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ABSTRACT
Obesity prevention efforts in the United States have focused primarily on the school
environment, yet emerging research indicates that many children gain weight more rapidly
during the summer than the school year. This phenomenon appears to more strongly affect
children who are already at greater risk for adult obesity: those who are black or Hispanic,
and those who are overweight or obese. For this reason, excess summer weight gain has the
potential to exacerbate health disparities and negate the strides made by school-based obesity
prevention programs and policies. Our understanding of the primary causes of excess
summer weight gain and the extent to which it occurs is limited.
The goal of the research was to determine whether excess summer weight gain occurred in a
population of low-income, ethnically diverse schoolchildren, and to explore potential causes.
These goals were achieved through the following specific aims, all of which focused on an
at-risk sample of third and fourth grade students from the FLEX Study, a randomizedcontrolled trial to evaluate the impact of school-based physical activity programs: 1) to
explore qualitative differences in daily routine, eating habits, and PA between summer break
and the school year; 2) to compare the rate of change of BMI during the school year and
summer break, and explore differences by race/ethnicity and weight status; and 3) to evaluate
differences in PA and dietary patterns between school year and summer break.
For Study Aim 1, we conducted 28 interviews with parents of third and fourth graders
participating in the FLEX Study. The findings suggest room for improvement in diet quality,
sleep patterns, and screen time during the summer months. They also highlight the need to
address unique summertime stressors on families – particularly limited access to affordable
childcare and summer programs. For Study Aim 2, we used mixed linear models to compare
change in BMI across a school year and summer interval in an ethnically diverse sample of
769 FLEX students. On average, children in this sample gained weight more rapidly during
the summer interval (β=0.046 kg/m2 per month, p=0.007). We did not observe any
statistically significant differences in summer weight gain across racial/ethnic groups or
weight classes, but we did observe a significant difference across FLEX intervention groups
(χ2=14.90, p<0.001). Children in the control and classroom activity break groups gained BMI
at a faster rate in the summer, while children in the walk/run group did not. For Study Aim 3,
we assessed and compared school year and summer diet and physical activity patterns in a
sub-sample of FLEX students. Children (n=105) consumed significantly fewer daily servings
of vegetables (β=-0.49, p=0.009), salty snacks (β=-0.58, p<0.001), and sweets (β=-0.47,
p=0.049) in the summer than the school year. Children engaged in 12.8 fewer minutes of
moderate-to-vigorous PA (p=0.010), 113 fewer counts per minute of total PA (p=0.019), and
26.5 more minutes of sedentary behavior (p=0.018) in the summer.
In summary, these findings show that excess summer weight gain is a concern for urban
schoolchildren in Massachusetts, and that physical inactivity is likely an important
contributor. Qualitative interviews also suggest room for improvement in children’s
summertime sleep patterns, screen time, and diet quality. Strategies are needed to increase
opportunities for PA engagement and ensure access to healthy meals. Areas for future
research include characterizing community-level influences on summer health and
developing interventions to prevent excess summer weight gain and help sustain the effects
of school-year programs.
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CHAPTER 1: Introduction
Problem & Significance
The goal of this research was to assess summer weight change and possible contributory
factors in a low-income, ethnically diverse population of elementary school children.
Obesity prevention efforts in the United States have predominantly focused on the school
setting, most notably the passage of the Healthy, Hunger-Free Kids Act of 2010 (1),
which has led to significant improvements to the school food environment. Far less
attention has been placed on out-of-school time, in particular, summer break. A growing
body of research indicates that many children experience excess weight gain during the
summer as compared to the school year (2, 3). Furthermore, there is evidence that this
phenomenon more strongly affects children who are already at higher risk for adult
obesity: those who are black or Hispanic (4), and those who are overweight or obese (4,
5). If this trend persists, it has the potential to exacerbate health disparities and negate the
strides made by school-based obesity prevention programs and policies. The body of
literature examining excess summer weight gain among elementary school children is
limited, and little is known about its key determinants. The research is designed to extend
existing knowledge about summer weight gain through an investigation of a low-income,
ethnically diverse elementary school population in Massachusetts.
The long-term goal of this research is to identify meaningful targets for obesity
prevention interventions, programs, and policies. The immediate goal was to determine
whether accelerated summer weight gain occurred in a population of low-income,
ethnically diverse schoolchildren, and to identify potential contributors to this trend. This
research was conducted as a sub-study within FLEX (Fueling Learning through
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Exercise), an NIH-funded randomized controlled trial evaluating the effects of two
school-based physical activity (PA) programs on students’ PA and academic
performance.
Specific Aims & Hypotheses
Our overall hypothesis was that participants would gain weight more rapidly during the
summer than the school year, and that children would engage in less PA and in poorer
diet patterns over the summer months.
This hypothesis was tested through the following aims:
AIM 1: To explore qualitative differences in daily routine, diet, PA, and family rules
between summer break and the school year.
Approach: To conduct a series of structured interviews with parents/primary caregivers
of third and fourth grade students participating in the FLEX Study.
AIM 2: To compare the rate of change of BMI during the school year and summer break
among third and fourth grade students in the FLEX Study, and to explore differences by
race/ethnicity and weight status.
Hypothesis 2: Mean monthly change in BMI will be greater during summer break than
during the school year.
Exploratory hypothesis 2a: Black and Hispanic children and children who are
overweight and obese at baseline will experience summer weight gain to a greater extent
than children from other racial/ethnic groups and children at a healthy weight at baseline.
AIM 3: To evaluate differences in diet and PA patterns between summer and the school
year among third and fourth grade students in the FLEX Study.
Hypothesis 3a: Participants will consume more sugar-sweetened beverages, sweets, and
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salty snacks, and fewer fruits and vegetables during the summer than the school year.
Hypothesis 3b: Participants will engage in less total and moderate-to-vigorous PA and
more sedentary behavior during summer than the school year.
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CHAPTER 2: Review of the Literature
Overview
Despite signs that child obesity rates may be stabilizing (1), nearly one-third of American
children remain overweight or obese (2). These children face a host of short- and longterm health consequences (3-5). Schools have been highlighted as a critical environment
for change (6), and while progress has been slow, school-based programs, interventions,
and policy changes may be helping stem the tide of child obesity (7-10). However, a
growing body of evidence suggests that improvements in BMI or gains in fitness made
during the school year are often lost during summer break (11-14). Authors of a recent
systematic review reported that six out of seven eligible studies found accelerated
summer weight gain for at least a portion of the population (15). There is also evidence
that excess summer weight gain is more likely to affect Hispanic, black, and overweight
children — those already at increased risk for obesity (15, 16). Potential explanations for
accelerated summer weight gain include decreased physical activity (PA), increased
sedentary behavior, increased access to unhealthy food, decreased access to healthy
meals at school, and a less structured schedule; however, these are speculative and
require further investigation (15-17).
Child obesity in the United States
Obesity remains a major public health concern in the United States. In 2013–2014, 17.4%
of American 6–11 year-old children were obese, a rate that has more than tripled in the
past three decades (18). These children face serious short- and long-term consequences,
including increased risk of diabetes, cardiovascular disease, bone and joint problems,
respiratory disorders, adult obesity, and psychosocial issues such as poor self-esteem,
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anxiety, and bullying and teasing (3-5). Hispanic and black youth are more likely to be
obese than their white or Asian peers (18), and obesity rates are generally higher for
children from lower-income and less-educated families (19).
The causes of obesity, the “accumulation and storage of excess body fat” (5, 20), are
complex and include environmental, behavioral, physiological, and socio-cultural factors.
The rapid rise of obesity across the globe is attributed to greater availability of cheap,
highly palatable, nutritionally poor food and drinks; decreasing levels of physical
activity; and increasingly sedentary lifestyles (6). Public health efforts to reverse the
obesity epidemic generally focus on restoring energy balance by promoting more
opportunities for physical activity and shifting dietary profiles to be in closer alignment
with the Dietary Guidelines for Americans (21).
Significant strides have been made in schools. Approaches such as farm to school
programs, school-based physical activity programs, school gardens, and classroom-based
curricula have been implemented to improve children’s diets and physical activity levels.
The passage of the Healthy, Hunger-Free Kids Act of 2010 (22) has prompted substantial
improvements to the school food environment. While progress has been slow, schoolbased programs, interventions, and policy changes appear to be helping stem the tide of
child obesity (7-10).
Excess summer weight gain
Despite the progress in the school environment, far less attention has been placed on outof-school time, particularly the summer break. Typically spanning from June through
August, summer break comprises over 20% of the year for most children (23). A growing
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body of evidence indicates that for many children, summertime may promote obesity to a
greater extent than the school year (15, 16).
One of the first studies to document the summer weight gain trend among children was
published by Canadian researchers in 2005 (24). In a study of 73 overweight youth
enrolled in a pediatric weight control program, the July/August interval was the only
period in which participants gained weight on average. Sixty-six percent of the
participants gained weight during this period, and average gain was nearly 3% of their
ideal body weight (24). The authors hypothesized that increased sedentary time,
increased availability of energy dense foods, boredom, situations that promote
overeating, and lack of self-monitoring contributed to the problem.
The first major study to examine this issue among American children was published by
von Hippel and colleagues in 2007 (11). In an effort to determine school’s influence on
children’s BMI, the researchers performed an analysis of weight change for 5,380
children in the Early Childhood Longitudinal Study, Kindergarten Cohort, a nationally
representative sample (11). The researchers found that on average, BMI growth was more
than two times greater during the summer between kindergarten and first grade than
during either school year. In addition, black and Hispanic children and those who were
already overweight were disproportionately affected. The authors noted that though
schools have absorbed substantial blame for the rise of child obesity in the US, this study
found schools to have a protective effect against child obesity compared to the summer,
particularly for children who were overweight upon entering kindergarten. The authors
hypothesized that the relative lack of structure during summer break facilitates increased
sedentary activity and excessive snacking.
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Moreno and colleagues sought to extend the von Hippel study by conducting a 5-year
longitudinal study of summer weight change in 3,588 kindergarteners in Southeast Texas
(13). On average, participants lost weight while school was in session and gained weight
during the summer months. Overweight and obese children’s BMI z-scores increased to a
greater extent than their healthy-weight peers during the summer. Interestingly, the BMI
z-scores of overweight and obese children decreased during the school year, supporting
the notion that school can have a protective effect for this population relative to summer.
In healthy weight children, BMI z-scores increased during both intervals, but did so at a
significantly higher rate during the summer than during the school year. In contrast to the
von Hippel study, no significant difference in summer weight gain by race/ethnicity was
observed. The authors highlighted increased sedentary activity and unrestricted access to
foods high in fat and sugar as potential causes of this trend, although these were not
measured. A follow-up analysis showed that the magnitude of summer weight gain was
greatest in the summer after first grade, and though the pattern of increased summer
weight gain persisted, it decreased in magnitude as children approached fifth grade (25).
Another found that children were more likely to transition to a higher weight category
during the summer months (26).
A 2016 study by von Hippel and Workman provided an updated nationally representative
analysis of seasonal weight change among elementary school children (27). Once again
using ECLS-K data (this time from the 2011 cohort), the study tracked 13,006 children
from 846 schools from the start of kindergarten through the start of second grade. Similar
to their previous findings (11), BMI increased more rapidly during the summers than the
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school years. They also found that the prevalence of overweight and obesity only
increased during the summer periods, never during the school year (27).
Two published studies describe summer weight change in American Indian children, an
at-risk population with a high prevalence of overweight and obesity (28, 29). A small
study of summer weight change in third through eighth graders in Wyoming observed
greater summertime gains in BMI among overweight and obese children, but these results
were not statistically significant when presented as BMI z-scores (28). A second study of
454 kindergarten through first graders in South Dakota (29) detected no excess weight
gain during the summer, finding instead that children’s BMI z-scores increased more
rapidly in first grade than during the previous summer. It is important to note that youth
in both studies lived on American Indian reservations, an environment which is not likely
to generalize to children living in other environments.
Accelerated summer weight gain has also been observed in Japan. An analysis of data
from 446 children in Tokyo collected between 1972 and 2004 showed that over 68% of
obese children experienced excess summer weight gain, compared to only 9% of nonobese children (30). Non-obese children generally lost weight during the summer and
gained during the winter, but this pattern was reversed among obese children. The
