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ABSTRACT
Effects of food insecurity and universal school meals on children’s dietary intake
by
May Lynn Tan
Doctor of Public Health
University of California, Berkeley
Professor Barbara Laraia, Chair
This dissertation focuses on dietary intake patterns of children from low-income communities,
and specifically the relationships of diet to food insecurity and school nutrition programs,
respectively. The dissertation is divided into two parts. Part I discusses issues surrounding the
measurement of food insecurity among children and provides support for the use of self-reported
food insecurity measures, and for investigating effects that may differ by gender. Paper 1
explores the relationship between self-reported food insecurity and diet separately for boys and
girls, using a dataset of 3,582 fourth and fifth grade students from San Diego area elementary
schools. It concludes that among food-insecure children, gender may interact with food
insecurity to influence eating behavior, with girls more prone than boys to alter their eating.
Findings support a rationale to reduce child food insecurity and to address eating patterns that
may place girls at greater risk for energy imbalances during critical periods of development.
Part II focuses on the role of school nutrition programs in reducing food insecurity and
improving dietary intake among participants. It introduces the Community Eligibility Provision
(CEP), discusses relevant legislation and political trends, and provides a conceptual framework
for hypothesized pathways through which CEP may influence student outcomes. Paper 2
examines associations between CEP and school meal participation among students who are
eligible for free or reduced-price meals (FRPM), near the eligibility cutoff but possibly eligible,
or above the cutoff and ineligible, using a difference-in-difference framework and a crosssectional national sample of 2,305 students from grades K-8. It finds that CEP is associated with
higher participation in school breakfast and lunch, particularly among those who were above the
cutoff and would not have had access to free or reduced-price meals through a 3-tiered
application and certification model.
Paper 3 investigates associations among school meal participation, CEP, and dietary intake
patterns using a larger sample of 4,124 students from grades K-8. It uses a regression framework
to identify whether CEP is an effect modifier of relationships between school meal participation
and dietary measures. It concludes that CEP is modestly associated with improved dietary
intakes and may help reduce nutritional disparities for students in high-poverty schools. Finally,
a special supplemental section explores the extent to which endogeneity in meal participation at
CEP schools is a potential threat to these conclusions, using an instrumental variable approach to
help control for omitted variables. There was no evidence to support the hypothesis that the
dietary effects identified in Paper 3 resulted from shifting the source of student meals from home
to school for the subset of students whose participation was induced by CEP. The dissertation
concludes with a discussion of alternative explanations for the relationships found.
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“Hunger is the enemy of education.”
-Janet Poppendieck

"If we really want to make this country great, then our kids need to be healthy and they need to
have access to the best. Not just some of them, but all of them."
-Michelle Obama
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INTRODUCTION
The United States is a leader among industrialized nations across many measures of economic
prosperity and innovation, yet unequal distributions of wealth and opportunity within the U.S.
population have created large disparities in health and well-being. In 2015, roughly 13.5% of the
general population, and 19.7% of the child population lived at or below the federal poverty level
(i.e., $24,120 for a family of four).1 An additional 22.1% of children lived between 100-200% of
the poverty level. In all, almost 31 million children in the country lived near or below poverty.
Food insecurity, defined by the United States Department of Agriculture (USDA) as “a
household-level economic and social condition of limited or uncertain access to adequate food,”2
is a consequence of household financial constraints, and its prevalence increases as income
declines: 38% of households at or below the poverty level were food-insecure in 2015, compared
with 6% of those over 185% of poverty.3 Food insecurity is more prevalent among households
headed by single, black, or Hispanic parents.3,4 National surveys indicate that 16.6% of all U.S.
households with children, representing 13 million children, were food-insecure at some time in
2015, meaning that the quality and/or quantity of the food that was available to household
members was reduced. In almost half of these households, representing 6.4 million children,
caregivers reported that not just the adults but also children in the household experienced
reduced quantity or quality of food. In 0.7% of households with children, or over half a million
children, food insecurity was severe enough that children had skipped meals, were hungry, or did
not eat for a whole day due to insufficient food resources. The prevalence of food insecurity
among households with children peaked at 21.3% in 2009, during the aftermath of the Great
Recession. Since then, it has declined significantly but still remains higher than pre-recession
levels; for example, in 2007, 15.8% of households with children were food-insecure.3
Figure 1.
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Data sources: Current Population Survey and Coleman-Jenson et. al.
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The high prevalence of food insecurity among U.S. children is of concern. Household food
insecurity negatively impacts children’s well-being: food-insecure children are more frequently
ill6 and have worse mental health 7,8,9,10 and general health4,11 than other children. Food insecurity
vi

has also been linked with poor academic outcomes,12 which impact economic prospects later in
life, thus playing a role in the cycle of poverty. Less is known about the extent to which
children’s experiences of food insecurity are associated with eating behaviors. A better
understanding of these relationships is needed to inform how child food insecurity contributes to
the development of adverse health outcomes later in life, and may also provide insight on the
intergenerational transmittal of poor health among low-income populations.
Lamentably, as a society, relatively little emphasis is placed on ensuring that children – in
particular, poor children – consistently eat nutritious foods in order to have the best chances at
achieving and maintaining good health. Rather, market forces largely determine the food
environments to which children are exposed. Socioeconomic disadvantage impedes diet quality,
because low-income consumers generally seek out less costly goods, and nutritious foods such as
fruits, vegetables, and lean proteins are more expensive than processed foods.13 Furthermore,
low-income neighborhoods are often devoid of supermarkets and farmers’ markets at which to
purchase these healthier foods,14,15 yet flooded with retail establishments selling relatively
inexpensive convenience and fast foods.16 Low-income and minority children are also specially
targeted for marketing of junk foods and sugar-sweetened beverages,17 which can shape cultural
norms, preferences, and consumption habits beginning early in life. Clearly, low-income families
face many challenges in achieving high quality diets for their children throughout childhood.
The National School Lunch Program and School Breakfast Program are two of the nation’s most
important nutrition programs. They are designed to provide a reliable source of high quality
foods directly to children (as opposed to the Supplemental Nutrition Assistance Program,
formerly known as “food stamps,” in which benefits for children are transmitted through the
adults in the household), and meals are conveniently served at locations where children already
spend much of their day during the academic school year. These school meal programs have long
been an ideal conduit through which to reduce food insecurity and help improve diets for
millions of low-income children. Even more promising has been recent legislation that enabled
high-poverty schools to offer universal free meals to all students through the Community
Eligibility Provision (CEP), which streamlines administration, reduces household application
burdens and stigma, and increases average school-wide participation. Yet under the current 115th
Congress, this provision is in jeopardy of being scaled back or eliminated. Evaluation of the
program’s effects on students is urgently needed to inform decisions about the future of this
provision as a means to reduce food insecurity and improve children’s diets in poor communities.
The goals of this dissertation were 1) to add to the scientific understanding on child food
insecurity and dietary intake, and 2) to evaluate effects of CEP in high-poverty schools. The
following research questions are answered:
1. To what extent is child food insecurity associated with eating behaviors among fourth
and fifth grade students, and are there differences by gender?
2. Is CEP associated with student-level participation in school meals or with dietary intake
patterns?
This dissertation demonstrates an important, gender-specific association between child food
insecurity and eating behavior, and provides timely evidence for the potential of CEP to improve
participation and dietary outcomes for children in low-income settings.
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PART I: FOOD INSECURITY AND CHILDREN
Children are uniquely vulnerable members of society, as they are reliant on adults to provide
their basic necessities, including food. Children living in households below or near poverty face
numerous challenges which include not only material deprivation but also emotional distress;
thus, it can be difficult to disentangle the direct effects of food insecurity on children’s social,
behavioral and health outcomes from those of other family and environmental stressors. The
ways in which children’s exposure to food insecurity is typically assessed further complicates
studies of these relationships. When households experience food insecurity, the condition is
thought to be “managed” by adult caregivers, usually mothers, who reduce the quality and
quantity of their own food in order to protect the food supply of their children. While there is
evidence that this dynamic does operate to some extent in food-insecure households,18 studies
that rely solely on adult reports are limited in that they reflect only the perspectives and
intentions of caregivers, who may not be fully aware of experiences of their children, particularly
their older children – in part because children likely become aware of, interpret, and respond to
household food insecurity in ways that differ from adults.
At least two qualitative studies have been devoted to understanding how children conceptualize
and cope with household food insecurity. Connell and colleagues interviewed 32 children
between the ages of 11-16 years, asking them to reflect on experiences of “kids from a family”
that they knew to have run out of food or worry about running out of food. Responses were
grouped into descriptions of eating behaviors, emotions, social behavior, and other adverse
effects. Children from households that struggled with food security were described as eating less,
eating less desirable foods, and eating large amounts of food or eating faster when they had the
opportunity. For instance, “…when they get food they try to eat it all up so that it will take a long
time before they get hungry again.” And “…eat a lot at school and then when you come home
you won’t be hungry for another hour or 4 hours.” These responses suggest that possible coping
mechanisms children employ in response to food insecurity may involve irregular eating habits
and obtaining foods outside the home.
In an effort to obtain information about children’s own personal experiences, as opposed to those
of their peers, Fram and colleagues interviewed 26 children, 16 of whom were from families
whose mothers reported low or very low food security.19 The researchers identified two
components of food insecurity as experienced by children directly: the awareness of food
insecurity, and the undertaking of a range of strategies to manage their limited food resources,
such as eating less and not asking parents for food. A major finding of this research is that adults
in the household were not always aware of the full extent to which household food insecurity
was experienced by their children, because children were making efforts to scale back on foodseeking behaviors at home and utilizing strategies to increase access to foods outside the home.
Food insecurity and dietary intake
Researchers and advocates have called for the need to better characterize the phenomenon of
child food insecurity and its consequences, especially its impact on children’s nutritional status.
Food-insecurity is episodic: among households who are food-insecure at some time over a fiveyear period, over half experienced food insecurity for 1 year, whereas only 6% of food-insecure
households experienced the condition every year.20 This transitive nature of household food
1

insecurity adds another challenge to determining the extent of a household’s or individual child’s
exposure. Food-insecure children are also likely to participate in free and reduced-price school
meals and other programs that could improve overall dietary intake while partially masking
negative dietary effects of food insecurity. A number of studies have examined diet and food
insecurity and produced mixed results. Researchers using cross-sectional data from the National
Health and Nutrition Examination Survey (NHANES) III, which were collected from 1988 –
1994, found that, after controlling for poverty, household food insecurity was not significantly
associated with nutritional outcomes in children, as it was in adults. This implies the existence of
one or more mechanisms by which school age children’s diets are influenced by factors outside
the home, such as the ability to meet diet shortfalls by eating school meals. A more recent
analysis of NHANES data from 2007-2010 found no differences in overall diet composition
among children ages 2-15 years between those from food-secure or insecure households, except
among children from households with very low food security, who consumed slightly fewer
whole grains and more added sugars than their food-secure counterparts.21 Neither of these
studies examined the effects of school meal participation on diet in these samples, nor did they
explore differences by gender.
Recently, a broad systematic review of studies on food insecurity and diet concluded that, among
children, food insecurity was only weakly associated with diet quality as measured by multiple
criteria.22 It should be noted that, in this article, several of the reviewed studies that reported null
findings used data from before 2000, which may not reflect recent trends in the food
environment or consumption patterns, particularly among more vulnerable subgroups. For
example, a comparison of dietary intake data over time showed that, while overall populationwide consumption of SSBs decreased, certain subgroups such as adolescents experienced
increases in sugar-sweetened sports and energy drinks between 1999 and 2008, that prevalence
of heavy SSB consumption has increased among children (possibly due to an increase in fruit
drink consumption), and that heavy SSB consumption is highest among low-income groups.23
Therefore, more recent studies examining dietary outcomes – particularly with regard to SSBs or
other energy-dense foods that have greater presence in the low-income marketplace – are needed
to assess differences in eating behavior of children, especially among the poor.
Studies with small samples of specific subgroups have suggested idiosyncratic relationships
between dietary intake and food insecurity. In low-income Mexican families in California, food
insecurity was associated with higher intake of energy, fat, and snacks and sweets among 5-year
old children.24 This was consistent with another study of Mexican-born children ages 6 to 11 in
Texas, which found that those with low or very low food security reported consuming more
energy, and a higher proportion of their energy intake was in the form of fats and added sugars.25
A separate study among schoolchildren in Mexico City found that food insecurity was not only
associated with higher intake of sweets and snacks but also prevalence of overweight.26 Though
these studies must be interpreted with caution due to small samples and unique populations, they
present the possibility that, among certain groups, food insecurity may be associated with eating
patterns that lead to adverse diet consequences.
Relationship between diet and obesity
Although this dissertation focuses on dietary intake patterns, important implications for child
obesity must be briefly mentioned. Obesity results from energy imbalance – that is, an intake of
2

more energy than is expended through physical activity or metabolism – over sustained periods
of time. Poor overall diet quality, consumption of SSBs, inconsistent meal patterns, snacking,
and excessive total energy intake are all diet-related factors that have been implicated in the
development of obesity.27 Obesity is a pressing concern because it increases children’s risk of
cardiovascular disease, asthma, hypertension, type 2 diabetes, adult obesity, and shorter lifespan,
and is associated with other related consequences such as discrimination, psychosocial burdens,
and lower quality of life.28 National surveillance data show that generally, as income decreases,
rates of childhood obesity rise – with rates of obesity at 22% in children living below poverty
compared to 9% in higher income households.29,30
Thus, food insecurity and obesity co-exist in low-income populations in the U.S. This
relationship is sometimes described as a “paradox,” but this reflects an incomplete view of food
insecurity as solely an indicator of food constraints – specifically, constraints in the energy value
of food available for consumption. However, as described, qualitative and quantitative research
among children has contributed to the establishment of a more nuanced and multi-dimensional
understanding of food insecurity, one that acknowledges not only the existence of financial
constraints affecting food availability but also of psychosocial consequences such as worry,
stress, and compensatory behavior. Combined with evidence that energy-dense foods are more
accessible to low-income groups because they cost less, are more shelf-stable, and are highly
palatable,13,31 a large body of research now supports a clear rationale that food insecurity impacts
a very large range of expected outcomes, including possible overconsumption of certain types of
foods and energy. Because the causes and consequences of food insecurity and obesity are
closely intertwined and deeply rooted in a socioeconomic framework, their simultaneous
manifestation is no longer considered paradoxical.32
Less clear, however, is whether there exists a causal path by which the experience of food
insecurity directly contributes to weight gain, and if so, for whom and under what circumstances.
Associations between food insecurity and higher weight among adult women have been
consistently reported,33 despite the fact that, across all income groups, females generally have
better diets than males.34 This phenomenon suggests that there may be one or more mechanisms
contributing to energy imbalance among food-insecure adults that is gender-specific. It is unclear
at what stage in life these weight trajectories begin to diverge by gender, and why. Recently, a
study from Brazil found that women in severely food-insecure households had higher risk of
obesity compared to other women, and that adolescent girls, but not boys, in moderately foodinsecure households had higher risk of excess weight (overweight or obesity) than their foodsecure counterparts.35 Findings such as these highlight not only gender differences but also evoke
a life-course framework, which posits that stressors occurring at early and critical developmental
stages in life can predispose one to later problems, and that health trajectories are largely
determined by the accumulation of risk (and protective) factors.36 Moreover, habits initiated and
reinforced at young ages can have lifelong effects. For example, adaptive strategies initiated by
children in response to perceived food insecurity – such as overeating when food is available, or
seeking out low-cost, energy-dense foods – may persist and intensify through adolescence and
adulthood. It is thus important to fully understand the phenomenon of food insecurity and its
relationship with dietary patterns during childhood, including any gender differences, so that
efforts to alleviate the condition can be effectively targeted and structured early on without
worsening long-term health outcomes.
3

Rationale for Paper 1
There is qualitative evidence that children seek low-cost foods and adjust their meal patterns to
compensate for food insecurity, 19,37 but such behaviors have not been empirically examined to
determine if they contribute to energy imbalance, which could shed light on pathways leading to
inappropriate weight gain or other poor health outcomes later in life. Paper 1 of this dissertation
seeks to assess the relationships between fourth and fifth grade students’ personal experiences of
food insecurity and their eating behaviors – defined as consumption of energy-dense sweets and
sugary drinks; and between experiences of food insecurity and meal patterns – defined as
distribution of energy among meals and snacks throughout the day. The study further stratifies
the sample by gender to determine if food insecurity is associated with different behaviors
among girls and boys.

