Agriculture, 2008).  Food quantity 

was captured by the total amount of a number of key dietary components:  energy (kcals), sugar 

(grams), fat (grams), fiber (grams), vegetables (cups), and fruit (cups).  Food quality was 

captured by the Health Eating Index-2005 (HEI-2005) which assesses conformance to the federal 

2005 Dietary Guidelines for Americans (Guenther, Reedy, & Krebs-Smith, 2008).  HEI-2005 

scores can range from 0-100 with higher scores representing a higher quality diet. Twelve HEI 

subscales are also coded so that higher scores represent a healthier diet. Subscales include: 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 percent of calories or per 1000 kcals. 

Physical activity (PA) was measured by four variables. Total minutes of PA was 

estimated as the sum of child-reported minutes in a variety of activities, based on items from a 

modified version of the Self-Administered Physical Activity Checklist (Sallis JF, 1996).  

Preference for PA was measured by child level of agreement/disagreement with the statement “I 

like being physically active”, dichotomized to contrast those who 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 
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children for whom the statement was always true, to those for whom it was sometimes or never 

true. 

Additional variables used as controls in the analysis were child age (years), gender, and 

intervention group (intervention, control).  Child school was also included to account for the 

effect on standard errors of clustering from the school-based design. 

Analytic strategies. Child experiences and patterns of experience of food insecurity were 

assessed using descriptive statistics, and associations of child food insecurity with diet and PA 

were examined using regression and logistic regression (for dichotomous outcomes), with the 

Stata 12 xtmixed  and logistic commands respectively with clustering by school and controlling 

for child age, gender, and intervention group.  The influences of contextual factors (i.e., 

race/ethnicity, school free/reduced lunch population, intervention group, and geographic 

location) on the relationships were evaluated by including interaction terms in the regression 

equations.   

Results 

Three-fifths (60.9%) of children reported experiences of food insecurity during the 

academic year in these high-poverty schools, with each food-insecurity item being affirmed by at 

least 26.5% of children.  The average total score was 2.2 out of a total possible score of 10 

(highest level of child food insecurity) (Table 1).   

Child food insecurity was associated with differences in both quantity and quality of diet 

in this study population (Table 2).  Increased foodinsecurity score was associated with higher 

consumption of total energy, fat, sugar, and fiber.  For instance, on average a child at the highest 

level of food insecurity consumed about 117 kcal and 8 g fat more in a day than did a child who 

experienced no food insecurity.  Higher food-insecurity score was also associated with lower 
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HEI total vegetable subscale score, so although children with food insecurity appeared to eat 

more overall, their diets were less healthy in terms of vegetable consumption adjusted for total 

calorie intake.   

Table 1.  Describing the sample 

 Variable % or mean(SD) 
Child-
level 

Gender Male 49.74 
Race/ethnicity Black 9.98 

Multi 8.97 
Other 18.84 
White 14.3 
Latino 50 

Education* <high school 11.34 
high school 28.61 
high school + 31.09 
college 21.15 
college + 7.8 

Diet HEI 56.8 (12.3) 
energy (kcals) 1601.6 (685.5) 
sugar(g) 96.4 (55.7) 
fat(g) 56.6 (31.8) 
vegetables (cups) 0.73 (0.79) 
fruit (cups) 1.1 (1.2) 
fiber(g) 13.4 (8.0) 

Physical activity  minutes PA 134.3 (127.5) 
PA preference 91.2 
PA barrier – tired 5.1 
PA barrier - weight 5 

  Child food insecurity 
(SHOULD THIS BE IN 
COLUMN TO LEFT?  Also 
needs footnote about how 
scored) 

2.0 (2.4) 

School-level % free/reduced lunch eligible 79 (13) 
  urban (vs non-urban) 77.1 
  intervention (vs control) 45.27 
 Total N 3605  

*Highest level of parental education was available for 70% of the study population. 
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Table 2. Relationship between child food insecurity and child diet 

 

* is p<0.05, + is p<0.1. Regression model controlled for child age, gender, and intervention 
group and adjusted for clustering by school. 
 