authors attributed this trend to increased popularity of air conditioning and sedentary time
spent indoors (30). Notably, the typical school summer break in Tokyo lasts just over a
month, from the end of July through August (30), indicating that significant changes in
weight can occur in a relatively short period of time. Another investigation of summer
weight gain in Osaka focused on early childhood and found that overweight and obese
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children deviated from typical seasonal weight gain patterns and began experiencing
excess summer weight gain at age five (31).
In 2014, two review articles on accelerated summer weight gain were published,
underscoring the importance of the issue and the need for more research (15, 16). One
placed particular emphasis on the potential for the detrimental effects of summer to
exacerbate health disparities in the United States (15), and both highlighted the adverse
effect summer break can have on children who are overweight or obese. Both reviews
emphasized the need for additional research investigating the extent to which this trend
occurs and importantly, the need to explore key contributing factors. In particular,
research examining seasonal weight patterns in older elementary school children (beyond
second grade) has taken place either in Southeast Texas (13, 25, 26), where extreme
summer heat may uniquely impact weight, or on American Indian reservations (28, 29),
which are not likely to generalize to other settings in the US. Further research is needed
to determine whether older children living in more temperate climates are at risk of
excess summer weight gain.
Loss of intervention effects over the summer
Several smaller PA and fitness studies have observed adverse loss of intervention effects
over the summer break. Researchers implementing a school-based PA intervention in a
small group of obese middle school students in Wisconsin saw school year improvements
in body fat percentage, cardiovascular fitness, and fasting insulin, but these changes were
lost during the summer (32). A similar summer “washout” effect was observed in a
school-based fitness intervention for third grade students (33) and an after-school PA
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program (34), both in Georgia. Currently, the summer break has the potential to negate
progress achieved in school year obesity prevention and fitness programs.
The issue of accelerated summer weight gain captured the attention of our research team
as a result of Shape Up Somerville (SUS), a community-based participatory intervention
implemented from 2002–2005 to prevent obesity among the children of Somerville,
Massachusetts (35). The SUS intervention featured modifications to the home,
community, and before-, during-, and after-school environments to increase children’s
opportunities for PA and promote healthy dietary choices. After one year, the mean BMI
z-score of children in Somerville decreased in comparison to children in control
communities (35). The intervention remained successful after the second year, when the
responsibility of administering SUS was shifted to the community (14). The two-year
analysis showed again that participants’ BMI z-scores decreased compared to controls,
and that the intervention decreased the prevalence of overweight and obesity and
increased remission among children. Despite these encouraging findings, a spike in BMI
z-scores was observed over the summer break, when the intervention dose was less
intense. A similar trend was observed for children in the control communities (14). These
studies illustrate the impact the summer break can have on the long-term effectiveness
and sustainability of school year interventions.
Potential determinants of summer weight gain
The specific determinants of excess summer weight gain are poorly understood, though
they are assumed to be rooted in positive energy balance during the summer months. In
their 2014 review article, Baranowski and colleagues present a conceptual model of the
factors believed to affect excess summer weight gain (16). The model centers on energy
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imbalance as the primary cause of child adiposity. Diet and physical activity, along with
screen media use and sleep, are illustrated as determinants of energy balance. Season
(summer vs. school year) is hypothesized to ultimately affect child adiposity, and its
specific effect on the child’s behaviors is not known. Child baseline weight status is also
included in the model as a moderating variable.
Because diet and physical activity are the primary determinants of energy balance, the
present investigation focused on differences in these variables between the summer and
the school year. Sleep and screen time were explored qualitatively to identify potential
school year and summer differences and to direct future research efforts.
Diet
Research comparing differences in children’s school year and summer dietary patterns is
limited. Researchers in our group conducted one of the first in-depth investigations of the
summer diet and physical activity landscape in a pilot study called SASSY (the Summer
Activity Study of Somerville Youth) (17). Parents completed a one-time food frequency
questionnaire to describe their child’s summer dietary patterns. While there was no
available school-year comparison, the summertime diets of children participating in the
study showed room for improvement. Fruit and vegetable consumption was low and
chips, ice cream, baked goods, and sugar-sweetened beverages were regularly consumed
during the summer.
An analysis of 2003–2008 National Health and Nutrition Examination Survey
(NHANES) data also suggests that children’s dietary patterns may be poorer during the
summer (36). Comparing dietary data of first through twelfth graders surveyed during the
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school year with children surveyed during the summer, the researchers observed lower
intakes of non-starchy vegetables and higher intakes of added sugar, primarily from
sugar-sweetened beverages, during the summer. There was no significant difference in
caloric intake by season. However, because different children were surveyed at each time
point, and because different geographic regions are surveyed at different times of the
year, one cannot disentangle seasonal effects for those of region. Further research is
needed to assess seasonal differences in dietary intake.
It is reasonable to expect that the school environment promotes better dietary patterns for
most children. The National School Lunch Program (NSLP) provides nutritionally
balanced meals for over 30 million children each day, approximately two-thirds of whom
receive lunch free or at a reduced price (37). There is also evidence that children who
participate in the NSLP have better nutritional profiles than non-participants (38).
Through the Healthy, Hunger-Free Kids Act, new national guidelines are now in place to
regulate the nutritional quality of competitive foods sold in schools (39). As a result,
children have limited access to SSBs, sweets, and highly processed, energy dense snack
foods during the school day.
A goal of the present study was to identify seasonal differences in dietary variables
associated with weight gain or poor diet quality. There is strong evidence linking sugarsweetened beverages to weight gain in children (40). There is also some indication that
higher fruit and vegetable intake may protect against increased adiposity, though the
evidence is limited and appears to be stronger for adults than for children (41, 42). Fruits
and vegetables are nutrient dense and have the potential to displace poorer quality foods
in the diet. Consumption of “empty calorie” items such as sweets and salty snacks is
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common among children in the US (43), in part because these foods are cheap, highly
palatable, and readily accessible in the current food environment. An analysis of snacking
trends among US children show that children consume an average of nearly three snacks
per day (43). The bulk of snack calories come from desserts and SSBs, and the fastest
growing categories of snacks consumed are salty snacks and candy (43). The lesser
degree of structure in the summertime, along with relaxed summer food rules and
increased sedentary behavior (17), may facilitate higher consumption of these foods in
the home.
Physical activity and sedentary behavior
There is a large body of evidence spanning many countries showing that children’s PA
patterns vary by season, and that children tend to be more active during warmer months
than colder months (44). The available evidence is more limited when looking only at
studies that have assessed PA using accelerometers, a direct measure. A review article by
Rich and colleagues (45) found that all six studies of European children showed higher
rates of PA during the summer than the winter. However, of the three studies using
accelerometry conducted in the US (46-48), only one reported higher child PA levels
during the summer (46). Furthermore, all of these studies involved preschool children.
More accelerometer-based research is needed to determine summer and school year
differences in PA and sedentary behavior among school age children in the US.
The aforementioned SASSY study explored children’s summertime PA engagement (17).
Researchers conducted weekly telephone interviews with 57 parents of 2nd and 3rd graders
to learn how children spend their time in various summer care settings. Parents reported
the amount of time children spent in various settings (vacation, camp, parent care, non-
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parent care) and whether each of their child’s weekly activities were primarily sedentary
or comprised of light, moderate, or vigorous activity. Researchers translated this
information into a weighted activity index score for each child. Overall, children spent a
substantial portion of their summer in sedentary and light activity. Children who spent
more time in a structured camp setting had a higher activity index than children who
spent most of their time in parent care. However, these findings were based on parent
report rather than an objective measure of PA.
The NHANES analysis described above also examined seasonal differences in children’s
PA engagement (36). The researchers found that children surveyed in the summer
watched about a third of an hour more of television and engaged in almost five more
minutes of MVPA than children surveyed during the school year. These findings suggest
that, outside the bounds of the school year, children have more time for both MVPA and
sedentary behavior.
The present study sought to extend these findings by objectively assessing school year
and summer differences in children’s total PA, moderate-to-vigorous PA (MVPA), and
sedentary time. Greater engagement in MVPA is associated with numerous health
benefits and has been linked to reduced adiposity in children (49). Sedentary behavior,
though related to PA and diet in complex ways, is of increasing concern for its apparent
adverse effects on body composition, fitness, and cardiometabolic risk, independent of
PA engagement (50). There is evidence that extreme weather affects children’s PA.
Children tend to be less active on days with extremely high or extremely low
temperatures (44). Thus, it is important to account for local weather when accelerometer
data are being collected. Finally, the present study used qualitative methods to explore
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parent perceptions of their child’s PA engagement in the school year and summer, and
examine potential barriers and facilitators of summer PA engagement.
Other potential contributors to summer weight gain
As depicted in the Baranowski model (16), there are other factors beyond diet and PA
likely to contribute to excess summer weight gain. There is considerable evidence linking
short sleep duration to obesity in children (51). Insufficient sleep is thought to promote
obesity by altering hormones such as leptin, growth hormone, and stress hormones, and
impacting appetite, insulin response, and energy expenditure (51). There is some
evidence from New Zealand that children get less sleep in the summer than during the
school year (52), though research exploring it as a potential contributor to summer weight
gain is limited. It is possible that children’s sleep patterns differ outside of the more
structured school year.
Screen time, including time spent watching television, playing video games, and using a
computer or tablet, is another factor likely to promote summer weight gain. Screen time
has been consistently linked to child overweight and obesity (53-55). Like sleep, screen
time appears to influence both sides of the energy balance equation. Screen time not only
contributes to sedentary time and displaces PA, but it is also associated with poor diet
quality and sleep disruptions (56-58). Exposure to food marketing through media
channels is also likely to affect food preferences and attitudes (59-61). Wang and
colleagues assessed seasonal differences in screen time using NHANES data, and found
that children surveyed in the summer watched 18 more minutes of television than
children surveyed in the school year (36). Further research is needed to explore these
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seasonal differences, and in particular, how seasonal differences in daily routine, degree
of structure, and family rules influence risk of summer weight gain.
Summary
In summary, a growing body of evidence indicates that summer is a high-risk period for
child obesity. While the pattern of summer weight gain has been well-established in
nationally representative studies of early elementary school children (11, 27), less is
known about the extent to which summer weight gain occurs among middle elementary
school children, particularly those living in temperate climates. The causes of summer
weight gain are not well characterized, but are likely to include seasonal differences in
diet, PA, sleep, and screen time. There is some indication that magnitude of summer
weight gain may differ by race/ethnicity and weight status. Quantitative and qualitative
research is needed to explore seasonal differences in health behaviors and better
characterize the summer environment. This research will help determine which children
are most at risk for summer weight gain. It will provide a detailed snapshot of school year
and summer diet and PA patterns, as well as a much-needed qualitative description of
potential contributors to summer weight gain. Finally, it will identify behavioral targets
for summer obesity prevention programs and policies.
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CHAPTER 3: Methods
An overview of the FLEX (Fueling Learning through Exercise) Study
The present research capitalized on the existing framework of The FLEX Study, a
randomized-controlled trial to evaluate the impact of two school-based PA programs on
children’s engagement in moderate-to-vigorous PA (MVPA) and cognitive and academic
outcomes. Participating elementary schools were randomized to one of three groups: a
walk/run program called 100 Mile Club, a classroom-based breaks program called Just
Move, and a control group. Additional details about the FLEX Study protocol are
available elsewhere (1).
Study population and FLEX student recruitment
A goal of the FLEX Study is to examine racial/ethnic and income-based disparities in
child health. As such, the FLEX team recruited school districts where more than 40% of
students were eligible for free or reduced-price lunch and more than 40% of students
were non-Caucasian.
Schools were enrolled in the FLEX Study in two waves (Figure 3.1). Six schools
participated in Wave 1, which was launched during the 2014 – 2015 school year.
Eighteen schools participated in Wave 2, which was launched during the 2015 – 2016
school year. The 24 schools enrolled represent a low-income, ethnically diverse
population spanning urban, peri-urban, and suburban settings.
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Figure 3.1. FLEX Study schematic and timeline