4

PAPER 1
Associations between child food insecurity and diet patterns, by gender
ABSTRACT
Background. Food insecurity is associated with poor diet and obesity among adult women, but
evidence among children is mixed, and few studies have examined differences between boys and
girls.
Objective. This study explores the relationship between self-reported food insecurity and diet
separately for boys and girls.
Design. Cross-sectional survey data are used from the Children’s Power Play! Campaign
evaluation.
Participants and setting. 3,582 fourth and fifth grade students from 44 San Diego area
elementary schools completed diary-assisted 24-hr recalls and a questionnaire that included five
questions from the Child Food Security Assessment.
Main outcome measures. Individual dietary components (including total energy, nutrients, and
sugar-sweetened beverages) and meal patterns (such as meal sizes and meal skipping) were
derived from 24-hr recalls.
Statistical analyses. Linear and logistic regression models were used to estimate the
relationships between food insecurity and the main outcomes.
Results. Girls who reported the highest food insecurity consumed 133 total calories (p<0.005)
and 60 snack calories (p<0.05) more in one day than girls who reported no food insecurity. These
relationships were absent among boys.
Conclusions. Among food-insecure children, girls were more prone than boys to alter their
eating. Findings support a rationale to reduce child food insecurity and to address possible overeating that may place girls at greater risk for energy imbalances during critical periods of
development.
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Introduction
In 2015, 18% of children in the United States, representing over 13 million children, lived in
food-insecure households,38 meaning that their households were “unable, at times, to acquire
adequate food for one or more household members”38 due to economic constraints. Household
food insecurity has well-documented, deleterious associations with children’s development,4
mental health, including behavioral and emotional problems39,7,8,9,10 and general health, including
frequency of acute illnesses and hospitalizations.6, 40, 11 In addition, food insecurity predicts poor
academic achievement during elementary school years,12,41 with some evidence suggesting that
girls experience worse impacts on academic performance than boys, after controlling for socioeconomic factors such as household income.12 This wide array of poor outcomes reflects the
multiple non-nutritional dimensions of child development that can be disrupted when households
are food-insecure, through a combination of household stress and material deprivation.
While the psychosocial harms of food insecurity are clear, the effects of food insecurity on
children’s diet are less evident. Numerous studies have been devoted to establishing the
relationship between food insecurity and one or more dietary factors. In one of the most
comprehensive summaries on the topic, Hansen and Connor systematically reviewed 130
associations from 26 studies on food insecurity and diet quality and concluded that among
children, household food insecurity was only weakly associated with diet quality as measured
both by overall summary scores and by individual dietary components.22 Total energy intake was
not reported as an outcome of any of the studies. The review found stronger associations between
household food insecurity and poor diet quality among adult women, attributed to the notion that
children are shielded to some extent by their parents, particularly mothers. Not included in the
review was a more recent study which used a nationally-representative cross-sectional sample of
over 5000 children from the National Health and Nutrition Examination Survey (NHANES) to
compare dietary intake among children from food secure and food-insecure households.42
Authors found no differences in intake of fruit juice, whole grains, added sugars, empty calories,
and energy density of food items after controlling for confounding socio-demographic factors,
supporting the prevailing view that household food insecurity is, by itself, not associated with
child diet.
However, most studies on children use a household measure of food insecurity that is reported by
parents, yet the experience of food insecurity within households is different for adults and
children.43 Qualitative research has found that when a household is food-insecure, adults in the
household are not always aware of the full extent to which each child is affected.19 In particular,
the psychological and social components of food insecurity may have consequences for some
children that are not captured by the measure but which may influence dietary intake. For
example, Fram and colleagues reported that some children are aware of and worry about food
insecurity, and they initiate strategies such as borrowing food from friends or neighbors or not
asking parents for food.19 Moreover, experiences may differ among children in the same
household. In a cross-sectional NHANES sample, individuals’ experiences of food insecurity
among 6-11 year olds, measured by at least one physical response to household food shortages in
the past 30 days for a specific child, was associated with that child’s significantly greater odds
of obesity, but the overall level of food insecurity for household children was not.44 It is plausible
then that even if dietary intake or other contributors to obesity are not associated with household
or child-level food insecurity, they may be associated with individual experiences of food
6

insecurity, if children’s own perceptions of food insecurity lead to disrupted, erratic or excessive
eating. There is relatively little evidence about the extent to which children’s personal food
security experiences relate to dietary patterns.
Another research gap exists in the scarcity of studies that stratify by age and gender when
examining the experience of food insecurity. There are several reasons to differentiate along
these dimensions. First, a life-course framework posits that stressors occurring at critical
developmental periods in life can predispose children to later problems.36 Preadolescence, or the
years that precede the onset of puberty, merits heightened attention as it is a stage of rapid
physical growth and social development, during which children spend more time independently
and establish food habits.45 It is also a time during which food insecurity may be particularly
influential in shaping growth and fat storage,46 especially among girls as they undergo
physiological changes associated with reproductive development. Aggregating children into
broad age categories, for example preschool through middle school, as is commonly done, may
dilute associations that are unique to specific stages of development. Further, it is possible that
girls in food-insecure households are affected differently from boys through social mechanisms.
For example, strong gender roles place the burden of managing household resources on mothers
as opposed to fathers, so that when faced with food insecurity, mothers engage in disrupted or
erratic eating to protect their children.47 Specifically, following the cyclical nature of food
insecurity, mothers may skip meals or cut back their own portions to feed their children, but later
compensate by overeating when resources allow. Girls may be more likely than boys to observe
these gender expectations and adopt similar behaviors.
In 2015, a study utilizing a novel self-report of child food insecurity among fourth and fifth
grade students demonstrated an association between children’s experiences of food insecurity
and increased energy, sugar, and fat intake, as well as decreased physical activity.48 The present
study continues this inquiry by exploring differences between girls and boys, with respect to two
potential paths through which dietary outcomes may differ. First, it seeks to assess the extent to
which child-reported food insecurity is related to specific dietary components, such as SSBs or
sweets and snacks. These foods, which are heavily marketed to children, are typically higher in
calories, fat, and sugar, and are energy-dense, meaning that they provide substantial energy in a
relatively small volume of food. Increased frequency of energy-dense snacks has been associated
with higher mean daily energy among children.49 Second, this study seeks to compare meal
patterns, such as meal sizes and meal skipping, between food secure and insecure children, to
determine if dietary intake is distributed differently throughout the day, which could suggest
erratic eating behaviors and provide insight into intervention strategies.
Methods
Participants and study design
This dataset contained dietary recall information and self-reported child food insecurity for 3,582
fourth and fifth grade students in San Diego County, California. Survey data were collected as
part of a cluster randomized controlled trial study to evaluate the impact of Network for a
Healthy California – Children’s Power Play! Campaign; an intervention to encourage fruit and
vegetable consumption and physical activity among children.50 Schools were eligible to
participate if: a) 50% or more students participated in the free and reduced-price meal program
and b) they were not participating in any other federal nutrition intervention program. The final
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sample included 22 intervention and 22 control schools, for a total of 44 schools. Details of the
intervention are described by Keihner, et al.50
Participating students received a motivational training at school in which they learned how to use
a food diary to record all foods consumed at school, home, and elsewhere over the following 24hour period. The diary was brought back to school the next day and subsequently used as the
basis for a 24-hour recall interview, during which students reported on their foods through a
structured, multiple-pass method with research staff. The structured interview involved the use of
food models and visual diagrams to verify portion sizes and additional prompts to probe for
beverages and “forgotten foods.” This combined training and diary-assisted recall method has
high validity among children, compared with a standard 24-hour recall.51,52 On the day after
recording their diaries, students completed a survey asking demographic information, minutes
spent doing a range of physical activities over the previous day, and knowledge and attitudes
about fruits and vegetables. Students participated in this process twice: in late 2011 at baseline
and in Spring 2012 at endpoint (after the intervention). For the endpoint student survey,
questions were added that asked about personal experiences of food insecurity during the current
school year. Data from the endpoint student surveys and recall interviews, from both intervention
and control schools, were used for this analysis.
Dietary recall data were entered by research staff into a Diary-Assisted Recall program using the
United States Department of Agriculture’s Food and Nutrient Database for Dietary Studies to
determine nutrient values for foods. Foods were coded for type, source, and portion size. Meal
type was designated as breakfast, lunch, dinner, or snacks, as determined by students. Physical
activity minutes were assessed using a modified version of the Self-Administered Physical
Activity Checklist53 in which 18 activities (e.g., sports, dance, outdoor play, physical chores,
running, and walking) were read aloud by trained field staff, and students reported the minutes
spent doing each activity on the previous day.
Child food security assessment
The main independent variable of interest in this analysis, child food insecurity, was assessed
directly among students using responses to five questions from the Child Food Security
Assessment (CFSA). The CFSA is an instrument developed inductively through interviews with
children from food-insecure households and has been validated for use with children as young as
7 years old.54 Items included on the survey encompassed three domains of child awareness of
food insecurity: emotional, cognitive, and physical awareness, and asked about the following
experiences over the past school year: 1) I worry about how hard it is for the adults in my home
to get enough food for us; 2) We can’t get the food we want because there is not enough money;
3) I worry about not having enough to eat; 4) I feel hungry because there is not enough food to
eat; and 5) I get really tired because I am so hungry. Students responded with how often this
happened over the past school year, and each response was coded as “Never” = 0, “1-2 times” =1,
or “Many times” = 2. Scores were summed to total between 0 and 10. Scores were distributed
asymmetrically, with about 40% of the sample reporting a score of 0. The remaining scores
represented varying combinations of responses to the 5 questions. To aid with interpretation of
results, four groups were generated which corresponded with summed scores of 0 (39% of
sample), 1 (15%), 2-3 (22%) and 4-10 (24%), respectively. The group with a score of 1 had an
indication of “1-2 times” for one experience of food insecurity. The group scoring 2 or 3 had an
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indication of “1-2 times” for two or three experiences, or “many times” for one experience of
food insecurity. All other patterns of responses fell in the group scoring 4 to 10.
Dietary intake and meal patterns
Outcomes of interest were dietary components, diet quality, and meal patterns. Specific
components of dietary intake to be analyzed included total energy; macronutrients (total
carbohydrates, total sugars, protein and fat); undesirable dietary components (added sugars and
saturated fat); and energy derived from sugar-sweetened beverages (SSBs) and energy-dense
foods. Energy-dense foods were considered fried foods, grain-based desserts, dairy-based
desserts, candy, gelatin, chips, and SSBs. Diet quality was assessed using the Healthy Eating
Index-2010 (HEI-2010), which measures conformance to the 2010 Dietary Guidelines for
Americans (DGAs).55 The score is calculated by deriving adequacy scores for 9 dietary
components (total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total
protein foods, seafood and plant proteins, and fatty acids) and moderation scores for 3
undesirable components (refined grains, sodium and empty calories). The maximum possible
summed score is 100, which corresponds with complete conformance to the DGAs. Meal
patterns were characterized in three ways: absolute energy from breakfast, lunch, dinner, and
snacks, respectively; percentage of total energy from each meal or from snacks; and incidence of
skipping breakfast, lunch, or dinner, as defined by having no recorded energy intake from the
respective meal.
Covariates
Covariates included in the analysis were age (in years), race (white, black, Latino, Asian, multirace, other/unknown) and school-level intervention status (treatment, control). Models were run
with and without physical activity minutes as a covariate.
Statistical analyses
Differences in demographic characteristics, dietary intake components, diet quality, and meal
patterns between boys and girls were assessed using t-tests and chi-square tests, with a p-value of
less than 0.05 considered statistically significant. Mixed-effects linear regression models were
used to estimate associations between food insecurity groups and all continuous diet outcomes,
with random effects at the school level. Mixed-effects logistic regression was used to estimate
associations between food insecurity groups and odds of skipping meals. Models used robust
standard errors to account for heteroscedasticity, or unequal variance across the range of
predictor variables. Gender differences were hypothesized a priori, so all regression models were
fitted separately for boys and girls. All analyses were completed using Stata (Release 13,
StataCorp LP).56
Results
The race and ethnicity makeup was similar between girls and boys, with the largest group
identifying as Latino (Table 1.1). The mean age for girls was approximately 1 month younger
than for boys. The proportion of girls did not differ between intervention and control schools.
Child food insecurity differed by gender, with more girls (42%) reporting scores in the lowest
CFSA group (lowest food insecurity) and fewer (20%) reporting scores in highest group (highest
food insecurity), compared with 37% and 27%, respectively, among boys.
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Mean total calories and grams of carbohydrates, sugar, protein, fat, and saturated fat were higher
for boys than for girls. Despite consuming more overall energy and macronutrients, boys did not
consume more mean fiber than did girls – nor did they consume more energy from sugarsweetened beverages or energy-dense foods. Girls had higher mean HEI-2010 scores than boys
(p<0.01); however, mean scores for both boys and girls were relatively low (i.e., 49 out of 100
possible points for girls). Boys had higher mean calorie consumption at breakfast and dinner
compared to girls. Girls consumed a higher proportion of their calories from snacks (foods
consumed apart from breakfast, lunch and dinner). A slightly higher percentage of boys than
girls (9% vs. 7%, p<0.01) reported skipping lunch, but differences between genders in skipping
breakfast or dinner were not statistically significant.
Boys reported 18 more minutes of physical activity in the previous day than girls (p<0.01).
Physical activity minutes were positively associated with all dietary intake components except
for HEI-2010 score and SSBs (data not shown). Because the direction or strength of associations
between food insecurity groups and all of the outcomes of interest did not change meaningfully
with the inclusion of physical activity as a covariate (data not shown), it was excluded from the
final analysis.
Associations between food insecurity and dietary intake
Girls in the highest food insecurity group consumed 133 total calories (p<0.005), 5.7 g total fat
(p<0.005), 1.8 g saturated fat (p<0.005), 17.0 g carbohydrates (p<0.005), 1.6 g fiber (p<0.005),
and 4.0 g protein (p<0.05) more than those in the lowest group (Table 1.2). In models that
adjusted for total calorie intake, there were no significant differences in intake for these
components (data not shown). Girls in the highest food insecurity group had a slightly lower
HEI-2010 score (non-significant) compared to the lowest group, while girls with CFSA scores of
2-3 had a 1.6 point lower HEI-2010 score compared with the lowest group (p<0.05). A test for
trends did not indicate a significant trend toward lower HEI-2010 scores across food insecurity
groups (data not shown). There were no significant associations between food insecurity groups
and dietary components among boys. No significant associations were found between food
insecurity groups and teaspoons of added sugar, calories from SSBs or calories from energydense foods in either sex.
Associations between food insecurity and meal patterns
Among girls, being in the highest food-insecurity group was associated with a 60 calorie higher
mean intake from snacks compared with the lowest group (p<0.05, Table 3). Food insecurity was
not associated with mean caloric intake for other meals among girls, nor any meals or snacks
among boys. When expressed in terms of percentage of total daily calorie intake from meals and
snacks, food insecurity was not significantly associated with percent of energy for any meal type
for either gender (Table 1.3). Food insecurity was not associated with skipping breakfast, lunch
or dinner for either gender (data not shown).
Discussion
The association between child food insecurity and dietary intake differed by gender. Girls with
high food insecurity consumed significantly more energy in one day compared with girls who
reported no experiences of food insecurity. This relationship was absent among boys. Higher
energy consumption among girls with the highest food insecurity was within the range of the
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110-165 calories per day estimated to cause excessive weight gain among children over time.57
Moreover, energy differences found in this study could not be attributed to excess consumption
of SSBs or energy-dense foods. While some differences were found in HEI-2010 score by food
insecurity group, the trend was not consistent across all groups and the overall effect size was
small. Mean scores for all groups and both genders were consistent with a low national average
score (47 out of 100 possible points for ages 9-13).58 Mean intake of added sugars was 12
teaspoon equivalents for both girls and boys, compared to the maximum of 3 teaspoons
recommended by the American Heart Association for a 1600 calorie diet.59 These findings reflect
the prevailing poor conditions of the overall food environment in the United States, which may
produce insufficient variability in the diets of children to detect differences in diet quality by
food insecurity alone. Furthermore, they highlight the need to improve diet quality among all
children, regardless of food security status.
Analysis of meal patterns offered some insight into energy differences between food-insecure
girls and boys. While mean energy intake at breakfast, lunch, and dinner was not associated with
food insecurity, girls in the highest food insecurity group had a mean energy intake from snacks
that was higher than girls in the lowest group. This points to a pattern of increased eating outside
typically-defined meals, and is consistent with other cross-sectional studies finding associations
between food insecurity and snacking in adults.60 Increased numbers of eating occasions have
also been associated with greater total energy intake among children.49,61 That meal sizes and
meal skipping were unrelated to food insecurity in this study further suggests that the higher
energy intake from snacks by the most food-insecure girls is not compensated by reduced or
missed meals, but rather contributes to a net positive difference in total energy intake compared
with those with no food insecurity. To corroborate these findings, and to inform future
intervention approaches, more studies are needed to determine the full extent to which snacking
behavior is related to food insecurity among children. Meanwhile, efforts to reduce child food
insecurity should also aim to maximize the quality and healthfulness of snacks as a strategy to
safeguard against further negative health impacts.
These findings suggest that in resource-constrained homes, gender may interact with factors such
as stress or modeling to influence children’s eating behavior, with girls more prone than boys to
alter their eating. Among most humans, stress can lead to increased eating through a combination
of responses such as a cortisol-induced decrease in inhibition or restraint, an activation of
preference for high fat and high sugar foods, dysregulation of appetite, and the use of foods to
self-soothe or distract from negative feelings.62 Food-related parenting also plays an important
role in influencing dietary intake in food-insecure households.63 Many similarities have been
documented between the diets of mothers and daughters with respect to dietary components and
intake patterns.64 Mothers and daughters who relied on long-term food assistance have also been
found to share similar risk for excess weight.65 More research is needed on whether paths that
lead to higher energy consumption among food-insecure girls operate through stress, parental
modeling, other characteristics of the home or school environments, or a combination of these.
This study used the validated CFSA, which enabled the self-reporting by children about their
personal experiences with food insecurity, and the diary-assisted recall, which provided detailed
information about dietary components, diet quality and meal patterns. Because of the crosssectional nature of the data, no causal relationships may be inferred. Additionally, self-reported
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dietary intake is subject to recall error, cognition problems, and social desirability biases that
may lead to over- or under-reporting of actual intakes. Food insecurity and uncertainty about
one’s food supply could have led to a greater propensity to recall foods eaten or different
reporting patterns, compared with children who did not share similar concerns. The use of
validated methods such as food diaries and interviewer assistance were intended to minimize
these sources of error. Food insecurity is episodic and may be perceived by children differently
throughout the month or year, depending on food assistance cycles, parental employment, or
seasonal changes, leading to potential misclassification of one’s true exposure. Due to the nature
of the data collection, it was not possible to control for household income and other economic
factors, body weight, or other variables that may potentially confound the relationships between
food insecurity and diet.
Conclusion
Consistent with evidence in the literature of associations of food insecurity with diet and weight
in adult women, this study finds associations with higher intake of total energy and snacks in
girls of elementary-school age, which may help explain disparities later in life. The hypothesis
that food insecurity is associated with greater dependence on energy-dense foods was not
supported, perhaps reflecting poor overall diet quality of the study population. Nevertheless, this
study supports a framework that food insecurity causes disruptions in energy balance through
overcompensation, and that behaviors observed in adult women may begin earlier in life. These
findings help strengthen a rationale for targeting interventions to reduce children’s experiences
of food insecurity, and to specifically address eating patterns that may place girls at greater risk
for energy imbalances during critical periods of development.
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Table 1.1 - Comparison of demographics, food insecurity and key dietary outcome variables from Power Play!
Sample, by gender
Sample size