 

Higher food-insecurity score was associated with fewer minutes of self-reported PA, 

averaging to about 17 minutes/day less PA for a child at the highest level of food insecurity 

versus a child who experienced no food insecurity (Table 3).  Each unit increase in food-

insecurity score was associated with 8% lower odds of liking PA, 20% higher odds of always 

feeling too tired for PA, and 26% higher odds of always feeling that weight makes PA hard.   

  

 Dietary outcome Regression 

coefficient for 

CFSA scale 

 

Quantity energy (kcal) 11.7* 

total sugar (g) 0.78+ 

total fat (g) 0.45* 

total vegetables (cup) -0.01 

total fruits (cup) 0.01 

dietary fiber (g) 0.14* 

Quality HEI total vegetable subscale -0.03* 
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Table 3. Relationship between child food insecurity and PA 

PA outcome Odds ratio 

for CFSA 

scale 

Total minutes child reported physical activity  -1.71+ 

I like being physically active (agree/strongly agree) 0.92*** 

I am too tired to do physical activities (always true) 1.20*** 

My weight makes it hard for me to do physical activities (always true) 1.26*** 

*** is p<0.001; + is p<0.1.  Regression model controlled for child age, gender, and intervention 
group and adjusted for clustering by school. 
 

 Context had some influence on the relationships among child food insecurity, diet and 

physical activity.  Although neither race/ethnicity nor geographic location moderated these 

relationships, children in higher poverty schools (i.e., higher free and reduced price meal 

eligibility) had increased fruit consumption as food insecurity increased (Table 4).  The 

PowerPlay! intervention was also a significant context; being in an intervention rather than a 

control school reduced the negative effect of food insecurity on vegetable consumption, and was 

associated with healthier overall diet and more sugar consumption as food insecurity increased.   
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Table 4. Modification of relationships with food insecurity by contextual factors 

Contextual factor Significant 

interactions 

Direction of interaction 

Latino/non-Latino None  Sub-group 

% Free or reduced price 

meals (FRM) eligible 

Fruit variables Low FRM High FRM 

FI & fruit 0 + 
 

Urban/non-urban None  Sub-group 

Intervention group   

HEI, 

Sugar, 

Vegetables 

variables Control Intervention 

FI and HEI -- + 

FI & vegetables -- 0 

FI & sugar 0 + 

 

“0” means there is no significant relationship between the two variables among the sub-group 

represented in that column, “+” means there is a significant positive relationship, and “–“ means 

there is a significant negative relationship.  

Discussion 

Child food insecurity was associated with generally worse diet quality and challenges to 

getting adequate physical activity.  Children reporting higher levels of food insecurity consumed 

more energy, including more fat, sugar, and fiber.  Despite this greater amount of food, these 

children’s diets contained proportionally less vegetables.  These relationships may reflect the 

lower cost and greater access associated with energy dense and “junk foods”(Aggarwal, 

Monsivais, & Drewnowski, 2012; Carlson & Frazao, 2012).  They are also consistent with 

emerging understandings of eating as way of coping with the stress of poverty.  Evidence 

suggests that psychological stress may lead some individuals to use food to self-soothe and cope 
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with negative emotions and to overeat and/or eat a less healthy diet (high fat/ sweet food) (Moore 

& Cunningham, 2012). 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 

levels of cortisol and insulin can in turn lead to dysregulation of appetite and visceral fat 

accumulation (Adam & Epel, 2007). Leptin may also be involved in the regulation of eating in 

response to stress (Tomiyama et al., 2012). Coping with stress through changes in amount or 

quality of food consumed may help to explain the relationship between the stressor, food 

insecurity, and obesity (Franklin et al., 2012). 