Third and fourth grade students in participating schools were invited to enroll in the
FLEX Study. Recruitment packets were sent from home to school with students. The
packets included an informational flyer describing the study, plain language parent
consent and child assent forms, and a demographic survey to be completed by the child’s
parent or guardian. Recruitment materials were provided in the following languages, as
requested by participating schools: English, Spanish, Portuguese, Hatian Creole, Arabic,
Vietnamese, and Mandarin. Students were given at least one week to return their
completed recruitment materials to school.
School-year height and weight, diet, and PA measures were collected in FLEX; to these
measures we added two additional measurement points to allow comparison of school
year and summertime differences diet and physical activity patterns and rate of change in
BMI (Figure 3.2).
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Figure 3.2. Study design and timeline

Parents were recruited from Wave 1 of the FLEX Study in Summer 2015 to participate in
qualitative interviews exploring seasonal differences in their child’s diet, PA engagement,
daily routine, and family rules. Height and weight measurements from children
participating in Wave 2 were used to calculate body mass index (BMI, kg/m2) at Time 1,
2, and 4, and mean rate of change in BMI in the school year interval was compared to
mean rate of change in BMI in the summer interval. In a sub-sample of students recruited
from Wave 2, diet and PA patterns at Time 2 (school year) were compared to diet and PA
patterns at Time 3 (summer).
Conceptual model
Figure 3.3 provides a graphic depiction of this research. The relationship between season
(defined in this research as school year vs. summer) and rate of change of BMI was
assessed, along with the potential moderators race/ethnicity and baseline weight status.
Diet and physical activity are presumed mediators in the relationship between season and
rate of change of BMI. As such, we examined the effect of season on diet and physical
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activity patterns. Though it was not assessed in the current study, the model also
illustrates the effect of accelerated summer weight gain on childhood weight status.
Figure 3.3. Conceptual model: The influence of season on childhood weight status