Girls (n=1819)

Boys (n=1790)

<------------ Mean ± standard deviation ---------->
10.0 ± 0.73
10.1 ± 0.76
125.9 ± 118.2
144.9 ± 136.6
<----------------------------- % --------------------------->

p- value

Age (years)
Physical Activity (minutes)

3609
3609

Race
White
Asian
Back
Latino
2
Other/ Multirace

458
346
337
1632
809

12.2
9.3
9.0
46.4
23.1

13.3
10.0
9.9
44.7
22.1

0.201

Intervention School

1634

44.7

45.9

0.445

CFSA Score
0
1
2-3
4-10

1

0.000
0.000

3

1397
533
780
837

42.0
36.7
15.4
14.6
22.4
21.6
20.2
27.1
<------------ Mean ± standard deviation ---------->

Dietary Intake
Total Calorie Intake (kcal)
Total Carbohydrates (g)
Total Sugar (g)
Added Sugar (tsp)
Total Fiber (g)
Total Protein (g)
Total Fat (g)
4
HEI-2010 Score
Saturated Fat (g)
Calories from SSBs
Calories from energy-dense foods

3609
3609
3609
3609
3609
3609
3609
3511
3609
3609
3609

1555.3 ± 651.6
1648.8 ± 715.0
210.1 ± 91.4
218.9 ± 99.6
94.2 ± 52.8
98.5 ± 58.4
11.7 ± 9.9
12.4 ± 11.0
13.4 ± 7.8
13.5 ± 8.2
60.3 ± 27.7
66.1 ± 30.2
54.7 ± 30.7
58.5 ± 32.7
48.8 ± 11.2
47.4 ± 11.3
18.9 ± 11.8
20.2 ± 11.8
75.9 ± 121.2
80.5 ± 129.0
212.6 ± 251.4
212.3 ± 269.5
<------------ Mean ± standard deviation ---------->

Meal Patterns
Percent calories from breakfast
Percent calories from lunch
Percent calories from dinner
Percent calories from snack

3609
3609
3609
3609

19.9 ± 13.6
27.9 ± 17.3
32.1 ± 18.9
19.8 ± 17.5

20.4 ± 14.6
27.8 ± 18.3
33.3 ± 20.0
18.0 ± 17.7

0.000

0.000
0.006
0.021
0.023
0.670
0.000
0.000
0.000
0.001
0.275
0.973

0.248
0.761
0.065
0.002
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Table 1, continued
Calories from Breakfast
Calories from Lunch
Calories from Dinner
Calories from Snacks
Meal skipping
Skipped breakfast
Skipped lunch
Skipped dinner

3609
3609
3609
3609

419
287
378

299.4 ± 228.6
328.8 ± 266.6
418.1 ± 297.6
436.9 ± 325.2
509.1 ± 380.2
554.1 ± 418.3
324.8 ± 352.0
321.2 ± 383.9
<------------------------------ % ------------------------------>
10.7
6.6
9.7

12.6
9.3
11.2

0.000
0.070
0.001
0.770

0.063
0.000
0.153

Bold indicates significance at p<0.05 level
1

p-values are from t-tests of differences in means by gender for continuous variables and chi-square tests for categorical variables.

2

Other/Multirace includes American Indian/ Alskan Native, Native Hawaiian/Pacific Islander, and multiracial

3

CFSA = Child Food Security Assessment; higher scores indicate more food insecurity

4

Because of missing variables, the sample size for HEI score was 1780 (girls) and 1731 (boys)
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Table 1.2: Beta coefficients (95% CI) of associations between Child Food Security Assessment (CFSA) score and continuous
dietary outcome variables from Power Play! Study (n=3609), by gender

Girls

Energy (kcals)

Total fat (g)

Saturated fat (g)

Total CHO (g)

Fiber (g)

Protein (g)

Score = 0 (n=751)

ref

ref

ref

ref

ref

ref

Score = 1 (n=274)

47.9 (-44.3, 140.0)

1.0 (-3.8, 5.9)

0.0 (-1.8, 1.7)

10.0 (-1.5, 21.4)

0.7 (-0.2, 1.6)

0.0 (-4.0, 4.0)

Score = 2-3 (n=396)

44.4 (-40.5, 129.2)

2.0 (-2.7, 6.7)

0.8 (-1.0, 2.6)

8.0 (-1.5, 18.4)

0.7 (-0.2, 1.5)

-1.3 (-4.7, 2.2)

Score = 4-10 (n=360)

132.89 *** (55.9, 209.9)

5.7 *** (0.6, 3.0)

1.8 *** (0.6, 3.0)

17.0 *** (6.8, 27.1)

1.6 *** (0.8, 2.4)

4.0 * (0.2, 7.9)

HEI 2010 Score

Total sugar (g)

Added sugar (tsp)

SSBs (kcals)

EDFs (kcals)

ref

ref

ref

ref

ref

Score = 0 (n=751)
Score = 1 (n=274)

0.0 (-1.8, 1.8)

2.9 (-2.9, 8.8)

0.8 (-0.6, 2.1)

4.0 (-14.6, 22.5)

8.9 (-27.2, 44.6)

Score = 2-3 (n=396)

-1.6 * (-3.0, -0.1)

2.2 (-3.9, 8.3)

0.5 (-0.8, 1.7)

4.2 (-10.2, 18.5)

23.7 (-12.0, 59.3)

Score = 4-10 (n=360)

-0.8 (-2.6, 1.0)

5.5 (-1.2, 12.1)

0.8 (-0.5, 2.1)

5.2 (-15.6, 26.0)

19.4 (-15.0, 53.7)

Energy (kcals)

Total fat (g)

Saturated fat (g)

Total CHO (g)

Fiber (g)

Protein (g)

Score = 0 (n= 639)

ref

ref

ref

ref

ref

ref

Score = 1 (n=253)

-18.5 (-101.3, 64.0)

0.4 (-3.1, 3.9)

0.9 (-0.5, 2.2)

-7.5 (-19.4, 4.4)

-0.3 (-1.5, 0.9)

1.5 (-2.7, 5.6)

Score = 2-3 (n=376)

-27.5 (-98.5, 43.6)

-2.0 (-1.2, 123)

0.0 (-1.2 1.3)

-3.9 (-13.7, 5.8)

-0.2 (-1.4, 1.0)

1.0 (-2.8, 4.7)

Score = 4-10 (n=471)

19.7 (-60.4, 100.0)

0.63 (-0.7, 1.9)

0.6 (-0.7, 1.9)

1.7 (-9.6, 12.9)

0.0 (-0.9, 1.0)

2.3 (-1.5, 6.1)

HEI 2010 Score

Total sugar (g)

Added sugar (tsp)

SSBs (kcals)

EDFs (kcals)

Score = 0 (n= 639)

ref

ref

ref

ref

ref

Score = 1 (n=253)

-0.7 (-2.3, 0.9)

-4.3 (-12.6, 3.9)

-0.5 (-2.0, 1.0)

-10.9 (-30.4, 8.5)

-22.9 (-54.3, 8.5)

Score = 2-3 (n=376)

-1.4 (-2.9, 0.2)

-3.2 (-9.2, 2.8)

-0.2 (-1.4, 1.0)

-10.6 (-27.9, 6.6)

-17.0 (-44.3, 10.4)

Boys

Score = 4-10 (n=471)
-0.2 (-1.8, 1.4)
3.2 (-4.2, 10.6)
0.3 (-1.2, 1.8)
-11.5 (-25.4, 2.4)
-4.7 (-39.8, 30.3)
Bold indicates significance at the p<0.05 level
*Significant at p < 0.05 **Significant at p < 0.01 ***Significant at p < 0.005
Estimates are coefficients for the association between dietary components in units and CFSA scores compared to the referent group of Score=0,
controlling for age, race, and intervention school status.
CHO = Carbohydrates HEI = Healthy Eating Index SSBs = Sugar-sweetened beverages EDF = Energy-dense foods
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Table 1.3: Estimates (95% CI) for associations between CFSA scores and energy from meals and snacks, by gender
Breakfast

Lunch
% daily
energy

Mean kcals

Dinner
% daily
energy

Mean kcals

Snacks
% daily
energy

Mean kcals

% daily
energy

Mean kcals

Girls
Score = 0 (n=751)
Score = 1 (n=274)
Score = 2-3 (n=396)
Score = 4-10 (n=360)

ref
25.7
(-9.3, 60.6)
19.3
(-9.5, 48.1)
18.0
(-6.8, 42.7)

ref
1.0
(-1.1, 3.1)
0.8
(-0.8, 2.4)
-0.2
(-2.0, 1.6)

-7.7
(-58.8, 43.4)
-3.7
(-54.1, 46.7)
18.9
(-18.0, 55.8)

0.6
(-1.9, 3.2)
-0.2
(-1.7, 1.2)
-0.2
(-1.9, 1.6)

-14.1
(-55.0, 26.9)
-23.3
(-58.6, 12.1)
15.1
(-31.9, 62.0)

ref
-1.6
(-4.1, 1.0)
-1.1
(-3.4, 1.1)
-0.6
(-3.0, 1.9)

21.3
(-27.9, 70.6)
28.5
(-11.1, 68.2)
32.4
(-24.6, 89.4)

-0.8
(-3.3, 1.7)
-0.7
(-3.0, 1.5)
0.8
(-1.5, 3.0)

22.6
(-23.4, 68.6)
3.7
(-46.9, 54.3)
-9.1
(-57.1, 38.9)

ref
0.8
(-1.9, 3.5)
1.1
(-1.4, 3.7)
-1.4
(-4.0, 1.1)

7.8
(-48.4, 64.1)
-2.9
(-43.0, 37.3)
59.8 *
(9.1, 110.4)

1.3
(-1.0, 3.6)
0.2
(-2.3, 2.7)
-1.8
(-4.2, 0.7)

-29.0
(-76.2, 18.3)
-9.3
(-45.8, 27.2)
20.8
(-18.4, 60.1)

-0.4
(-3.1, 2.3)
-0.9
(-3.3, 1.4)
2.0
(-0.5, 4.4)

Boys
Score = 0 (n= 639)
Score = 1 (n=253)
Score = 2-3 (n=376)
Score = 4-10 (n=471)

ref
7.1
(-34.1, 48.4)
1.3
(-28.4, 31.0)
-4.8
(-38.0, 28.4)

ref

ref

ref
-1.0
(-3.4, 1.3)
0.7
(-1.5, 2.8)
1.1
(-0.9, 3.1)