At the same time that diet was compromised, children with higher levels of food 

insecurity reported less physical activity and more barriers to being physically active.  This is a 

new topic of research, and additional studies are needed to see if these relationships are found in 

children of different ages, and in diverse locations.  Although the relationships between child 

food insecurity and barriers to physical activity were strong, the relationship with total minutes 

of physical activity was marginally significant.  This may be due to the error involved in 

measuring child physical activity through self-report (Sirard & Pate, 2001); future research 

should use observed and multiple measures of child physical activity.  In addition, future 

research should investigate potential pathways linking food insecurity to barriers to physical 

activity, and in turn to amount of physical activity in order to identify opportunities for effective 

intervention.  For instance, if children who experience food insecurity get less physical activity 

primarily because they feel too tired to exercise when they are hungry, interventions could focus 

on providing adequate food.  If the relationship is driven more by children’s feelings of stress or 
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their embarrassment about their weight or appearance during sports and other activities, 

however, interventions would need to include psycho-social elements as well. 

 There is ample evidence that food insecurity happens in context; household poverty, 

location and access to affordable foods, and culture and food preferences all play roles in shaping 

the household food environment.  In this study, we asked how contextual factors shape the 

relationships between food insecurity and its developmental consequences.  Our findings that 

neither race/ethnicity (i.e., Latino vs. non-Latino) nor geography (i.e., urban vs. non-urban) 

moderated those relationships are not surprising.  Once a child is food-insecure, that food 

insecurity has an impact, regardless of the cultural or geographic contexts in which the food 

insecurity occurs.  We found, however, evidence of moderation by the school institutional 

environment.  Children in schools where more students received free or reduced price meals ate 

more fruits when they were more food insecure.  It could be that children whose home food 

environment is more constrained are more likely to eat foods offered at school, including fruit – 

and perhaps this is particularly so when so many children are eating school lunch that there is no 

stigma associated with doing so.  Children in the intervention schools also had some positive 

dietary consequences associated with food insecurity, having a healthier diet overall and no 

reduction in vegetable consumption as food insecurity increased.  Again, it may be that the 

school environment provides opportunities for healthy eating, augmented in this case by the 

messages of the intervention. Further research using this dataset could examine the dietary 

quality of food insecure children by source of food (school, home, fast food restaurant, 

restaurant, and other location). We hypothesize that the more constrained home food 

environment may push children to take up opportunities provided in school, resulting in 

improved dietary outcomes as food insecurity increases.  These are only possible explanations 
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for the study findings – more research will be needed to clarify how children cope with food 

insecurity.  

Food insecurity was associated with increased sugar consumption only among children in 

intervention schools.  We explored whether this could be an artifact of increased fruit 

consumption, but this was not the case. It could be that children experiencing food insecurity 

have foods with high sugar content available to them at home, and although the intervention 

helped these students to increase fruit and vegetable intake, the intervention did not provide 

messages about decreasing sugar intake so we see an indication of increased sugar consumption. 

We suggest additional research to further investigate this relationship. 

These data were collected before the implementation of the Healthy Hunger Free Kids 

Act (HHFKA), which now requires all students to take ½ cup of fruit or vegetable on their 

school lunch plate and has changed the dietary requirements for foods offered at school. It may 

be that food-insecure children have been affected differently by this law than students who are 

not food-insecure, and further research is needed to understand the impact on nutritional quality 

for this population.  

In this study, not only did food-insecure children have compromised diets, they also 

engaged in less physical activity. Higher energy intake and lower energy expenditure can lead to 

excess weight gain and obesity among food insecure children. Given that this is one of the first 

studies to rigorously examine the complex relationship between food insecurity, dietary intake, 

physical activity, and moderating factors related to healthy behaviors in children, we recommend 

continued examination of these intersecting relationships so that interventions at the individual, 

family, school, and community level can be targeted to improve the diet quality and physical 

activity opportunities for food insecure children.  We encourage researchers aiming to examine 
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these interrelationships to assess food insecurity, diet, and physical activity through report from 

and observation of children rather than from parental report, particularly given recent research 

demonstrating that children are accurate reporters, and parents are inaccurate reporters, of child 

food insecurity (Fram et al., 2013), and that child, but not mother, reports of food insecurity were 

associated with altered daily activities, school absenteeism, and stunting (Bernal et al., 

submitted).  Additionally, assessment of child weight status should be included in future studies. 
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