Aim 1 Methods
AIM 1: To explore qualitative differences in daily routine, eating habits, and PA between
summer break and the school year.
Approach: To conduct a series of structured interviews with parents/caregivers of third
and fourth grade students participating in the FLEX Study.
Sample size determination. In qualitative research, sample size is often determined as the
research unfolds, based on the degree of saturation achieved. That is, once interviews
begin to generate little new information, the researcher can determine that they have
conducted an adequate number of interviews (2). Based on previous experience and
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similar studies (3-5), we aimed to conduct 30 parent/caregiver (hereafter referred to as
“parent”) interviews, and conduct additional interviews if we felt new information was
still being generated.
Recruitment. In May–June 2015, children participating in Wave 1 of the FLEX Study
were invited to participate in a separate pilot project on summer weight gain. Parents
were asked to give permission for their child to participate in a post-summer height and
weight measurement. Parents were also given the opportunity to opt in for a qualitative
interview about their child’s summer routines, diet, and physical activity patterns. Parents
who enrolled were contacted and asked to schedule an interview time during Summer
2015.
Measurements. A structured interview guide, informed by previous work (6), and
organized according the conceptual model proposed by Baranowski and colleagues (7),
was developed to facilitate the discussion (see Appendix A.2. for the full interview
guide). Questions focused on school year and summer differences in the following
domains: the child’s daily routine (i.e. sleep duration, daytime supervision, camp or
program attendance), dietary habits (i.e. usual breakfast, lunch, dinner, and snack
patterns), and PA behaviors (i.e. participation in organized sports, camps, outdoor play,
structured exercise, and screen time). Parents were also asked about seasonal differences
in family rules related to diet, PA, screen time, and sleep.
Interviews lasted approximately 30 minutes, and were conducted in English by a trained
interviewer in August and September 2015. Parents were given a $30 gift card incentive
for participating. Interviews were audio recorded and transcribed. Identifiers were
removed from transcripts.
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Analysis. NVivo qualitative analysis software (QSR International, Version 10) was used
to analyze the transcripts for key themes. We used a thematic analysis approach,
reviewing transcripts, and generating codebooks based on the discussion guides and
preliminary themes that emerged in the data. Findings were discussed and finalized in
research team meetings.
Aim 2 Methods
AIM 2: To compare the rate of change of BMI during the school year and summer break
among third and fourth grade students in the FLEX Study, and to explore differences by
race/ethnicity and weight status.
Hypothesis 2: Mean change in BMI will be greater during summer break than during the
school year.
Exploratory hypothesis 2a: Black and Hispanic children and children who are
overweight and obese at baseline will experience summer weight gain to a greater extent
than children from other racial/ethnic groups and children at a healthy weight at baseline.
Recruitment. To facilitate the largest possible sample for this aim, recruitment ran in
conjunction with the main FLEX Study. Students in participating FLEX schools were
invited to enroll during Fall 2015. Research staff worked with school liaisons to
coordinate recruitment efforts in each school. Emails and flyers explaining the study,
accompanied by informed consent/assent documents, were translated into English,
Spanish, Portuguese, Haitian Creole, Arabic, Vietnamese, and Mandarin, as requested by
participating schools, and sent home with children. Parent informed consent and child
assent were obtained prior to the start of data collection. FLEX Study participants were
compensated with a $15 gift card for completion of the first study visit, and $20 each for
the mid- and post- time point (total of $55 for participating). Children received an
additional $5 gift card for participating in the Time 4 height and weight measurements.
Measurements. Height and weight were assessed at Time 1, 2, and 4 (see Figure 3.1), and
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took place at school during school hours. Time 1 and 2 were part of the main FLEX
Study, and Time 4 was an additional measure to allow us to analyze weight change over
the summer interval.
Height & Weight. Child height and weight were measured in triplicate, using standard
methods (8). Heights were measured by stadiometer (Model 214, Seca Weighing and
Measuring Systems, Hanover, MD) with the head in the Frankfurt plane. Weight was
measured using a digital electronic scale (PS-6600 ST, Befour Inc., Saukville, WI) and
recorded to the nearest ¼ pound. We calculated each child’s BMI (kg/m2) and converted
it to BMI z-score and to percentiles using the Centers for Disease Control and Prevention
(CDC) age- and sex-specific growth charts (9). Baseline weight status was classified
using CDC definitions: <5th percentile as underweight, 5th to <85th percentile as normal
weight, 85th to <95th percentile as overweight, and ≥95th percentile as obese (10).
Demographics. Each child’s date of birth, sex, race/ethnicity, maternal education level,
disability status (i.e. presence of physical or learning disabilities), asthma (i.e. diagnosis
of asthma, type, and management regimen), and free- or reduced-price school meal
eligibility were assessed on the parental consent form at baseline of the FLEX study.
Analysis & Statistical Methods. All statistical analyses were performed using Stata
version 13 (StataCorp LP, College Station, TX). A p-value of < 0.05 was considered
statistically significant for all analyses. We tabulated descriptive statistics and examined
the distribution of variables of interest to assess normality, skewness and to identify
potential outliers.
For each child, to adjust for the differences in interval length, we calculated mean
monthly change in BMI for each time interval as the outcome variable. We used a linear
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mixed model to estimate the effect of season (school year or summer time) on mean
monthly change in BMI. We examined the unadjusted model and an adjusted model
including sex, race/ethnicity, baseline weight status, free and reduced price lunch
eligibility, and study condition (control, walk/run program, or classroom activity breaks)
as covariates.
In order to explore whether the effect of season on rate of change of BMI varies by
race/ethnicity or baseline weight status, we added the following interaction terms to the
model: season (summer and school year) by race/ethnicity (non-Hispanic white, nonHispanic black, Hispanic, and other) and season by baseline weight status (normal
weight, overweight, or obese). We also included an interaction term for season by study
condition (walk/run program, and classroom activity breaks, and control) to account for
the influence of school year programming and explore potential differences in weight
change by FLEX intervention group.
BMI is considered to be the appropriate metric for evaluating short-term change in child
adiposity, because it is more sensitive to small changes in growth, and because it more
equitably captures weight change for children who are overweight or obese (11, 12). For
these reasons, we used BMI as the main outcome in this analysis. However, several key
studies on summer weight gain have presented changes in BMI z-score (13-17). To allow
for comparison across studies, we also performed these analyses using BMI z-score as the
outcome variable.
Aim 3 Methods
AIM 3: To evaluate differences in PA and dietary patterns between summer break and
the school year among third and fourth grade students in the FLEX Study.
Hypothesis 3a: Participants will have less total and moderate-to-vigorous PA and more
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sedentary time during summer break than during the school year.
Hypothesis 3b: Participants will consume more sugar-sweetened beverages, sweets, and
salty snacks, and fewer fruits and vegetables during the summer than the school year.
Recruitment. For this aim, we recruited a sub-sample of FLEX Study participants from
seven schools that agreed to facilitate recruitment and implementation of a summer data
collection visit. In Spring 2016, we sent recruitment packets (translated to English,
Spanish, and Portuguese, based on the needs of eligible students) home with the children,
inviting them to take part in the Time 3 data collection visit in Summer 2016. Permission
and assent forms were returned to school or collected via online recruitment forms.
Children were offered a total of $30 in gift cards in return for their participation: a $10
gift card for attending a study visit to complete the dietary survey and receive an
accelerometer, and a $20 gift card for returning the accelerometer by mail after 7 days of
wear.
Measurements. Diet and PA were assessed at Time 2 in the main FLEX Study, at school
during regular hours. Diet and PA were assessed again at Time 3, in July and August
2016. Data collection and accelerometer distribution was held at local elementary schools
or a local public library.
Physical Activity. Total activity, MVPA, and sedentary time were assessed using GTX
ActiGraph accelerometers, which have been validated and calibrated for use in children
(18). Children were instructed to wear the accelerometer for seven consecutive days
during all waking hours, except when bathing or swimming. Accelerometers were set to
begin measurement on the first day that the child was instructed to begin wearing the
device. Activity counts were captured in 15 second epochs. Trained research staff showed
the children how to wear the device correctly, and written instructions were provided for
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reference. We tracked average temperature and days of precipitation during wear time via
the National Oceanic and Atmospheric Administration (19). Children were provided with
a pre-paid envelope in which to return their accelerometer. Once returned, data were
downloaded and screened using Meterplus software (San Diego, CA). Data were
classified into minutes of sedentary, light, moderate, and vigorous activity using cutoffs
established for children (20). Total physical activity level in counts per minute was
captured by dividing total activity counts by total wear time. Spans of 60 minutes or more
with zero activity counts were considered non-wear time and were excluded from the
analysis. Days with at least 10 hours of wear time were considered valid. Participants
were included in the analysis if they had at least one valid day in school year or summer.
Dietary Intake. Dietary patterns were assessed with The FLEX Dietary Questionnaire, a
39-item, 7-day recall assessing five categories: beverages (such as soda, lemonade, sports
drinks, milk, and water), fruit (excluding 100% fruit juice), vegetables (excluding fried
potatoes), salty snacks (such as chips, popcorn, pretzels, and crackers), and sweets (such
as baked goods, candy, and frozen desserts). The questionnaire is a composite of several
dietary assessment tools that have been validated for use with children (21-23), and has
also been validated with FLEX Study participants [paper under review]. Children selfadministered the questionnaire, with assistance from a trained research assistant as
needed. For each item, children were asked to report how many days they consumed each
item in the past week, and estimate portion size on each day of consumption (“a little,
some, or a lot”). The questionnaire took students approximately 15 minutes to complete.
Mean daily servings for each item were calculated by matching portion estimates to
standard serving size equivalents: a little = 0.5 serving, some = 1 serving, and a lot =1.5
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servings. Daily servings per category were calculated by summing daily servings for all
items within each category and excluding items as appropriate (i.e. excluding non-sugarsweetened beverages such as milk and 100% juice that were assessed in the beverage
category).
Analysis & Statistical Methods. Linear mixed models were used to determine the effect
of season (school year vs. summer) on each diet and PA outcome, while accounting for
clustering by school and repeated measures within child. Dietary outcome variables
included daily servings of fruit, vegetables, salty snacks, sweets, and SSBs. Dietary
models were adjusted for child race/ethnicity, baseline BMI z-score, sex, grade, and
eligibility for free or reduced-price lunch (a proxy for family income at or below 185% of
the national poverty line). PA outcome variables included daily minutes of sedentary
behavior, MVPA, and total PA. PA models were adjusted for the same covariates as the
dietary analyses, plus total daily wear time, study condition, precipitation (yes/no), and
daily high temperature. Each outcome variable was assessed for normality, skewness, and
to identify potential outliers. Unadjusted and adjusted models were examined for each
outcome of interest. Robust standard errors were used in all analyses to account for minor
deviations from normality. Analyses were conducted using Stata software (version 13,