Bold indicates significance at the p<0.05 level *Significant at p <0.05
Estimates are regression coefficients for the association between mean energy intake (kcals) from meals and snacks, or percent of daily energy of the
respective meal or snack, and CFSA scores
compared with the referent group of Score = 0. Models control for age, race, and intervention school status.
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PART II: THE ROLE OF SCHOOL NUTRITION PROGRAMS
The remainder of this dissertation examines the potential and pathways for school meal policies,
specifically universal breakfast and lunch programs, to impact outcomes for children at risk of
food insecurity and poor diet quality. Most children attend school, where they spend up to half
their waking hours and typically consume up to two meals. The National School Lunch Program
and School Breakfast Programs (NSLP/SBP) provide free or reduced-price meals (FRPM) to
income-eligible children in virtually all public schools in the country, as well as full-priced but
nominally subsidized meals to children not income-eligible. To qualify for free lunch, family
income must be below 130% of the federal poverty level (i.e., $31,217 for a household of four in
2015 in the 48 contiguous states); to qualify for reduced-price lunch, the level is 185%.66 On an
average school day, approximately 62% of children participate in the program in schools that
offer NSLP.67 In 2015, a total of 30.5 million children (including FRPM-eligible and full price)
participated in the NSLP and 14 million in the SBP.68 Total participation in the NSLP/SBP is
increasing in absolute numbers, with 2.3 billion school lunches served in 2015 compared to 1.6
billion in 2005; moreover, the percent of meals served to FRPM-price eligible students has
increased from 82% to 85% over the same period.48
School meals and dietary intake
School meal participation is associated with higher overall dietary diet quality,69 lower energy
density,70 and improved nutrient adequacy71, 72 when comparing the dietary intake of
participating and non-participating students. School meals are an effective vehicle by which to
improve access to and consumption of whole grains,73 fruits and vegetables74,75 through targeted
interventions, especially among low-income students. While some studies have found that NSLP
participants have higher intakes of undesirable outcomes such as energy, sodium, and saturated
fat76 and higher risk of obesity;77 these effects are likely due to underlying differences between
participants and non-participants rather than to specific attributes of NSLP itself. Indeed,
selection issues are a major consideration in interpreting the results of school nutrition studies,
because students and families who participate in the NSLP/SBP may have, in addition to
different economic circumstances, differences in food preferences, health beliefs, or food
insecurity which may lead to an over- or under-estimation of program effects. Moreover, the
heterogeneity of school meal quality across schools and studies may partly contribute to
inconsistent findings in the literature. Over the past 2 decades, school meal nutritional standards
have been relatively weak and had only moderate compliance among schools. For example, only
approximately one-quarter of schools in both the 1998-1999 and 2004-2005 school years met the
USDA standards for having no more than 30% of calories in school lunches coming from fat.78
Nevertheless, the question of whether school meals increase risk of obesity over time remains a
key research interest. In 2009, Schanzenbach used longitudinal data to examine children between
kindergarten and third grade and found that children who ate school lunches had gained more
weight by third grade than those who brought lunch from home, after controlling for school and
family characteristics.77 This study, along with others, suggests that school meals have the
potential to influence long-term weight outcomes among children. Thus, opportunities likely
exist to improve outcomes for participating students by altering the composition and quality of
school meals.
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The passage of the Healthy Hunger-Free Kids Act (HHFKA) of 2010 by Congress led to changes
in national nutrition standards that set the stage for these improvements.79 New limits were
established for calories, salt, sugar, and fats in meals served to children. Since policies went into
effect for the 2011-2012 school year, schools across the nation have begun the process of
implementing new food service protocols that adhere to standards. This has involved reformulating school meals to meet targets for sodium, calories, and fats; increasing servings of
fruits, vegetables, and whole grains, and replacing prohibited items sold – in vending machines,
for instance – with those meeting higher nutritional standards.
In addition to improving nutritional standards, providing free and reduced-price meals to lowincome children is a way to reduce food insecurity. Both longitudinal and cross-sectional data
suggest that participation in the NSLP/SBP reduces food insecurity at the household or child
levels.80,81 Among low-income children transitioning to kindergarten, paying full price for school
meals is associated with increased household food insecurity compared with children receiving
FRPM and children who did not participate in school meals, suggesting that FRPM subsidies
may protect households against food insecurity.82 Additional evidence for the protective role of
school meals come from studies comparing food insecurity during the school year and summer;
at least two longitudinal studies have demonstrated that student food insecurity increases during
the summer when students do not have access to school meals.80,83
Trends and barriers to participation in the NSLP/SBP
According to the most recent School Nutrition Dietary Assessment Study (SNDA) IV, 84% of
elementary students who were eligible for free meals participated in NSLP, and 45% in SBP,
compared with non-eligible students who participated at 58% and 13%, respectively.84 This large
difference in participation between those who are eligible for free meals and those who must pay
full price highlights barriers to participation by both types of students. For example, the cutoff
for reduced-priced meals is 185% of the federal poverty line, meaning that children from
families who make slightly more than this must still pay full price for each meal (i.e. an average
of $2.18 per lunch during the 2013- 2014 school year85). Thus, low to moderate-income families
are disproportionately affected by the tiered system; even though food budgets may still be tight,
these families are compelled to either pay for a school meal or acquire food elsewhere.
Approximately 7.4 million school-aged children lived in households that earned between 185% 250% of the federal poverty level in 2013.85
Another barrier to participation arises from the presence of competitive foods. Competitive foods
are foods that are not reimbursable through federal programs; in many schools, they are offered
as an alternative to school meals – often alongside them – and are sold on a cash basis. Because
these foods literally “compete” with NSLP/SBP meals and may appear more familiar and
appealing than a school lunch, they may lure students away from school meals. Competitive
foods can also perpetuate the stigmatization of school meals. For example, when there is a clear
distinction between foods that are available for purchase versus offered for free or reduced-price,
a belief may persist that school meals are for “poor kids.”86 Finally, social norms in some schools
may sway children to eat what their peers are eating, whether it be school meals, competitive
foods, or foods acquired elsewhere.87 When there is a large range of foods available to obtain and
consume at school, the decision to participate in the NSLP/SBP must be more intentional than if
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the NSLP/SBP were the default or prevailing option, which can reinforce social barriers and
discourage access by children who would most benefit from such meals.
Universal School Meal Policies
One way of reducing or eliminating barriers to participation is through universal meals; that is,
free breakfast and/or lunch to all students at a school, regardless of income eligibility. Doing so
has many advantages for students and schools. For students and their families, in addition to
eliminating price barriers and enabling those just above the subsidy eligibility cutoff to eat for
free, universal meal programs can reduce stigma,88 streamline meal service (because there is no
longer the need to count meals and collect payments), and help establish social norms of eating
meals of high nutritional quality.89 For schools, universal meal programs reduce administrative
burdens, because they no longer need to process individual applications yearly or set up laborintensive systems to determine student eligibility or to process payments.90 Increasing meal
service promotes economies of scale, which saves money, reduces waste, and maximizes the
amount of money redeemable through federal reimbursements.90 Cost savings can then
theoretically be re-directed toward producing and serving healthier meals.
There are two main mechanisms by which schools can offer universal meal service to students.
The first involves the Food and Nutrition Service’s Special Assistance Alternative Provisions 2
and 3, authorized by Congress in 1980. These provisions allow schools to simplify application,
meal counting, and reporting procedures by claiming a fixed percentage of FRPM-eligible
students for 4-year reporting periods, during which they must provide meals at no charge to all
students. Schools utilizing these provisions must pay the difference between the meals for which
they are fully reimbursed and all meals they serve, but the savings realized through simplified
administration offset the expense; typically, 75% or more students must qualify for FRPM to
make this option economically viable. Provisions 2 and 3 may be used to provide universal
breakfast, lunch, or both.
A second option for universal meals is the Community Eligibility Provision (CEP), which was
introduced through the HHFKA of 2010. CEP is an option for schools where 40% or more
students qualify for free meals. Through CEP, schools are automatically reimbursed at the
highest rate for meals served to 1.6 times the percentage of qualified students. For example, if 50%
of students in a school qualify for free meals, the school is automatically fully reimbursed for
meals served to 80% of its students, and partially reimbursed for the remaining percentage. If the
percentage of qualified students exceeds 62%, all meals are fully reimbursable. In order to
identify qualified students, schools must also adopt “direct certification,” a system by which
student data are matched with records showing their eligibility for SNAP, TANF, FDPIR,
Medicaid, foster care, migrant, homeless, or Head Start services. CEP requires schools to provide
both universal breakfast and lunch. CEP was gradually phased into schools in select states,
beginning with Illinois, Kentucky, Michigan, and the District of Columbia in the 2011-12 school
year; Ohio, West Virginia, and New York in 2012-13; and Massachusetts, Georgia, Maryland,
and Florida in 2013-14. By the 2014-15 school year, schools in all districts nationwide that met
the criteria were eligible to adopt CEP.85
Evidence suggests beneficial effects of providing universal meals at schools on participation and
nutritional outcomes. Providing universal free breakfast was found to increase participation in
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breakfast both among the general student population91,88 and among students who were already
qualified for free meals, suggesting that participation may be motivated by more than just price.88
School meals tend to be more nutrient-rich compared with food brought from home,92
particularly for lower income students.72 Free breakfast offered in the classroom did not lead to
increased mean energy intake at breakfast or overall but was associated with better diet quality.93
In fact, eating school breakfast may even protect against obesity; in a recent longitudinal study,
even children who regularly consumed two breakfasts (one at home and one through the SBP)
had lower odds of overweight or obesity during fifth through seventh grades, compared with
regular breakfast skippers.94 Fewer data are available on the effects of universal school lunch, but
one study estimated that proportional participation in NSLP among eligible students was
positively associated with the school-level percentage of eligible students, suggesting an effect of
peer influence or reduced stigma on participation when eligibility rates are high.87
Reports on the early outcomes associated with CEP found that lunch participation rose by 30%
in Detroit public schools after one year of the program.89 Similar, but less drastic, patterns were
reported for other states and schools implementing CEP.89 Breakfast participation also increased
from 44% to 56% of students (a 25% increase) after CEP implementation across states and
schools.89 While these reports present evidence of school-wide participation changes after
adoption of CEP, there is no evidence on the individual characteristics of students associated
with participation at CEP schools. Paper 2 of this dissertation will explore differences in
participation by student-level eligibility for FRPM, comparing schools with and without CEP.
Political factors affecting the future of CEP
Despite the popularity of CEP among school administrators and hunger advocates, the program
has its detractors. The HHFKA of 2010, and specifically CEP, have enabled a rapid extension of
free school meals to more children than ever before. Increasing participation in the NSLP/SBP
may concern some fiscally conservative lawmakers, given that the federal costs of both programs
combined neared 16 billion dollars in 2015. There is also a concern that the program benefits
children above the income cutoff for FRPM. For example, conservative groups, such as the
influential Heritage Foundation, assert that CEP enables “students who very well could come
from wealthy families” to receive free meals, which is in conflict with their view that the school
meal programs should “properly differentiate between those who are low-income and those who
are not…. Free lunches should go only to those students who are eligible for free lunches, and
reduced-price lunches should go only to students eligible for reduced-price lunches. Other
students should be eligible for neither.”95 This view reflects a number of key assumptions: first,
that students who are “eligible for neither” do not themselves face household economic
constraints that compromise their food security and dietary intake; second, that school meals
should serve solely as a stop gap for student hunger and not a means by which to augment diet
quality or model healthy eating; and third, that there are no meaningful indirect effects of
increased school-wide participation that may collectively benefit “eligible” students. For these
reasons, the Heritage Foundation and other conservative groups have called for the complete
elimination of CEP.96
Members of the U.S. Congress have expressed similar but slightly less drastic opposition to CEP.
On April 1, 2016, the House Education and Workforce Committee of the 114th Congress released
a draft bill that would raise the eligibility threshold for schools to adopt CEP from 40% to 60%
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free-eligible, meaning that over 7000 schools who had already been utilizing the provision would
no longer be allowed and would instead have to reinstate a household meal application and 3tiered certification system. The bill did not pass, as Congress failed to reauthorize child nutrition
programs during that session, but the political climate and party composition of the current 115th
Congress makes it likely that the debate will resume at the next discussion of child nutrition
reauthorization. It is therefore imperative to build an evidence base for not only school-level but
also student-level effects of CEP on measures of public health significance and political interest.
These effects include participation in school meals as well as important dietary indicators.
Conceptual framework for CEP effects on dietary intake
There are several paths through which CEP may operate to influence student dietary intake
(Figure 2). First, CEP readily enables schools to make improvements to the quality of school
meals. There is evidence that some schools devote a portion of the administrative savings toward
altering meal offerings, such as increasing the amount of fruits and vegetables offered.90 Bevan,
et. al. also found that the availability of nutritious foods in school lunches was associated with
better eating behaviors both in and out of school, suggesting both a direct and spillover effect of
having healthier cafeteria menus.97 Through this path, CEP’s fee reimbursement structure readily
enables schools to maximize federal funding, improve efficiencies, and devote more resources to
improving the nutritional profile of their meals. If meals at CEP schools are of better quality
compared to other high-poverty schools, dietary effects would be expected to follow a dose
response pattern, whereby the more meals eaten, the stronger the effects on dietary intake. Paper
3 will examine these relationships in a regression framework while exploring whether CEP
modifies effects of school meal participation on key dietary measures.
A second potential path through which CEP may impact dietary intake is through the elimination
of costs of participation for those who would previously have been required to pay either the full
or reduced-price for school meals. This is expected (and intended) to increase participation,
particularly among students who become “newly eligible” to receive free meals under CEP. In
doing so, CEP may improve diet quality among these students if the quality of school meals is
superior to what students would have alternatively consumed. There is evidence that average
school-level participation is higher at schools with CEP, 89,90 and Paper 2 of this dissertation
presents further evidence that participation is also higher among “newly eligible” students.
Through this path, changes in dietary outcomes are expected to be observed mainly among
“newly eligible” students at CEP schools compared to similar students at schools without CEP.
A special supplemental section of this dissertation uses an instrumental variable approach to
examine whether dietary effects are induced mainly through participation and therefore more
observable among “newly eligible” students at CEP schools.
Eliminating participation costs may also free up monetary resources, which would have gone
toward paying for school meals, to be used elsewhere in the household budget. This could
indirectly affect dietary, health, or psychosocial outcomes for children. Howard and Prakash
found that school lunch subsidies increase low income children’s consumption of fruits and
vegetables beyond what they eat at school, implying that subsidies enable the purchase of
healthier foods at home.75 While this dissertation does not empirically explore this path, it is
included in the conceptual model as another possible explanation for program effects. CEP also
reduces the stigma of participation for all students in a school, leading to greater school-wide
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participation. School-level changes in participation have been explored in previous evaluations
and are not examined in this dissertation, but this phenomenon is also included in the conceptual
map to provide context regarding the multi-dimensionality of effects expected when schools
adopt CEP.
Rationale for Papers 2 and 3
While CEP increases average school-level participation in breakfast and lunch, as demonstrated
in two evaluation studies, little is known about the extent to which CEP affects participation
among key subgroups, including children who are already eligible for FRPM subsidies, those
who are near the subsidy cutoff, and those who are not eligible and must therefore pay full price
for meals. Because FRPM-eligible children would experience a negligible change in the cost of
participation, any changes in participation among this subgroup is expected to reflect non-price
effects of CEP, such as the reduction in stigma, improved access through streamlined meal
services, or improved quality of meals. On the other hand, changes in participation among the
other two subgroups are expected to reflect a combination of price- and non-price effects. Paper
2 uses a sample of children attending low-income schools to examine participation differences
among these subgroups, comparing schools with and without CEP. Paper 3 explores associations
between CEP and student dietary outcomes based the first of the hypothesized pathways
described in the conceptual framework, to understand the extent to which CEP benefits lowincome children in ways beyond increasing participation in NSLP/SBP. Finally, a supplemental
section examines relationships between school meal participation by the “newly eligible” and
dietary measures to determine if dietary effects are concentrated among this subgroup.
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1. Increases school federal
reimbursements and reduces
administrative costs for net
revenue gain. Affected groups:
all school meal participants

Community Eligibility
Provision (CEP)

2. Eliminates cost of participation
Affected groups: newly eligible for
free meals

Improves school meal
offerings. Affected groups: all
school meal participants

Increases participation

Affected groups: all
students, but especially
newly eligible for free meals

Frees up monetary resources to improve
eating outside of school. Affected
groups: newly eligible for free meals
3. Reduces stigma of participation.
Affected groups: all students

Figure 2. Hypothesized pathways for effects of CEP on student dietary intake.

Improves student intake
from school meals
Affected groups: all
school meal participants

Improves nutrition by
replacing food from home
or elsewhere with school
meals. Affected groups:
newly eligible for free meals