StataCorp LP, College Station, TX). A p-value of <0.05 was considered statistically
significant.
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Abstract
Objective: To test for and examine potential determinants of excess summer weight gain
in an ethnically and socioeconomically diverse sample of school-age children.
Design: We measured participants’ (n=82) height and weight three times in 2015. We
used mixed linear regression to estimate the effect of season (school year vs. summer) on
change in BMI. We conducted parent interviews (n=28) to assess seasonal differences in
child diet and physical activity patterns, daily routine, and family rules.
Setting: Three urban communities in Eastern Massachusetts.
Subjects: Third and fourth grade students and their parents/guardians.
Results: Forty-nine percent of participants were overweight or obese at baseline. Mean
change in BMI was 0.093/month (95% CI: 0.055 – 0.131) in the school year and
0.052/month (0.010 – 0.093) in the summer. In the unadjusted mixed linear model,
season did not have a statistically significant effect on BMI (β=-0.041/month in the
summer compared to the school year, p=0.211). Findings remained the same after
adjusting for demographic variables. Parents characterized summer as providing more
autonomy for children, few barriers to physical activity, increases in both positive and
negative dietary behaviors, and more relaxed rules.
Conclusions: We did not observe excess summer weight gain in this sample of schoolage children. Qualitative findings suggest that increased physical activity may be a key
protective factor. The role of diet in summer weight change appears to be more complex
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and warrants further study. There is room for improvement in children’s summertime
dietary, sleep, and screen time patterns.
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Introduction
One-third of children in the United States are overweight or obese (1), and these children
face a host of adverse health outcomes (2). Schools have been highlighted as a key
environment for change (3), and there is evidence that school-based efforts may be
helping to attenuate the trend (4). Despite this progress, recent evidence suggests that
children are susceptible to excess weight gain during the summer (5), and that children
who are Hispanic, black, or overweight are disproportionately affected (6, 7). This issue
has the potential to exacerbate health disparities and counteract school-based obesity
prevention efforts (8, 9).
Few studies have explored the causes of summer weight gain, and findings are mixed. An
analysis of National Health and Nutrition Examination Survey (NHANES) data showed
poorer dietary patterns and higher levels of physical activity in the summer compared to
the school year (10), though different children were surveyed at each time. Another study
reported high levels of sedentary and light activity and poor dietary patterns in summer
(11). Unfortunately, no school year comparison was available. Several studies also show
summertime losses in physical fitness in school-age youth (12-15), suggesting that lack
of physical activity or increased sedentary time may play a role. However, a study
comparing school year and summer total energy expenditure in youth at risk for obesity
found no significant difference (16).
Given the equivocal findings and gaps in the literature, research is needed to explore
seasonal differences in children’s diets and activity levels, while also assessing weight
change. The goal of this study was to monitor seasonal weight change in a sample of
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schoolchildren and gain a qualitative understanding, through parent interviews, of how
children’s diet and physical activity patterns, daily routine, and family rules differ
between the school year and the summer.
Methods
Study Design & Procedures
This research was conducted as part of the FLEX (Fueling Learning through Exercise)
Study, a randomized trial to evaluate the effect of two school-based physical activity
(PA) programs on PA engagement and academic success (17). The present study took
place in summer and fall of 2015 in the six public elementary schools participating in
FLEX. Three schools had classroom-based activity breaks, one had a walk/run program,
and two were controls. The schools were located in three urban communities in eastern
Massachusetts.
Population & Recruitment
In May 2015, third and fourth grade students (n=174) enrolled in FLEX and their parents
or caregivers (hereafter referred to as parents) were invited to participate in the FLEX
Summer Study. Children were invited to complete a post-summer height and weight
measurement. Together with previously collected mid- and end-of-school-year
measurements, these data allowed for comparison of weight change during a summer and
school year interval. Children were offered a $5 gift card for completing the
measurement. Parents were invited to participate in a 30-minute telephone interview
about their child’s summer routine. They were offered a $30 gift card for completing an
interview.
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Summer Weight Change
To determine whether excess summer weight gain occurred, we compared height and
weight measurements collected at three times in 2015: February/March, May/June, and
September/October. The February/March to May/June period was considered the school
year interval. The May/June to September/October period was considered the summer
interval.
We conducted measurements during school hours, in triplicate, using standard methods
(18). From these data, we calculated each child’s BMI and BMI percentile according to
Centers for Disease Control and Prevention (CDC) age- and sex-specific growth charts
(19). Baseline weight status was classified using CDC percentile ranges: <5th percentile
as underweight, 5th to <85th percentile as normal weight, 85th to <95th percentile as
overweight, and ≥95th percentile as obese (20). Potential covariates, including each
child’s date of birth, sex, race/ethnicity, parent educational attainment, and free or
reduced-price school meal eligibility, were assessed via parent survey at baseline in the
main FLEX Study.
Analyses. We tabulated descriptive statistics and examined the distribution of each
variable to assess normality, skewness, and identify potential outliers. To standardize the
length of time between measurements, we calculated mean change in BMI on a permonth basis.
We used a mixed linear regression model, accounting for clustering at the school and
student levels, to estimate the relationship between season (school year vs. summer) and
mean per-month change in BMI. We examined an unadjusted model and a model
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adjusted for sex, race/ethnicity, baseline weight status, baseline age, free or reduced-price
school lunch eligibility, and FLEX study condition. We explored potential interactions
between season and race/ethnicity, and season and baseline weight status. We performed
all statistical analyses using Stata software (Version 13, StataCorp LP, College Station,
TX). A p-value of <0.05 was considered statistically significant.
Parent Interviews
We created a structured guide to explore school year and summer differences in child
diet, PA level, daily routine, and family rules. The guide also included demographic
questions to assess parents’ race/ethnicity, marital and employment status, and
relationship to the child.
Forty-two of the 174 invited parents (24%) agreed to be contacted for a telephone
interview. Twenty-eight (67%) of those parents completed an interview. The remaining
parents did not respond to scheduling attempts. A trained interviewer conducted the
interviews in August and early September 2015. Interviews were audio recorded and
transcribed verbatim. We analyzed the transcripts for key themes using NVivo qualitative
analysis software (Version 11, QSR International, Burlington, MA).
Results
Summer weight change
Child characteristics. Ninety children (52% of the FLEX sample) agreed to participate in
the Summer Study (Table 4.1). We excluded underweight children (n=4) from the
analysis because weight gain is a desirable outcome in that subgroup. Four children were
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absent for the first measurement; they were also excluded from the analysis, for a final
analytic sample of 82 children (47% of the FLEX sample).
Students from one community (Community A in Table 4.1) comprised two-thirds of the
sample; four of the six participating schools were located in this community.
Approximately 59% of participants were white, and 45% were eligible for free or
reduced-price lunch. At baseline, 49% of participants were overweight or obese. The
demographics of this sub-sample were similar to those in the main FLEX Study.
Weight change findings. Mean change in BMI was 0.093/month (95% CI 0.055 - 0.131)
in the school year and 0.052/month (0.010 - 0.093) in the summer (Figure 4.1). In the
unadjusted mixed linear regression model, season was not significantly associated with
change in BMI (β=-0.041/month in the summer compared to the school year, p=0.211,
Table 4.2). These results remained the same after adjusting for sex, race/ethnicity,
baseline weight status, baseline age, and free/reduced-price lunch eligibility, and study
condition (Table 4.2, Adjusted Model: β=-0.041, p=0.211). We did not detect a
significant interaction between season and race/ethnicity (χ2=3.14, p=0.371) or baseline
weight status (χ2=1.73, p=0.422).
Parent Interviews
Family characteristics. Mothers comprised the majority of interview participants (Table
4.3). The racial and ethnic diversity of the sample was generally reflective of the schools
participating in the study; 32% of parents were non-white. One quarter of participating
families qualified for free or reduced-price lunch. Thirty-three percent had a child
considered overweight or obese, compared to 49% of children in the quantitative sample.
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The main themes to emerge from the interviews are summarized below. Selected
quotations are presented in Table 4.3.
I. Summer activities vary substantially by family. Children engaged in a variety of
summertime activities, which often depended on the family’s childcare needs. Many
attended day camps on weekdays for at least a portion of the summer. Others stayed
home with a parent, went to a family member or friend’s home, or accompanied a parent
to work. Some attended overnight camps or traveled for extended periods. Other common
activities included free play; spending time outdoors; playing with friends; riding bikes;
going to the beach or pool; participating in sports leagues; watching TV; using tablets,
computers, and video games; reading; and doing creative and learning activities.
II. Summer means less structure and more autonomy for most children. Most
parents said their child’s summer routine is less structured than the school year, and they
have more free time and control over their activities. Even children with more structured
schedules have more free time due to lack of homework. Parents described this flexibility
in positive and negative contexts. Many said it allows more time for PA. Others said it
enables more screen time. Some said it allows their child more time to eat, and promotes
eating in response to hunger instead of an arbitrary schedule. Others felt it promotes more
snacking due to increased access to food.
III. Summer poses few barriers to physical activity. Most parents perceived their child
to be more physically active during the summer. They attributed this to more free time,
better weather, more daylight hours, not having to sit in school or do homework, more
time with friends, and opportunities for structured PA at camps. Parents said few things
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interfere with their child’s summertime PA; however, extreme heat and rainy days were
mentioned as occasional barriers. Parents described many forms of summer PA, but
generally it was characterized by more free play (riding bikes, playing catch, going to the
beach or park) while school year PA tends to be more structured (gym class, organized
sports, dance lessons).
IV. Summer nutrition can be a double-edged sword. Most parents said their child
consumes more fruits and vegetables (F&V) in summer. This was attributed to increased
access, better quality, and lower cost. Some said the relaxed pace of summer gives them
more time to shop for and prepare F&V. Others described growing F&V, visiting farmers
markets, and participating in farm shares.
However, most parents also said their child consumes more sweets and junk foods during
summer. This was attributed to special events such as fairs, cookouts, and parties, where
less-healthy items are plentiful. Many parents described ice cream as a frequent
temptation. Some described a lack of control over their child’s diet in the summer, when
many children spend more time away from home and food sharing is common.
V. Rules are often more negotiable in the summer. In general, parents said household
rules tend to be more relaxed in the summer. While most families have strict bedtime
rules in the school year, many parents said these rules are more flexible during the
summer. Most said their child goes to bed later, though some also have the option to
sleep in. Many parents said they are less vigilant about limiting treats, and screen time
rules also tend to be more loosely enforced. Most said their child engages in more screen

46
time in the summer than the school year, when strict rules are maintained to ensure
children complete homework.
VI. Summer break can be stressful for families. Though many parents described
summer as having a more relaxed pace, they also described unique challenges. Arranging
for childcare can be difficult, especially in households where parents work full time.
Many working parents said they rely on summer camps, which can be expensive,
particularly for families with more than one child. Even parents who stay home said
summer can be difficult because they have to find ways to fill their children’s time.
VII. Families are making an effort to practice healthy behaviors. Parents described
numerous ways they try to help their child develop a healthy lifestyle throughout the
year. Most said they encourage daily PA, and allow their child to choose activities they
enjoy. Many described family activities such as going for walks, riding bikes, swimming,
playing at the park, and enjoying sports.
Parents showed a good understanding of basic nutrition, and described efforts to promote
healthy eating habits within their family. Many said they offer F&V at each meal and
make them readily available as snacks. Several said they try to be mindful of portion
sizes and limit sweets. Nearly all parents said they ensure their child consumes breakfast
daily. Most limit soda consumption and promote water and milk. Nearly all said they eat
out infrequently throughout the year, primarily due to its high cost.
Discussion
We did not find evidence of excess summer weight gain in this socioeconomically and
ethnically diverse sample of children with a high prevalence of overweight and obesity.
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Though the differences were not statistically significant, the trends in our data suggest
that on average, children gained BMI at a slower rate during the summer than the school
year. These findings conflict with previous studies of US elementary school children in
which summer gains were observed (5-7, 21).
We can only speculate as to why our findings contrast with previous research. There may
be important regional differences in children’s weight fluctuation patterns. Two major
studies of summer weight gain was conducted in southeast Texas (6, 21), where extreme
summer heat may pose more of a barrier to PA than in New England. Nationally
representative studies have focused on seasonal weight change from kindergarten to first
or second grade (5, 7). There is evidence that the magnitude of summer weight gain
attenuates as children approach fifth grade (21), so it is possible that excess summer gain
is of more concern in early elementary school.
Our qualitative interviews provide context for these unexpected findings. Nearly all
parents said their child is more physically active in the summer, suggesting that PA is a
key protective factor against excess summer weight gain. While some studies have
documented declines in fitness over the summer (12-15), the aforementioned NHANES
analysis showed that children surveyed in the summer engaged in slightly more
moderate-to-vigorous physical activity than those surveyed during the school year (10).
However, the findings may have been confounded by the fact that NHANES typically
samples southern states in the winter and northern states in the summer (22). More
research using objective measures to identify within-child differences in summer and
school-year PA is needed.
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Our qualitative findings suggest a complex relationship between diet and summer weight
change. Most parents thought their child consumed more F&V in the summer. While
F&V are nutrient-dense and rich in fiber while generally low in calories, there is limited
evidence that high F&V intake protects against increased child adiposity (23). Given that
about 95% of school-age American children fall short of F&V recommendations (24), it
is likely that even summer intakes are suboptimal.
Parent interviews also suggest an uptick in low-nutrient, energy dense foods during the
summer. This aligns with the studies that reported high summer intakes of energy-dense,
nutrient-poor foods (11) and added sugar (10). Our findings support recent evidence that
in younger children, increases in healthy foods are not necessarily accompanied by
decreases in unhealthy foods (25).
Parent interviews also highlighted positive summertime health behaviors: making fruits
and vegetables accessible, limiting sugary drinks, encouraging daily breakfast
consumption, facilitating opportunities for PA, and being active as a family. The
combined effect of these behaviors may have helped prevent excess summer weight gain
in this population. The interviews also revealed several opportunities for improvement:
late bedtimes and shorter sleep duration, increased consumption of sweets and junk
foods, and increased screen time, behaviors that have been linked to child obesity (2628).
Strengths & Limitations
To our knowledge, this is the first study of summer weight gain to gather qualitative data
comparing summer and school year behaviors while monitoring seasonal changes in weight.
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Though small, our sample includes socioeconomic and racial/ethnic diversity and an at-risk
population; nearly 50% of participants were overweight or obese. This study also provides a
much-needed qualitative understanding of how children’s diets, PA patterns, and daily
routines vary between the school year and the summer.
Our study has several limitations. The small sample size limited our ability to detect
differences in summer weight change among certain subgroups such as racial/ethnic group
or weight class. Larger studies in ethnically diverse communities are needed to better
characterize seasonal differences in weight change among elementary school children,
particularly those at greatest risk for obesity. Participation bias is a concern in the parent
interviews. Fewer low-income parents volunteered to give interviews, despite enrolling their
child in the study. Parents of overweight children were also underrepresented. Our sample
consisted only of English-speaking parents, limiting our understanding of households where
English is not the primary language. Finally, we relied on parents’ perception of their child’s
diet and PA patterns, which may not have accurately reflected dietary intake or PA levels,
and responses may have been affected by social desirability bias.
In conclusion, we did not find evidence of excess summer weight gain among children in
this mixed methods study. Qualitative findings suggest that increased summertime PA
may be a key protective factor. The nature of the relationship between diet and summer
weight change is less clear: increased fruit and vegetable consumption during the summer
appears to be accompanied by increased consumption of low-nutrient, energy dense
foods. Efforts to address unhealthy dietary behaviors, shorter sleep duration, and excess
screen time may further benefit children. Quantitative research comparing children’s
school year and summer diet and PA patterns is needed.
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Table 4.1. Demographic characteristics of student participants, FLEX Summer
Study, Eastern Massachusetts, February/March 2015 (n=82)