Students have better overall
dietary intake patterns (e.g. more
fruits, vegetables, whole grains;
less fast food, added sugar)
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PAPER 2
Effects of the Community Eligibility Provision on school breakfast and lunch participation
ABSTRACT
BACKGROUND:
The National School Lunch Program (NSLP) and School Breakfast Program (SBP) help reduce
food insecurity and improve nutrition among children. The Community Eligibility Provision
(CEP) enables high-poverty schools to offer breakfast and lunch at no cost to all students. This
study examines associations between CEP and school meal participation among students who are
eligible for free or reduced-price meals (FRPM), near the cutoff and possibly eligible, or above
the cutoff and ineligible.
METHODS:
Using a cross-sectional national sample of students from kindergarten through eighth grade
enrolled in the Healthy Communities Study (HCS), t-tests and difference-in-difference strategies
were implemented to compare school breakfast and lunch participation of 842 students at 80
CEP schools with 1463 students at 118 similar schools without CEP.
RESULTS:
FRPM-eligible students had very high participation in school lunch in both types of schools, with
over 90% participation, averaging 4 days per week. CEP was associated with a 5-point increase
in breakfast participation among FRPM-eligible students (p=0.018). After adjusting for
covariates, CEP was associated with a 12-point increase in lunch participation among near-cutoff
students (p<0.05), and a 20-point increase in breakfast participation and a 19-point increase in
lunch participation among students above the cutoff (p<0.001).
CONCLUSIONS:
CEP improves access to school breakfast and lunch among students in high-poverty schools,
particularly among those who would not have had access to meals through a 3-tiered application
and certification model.
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BACKGROUND
The U.S. National School Lunch Program (NSLP) and School Breakfast Program (SBP) provide
meals to over 31 million children in the United States each school day68 and are among the most
important programs to combat food insecurity and improve nutrition among children. Lowincome children who eat school breakfast and lunch experience lower rates of food insecurity
when school is in session than during the summer when school meals are not available,80,83 and
have better diet quality compared with similar children who do not participate.72 To help ensure
that low-income children can access school meals, the NSLP and SBP are federally subsidized
and available for free or reduced-price to income-eligible children at most public schools across
the country.
Traditionally, in order to receive free or reduced-price meals (FRPM), children must be certified
for the appropriate benefit level, a process that requires parents to complete annual application
forms with income information. To qualify as free-eligible, household income must be below
130% of the federal poverty level (i.e. $30,615 for a household of four in the 48 contiguous
United States for the 2013-2014 school year); to qualify for reduced-price meals, households
must earn between 130% and 185% of poverty.66 Children from households above 185% of
poverty may purchase “paid” meals, which, while still nominally subsidized, are substantially
higher than reduced-price meals (i.e. an average of $2.18 per elementary school lunch during the
2013-2014 school year, compared with $0.40 for a reduced-price lunch85). “Paid” meal prices
have increased steadily since the Paid Lunch Equity provision went into effect in 2011, which
requires school districts to recoup costs for meals served to non-FRPM students, primarily by
raising prices between 4% to 5% annually. Research shows that as the price of a “paid” meal
increases, participation among non-subsidized students decreases.84,78 Specifically, a 10%
increase in meal prices is associated with a 1.5 percentage point decrease in participation among
“paid” meal students.84 According to the most recent School Nutrition Dietary Assessment Study
IV (SDNA-IV), 84% of free-eligible elementary students participated in the NSLP, compared
with 78% of reduced-price and only 58% of “paid” students.84 Since school year (SY) 20062007, there has been a steep decline in participation among “paid” students, from 12.6 million
(41% of total participants) to 8.2 million children (27%) in SY 2015-2016. This trend is partially
explained by the economic recession, during which some children moved from the “paid” to the
FRPM-eligible category.85 However, for other “paid” students who do not qualify for FRPM,
rising meal costs are a likely barrier to participation.
Low participation in school meals is a concern for nutrition and education professionals,
particularly in high-poverty areas, because students who do not eat school meals may rely on less
nutritious alternatives.72,98 While school meals must meet federal nutrition standards, meals
brought from home are not subject to any standard. Children who eat school lunch are more
likely to have fruits, vegetables, and dairy,99 less sodium and energy from sugar,100 and lower
intake of sugar-sweetened beverages (SSBs) 70 compared to those bringing lunch from home.
Access to school breakfast has also been found to improve diet quality and micronutrient
intake.101 Additionally, low average participation reduces the amount of federal reimbursements
schools can claim, which can impact their ability to produce high quality meals and may
exacerbate stigma for those who do participate.88, 102
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The Community Eligibility Provision (CEP) was introduced through the bi-partisan Healthy,
Hunger Free Kids Act (HHFKA) of 2010, as a way to increase access to NSLP and SBP among
low- to moderate-income children by allowing schools to provide breakfast and lunch at no cost
to all students, if at least 40% students are certified as free-eligible through participation in other
means-tested programs such as the Supplemental Nutrition Assistance Program (SNAP).66
Through CEP, these schools are automatically reimbursed for a fixed percentage of meals
corresponding with their poverty level, making universal meals financially viable both by
reducing administrative costs and improving economies of scale in meal preparation and
distribution.
Between 2011 and 2014, CEP was phased into schools in eleven states. Evaluation by the USDA
during this pilot phase demonstrated a 5% increase in average school lunch participation and a 9%
increase in breakfast participation among CEP schools compared to similar schools without
CEP.90 A separate pre-post evaluation by the Center on Budget and Policy Priorities found a 13%
increase in average lunch participation in pilot schools after they had participated in CEP for two
years, and a 25% increase in average breakfast participation.89 In SY 2016-2017, CEP had been
adopted by 20,721 schools, representing 55% of eligible schools nationwide and affecting over
9.7 million children.103 The rapid and widespread expansion of CEP among low-income schools
reflects its perceived effectiveness by school administrators in streamlining costs and addressing
student hunger.
While CEP was shown to increase overall average school-level participation in SBP and NSLP,
it is not known to what extent the provision affects participation among key subgroups, including
children from households who are eligible for FRPM, those who are near (above and below) the
eligibility cutoff, and those who are ineligible. In this study, the independent effect of CEP on
student-level participation in school breakfast and lunch was estimated for these eligibility
subgroups. A national dataset was used to test the hypothesis that CEP is associated with an
increase in the percentage of students who participate in and the number of days they eat school
breakfast and lunch among students in each subgroup.
METHODS
Data source and participants
The Healthy Communities Study (HCS) is a national, observational study designed to assess
relationships between community-level policies and programs and child obesity. Details of the
study sampling and recruitment protocols have been published by Strauss et. al.104 and John et.
al.105 In summary, two public middle schools and two public elementary schools were recruited
from each of 130 communities across the United States. Communities were selected through a
combination of probability-based and purposive sampling to ensure inclusion of a diverse
representation of students, with an oversample of low-income and ethnic minority communities.
Schools were eligible if they fell within a pre-determined high school catchment area in a
selected community and if the school district granted approval. Up to 81 children per school in
kindergarten through eighth grade, along with their families, were recruited, for a total study
sample of 5,138 child/family participants.
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Procedures
As part of a standard protocol, participants were visited at home by field staff for a series of
questionnaires and household assessments. A full description of the standard protocol is provided
by Ritchie et. al.106 Briefly, children, or their adult proxies if under age 9, completed a household
and dietary screener questionnaire, which contained questions about household demographics,
including annual household income, and dietary patterns such as usual frequency of eating
school breakfast and lunch; food insecurity; and other dietary behaviors and attitudes. Data from
participants’ schools were collected from designated food service representatives at each school
using a School Foodservice Questionnaire (SFSQ), an instrument adapted from other school
nutrition studies including the School Nutrition Dietary Assessment Study III.106 Questions
related to current student enrollment and other aspects of school food service and delivery.
CEP variable
As a new federal program, CEP was introduced to select states incrementally between 2011-2014.
By the end of the introductory period, during SY 2013-2014, the provision was available in ten
states in the Midwest, South, and Northeast regions, and the District of Columbia. The following
year, SY 2014-2015, the provision was available in all 50 states and the District of Columbia.
Because data collection for the HCS spanned both SY 2013-2014 and SY 2014-2015, not all
study schools had CEP available at the time they were sampled. After field data collection was
completed, school names, states, and year of study participation were used to extract school
nutrition agency records and retroactively determine whether CEP had been available in the state
at the time of study participation, and whether the school had adopted it. These variables were
coded as binary (yes/no). All identifying information was later stripped from the dataset so that
investigators were blind to school names, locations, and states during analysis.
Out of the total sample of 4994 children with non-missing covariate information, 842 attended
CEP schools. To construct a comparison group that matched the CEP group as closely as
possible, 916 observations were dropped from wealthier schools (less than 37% of students
eligible for free meals) and communities (less than 7% poverty). To further reduce the bias
introduced through unobserved variables related to a school’s decision to adopt CEP – such as
perceived student need – schools were excluded that did not adopt CEP when the option was
available, resulting in an additional 1,773 observations dropped. This left a final analytical
sample of 2,305, comprised of students attending CEP schools and students attending similar
schools without the option of the CEP. The extent to which CEP and comparison groups are
balanced on individual, household, school and community characteristics is shown in Table 1.
Income classification
Household income level was derived using a group of questions on the household questionnaire
probing for annual income or income ranges. The same questionnaire also asked if anyone in the
household had received assistance from the SNAP or the Special Supplemental Nutrition
Program for Women, Infants, and Children (WIC) during the past month. Three categories were
created to classify children: FRPM-eligible (“FRPM”), possibly eligible for FRPM (“nearcutoff”), and ineligible for FRPM (“paid”). To determine FRPM eligibility, a combination of
nutrition assistance variables and annual income was used. Children from households that
received benefits from SNAP were categorically eligible for free school meals.107 Household
participation in WIC is a general indicator of income below 185% of the federal poverty level.
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Children were therefore classified as “FRPM” if they belonged to households that received
benefits from either of these programs (n=1,734). To classify the remaining 531 children, federal
guidelines for 2013 were used to determine whether annual income brackets at each household
size corresponded with 185% or less of poverty. Using a conservative approach, students were
classified as “FRPM” if household income was less than $20,000 for a household of 1 or more;
$35,000 for 3; $50,000 for 5; $75,000 for 8; and $100,000 for 12. These corresponded with the
federal guidelines of $21,256 for 1; $36,131 for 3; $51,005 for 5; $73,316 for 8; and $103,064
for 12 respectively. 137 children could not be classified this way because the cutoff for their
household size fell within their income bracket; these students were classified as “near-cutoff”,
which included some FRPM-eligible students and some whose household incomes exceeded the
federal cutoff, but by a small margin. Because the vast majority (93%) of participants with
incomes below $50,000 received benefits from SNAP or WIC, they were correctly classified as
FRPM even if their income relative to the cutoff was unclear. The third and final classification
was “paid,” representing participants whose households did not receive SNAP or WIC benefits
in the previous month and whose incomes were unequivocally above 185% of poverty. A grid
depicting the distribution of the sample according to family income levels and household size is
shown in Appendix A.
Outcome measures
School meal participation was assessed on the household assessment with the questions “How
many days per week (does your child/do you) usually eat the school breakfast?” and “How many
days per week (does your child/do you) usually eat the school lunch?” Responses range from 0-5.
In addition, binary variables were constructed for “eats school breakfast” and “eats school lunch,”
coded as “yes” if the child usually ate the respective meal 1 or more days per week. These
variables were used to compute participation rates (percentage of students coded as “yes”) for
each type of meal.
Covariates
Individual covariates were age (in years) and gender (boy, girl). Household-level covariates were
household size, living with 2 parents (including biological, step, adoptive, or foster); parental
education (less than high school, high school degree, bachelor’s, post-graduate); race/ethnicity
(white non-Hispanic, black non-Hispanic, Hispanic or Latino, other), English spoken at home,
mother’s employment (none, part-time, full-time, other), receives WIC or SNAP benefits, food
insecurity based on affirmative responses to a 2-item screener from USDA’s U.S. Household
Food Security Module108,109, and household annual income bracket. School-level covariates were
enrollment (number of students); and grade group (grades K-2, 3-5, 6-8). Community
characteristics were percent poverty, region (midwest, northeast, south, west), and urbanicity
(rural, suburban, urban).
Data Analysis
The proportion of children participating in school breakfast and lunch, respectively, and the
number of days of participation for each eligibility group were computed, and t-tests were used
to compare differences in means for each eligibility category at CEP vs. comparison schools. A
difference-in-difference strategy was then used to estimate the causal impacts of CEP on
participation in school meals among “near-cutoff” and “paid” students relative to the “FRPM”
students. Children in the “FRPM” group were eligible for subsidized meals regardless of whether
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their school adopted CEP, so any changes in participation among this group was expected to be
minimal, reflecting a non-price impact of CEP. However, because both the “near-cutoff” and
“paid” groups would be newly eligible for free meals at CEP schools, the extent to which their
participation rates differed relative to the “FRPM” group would reflect both price and non-price
factors. The direct (unadjusted) difference-in-difference estimator is presented first. Next, a
regression model is used to control for potential confounders. These models take the form of
!"#$%&%'"$%()* = ,- + &/'* ,0 + /1%2* ,3 + &/'* ∗ /1%2* ,5 + 6* 7 + 9*
Where Participation represents either a continuous (number of days) or binary (at least once a
week) outcome; cep is an indicator for attending a CEP school, elig is a categorical indicator
variable for the three eligibility groups, and cep*elig is the interaction between eligibility and
attending a CEP school, which estimates the causal impact of the CEP on participation among
“near-cutoff” and “paid” groups relative to the reference group of “FRPM.” Xi is a vector of
relevant covariates described above. All models used ordinary least squares, with robust standard
errors to account for clustering by schools. To check if the estimates were robust to using a larger
sample, including schools that were eligible for the CEP but had not adopted it at the time of
HCS study entry, the same regression model was run using all observations with non-missing
covariate information (n=4,051). All analyses were conducted using Stata version 13.56
RESULTS
Students who attended comparison schools differed from those attending CEP schools in some
but not all characteristics examined (Table 2.1). On average, a larger percentage of comparison
students lived in two-parent households and a smaller percentage had college-educated parents.
Comparison students were less likely to receive WIC or SNAP. A smaller share of comparison
students were non-Hispanic Black and a higher proportion were Hispanic or Latino. Comparison
schools had lower enrollment. Comparison communities were more likely to be in the West and
to be rural or urban, while CEP schools were more likely to be in the south and to be suburban.
Unadjusted mean participation rates at comparison and CEP schools for each meal type and
subgroup are presented first. In comparison schools, “FRPM” students had the highest
participation in school breakfast and lunch, both in percentage and number of days, and “paid”
students participated the least (Figures 2.1 & 2.2). On average, in comparison schools, 76% of
“FRPM” students ate school breakfast at least once a week, compared with 27% of “paid”
students, and 93% ate school lunch, compared with 60%. “FRPM” students on average ate 3
school breakfasts and 4 school lunches per week at comparison schools, compared with “paid”
students who ate only 1 breakfast and 2 lunches. At CEP schools, “paid” students also had the
lowest overall participation and ate school lunch one fewer day than students in the other groups.
There was a 5-point higher percentage of “FRPM” students eating school breakfast at CEP
schools (p=0.018) compared to students attending comparison schools, but no difference in lunch
participation among “FRPM” students (Figure 2.1b). Among near-cutoff students, there was an
11.2-point significantly higher percentage of students eating school lunch (p=0.024) at CEP
schools than at comparison schools. Higher participation in school breakfast was also found for
near-cutoff students, but the difference was not statistically significant. Among “paid” students,
there was a 34.6-point higher participation rate and 1.3 more days eating school breakfast and a
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23.7-point higher participation rate and 0.9 more days eating school lunch (p=0.000 for all) at
CEP schools, compared to schools without the CEP.
Unadjusted difference-in-difference estimates are presented in Table 2.2, Col.5. These indicate
that, relative to “FRPM” students, “near-cutoff” students had a 5-point higher, non-significant
breakfast participation rate at CEP schools. “Paid” students attending CEP schools had a 29.9point increase in breakfast participation rate (p=0.000), and slightly more than 1 breakfast per
week (p=0.000). The associations between CEP and school lunch were stronger than for school
breakfast. CEP was associated with a 10-point higher participation rate in school lunch eating
among near-cutoff (p=0.028), and a 22-point higher rate among “paid” (p=0.000) students,
compared with “FRPM” students. CEP was marginally associated with almost a half day more
school lunch eating among near-cutoff (p=0.116) and significantly associated with full day more
among “paid” students (p=0.000).
Regression estimates controlling for potential confounders showed a similar pattern, with
generally smaller magnitudes (Table 2.2, Col 6). “Near-cutoff” students had a 9-point higher
(non-significant), and “paid” students had a 20-point higher (p=0.006) mean participation rate for
school breakfast, with the difference among “paid” students being slightly less than one day
(p=0.035). For school lunch, the adjusted model found effects similar to the unadjusted model
among near-cutoff students, with and 12-point higher percentage (p=0.023) and a marginally
significant half-day more (p=0.116). Smaller effects were found among “paid” students, with 19
more percentage points (p=0.000) and 0.8 days more per week (p=0.009) respectively, compared
with the unadjusted model.
Findings and patterns were consistent when modeled using the full sample of 4,051 students
(Table 2, Col. 7). Effect sizes were smaller, but the patterns of association remained the same,
with smaller standard errors reflecting increased precision of the model. Because the larger
sample includes schools that opted out of CEP even when it was available to them, which
elevates the likelihood of confounding by unobserved variables, these estimates were used to
confirm the patterns of relationships but consider the estimates in Column 6 to be most
interpretable.
DISCUSSION
This study finds that CEP increases participation in school meals. This upholds previous
evaluation findings of Logan et. al90 and Levin and Neuberger.89 It further contributes to the
literature on CEP by estimating effects among students who are FRPM-eligible, near the cutoff
(above and below), or ineligible and further from the cutoff. Several findings are noteworthy.
First, despite different reporting methods, the present study demonstrates similar participation
rates in school breakfast and lunch compared to national rates. For example, over 90% of our
“FRPM” sample participated in school lunch, compared with 84% of free-eligible elementary
school students reported in the SNDA-IV84. At the same time, 60% of “paid” students from our
sample participated in school lunch, compared with 54% from the SNDA-IV. The slightly higher
participation rates found here likely reflects the fact that the SNDA-IV is representative of all
U.S. public schools, while this study purposely oversampled from low-income communities and
communities of color and the restricted sample only included lower-income schools. These
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estimates are thus applicable to schools where CEP is likely to operate, but may not generalize to
all public schools.
CEP was associated with modestly higher participation in school breakfast eating among “FRPM”
students, consistent with Leos-Urbel et al., who reported a small increase among free-eligible
student participation when universal breakfast was offered.88 Because these students are least
affected by changes in meal price at CEP schools, the increase in participation among this
subgroup may be attributable to other factors, such as normalization of school breakfast or
reduction of stigma. CEP also enables schools to more easily offer alternative breakfast models,
such as serving breakfast after the bell or in classrooms, as opposed to only in the cafeteria.
While breakfast models were not identified in this analysis, it is likely that one or more of these
non-price factors contributed to higher “FRPM” student participation. School breakfast
participation was also higher in CEP schools among the near-cutoff and “paid” groups, although
significantly only for the “paid” group. Together, these findings suggest that CEP enabled
students to more readily participate in school breakfast, a desirable outcome given the benefits of
eating breakfast on attention, behavior, and cognition,110, 111 particularly for disadvantaged
groups.
School lunch participation was not higher at CEP schools among “FRPM” students in this
sample, who already participated at a very high rate without CEP. Increasing participation
among this subgroup beyond the average of 4.2 days per week may require confronting obstacles
that students face post-certification, such as logistical challenges getting to the lunchroom,
insufficient time to eat, or perceived low quality or appeal of school lunch. CEP did appear to
reduce barriers among students near the eligibility cutoff, who may not otherwise have been
certified for subsidized meals, enabling these students to participate in school lunch at the same
high levels as their FRPM-eligible counterparts. “Paid” students also participated more at CEP
schools, but they still had the lowest rates and ate the fewest meals. This pattern suggests that
some “paid” households, presumably those with greater means, still exercise other options for
breakfast and lunch even when school meals are available for free.
Notably, “paid” students typically represent a small share of students at CEP schools, with the
most recent USDA study finding that on average, 78% of CEP students are FRPM-eligible.112
Over 9.7 million students attended CEP schools in SY 2016-2017,103 meaning approximately 2.1
million (22%) were “paid.” Using participation estimates from this study, it is estimated that, in a
typical day, 1.4 million lunches were served to “paid” students at CEP schools (3.33 per week
per “paid” student), and almost 6 million were served to FRPM-eligible students (4.17 per week
per “FRPM” student), for a total of 7.4 million lunches served daily at CEP schools. Thus,
approximately 19% of lunches served at CEP schools, or fewer than one in five, are consumed
by students who fall above the eligibility cutoff for FRPM.
It is likely that this share of “paid” participants includes children from families in need of food
assistance who did not have access through the conventional eligibility-based model. Arteaga
and Heflin report that among low-income kindergartners, not only was participating in school
lunch associated with reduced food insecurity, but paying full price for meals was associated
with increased food insecurity.82 One possible explanation is that families who are not eligible
for subsidized meals are also unlikely to be receiving other forms of food assistance, such as
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SNAP or WIC, leaving few options to safeguard the food supply in times of financial strain. CEP
thus extends a nutrition safety net to children who would benefit from food assistance but are not
approved for FRPM because their household income exceeds federal thresholds, often by a small
margin. It is also meant to ensure that children living above the cutoff have a continuous source
of breakfast and lunch in case of sudden household economic changes. The USDA estimates that
families with low to moderate monthly incomes – corresponding with 130% to 240% of poverty
– undergo income fluctuations and cross between eligibility categories an average of five times a
year, owing to frequent changes in the number of working adults in the household and hours
worked.113 This means that a share of children who are determined to be in the “paid” category at
a given time likely become eligible for FRPM at another point in the school year, but the 3-tiered
application and certification system is not immediately responsive to these sudden changes.
Limitations
A limitation of this analysis is that it is possible that some non-CEP schools offered universal
breakfast and/or lunch through a mechanism other than CEP, such as the Food and Nutrition
Service’s Special Assistance Alternative Provisions 2 or 3, which would attenuate differences
between samples and decrease the ability to detect the full effects of CEP. While this remains a
concern, the school take-up rate of these Provisions has historically been low. Another limitation
was the small sample size of student in the “near-cutoff” group. P-values for a Wald test of the
difference-in-difference estimator between the “paid” and near-cutoff groups was greater than
0.05 for all regressions (data not shown), so the null hypothesis could not be rejected that the two
groups differed in their responses to the CEP, likely due to the relatively small sample of nearcutoff students, which limited statistical power. The inability to definitively classify those in the
near-cutoff group, which contained a combination of eligible and non-eligible students, was also
limiting; but there was no reason to believe that the composition differed by CEP school status.
These data were collected during the early stages of CEP, a period of adjustment for newly
adopting schools. Meal participation habits may change as schools and families become
accustomed to the program. More studies are needed to investigate the longer-range impact of
CEP on participation patterns. Finally, the observational study design limits the ability to make
causal inferences.
Conclusions
These findings provide evidence of an association between CEP and school meal participation
among three key subgroups of interest. “FRPM” students already participated in school breakfast
and lunch at the highest rate, and CEP appeared to increase their rate of participation in school
breakfast, but not lunch. For students who were near the eligibility cutoff, CEP appeared to
increase both the likelihood and frequency of participating in school lunch, and possibly
breakfast. Finally, among “paid” children, CEP was associated with the largest changes in both
likelihood and frequency of participation in both school breakfast and lunch, but they had the
lowest participation among any of the subgroups and represent a small proportion of the total
number of school meals served. As CEP is primarily an option for high-poverty schools, findings
reflect the likelihood that despite not being classified as FRPM-eligible, some near-cutoff and
“paid” children in these schools who may have faced economic and resource constraints that are
comparable to their “FRPM” schoolmates, were able to benefit from school meals.
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IMPLICATIONS FOR SCHOOL HEALTH
The higher levels of participation among all subgroups is evidence that CEP increases access to
school meals as intended, and in particular can play an important role in extending nutrition
services to students in high-poverty schools who may not be able to access food assistance
through the 3-tiered application and certification model. Schools with over 40% of students
directly certified for free meals – but that still rely on a tiered application system to certify
remaining students – may consider adopting CEP, to help ensure that nutrition services reach all
those in need, including those above the eligibility cutoff. Doing so will also maximize the
amount of federal funding available to support nutrition services at such schools.
HUMAN SUBJECTS APPROVAL STATEMENT
The study was approved by the Institutional Review Boards of the U.S. Office of Management
and Budget and the Battelle Memorial Institute.
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Table 2.1: Sample characteristics by student eligibility classification, at comparison schools and schools with the
Community Eligibility Provision (CEP).
Comparison Schools

Analytic
1
Sample

2305

%

CEP Schools

Nearcutoff

Paid

Total

FRPM

1092

84

287

1463

74.6

5.7

19.6

FRPM
Number of students

2

4

3

Nearcutoff

Paid

Total

642

53

147

842

76.3

6.3

17.5

4

Individual
Mean age, years

9.5

9.4

9.6

9.9

9.5

9.6

10.6

8.9

9.5

% Girls

52.4

52.4

59.5

50.2

52.4

54.1

41.5

49.7

52.5

58.4

56.6

65.5

78.4

60.6

49.5

50.9

76.9

54.4

% No high school

26.9

35.1

29.8

4.9

28.8

29.1

7.6

4.1

23.4

% High school degree

39.4

44.5

29.3

19.9

39.4

44.9

43.4

14.3

39.4

% Bachelors degree

24.6

18.9

21.4

39.4

23.0

22.3

41.5

44.2

27.3

% Post-graduate degree

9.2

1.5

9.5

35.9

8.8

3.7

7.6

37.4

9.9

% White Non-Hispanic

18.2

9.2

16.7

48.1

17.2

13.2

32.1

44.2

19.8

% Black Non-Hispanic

25.2

25.0

16.7

15.8

22.7

31.5

30.2

20.4

29.5

% Hispanic or Latino

52.5

62.9

64.3

24.4

55.4

52.2

34.0

32.3

47.4

% Other

4.2

2.9

2.4

11.9

4.7

3.1

3.8

4.1

3.3

95.1

94.3

97.6

97.2

95.1

93.7

100.0

99.3

95.0

% Not employed now

38.7

45.7

36.9

17.1

39.6

41.9

13.2

24.5

37.1

% Part-time

18.4

19.0

13.1

19.2

18.7

19.3

17.0

12.2

18.0

35.1

27.7

48.8

60.3

35.3

26.8

56.6

61.9

34.8

7.9

7.7

1.2

3.5

6.5

12.0

13.2

1.3

10.2

57.1

74.6

0.0

0.0

55.7

78.2

0.0

0.0

59.6

53.2

64.8

47.6

13.9

53.9

61.2

28.3

19.7

51.9

4.7

5.0

3.8

4.1

4.7

4.8

3.9

4.1

4.6

Less than 20K

35.5

46.5

0.0

0.0

34.7

48.3

0.0

0.0

36.8

$20K - $35K

28.8

37.5

19.1

0.0

29.1

35.1

24.5

0.0

28.3

$35K - $50K

13.3

11.4

63.1

4.9

13.1

13.1

47.2

4.1

13.7

$50K - $75K

9.9

3.6

16.7

32.1

9.9

2.8

26.4

35.4

10.0

$75K - $100K

5.1

0.8

1.2

21.3

4.9

0.5

1.9

28.6

5.5

More than $100K

7.5

0.3

0.0

41.8

8.4

0.3

0.0

32.0

5.8

Household
% Two-parent family
Highest Parent Education

Race/ethnicity

% English spoken at home
Mother employment

% Full-time
% Other (retired,
student)
5

% Receives WIC or SNAP
% Food-Insecure
Household Size
(members)

6

Household Income
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Table 2.1, continued
School characteristics
Mean enrollment
(students)

649.4

632.9

680.2

631.9

635.5

676.5

688.9

654.1

673.4

% Early Elem (K-2)

35.1

35.6

36.9

29.6

34.5

36.8

15.1

44.2

36.3

% Late Elem (3-5)

30.6

32.1

23.8

25.8

30.4

29.6

35.9

36.7

30.1

% Middle (6-8)
Community
characteristics

34.3

32.3

39.3

44.6

35.1

34.1

49.1

21.1

32.8

% Poverty

25.1

25.6

23.3

18.4

24.1

28.9

22.2

20.6

27.0

% Midwest

19.0

11.0

11.9

20.2

12.9

33.3

17.0

17.7

29.6

% Northeast

13.1

13.9

9.5

4.9

11.9

15.7

9.4

14.3

15.1

% South

42.9

40.5

42.9

25.1

37.6

47.5

73.6

64.6

52.1

% West

25.1

34.6

35.7

49.8

37.7

3.4

0.0

3.4

3.2

% Rural

24.2

34.2

31.0

21.3

31.4

11.2

15.1

12.2

11.6

% Suburban

32.1

15.7

19.1

40.8

20.8

49.2

62.3

58.5

51.7

% Urban

43.7

50.2

50.0

38.0

47.8

39.6

22.6

29.3

36.7

Grade group

Region

Urbanicity

1

Analytic sample restricted to communities with ≥7% poverty and schools with ≥37% eligible for free meals.
Comparison schools (n=118) from states that did not have the option to adopt CEP the year of data collection.
3
CEP schools (n=80) had adopted CEP during or prior to the year of data collection.
4
FRPM=Free and reduced-price eligible
5
WIC = Special Supplemental Nutrition Program for Women, Infants, and Children Program
6
SNAP = Supplemental Nutrition Assistance Program
2
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2.1a

2.1b

Figure 2.1a&b. Unadjusted mean number of days and percentage of students participating in school breakfast, by student eligibility
classification and school type. (n=2305)
** Indicates significant difference between Comparison and CEP schools at p<0.05 level ***p<0.001 level

2.2a

2.2b

Figure 2.2a&b. Unadjusted mean number of days and percentage of students participating in school lunch, by student eligibility
classification and school type. (n=2305)
** Indicates significant difference between Comparison and CEP schools at p<0.05 level ***p<0.001 level
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Table 2.2: Difference-in-Difference estimates for the effect of CEP on school breakfast and lunch participation
(1)

Comparison
Schools

(2)

Difference

(3)

1

CEP
2
Schools

(4)

(5)

(6)

(7)

Difference

Restricted
Sample Direct
Difference-inDifference (SE)

Restricted Sample
Adjusted
Difference-in3
Difference (SE)

Full Sample
Adjusted
Difference-in3
Difference (SE)

2305

2286

4051

ref

ref

ref

Sample size
% Eating school breakfast
FRPM

76.3

81.2**

1

Near-cutoff

59.5

-16.8

69.8

-11.3

5.4 (7.6)

9.2 (8.5)

4.9 (7.2)

Paid

27.2

-49.1

61.9***

-19.2

29.9*** (4.8)

19.6** (7.1)

16.9** (6.5)

Days Eating School Breakfast
FRPM

ref

ref

ref

Near-cutoff

2.4

-0.8

2.7

-0.6

0.2 (0.4)

0.5 (0.4)

0.2 (0.4)

Paid

1.0

-2.2

2.3***

-1.0

1.2*** (0.2)

0.7 ** (0.3)

0.6** (0.3)

ref

ref

ref

% Eating School Lunch
FRPM

3.2

3.3

93.0

94.2

Near-cutoff

86.9

-6.1

98.1**

3.9

10.0** (4.5)

11.7** (5.1)

7.7** (3.8)

Paid

60.3

-32.8

83.7***

-10.6

22.2*** (3.4)

18.5*** (4.7)

13.1*** (4.0)

Days Eating School Lunch
FRPM

ref

ref

ref

Near-cutoff

4.2
3.6

-0.5

4.2
4.1

-0.1

0.4 (0.3)

0.5 (0.3)

0.1 (0.3)

Paid

2.3

-1.8

3.3***

-0.8

1.0*** (0.2)

0.8** (0.3)

0.6** (0.3)

* Significant at p<0.1 ** Significant at p<0.05 *** Significant at p<0.001
1

First difference between group mean and FRPM reference group.
Significance tests for differences in means between CEP and Comparison School.
3
Regression estimates adjusted for age, gender, race/ethnicity, mother's employment, highest parent education, food insecurity, income category, two-parent family, English
spoken at home, participation in food assistance, school grade group, region of country, community poverty, and urbanicity.
2
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PAPER 3
The Community Eligibility Provision and student dietary patterns
Abstract
Background. The Community Eligibility Provision (CEP) is an option for serving free breakfast
and lunch to students in high-poverty schools. CEP increases participation in school meals, but
no studies have reported its effects on dietary intake patterns among participants.
Objective. The objective of this study was to investigate associations among school meal
participation, CEP, and dietary intake patterns.
Design. Cross-sectional data were collected in school years 2013-15 from students at 79 schools
that had adopted CEP at the time of study entry and 239 comparison schools that had not.
Participants/setting. Participants (n=4124) were students in grades K-8 attending public
elementary or middle schools in one of 130 sampled communities in the contiguous United
States.
Main outcome measures. Outcomes were usual intakes of whole grains, dietary fiber, dairy,
fruits, vegetables, energy-dense foods, total added sugar, sugar from sugar-sweetened beverages,
and frequency of fast food consumption, all derived from responses to a diet screener and
questionnaire.
Statistical analyses performed. Ordinary least squares regression models were used to screen for
interaction between CEP and school meal participation on dietary outcomes, adjusting for age,
gender, race/ethnicity and relevant household, school and community covariates. Analyses were
adjusted for clustering within schools.
Results. Regression models showed school meal participation was positively associated with
whole grain (p<0.001), fiber (p=0.002), dairy (p=0.005), fruit (p=0.018), vegetable (p=0.048),
and added sugar (p=0.010). CEP appeared to modify effects for added sugar (p=0.141), fiber
(p=0.171), fruit (p=0.152), vegetable (p=0.143), and fast food (p=0.076).
Conclusions. CEP may modestly improve dietary intakes and reduce nutritional disparities for
students in high-poverty schools.
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Introduction
Dietary intake patterns are below optimal among United States children. Average intakes of
whole grains, fruits and vegetables are well below established guidelines across all income
groups,34,114,58 and overall diet quality declines further with decreasing household income.34
Relatedly, average intakes of added sugar and sugar-sweetened beverages (SSBs) far exceed
recommended levels. 114,58 Improving children’s diets is a national priority due to adverse health
outcomes linked to poor diets, including obesity, type 2 diabetes, and other chronic
diseases,115,116 all of which disproportionately affect populations living at or near poverty.
School meal programs, including the National School Lunch Program (NSLP) and School
Breakfast Program (SBP), are two of the most important government nutrition programs serving
children. Over 30 million children participate each school day,68 with those eating school lunch
obtaining approximately 40% of their daily calories at school.70 Almost three-quarters of school
meal participants (73%) are eligible for free or reduced-price meals (FRPM) due to low
household income.68 While school meal programs have faced challenges, they have improved in
quality and consistency over time. School lunches tend to be of higher quality than lunches from
home in terms of energy, fat, sugar, protein, fiber, and calcium,117, 100 fruits and vegetables,99
SSBs,70,99 and nutrient density.92 School meals also help to reduce food insecurity82 and improve
overall diet quality among participants.72, 69
The Healthy Hunger-Free Kids Act (HHFKA) of 2010 made sweeping changes to align school
nutrition standards with the latest Dietary Guidelines for Americans (DGAs), effective School
Year (SY) 2012-2013,79 and also introduced the Community Eligibility Provision (CEP), an
option designed to increase school meal participation at high-poverty schools.118 Traditionally,
children may participate in school breakfast or lunch either by becoming certified for FRPM
through an annual application, or by paying full price; the average cost of a full price meal for
SY 2016-2017 was $2.34.119 Children are eligible for free meals if their family income level is
£130% of federal poverty guidelines or reduced-price meals (paying $0.40 for lunch) if income
is £185% of federal poverty guidelines.18 CEP eliminates this 3-tiered certification system and
enables schools or districts with 40% or more students eligible for free meals to serve “universal”
breakfast and lunch: free meals for all students. By SY 2016-2017, over 20,000 schools,
representing 55% of eligible schools nationwide, had adopted CEP, affecting more than 9.7
million children.103
In addition to reducing stigma by providing meal access at no cost to all students, CEP’s
elimination of meal applications and fee collections results in administrative cost savings for
schools.90 Additionally, CEP is associated with increased average daily meal participation, which
can increase school revenue from federal reimbursements.90,89 Schools and districts may then use
these net gains to improve the quality of meals offered. Exploratory evaluation in the early years
of CEP found that one-third of food service directors at CEP schools reported an increase in the
amounts of fruits and vegetables served.90 A greater percentage of CEP schools also met
standards for servings of vegetables and grains compared to schools without CEP.90 To the
extent that CEP enables schools to make positive systematic changes in meal offerings, effects
on student dietary outcomes may be observed by comparing meal participants at schools with
and without CEP. To date, however, no study has reported on the relationship between CEP and
student diet.
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The purpose of this study was to investigate associations between CEP, school meal participation,
and dietary intake patterns, using a national dataset of over 4000 students from 348 low-income
schools collected after implementation of most of the recent changes to school nutrition
standards. Outcomes of key interest were healthful dietary components that are generally
considered inadequate in the diets of low-income children: whole grains, dairy, fruits, vegetables,
and dietary fiber. Other outcomes were consumption of energy-dense foods (EDFs); added sugar;
and SSBs; and frequency of eating at fast food restaurants – as these eating patterns are also
more widespread with declining income.121
Methods
The Healthy Communities Study (HCS) is a national, observational study designed to assess
characteristics of obesity prevention policies and programs that are associated with children’s
body mass index, nutrition behaviors and physical activity. Between 2013-2015, detailed
individual, household, school and community-level information was collected on 5138 children
ages 4-15 years from 130 diverse communities nationwide. Communities – defined as high
school catchment areas – were selected through a hybrid approach combining probability-based
and purposive sampling to ensure diverse representation and an oversampling of low-income and
Hispanic populations (described in more detail by Strauss et. al.104). Up to two public middle
schools and two elementary schools in each catchment area were included, and up to 81 children
from each school were recruited. Home visits were conducted by field data collectors, who
administered a household questionnaire asking about race/ethnicity, family structure, annual
income, and other demographics, along with assessment of dietary and physical activity
behaviors (as described by Ritchie et. al.106 and Pate et. al.122). Parent/adult proxies answered for
children aged 4-8 years, while children aged 9-11 years answered with parent/adult assistance
and children aged ³12 years with assistance if needed.106
Outcome measures.
Dietary outcomes were assessed using an interviewer-administered Dietary Screener
Questionnaire (DSQ) developed by the National Cancer Institute (NCI).123 which included 26
foods and beverages, including milk, whole grains, fruits, vegetables, legumes, fried potatoes,
and a range of sweet and salty snacks and beverages. Children (or their adult proxies) reported
intake over the past 30 days in terms of times per day, week, or month; quantities and
frequencies were later converted into equivalent standard units (i.e. cup/day or times/week) for
each food item. NCI-generated scoring algorithms were further used to convert frequencies of
intake into predicted quantities of dietary fiber, total added sugar, and sugar from SSBs (soda,
sweetened coffee or tea, sports or energy drinks, and fruit drinks, excluding 100% juice). An
energy-dense food variable was constructed by combining food categories such as chips,
crackers, ice cream, cookies/cakes/pies, doughnuts, chocolate, and candy. The household
questionnaire also included the question “During the past 7 days, how many days did (you/your
child) eat or drink anything from a fast food restaurant such as McDonald’s, Taco Bell, or KFC?”
to which responses ranged from 0-7. For the present analysis, nine continuous outcome variables
were used. Beneficial outcomes were whole grains (ounce equivalents (oz)/day); fiber (g/day);
dairy (cups/day); fruit (cup/day); and vegetable/legume – excluding fried potatoes (cup/day).
Remaining outcomes were energy-dense foods (times/day); fast food (times/week); added sugar
(tsp/day); and sugar from SSBs (tsp/day).
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Independent measures
School meal participation. The usual number of days per week the student ate the school
breakfast and lunch, respectively, was reported by children or their proxies on the household
questionnaire, with a range of 0-5. Usual participation in “combined meals” was the sum of
school breakfast and lunch participation, ranging from 0-10.
CEP indicators. After HCS data collection was completed, a database compiled by the Center for
Budget and Policy Priorities was used to retrospectively determine if schools had adopted CEP at
the time of study entry124 (CEP adoption indicator). In SY 2013-2014, the last year of the CEP
phase-in period, the provision was available to eligible schools in ten states: Illinois, Michigan,
Ohio, Kentucky, Georgia, West Virginia, Florida, Maryland, Massachusetts, New York, and the
District of Columbia. In SY 2014-2015, CEP was available to eligible schools in every state.
Another binary variable was created for whether the school was eligible to adopt CEP at the time
of study entry, depending on whether it was available in state and if the school met the criteria
(CEP availability indicator).
School and community covariates. Liaisons from participating schools completed a series of
forms and questionnaires designed to assess the school nutrition environment. The school’s
foodservice director or designee provided information about percentage of FRPM eligibility.
School staff provided information about enrollment (number of students) and school type
(elementary, middle). Community urbanicity (urban, suburban, rural) and percent of population
living in poverty were determined using 2010 U.S. Census data. Region (Northeast, Midwest,
South, West) was assigned based on state.
Individual and household covariates. Individual covariates were: age (in years), gender,
race/ethnicity (white non-Hispanic, black non-Hispanic, Hispanic or Latino, other). Household
covariates were: living with 2 parents (including biological, step, adoptive, or foster); parental
education (less than high school, high school degree, bachelor’s, post-graduate); race/ethnicity
(white non-Hispanic, black non-Hispanic, Hispanic or Latino, other), English spoken at home,
mother’s employment (none, part-time, full-time, other), receives food assistance through the
Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) or
Supplemental Nutrition Assistance Program (SNAP), food insecurity based on affirmative
responses to a 2-item screener from USDA’s U.S. Household Food Security Module,108 and
annual household income. Season of data collection (winter, spring, summer) was included as an
additional covariate.
Analytic sample
To obtain the most reasonable estimate of CEP effects in low-income communities, wealthier
schools and communities in the HCS were excluded from the present sample. CEP is an option
to schools in which 40% or more identified students are eligible for free meals – the majority of
CEP schools – but some schools with a slightly lower percentage may also participate if they
belong to a district or group of schools in a district that averages 40% or more across all schools.
To accommodate this possibility, schools were excluded if <37% students were eligible for free
meals. The final sample included 844 students in CEP schools and 3280 students in eligible
comparison schools.
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Statistical Analyses
Unadjusted, bivariate t-tests were used to compare mean reported usual intakes of each nutrient
or food group in students at CEP schools and eligible comparison schools. Ordinary least squares
(OLS) regression estimated the association between school meal participation and dietary
measures, controlling for individual, household, school, and community characteristics. School
meal participation was interacted with the CEP adoption indicator to determine the extent to
which CEP modifies effects. A p-value of <0.2 for the point estimate of the interaction term was
used to screen for possible interaction. Models were constructed for participation in school
breakfast, school lunch, and both types of meals combined. For each meal type, marginal effects
and standard errors were also calculated using the margins command in Stata, which estimates
the change in outcome (predicted dietary intake measures) for one day of participation at CEP
and comparison schools. Regression models were run using robust standard errors clustered at
the school level, and again clustered at the community level for comparison. Statistical
significance was assigned at the p<0.05 level. Analyses were conducted using Stata statistical
software (Version 13).56
Results
Table 1 shows key characteristics of the sample population at CEP schools and eligible
comparison schools. Students at CEP schools were slightly older (p=0.001) than at comparison
schools. A smaller percent of students at CEP schools were white and Hispanic and a greater
proportion were Black than at comparison schools (p<0.001). More than one-third of the sample
at both types of schools had college-educated parents. Students attending CEP schools were less
likely to live with two parents (p<0.001), have household income above $35,000 (p=0.000), or
have an employed mother (p=0.007). Approximately half of students in both types of schools
were from food-insecure households, but a greater percent of students at CEP schools received
food assistance (p<0.001). CEP schools were similar in size to comparison schools but were
located in communities with higher poverty (p<0.001), and had a higher proportion eligible for
free meals (p<0.001). As expected due to the CEP rollout among states, CEP schools were more
likely to be in the Midwest or South, while comparison schools were more likely to be in the
West (p<0.001). Participation in school breakfast and lunch was higher at CEP schools than at
eligible comparison schools (p<0.001 and p=0.001, respectively).
There were no significant differences in the unadjusted mean intake of any of the healthful
dietary measures between students at CEP and comparison schools (Table 2). Mean whole grain,
fiber, fruit, and vegetable intake for both groups were below the lower bound of recommended
intake, and mean dairy intake was at the lower bound. Students from CEP schools had slightly
higher mean intakes of energy-dense foods (p=0.021), added sugar (p=0.010) and SSBs (p=0.008)
than students from comparison schools. Added sugar intake among both groups of students
exceeded recommended intake.
Table 3 shows main effect and interaction coefficients for days of participation in school
breakfast, lunch, or a combination, interacted with CEP, with standard errors clustered at the
school level. Clustering at the community level increased precision for some estimates but did
not change any qualitative patterns of association or significance levels (data not shown). The
main effect of daily school breakfast participation at schools without CEP, determined by
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multiplying the coefficient for school meals by 5, was a greater predicted weekly intake of 0.09
oz whole grains (p<0.001), 0.52 g fiber (p=0.002), 0.09 cups dairy (p=0.005), and 0.09 cups fruit
(p=0.018). An interaction between school breakfast and CEP was detected for added sugar
(p=0.141); there was no significant association between school breakfast and added sugar intake
at CEP schools, while students at schools without CEP who participated in school breakfast daily
ate a predicted 0.83 teaspoons of added sugar more per week (p=0.010). The main effect of daily
school lunch participation at schools without CEP was a greater predicted intake of 0.19 cups
dairy (p<0.001) and 0.04 cups vegetables (p=0.048) per week, compared to students with no
days of school lunch. Possible interactions between CEP and school lunch were detected for
fiber (p=0.171), fruit (p=0.152), vegetable (p=0.143) and fast food (p=0.076), with daily school
lunch participation associated with more favorable outcomes at CEP schools. The main effect of
eating all 10 combined meals per week was a greater predicated intake of 0.08 oz whole grains
(p=0.001), 0.57 g fiber (p=0.016), 0.19 cups dairy (p<0.001), 0.1 cup fruit (p=0.022), 0.05 cup
vegetable (p=0.032), and 0.9 tsp added sugar (p=0.032) per week, compared to students with no
school meal participation. A possible interaction with CEP and combined meals was detected
only for vegetable intake (p=0.141). Predicted marginal effects of each day of participation in
school breakfast, lunch, and combined meals at CEP and eligible comparison schools,
respectively, are graphically displayed in Figures 1-3.
Discussion
Effects of school meal participation may be modified by CEP in that participants at CEP schools
had higher fiber, fruit, and vegetable consumption than those at schools without CEP. In
unadjusted bivariate analysis, students from CEP and comparison schools consumed similar
average amounts of beneficial dietary components, with many below levels recommended for
children. Students from CEP schools had slightly higher consumption of energy-dense foods,
added sugar and SSBs than students from eligible comparison schools. In this sample, CEP
students generally came from poorer households and communities, which likely explains some
of these differences. For example, low household income is associated with greater presence of
unhealthy food outlets near schools125 and higher consumption of packaged snacks,126 among
other potential environmental and personal contributors to these consumption patterns. After
controlling for individual, household and community covariates in the OLS regression, a
different pattern of association emerged. This observation is consistent with an earlier evaluation
study suggesting that CEP may enable schools to offer and serve more fruits and vegetables than
schools without CEP.90 In the present study, the association with fiber is likely related to fruit
and vegetable intake, as no association or interaction was detected for whole grains.
CEP also appeared to modify effects for added sugar, whereby eating school breakfast was
associated with greater added sugar intake at comparison but not at CEP schools. One feature of
CEP is that it enables schools to more easily adopt alternative breakfast models such as serving
breakfast in the classroom as opposed to only in the cafeteria. It is possible that the types of food
that are more easily served under alternative models contained less added sugar than those served
in the cafeteria, but the specific foods served were not observed in this study. School lunch
participation was also inversely associated with frequency of fast food consumption, but only at
CEP schools; it should be noted that students not eating the school lunch at CEP schools had a
significantly higher mean intake of fast food than those at comparison schools (Figure 2). No
significant differences in intake of energy-dense foods or SSBs was observed either by school
43