Variable

Category

n (%)

Sex

Male
Female

37 (45)
45 (55)

Grade

Third
Fourth

63 (77)
19 (23)

Community

Community A
Community B
Community C

55 (67)
18 (22)
9 (11)

Race/ethnicity

Non-Hispanic white
Non-Hispanic black
Hispanic
Other/no response

48 (59)
11 (13)
10 (12)
13 (16)

Baseline weight status

Healthy weight
Overweight
Obese

42 (51)
14 (17)
26 (32)

Eligible for free or reducedprice lunch? (n=76)

No
Yes

42 (55)
34 (45)

Highest level of parent
education attained (n=74)

Less than college
College degree or higher

29 (39)
45 (61)

Study conditiona

Control

43 (52)

Walk/run program

11 (13)

Classroom-based activity
breaks
a
Percentages do not add up to 100 due to rounding.

28 (34)
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Table 4.2. Factors associated with change in BMI (expressed on a per month basis):
results of unadjusted and adjusted mixed linear regression models, FLEX Summer
Study, Eastern Massachusetts, 2015 (n=82)
Variable

Category

β

(95% CI)

p-value

Unadjusted model
Season
School year
Summer

Referent
-0.041
(-0.106, 0.023) 0.211

Adjusted Model
Season
School year
Summer

Referent
-0.041
(-0.106, 0.023) 0.211

Baseline
weight status

Healthy weight Referent
Overweight
-0.063
(-0.150, 0.024) 0.158
Obese
-0.009
(-0.080, 0.062) 0.802

Race/ethnicity White
Black
Hispanic
Other

Referent
-0.049
(-0.186, 0.087) 0.479
0.027
(-0.087, 0.142) 0.637
-0.020
(-0.068, 0.029) 0.429

Sex

Male
Female

Referent
-0.008
(-0.075, 0.059) 0.812

Baseline age

Baseline age

-0.033

Free/reduced
price lunch
eligibility

Not eligible
Eligible

Referent
0.024
(-0.040, 0.088) 0.460

(-0.085, 0.018) 0.202

Study condition Control
Referent
Walk/run
0.034
(0.012, 0.055) 0.003*
program
Classroom-0.033
(-0.104, 0.039) 0.375
based breaks
β, regression coefficient; CI, confidence interval.
Each mixed linear model accounted for clustering at the school and
child levels.
*Statistically significant at the p<0.01 level
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Figure 4.1. Mean change in BMI by season, unadjusted and expressed on a per
month basis (±95% CI), FLEX Summer Study, Eastern Massachusetts, 2015 (n=82).
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Table 4.3. Selected quotations to illustrate key themes from parent interviews
(n=28), The FLEX Summer Study, Eastern Massachusetts, Summer 2015
Theme
Selected Quotations
I. Summer
activities
vary
substantially
by family

“I don’t think there is a typical summer weekday. But in the summer, he has soccer
camps and hockey camps…”
“She wakes up and… because I work during the day, she spends the days with my
mother.”
“She did participate in summer school. That was a six-week program… one day a week
for two hours.”
“Their day-to-day activity will change if they’re going to camp versus if they’re staying
home. But they’re pretty much scheduled…”
“Three days a week he goes to camp…and then two days during the week he’s with
grandparents. And weekends at home with parents.”

II. Summer
means less
structure
and more
autonomy
for most
children

“…I kind of just let them be. I don’t pressure them into being on a strict schedule in the
summertime. When they’re hungry, they eat… And we just kind of go with the flow
during the summertime. I don’t really make set plans or a set schedule. We just wake up
and whatever the day brings, that’s what we end up doing.”
“During the summertime I kind of just let it… flow. You know, we go to the beach for
the day. When we get there, then we just stay, and it’s not as structured. We don’t have
to be home at 4:00 to get homework done before any activities or anything like that.”
“…there’s not the strict structure during the vacation. It’s up to him. He can change
activities as he wants.”
“Because she’s on vacation, and I don’t want to put too much pressure… I want her to
be a lot more relaxed and have her own time… she can do her whole schedule. When
she wants to go to bed. When she wants to play, she plays, when she want to read, she
reads.”