CEP status or meal participation, suggesting that these behaviors are more heavily influenced by
factors not considered in the models.
Slopes of the marginal effects of school meal participation at CEP and comparison schools
estimate the change in respective outcomes for each unit of change in the exposure – in this case,
school meal participation – for each type of school. Even when slopes did not significantly differ
by school type, visual inspection of qualitative patterns suggests that for almost every measure
and meal type, slopes for CEP schools were consistently more favorable than for comparison
schools. Point estimates of all significant associations between school breakfast or lunch and
beneficial dietary components, with the exception of dairy, were larger among CEP schools, and
in some cases, more than double. This pattern signals that, while consuming school meals is
beneficial for most components measured, the association may be amplified at CEP schools. For
instance, a student who usually participated in school breakfast five days a week at a comparison
school was predicted to consume 0.35 g fiber more per week compared to a student who did not
participate at all. Meanwhile, 5-day school breakfast participation at a CEP school predicts 3.5 g
more fiber per week compared to a non-participant – an effect size ten times higher than at
comparison schools. Vegetable consumption was also higher at CEP schools: daily school lunch
participation at comparison schools was associated with a predicted weekly intake of 0.2 cup
more vegetables than a non-participant, but at CEP schools, it equated to almost 0.5 cup more
vegetables per week compared to a non-participant.
In low-income communities, school nutrition programs play an important role in reducing
nutritional disparities. At least two prior studies have demonstrated that, while low household
income predicted lower consumption of fruits and vegetables, participation in school meals
enabled children to consume as much or more fruits and vegetables as higher income children.127,
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Furthermore, not just participation but quality of school meals is likely relevant to shaping
student intakes, with another recent study finding that contracting with healthier school lunch
vendors was associated with better student academic achievement.129 The CEP offers a
mechanism by which eligible schools may simultaneously increase participation and meal
quality without increasing costs. In many schools, a net gain in revenue from higher participation
could enable schools to improve the quality of meals offered, as suggested by previous
evaluations. In addition, reducing the stigma of eating school meals by making them available to
all students may encourage students to eat more of their meals and waste less. Future studies
should examine effects of CEP on school meal quality and food waste.
This study had some limitations. First, because CEP was rolled out incrementally during the
period of data collection, most of the CEP schools sampled were from the South and few were
from the West, which could have biased results by attributing effects to the CEP that were in fact
regional differences. Region was included as a control variable to help minimize this possibility.
Additionally, the regional effect is expected to be a worsening of dietary outcomes at CEP
schools, but in fact a tendency was found toward the opposite. There also may be other omitted
variables that explain differences in marginal effects between CEP and comparison groups. For
example, the OLS regression model could not control for bias in school adoption of the CEP; it
may be that schools that chose to adopt CEP differed in relevant ways from comparison schools.
For example, school adoption of CEP is associated with higher school poverty levels.112 To
reduce this potential bias, higher income schools were excluded from the comparison sample,
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and models controlled for a number of household, school and community covariates. Still,
students at CEP schools had some worse dietary measures (Table 3.2). However, after adjusting
for control variables, students CEP schools had better outcomes for several measures. As it is not
possible to randomize CEP adoption, either in evaluation or practice, findings should be
interpreted as effects among schools that choose to adopt CEP for observable or unobservable
reasons. The extent to which CEP schools actually altered the quality of school meals was not
observable, which would have provided more support for the hypothesized pathway. Explanatory
and outcome variables were measured with a diet screener and questionnaire, which only permits
comparisons relative to other students but does not provide differences in absolute dietary intake
amounts. Due to the cross-sectional nature of the data, any causal relationships must be inferred
with caution. Finally, the relatively small sample size of CEP students may have limited
statistical power.
Conclusion
This study is the first to examine relationships among CEP, school meal participation and student
dietary patterns. In this sample, participation in school breakfast and lunch was associated with
higher intakes of several healthful dietary measures, and tests for interactions suggest that effects
on fiber, fruit, and vegetable intake are larger at CEP schools than at comparison schools. CEP
appeared to also modify the adverse association between school breakfast participation and
added sugar. While these effects are modest, and CEP alone is an insufficient means to ensuring
that children meet dietary recommendations, this study suggests that the provision may offer an
opportunity to make incremental progress toward optimal dietary intake patterns, particularly
among students at high-poverty schools for whom disparities in nutrition are most apparent.
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Table 3.1: Sample characteristics of students attending schools with and without the Community
Eligibility Provision (CEP)

Characteristic

CEP Schools

1

Comparison
2
Schools

p3
value

Individual
Sample size, students

844

3280

Mean age, years (SD)

9.5 (2.7)

9.2 (2.6)

<0.001

52.4

50.4

0.316

White Non-Hispanic

19.3

22.8

Black Non-Hispanic

29.5

21.9

Hispanic

47.9

51.3

% Female
Race/ethnicity, %

3.3

4.0

<0.001

School breakfast, mean days/week (SD)

Other race/ethnicity

3.1 (2.1)

2.6 (2.2)

0.000

School lunch, mean days/week (SD)

4.0 (1.6)

3.8 (1.8)

0.001

% Two-parent family

53.6

61.8

<0.001

% College educated parents

37.2

36.0

0.508

% Income less than $35,000

65.3

58.0

<0.001

% Mother employed

52.5

57.6

0.007

52.1

51.1

0.603

59.1

49.5

<0.001

672.4 (298.4)

672.9 (263.8)

0.958

% Students eligible for free lunch

82.3

70.3

<0.001

% Community poverty

27.0

22.3

<0.001

% Urban

63.2

63.8

0.722

Midwest

29.9

15.4

Northeast

15.1

15.2

South

51.8

41.8

West

3.3

27.6

Household

% Food-insecure
4

% Receives WIC or SNAP

5

School / Community
Enrollment, mean number of students (SD)

Region of U.S., %

1

CEP schools (n=79) had adopted CEP during or prior to the year of data collection

2

Eligible comparison schools (n=269) had not adopted CEP at time of data collection

3

p-values for t-tests (for continuous variables) or chi-square tests (for categorical variables) of
differences between comparison and CEP schools. Bold indicates significant at p<0.05 level

4

WIC = Special Supplemental Nutrition Program for Women, Infants, and Children
SNAP = Supplemental Nutrition Assistance Program

5

<0.001

46

Table 3.2: Predicted dietary intake of students attending schools with and without the Community
Eligibility Provision (CEP) and recommended daily intake ranges
Comparison
CEP Schools
Schools
(n=844)
(n=3280)
pRecommended daily
1
2
Dietary outcomes, units
<------------------- Mean ± SE -------------------> value
intake range
Whole Grain, oz/d

0.73 ± 0.02

0.71 ± 0.01

0.180

2.0 - 4.5

Fiber, g/d

15.35 ± 0.13

15.38 ± 0.07

0.860

25 - 31

Dairy, cup/d

2.47 ± 0.03

2.51 ± 0.01

0.121

2.5 - 3.1

Fruit, cup / d

1.46 ± 0.02

1.49 ± 0.01

0.246

1.0 - 2.0

Vegetable, cup/d

0.99 ± 0.01

0.99 ± 0.01

0.963

1.5 - 3.0

EDFs, times/d

2.14 ± 0.07

1.96 ± 0.03

0.021

na

Fast Food, times/wk

1.13 ± 0.04

1.05 ± 0.02

0.073

na

Added Sugar, tsp/d

20.15 ± 0.31

19.32 ± 0.14

0.010

6.0

7.77 ± 0.21

7.24 ± 0.09

0.008

Na

3

4

Sugar from SSBs, tsp/d
1
2

p-values for t-tests of differences in means. Bold indicates significance at p<0.05. na = not available
Recommended daily intakes depend on calorie level, age, and sex. Daily intake ranges for whole grain, fiber, dairy, fruit and
130

vegetable are from Dietary Guidelines for Americans

and reflect combined recommendations for boys and girls ages 4-8
131

and 9-13. Recommendations for fiber and added sugar are from the American Heart Association for children of all ages.
3
EDF = Energy-dense foods
4
SSB = Sugar-sweetened beverages
130 131
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Table 3.3: Regression coefficients and predicted marginal effects for each day of usual participation in school
1,2
meals for students interacted with school adoption of the Community Eligibility Provision (CEP)

Dietary Measure, units

R-sq

Whole Grain, oz/d (n=4072)

0.05

Main effect, school meals

School Breakfast
pCoefficient
value

School Lunch
pCoefficient value

5

Combined Meals
pCoefficient value

0.017

0.000

0.002

0.592

0.008

0.001

0.005

0.515

0.010

0.332

0.005

0.359

0.022

0.001

0.013

0.200

0.013

0.008

Comparison schools

0.103

0.002

0.034

0.426

0.057

0.016

CEP x school meals

0.042

0.591

0.128*

0.171

0.052

0.291

Predicted marginal effect of CEP

0.146

0.044

0.162

0.056

0.109

0.014

0.018

0.005

0.037

0.000

0.019

0.000

CEP x school meals

0.009

0.461

-0.002

0.919

0.003

0.765

Predicted marginal effect of CEP

0.027

0.017

0.035

0.046

0.022

0.008

Comparison schools

0.018

0.006

0.007

0.365

0.010

0.022

CEP x school meals

0.000

0.980

0.023*

0.152

0.006

0.435

Predicted marginal effect of CEP

0.018

0.072

0.030

0.041

0.016

0.014

Comparison schools

0.005

0.115

0.008

0.048

0.005

0.032

CEP x school meals

0.008

0.237

0.011*

0.143

0.006*

0.141

Predicted marginal effect of CEP

0.013

0.040

0.019

0.003

0.011

0.003

Comparison schools

0.008

0.615

0.001

0.943

0.004

0.683

CEP x school meals

0.020

0.509

0.028

0.583

0.016

0.444

Predicted marginal effect of CEP

0.027

0.312

0.029

0.552

0.020

0.307

Comparison schools

-0.009

0.381

0.017

0.152

0.001

0.851

CEP x school meals

0.028

0.237

-0.057*

0.076

-0.003

0.852

Predicted marginal effect of CEP

0.019

0.380

-0.040

0.171

-0.002

0.901

Comparison schools

0.165

0.010

0.058

0.445

0.091

0.032

CEP x school meals

-0.208*

0.141

0.074

0.670

-0.074

0.357

Predicted marginal effect of CEP

-0.044

0.735

0.131

0.40

0.018

0.798

Comparison schools

0.028

0.492

0.012

0.814

0.016

0.580

CEP x school meals

-0.058

0.438

0.015

0.881

-0.022

0.657

Predicted marginal effect of CEP

-0.030

0.650

0.027

0.757

-0.006

0.891

CEP x school meals interaction
Predicted marginal effect, CEP

2

Fiber, g/d (n=3987)

Dairy, cup/d (n=4070)

0.12

0.14

Comparison schools

Fruit, cup / d (n=4080)

Vegetable, cup/d (n=4044)

3

EDFs, times/d (n=4092)

Fast Food, times/wk (n=4070)

Added Sugar, tsp/d (n=4049)

4

Sugar from SSBs, tsp/d (n=4074)

0.06

0.13

0.06

0.06

0.18

0.21
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Table 3.3 footnotes
* Interaction significant at p<0.2.

Bold indicates significance at p<0.05

1

Regression estimates adjusted for child age, gender, race/ethnicity, two-parent household, parental education,
mother's employment, household income, food assistance, food insecurity, season of data collection, region of
country, community poverty level, urbanicity, school type, and CEP availability indicator. Children with missing
dietary measures were excluded from the respective analysis, as reflected by sample size for each measure.
2

Predicted marginal effect is the estimated slope coefficient for each day of school meal participation at CEP schools

3

EDF = Energy-dense foods

4

SSB = Sugar-sweetened beverages

5

Any combination of usual times per week eating school breakfast and lunch, up to 10 meals per week
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Figure 3.1. Predicted marginal effects of days of school breakfast on dietary measures for students attending comparison and CEP schools.
Whole grain (ounce/day)

Fiber (grams/day)

0

1

2
3
Frequency school breakfast is eaten
Comparison Schools

4

5

2.6
Linear Prediction
2.4
2.5
2.3

14.5

.6

.65

15

Linear Prediction
.75
.7

Linear Prediction
15.5
16

.8

.85

16.5

Dairy (cup/day)

0

1

CEP Schools

2
3
Frequency school breakfast is eaten
Comparison Schools

Fruit (cup/day)

4

0

5

1

CEP Schools

5

1.6

1.35

.95

1.4

1.8

Linear Prediction
1
1.05

Linear Prediction
2.2
2

2.4

1.1

1.6

4

CEP Schools

Energy-dense foods (times/day)

Vegetable (cup/day)

Linear Prediction
1.55
1.45
1.5

2
3
Frequency school breakfast is eaten
Comparison Schools

0

1

2
3
Frequency school breakfast is eaten
Comparison Schools

4

5

0

1

CEP Schools

2
3
Frequency school breakfast is eaten
Comparison Schools

Fast food (times/week)

4

5

0

CEP Schools

4

5

CEP Schools

Sugar-sweetened beverages (teaspoon/day)

18.5

.9

7

19

Linear Prediction
7.5

Linear Prediction
20.5
19.5
20

8

21

1.3

2
3
Frequency school breakfast is eaten
Comparison Schools

Added sugar (teaspoon/day) *

Linear Prediction
1.1
1
1.2

1

0

1

2
3
Frequency school breakfast is eaten
Comparison Schools

4

CEP Schools

5

0

1

2
3
Frequency school breakfast is eaten
Comparison Schools

* indicates significance of interaction between CEP and participation at p<0.2 level.

4

CEP Schools

5

0

1

2
3
Frequency school breakfast is eaten
Comparison Schools

4

CEP Schools

5

50

Figure 3.2. Predicted marginal effects of days of school lunch on dietary measures for students attending comparison and CEP schools
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Figure 3.3. Predicted marginal effects of school meals (breakfast and lunch combined) on dietary measures for students attending comparison and CEP
schools
Dairy (cup/day)

Fiber (grams/day)

Linear Prediction
2.4
2.5
2.2

14

.55

.6

14.5

2.3

Linear Prediction
15.5
15

Linear Prediction
.7
.75
.65

16

.8

2.6

16.5

Whole grain (ounce/day)

0

1

2

3

4

5
smeals

6

Comparison Schools

7

8

9

10

0

1

2

CEP Schools

3

4

5
smeals

6

7

Comparison Schools

Fruit (cup/day)

8

9

0

10

1

4

5
smeals

6

7

8

9

10

9

10

9

10

CEP Schools

Energy-dense foods (times/day)
2.4

1.1

1.6

.9

1.8

Linear Prediction
2.2
2

Linear Prediction
1
.95
1.05

1.6
Linear Prediction
1.5
1.4

3

Comparison Schools

CEP Schools

Vegetable (cup/day) *

1.3

2

0

1

2

3

4

5
smeals

6

Comparison Schools

7

8

9

10

0

1

2

CEP Schools

3

4

5
smeals

6

7

Comparison Schools

Fast food (times/week)

8

9

10

0

3

4

5
smeals

6

Comparison Schools

7

8

CEP Schools

8

20.5

Sugar-sweetened beverages (teaspoon/day)

18

6.5

.9

18.5

Linear Prediction
7.5
7

Linear Prediction
20
19
19.5

1.3

2

CEP Schools

Added sugar (teaspoon/day)

Linear Prediction
1
1.2
1.1

1

0

1

2

3

4

5
smeals

Comparison Schools

6

7

8

CEP Schools

9

10

0

1

2

3

4

5
smeals

Comparison Schools

* indicates significance of interaction between CEP and participation at p<0.2 level.

6

7

8

CEP Schools

9

10

0

1

2

3

4

5
smeals

Comparison Schools

6

7

8

CEP Schools

52

PART II: Supplemental Section
Addressing endogeneity in school meal participation among the “newly eligible” at CEP schools
Paper 2 demonstrated that CEP is associated with both a higher likelihood of participation and
higher number of days of participation among students, most notably “newly eligible” students,
indicating that participation among the “newly eligible” group at CEP schools in endogenous –
that is, strongly and directly related to the exposure of CEP. Therefore, comparisons between the
“newly eligible” at CEP schools with the equivalent group at schools without CEP are threatened
by bias. In order to fully explore the extent to which this bias limits the ability to interpret
findings from Paper 3, a supplemental analysis was conducted of the association between CEP
and dietary intake among students by eligibility classification. The hypothesis was that
associations between CEP and dietary measures from Paper 3 would be found among students
whose participation in school breakfast or lunch was induced by CEP – that is, those who were
“newly eligible” for free breakfast and lunch. If so, this would be an indicator that the OLS
regression model in Paper 3 may have masked effects among the “newly eligible” and
incorrectly attributed them to days of meal participation rather than to changes in participation by
eligibility classification.
For the purpose of this supplemental analysis, the same dataset and variables were used as in
Paper 3. A new binary variable was constructed based on the FRPM eligibility classifications
used in Paper 2, in which students who were not FRPM-eligible (i.e. near-cutoff and “paid”)
were classified as “newly eligible.” Then, an instrumental variable (IV) regression approach was
used to control for omitted variables that may explain dietary differences between CEP and
comparison schools among the “newly eligible.” The CEP availability indicator1 was interacted
with a student’s being “newly eligible,” and, using this interaction term as an IV,2 two-stage least
squares regression was conducted. The first stage predicted the extent to which participation
among the “newly eligible” was explained by the CEP, while also controlling for selection of
schools into the CEP. The second stage regressed dietary outcomes on these predicted values in
order to estimate the causal effect of CEP-induced participation on dietary outcomes.
Results from both stages of the IV regression are shown in Table S.1. First stage statistics
indicated that each type of exposure (days of school breakfast, lunch, and combined) was highly
and significantly correlated with its respective instrument. F-statistics were consistently below 10,
implying relatively weak instruments. No significant associations were found between school
meal participation and any of the dietary outcomes of interest conditioned on being newly
eligible to participate. There are two possible explanations for this. First, because a relatively
small share of the sample was “newly eligible,” the IV instrument may have been weak, as
suggested by small F-statistics, resulting in large standard errors that may have encumbered the
detection of statistical significance. However, no p-values approached significance at even the
1 During the CEP phase-in period, the Food and Nutrition Service (FNS) selected states each year to begin offering CEP. While

the criteria for selection was not publicly released, FNS memos indicate that states were selected based on their administrative
practices, school meal participation rates, level of interest, and ability to demonstrate program understanding.132 State selection
predicted CEP adoption by schools, but was not expected to be correlated with student dietary outcomes of interest.
2 The optimal IV indicator would have been one that combined the CEP availability indicator with an indicator of whether a
school eventually adopted CEP at a later date, thereby controlling for unobserved differences among schools that determine
eventual adoption, but this information was not available in the present dataset.
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0.1 level, suggesting that increased precision may not have changed the qualitative pattern of
results. A second explanation is that there was insufficient variability among the diets of the
“newly eligible” students to detect differences in their diet patterns upon increased participation
in school meals through the CEP. For example, the students who began newly participating in
school meals may have already had higher quality diets than FRPM-eligible students, who were
on average of lower income. If so, then differences in dietary measures would not be detectable.
Either way, there is no evidence to support the hypothesized pathway that the dietary
associations identified in Paper 3 resulted from shifting the source of student meals from home to
school among the relatively small share of “newly eligible” participants. On the other hand, it is
probable that increasing school-wide participation indirectly contributes to dietary effects by
enabling CEP schools to receive more federal reimbursements and offer higher quality meals,
which in turn benefit all participants.
Table S.1: Two-stage least squares regression of the effects of the Community Eligibility Provision (CEP) on key
dietary outcomes for each day of usual participation in school meals, conditioned on being “newly eligible” for
1,2,3
free meals
School breakfast

School Lunch

Combined Meals

4

R-sq

Coefficient

pvalue

R-sq

Coefficient

pvalue

R-sq

Coefficient

pvalue

First stage

0.19

0.500

0.001

0.14

0.503

0.001

0.22

1.003

0.000

Second stage

NA

0.084

0.190

NA

0.083

0.220

NA

0.042

0.191

Dietary outcomes, units
Whole Grain, oz/d (n=4043)

F-statistic for instrument

6.867

6.182

8.874

Fiber, g/d (n=3959)
First stage

0.19

0.505

0.001

0.15

0.529

0.001

0.23

1.034

0.000

Second stage

0.08

0.470

0.400

0.08

0.449

0.420

0.09

0.230

0.404

F-statistic for instrument

6.968

6.851

9.448

Dairy, cup/d (n=4039)
First stage

0.19

0.521

0.001

0.15

0.517

0.001

0.23

1.038

0.000

Second stage

0.08

0.112

0.280

0.11

0.113

0.250

0.12

0.056

0.254

F-statistic for instrument

7.451

6.521

9.528

Fruit, cup/d (n=4049)
First stage

0.19

0.504

0.001

0.15

0.505

0.001

0.23

1.009

0.000

Second stage

NA

0.133

0.220

NA

0.132

0.254

NA

0.066

0.224

F-statistic for instrument

6.987

6.215

8.985

Vegetable, cup/d (n=4013)
First stage

0.19

0.513

0.001

0.15

0.533

0.000

0.23

1.047

0.000

Second stage

0.03

-0.053

0.294

0.06

-0.051

0.279

0.07

-0.026

0.276

F-statistic for instrument

7.357

6.970

9.782

5

EDFs, times/d (n=4060)
First stage

0.19

0.514

0.001

0.14

0.520

0.001

0.23

1.034

0.000

Second stage

0.05

0.032

0.883

0.05

0.031

0.882

0.05

0.016

0.882

F-statistic for instrument

7.204

6.528

9.310
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Table S.1, continued
Fast Food, times/wk (n=4038)
First stage

0.19

0.518

0.001

0.15

0.520

0.001

0.23

1.037

0.000

Second stage

0.04

-0.026

0.883

0.04

-0.026

0.884

0.04

-0.013

0.884

F-statistic for instrument

7.262

6.515

9.356

Added Sugar, tsp/d (n=4020)
First stage

0.19

0.510

0.001

0.15

0.518

0.001

0.23

1.028

0.000

Second stage

0.08

1.416

0.227

0.10

1.396

0.214

0.12

0.703

0.207

F-statistic for instrument

7.174

6.575

9.384

6

SSBs, tsp/d (n=4044)
First stage

0.19

0.514

0.001

0.15

0.517

0.001

0.23

1.031

0.000

Second stage

0.21

0.080

0.897

0.21

0.080

0.896

0.21

0.040

0.897

F-statistic for instrument
7.218
6.450
9.267
The instrumental variables (IV) used were state-level availability of the CEP during the year of data collection, interacted with
being newly eligible for free meals. First stage coefficients estimated the association between usual participation and the IV.
Second stage coefficients estimate the association between dietary outcomes and usual participation, conditioned on being newly
eligible for free meals.
2
Models adjusted for child age, gender, race/ethnicity, two-parent household, parental education, mother's employment,
household income, food assistance, food insecurity, season of data collection, region of country, community poverty level,
urbanicity, and school type.
1

3

“Newly eligible” indicates students who were not classified as eligible for free or reduced-price meals through household income
bracket or participation in another means-tested food assistance program.
4

Any combination of usual times per week eating school breakfast and lunch, up to 10 meals per week

5

EDF = Energy-dense foods

6

SSB = Sugar-sweetened beverages
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CONCLUSION
This dissertation sought to contribute to the scientific evidence base on eating behavior among
food-insecure children and on the potential for universal meal programs such as CEP to
positively influence not only participation in school breakfast and lunch among students
attending low-income schools, but also their overall dietary intake patterns.
Paper 1 demonstrated associations between child food insecurity and energy intake among fourth
and fifth grade students, but relationships were found only among girls and not boys. There was
strong evidence that food-insecure girls consumed more energy over the course of a day than
girls who reported no experiences of food insecurity, but there were no differences among
groups in meal skipping, meal sizes, or consumption of energy-dense foods. Food insecurity
among girls was also moderately associated with eating more energy from snacks. These
findings support a framework that food insecurity may lead to overcompensation (i.e., overeating)
among girls – behaviors that have been documented later in life among adult women. Although
this study did not measure stress or modeling behaviors within the household, one potential
explanation for the relationships found is that girls in food-insecure households observe and
mimic the dietary patterns of their mothers, who may adopt erratic eating patterns in response to
limited or intermittent food availability. More studies are needed to examine this phenomenon
closely; if corroborated, there are important implications that food-insecure girls may be at risk
of energy imbalance and eventual weight gain.
Paper 2 found that school adoption of CEP was associated with increased participation in school
meals, consistent with what the provision is intended to do. Notably, students who were FRPMeligible participated in school breakfast at a higher rate in CEP schools, when breakfast was free
for everybody, as opposed to comparison schools that used a 3-tiered application and
certification model. This suggests that CEP could reduce non-price barriers such as stigma or
logistical impediments to participation in school breakfast among this subgroup. Students near
the cutoff, who may have been FRPM-eligible, also appeared to participate at a higher rate in
both breakfast and lunch at CEP schools than in comparison schools, but small sample sizes
limited the ability to detect statistical significance. CEP was associated with the largest
differences in participation rates and meal frequency among “paid” students, although “paid”
students, in general, had the lowest overall participation of any of the subgroups – perhaps
reflecting that those who could afford alternative breakfast and lunch options did not consume
school meals even when they were free. An estimated one in five (19%) meals served at CEP
schools nationwide is consumed by a “paid” student – a proportion that is expectable given that,
because only high-poverty schools can adopt CEP, some households above the FRPM eligibility
cutoff may have economic or other disadvantages comparable to those below. These findings
provide evidence for CEP’s effectiveness in extending nutrition services to students from FRPMeligible and, in fewer cases, non-eligible households.
Paper 3 estimated the relationships between participation in school breakfast, lunch, or both
meals combined and nine dietary measures, and explored the possibility that CEP modifies these
effects. Participation in school breakfast and lunch was found to be associated with higher
intakes of several healthful dietary measures, including whole grain, fiber, dairy, fruit, and
vegetable, consistent with previous research. Tests for interactions suggested that effects on fiber,
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fruit, and vegetable intake were larger at CEP schools than at comparison schools. CEP appeared
to also modify the adverse association between school breakfast participation and added sugar.
For this analysis, several alternative explanations must be considered. First, students attending
CEP schools were, on average, from lower income families, less likely to live with two parents,
and less likely to have an employed mother. Differences in family structure elevate the
likelihood that students attending CEP and comparison schools may be exposed to different
factors that influence their dietary intake patterns. For instance, lower income groups have
relatively low intakes of fruits, vegetables, and whole grains, and relatively high exposure to
energy-dense foods and sugar-sweetened beverages. Parental time constraints, similarly, are
associated with reliance on pre-packaged and convenience foods.133 It could be that, irrespective
of the quality of school meals, school meal participation would have produced a larger benefit
for this group than for the comparison group. However, the regression lines would not
necessarily be expected to cross as they did for several measures in this study. Another factor to
consider are regional differences. A greater proportion of CEP schools in this sample were from
the south, where diet quality is relatively low, and a smaller proportion were from the west; this
could have masked any positive effects of CEP on dietary intake if regional factors exerted a
substantial influence on student diets; yet positive associations were still measurable among the
CEP schools in the present sample. School selection into CEP was an important factor that may
have biased results. While any school with more than 40% of students free-eligible may adopt
CEP, administrative records show that adoption rates are highest among schools with over 60%
of students free-eligible103 – i.e., the poorest schools. These schools may have differed
systematically from other eligible schools with less poverty, in that they may have offered
additional services that could influence dietary measures, such as health education, supplemental
food, or other nutrition-related programs. If so, effects may have been due to these additional
services rather than to CEP. However, poor schools are actually less likely to offer these types of
services relative to wealthier schools. Additionally, if services apart from school meals were
responsible for dietary effects, they would not be expected to necessarily follow a dose-response
relationship with respect to school meal participation.
Finally, endogeneity was a major threat to the validity of these conclusions about CEP. Because
meal participation at CEP schools appears to be directly induced by CEP for a subset of higherincome students, there exists the potential that group-level dietary impacts were due to changes
in participation (that is, more students exchanging home meals with school meals) rather than in
the quality of meals. Or, these higher-income students may have had better overall diets
independent of school meals. In order to explore the extent to which the patterns found in Paper
3 were driven by higher participation among the subgroup of students who were “newly eligible”
for free meals, an instrumental variable approach controlled for potential differences between
“newly eligible” participants at CEP and comparison schools. There were no differences found in
diet quality by CEP among the subgroup that was “newly eligible” to participate. This could be
because these students represented a relatively small share of the total sample and were from
higher income households, resulting in smaller impacts on overall diet quality by shifting to
school meals. This finding provides further support that the modifying effects of CEP that were
found in Paper 3 may reasonably be attributed to changes in meal quality affecting all
participants, rather than only those whose participation is induced by CEP.
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Child food insecurity in the United States is a disturbing phenomenon that has persisted over
time, despite the relative wealth of the U.S. compared to other nations, and even in the face of
increased attention and allocation of resources designated by the HHFKA of 2010. Yet, political
efforts to roll back safety net measures such as CEP would all but ensure that the problem will
not be systemically resolved in the foreseeable future. Food insecurity and its associated
socioeconomic disadvantage place millions of U.S. children at risk of nutritional and nonnutritional difficulties during critical stages of physical and social development. The NSLP and
SBP are important stop-gap measures that exist to help reduce disparities and improve health and
quality of life for low-income children. CEP is an increasingly popular option through which to
extend school meals to more children in need, and this dissertation provides strong support for its
ability to increase participation and help improve diet patterns among children in high-poverty
schools, whose access to nutritious foods is impaired relative to children in wealthier schools.
CEP allows high-poverty schools to leverage the existing efficiencies of the NSLP and SBP,
increase their revenue from federal reimbursements, reduce child food insecurity and improve
the diets of low-income students. Preserving the integrity of CEP is a politically defensible
strategy and the provision should remain a priority for future research, evaluation and advocacy
efforts so long as poverty-related conditions such as food insecurity and poor health remain
widespread in the U.S.
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