III. Summer
poses few
barriers to
physical
activity

“I think he’s probably more active during the summer. Just because I think he’s got
more time to be active…”
“I feel like school is like, sit down and shut up, and do your work. You know, you’ve
gotta sit there, and he… likes movement. So I feel like he’s able to get more energy out
in the summertime than he is during the school year.”
“I think he’s definitely more active in the summer because of the camp.”
“Any things that make it more difficult to be active during the summer? No, because I
think he is more active during the summer. So… it just makes it easier.”
“When it was too hot, even though he would want to go out and play, sometimes I would
just keep them indoors. I don’t have them go out and play when it’s so hot like that.”
“Well, the weather, for one… helps tremendously. Even though I gotta say during the
winter, we’re out there, too. Then, having no homework. That’s a big thing for her.”
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IV. Summer
nutrition
can be a
doubleedged
sword

“Certainly there are better fruits and vegetables available… I think it’s a little bit
harder during the winter to get a lot of fresh produce that truly tastes really good.”
“The pricing is obviously lower in the summer, for people to be able to afford more
fruits and vegetables… it’s more available… I think that parents in general… might
have more time to actually put the effort into cut up the fruit, and wash it and clean it
and already have it set in a Tupperware. And kids can go ahead and open the fridge.
They see that and they feel comfortable to kind of help themselves.”
“I guess because I’m off, I can do more grocery shopping and buy more fresh food. It’s
a little bit more convenient… but, it’s also harder. Because no matter where we go
somebody else has snacks that they’re sharing so… we try to watch what other people
bring.”
“Well, I think we eat a lot of ice cream in the summer… we go to the beach, they get
Italian ice, there’s popsicles. That snacky stuff is definitely more… It becomes more of a
common thing in the summer than like a treat, where it wouldn’t be in the winter.”
“I don’t have that control at Grandma’s, and I know Grandma has a treat drawer.”
“Yeah, there’s so many fairs, and carnivals, and sidewalk bazaars with junk food and
ice cream trucks. And what did we have Saturday? Fried dough!”
“…it gets hard when there’s like the cookouts, the barbeques… There’s always the
burgers, and hot dogs, and… people only have their summer birthday parties or stuff
like that.”

V. Rules are
often more
negotiable
in the
summer

“I teach, so I have summers off. So it’s not a daily routine for us to get up at a certain
time… You know, I can let the kids sleep in until they need to, and get whatever sleep
they need to. I usually try to get them to bed at a reasonable hour, but if something
special is going on during the summer, then, you know, they’ve been able to stay up
until… 10:30 at the latest.”
“In the summertime, like I said, we go out for ice cream more than I care to talk about
[laughs]. You know, more than we would during the school year… definitely there are
more treats during the summertime.”
“I think definitely more screen time during the summer, because I am not on top of
them. They might be relaxing while I’m trying to do the laundry or do the dishes, and I
might lose track of time, so they might get a few extra minutes here and there. So I
definitely think during the summer they spend more time on it.”
“Usually during the summer I am a little bit more lenient [with screen time], because he
doesn’t have homework to do… there are still rules, I think it’s just a little bit more
lenient…”

VI. Summer
break can be
stressful for
families

“I work part time, but you know, money is not flowing, so she comes to work with me.
Fortunately I’m allowed to do that.”
“It’s harder because they have more free time. There’s more to manage. School does
half the day for you during the school year.”
“…as a working mom… it’s harder right from the bat to figure out what you’re going to
do with your kids during the day. Or a working family, with two parents working. So
right off the bat it’s going to be harder… the structure of the school year is easier, I
think.”
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“Between work and everything like… affording three camps is just not possible for the
whole summer for us, so… I have to still work, and find people to watch my kids on the
other days, which my parents, or my husband’s parents normally do. But it’s just… it’s
hard, yeah. It’s hard to occupy them and keep them engaged for the whole summer.”

VII.
Families are
making an
effort to
practice
healthy
behaviors

“We have fruit available all the time, and they’re allowed to snack on that whenever
they want… Vegetables, we try to have them with dinner and if we have one or two, they
have to usually finish all of what we give them… They might have a little more during
the summer.”
“A big garden! Right now we have tomatoes, cucumbers, squash, broccoli, green beans,
peppers, the sugar snap peas are all done for the season, scallions, onions, herbs. We
used to get a vegetable share, where once a week we picked up a giant box full of
vegetables. That helps, because everything was new and an adventure to try.”
“I have three boys – and we have three bowls of fruit on the table, and at any given
moment.”
“Usually we end our meals with a fruit. We don’t have like a dessert after meals, but we
will have like a fruit after meals.”
“I put vegetables in everything. Like, they just caught me making my meatloaf the other
day, and it’s got spinach in it. They’re like, ‘Mom, what are you doing?’ and I’m like,
‘You’ve been eating this your entire life. Get over it.’”
“I usually try to make them pour into a cup. Like maintain a portion size, not to just
walk around with a box of Cheez-its and just… devouring them.”
“No electronics before bed. Well, we usually watch TV at night, and then usually go up,
wind down with some reading, and then go.”
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Abstract
Background: A handful of studies have documented excess summer weight gain among
children in the US, but little is known about the prevalence of this problem and its effect
on high-risk subgroups. This study examines seasonal weight change in a low-income,
ethnically diverse sample of third and fourth grade students in Massachusetts, and
explores differences by race/ethnicity, weight status, and exposure to school-year
physical activity programming.
Methods: Children participating in a school-based physical activity program evaluation
(in which weight change was not a primary outcome) had their height and weight
measured three times between October 2015 and September 2016 to capture a school
year and summer interval. Mixed linear models were used to estimate the effect of season
(school year vs. summer) on monthly change in BMI, and examine the influence of
race/ethnicity, weight status, and program on any observed effects.
Results: Of 769 participants, over half were non-Caucasian and 40% were overweight or
obese. BMI increased in both seasons, but increased more rapidly in summer (0.046
kg/m2 more per month, p=0.007). Of the three tested interactions, statistical significance
was only observed between season and program (χ2=14.90, p<0.001); on average,
children exposed to a school year walk/run program did not gain weight more rapidly
during the summer, while children in the control group and a classroom activity breaks
program did.
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Conclusions: Children in this high-risk sample gained weight at a faster rate during the
summer than during the school year. More research is needed to examine summertime
health behaviors and identify targets for intervention.
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Background
Schools represent a key setting for obesity prevention, and school-based programs can
have a positive effect on weight outcomes (1). However, evidence is accumulating that
many school-age children gain excess weight during the summer break (2-5), a
phenomenon with potential to negate school-year progress and disrupt efforts to decrease
the prevalence of child obesity in the United States.
Evidence also shows that black and Hispanic (6) and overweight children (5-8) are at
higher risk for excess summer weight gain. Just as the summer break can widen gaps in
academic achievement (9), it may promote similar gaps in child health and wellbeing.
Strategies are needed to help prevent summer weight gain, but in order to develop
tailored, cost-effective interventions, more information is needed about the extent of the
problem and the populations that are most susceptible.
Nationally representative studies of summer weight change (4, 6) have focused on the
early elementary years, and observed excess weight gain during the summers from
kindergarten to second grade. Studies of older children indicate that the issue may persist
throughout elementary school (5, 7, 8). However, this research involved children in
southeast Texas (5, 7), where extreme summer heat and mild winters may uniquely affect
seasonal weight change, and children on American Indian reservations (8), where
findings may not generalize to the broader US population. More research is needed to
understand the extent to which older children, particularly those living in more temperate
climates, gain weight over the summer break.
The goal of this study was to compare school year and summer weight change in a lowincome, ethnically diverse sample of third and fourth graders in Massachusetts. The study
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capitalized on the existing study design framework of a group randomized controlled
longitudinal trial evaluating two school-based physical activity (PA) programs. The twoyear study provides a unique opportunity to assess summer weight gain and examine
differences by race/ethnicity and weight status, while also exploring the effects of
exposure to school-year PA programming.
Methods
Study design. To allow comparison of weight change across a school year and a summer
interval, children’s height and weight were measured at three time points between
October 2015 and September 2016.
Height and weight measurements were collected as part of the FLEX (Fueling Learning
through Exercise) Study, a group randomized controlled longitudinal trial conducted in
urban, public elementary schools in Massachusetts to evaluate the impact of two schoolbased physical activity (PA) programs on children’s PA engagement, cognitive
performance, and academic achievement. The interventions tested were designed to
improve children’s school-time moderate-to-vigorous PA, but were not specifically
designed to impact weight or body mass index (BMI). The FLEX Study design and
recruitment methods are described elsewhere (10); however, it is important to note that
lower-income (more than 40% of students eligible for free or reduced-price lunch), and
racially and ethnically diverse (more than 40% of students being non-Caucasian) schools
were targeted. After enrolling, schools were randomized to one of three conditions for the
duration of the two-year study period: a walk/run program, classroom-based activity
breaks, or a control.
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Population & recruitment. Recruitment for this analysis was bundled with the main
FLEX Study. The original FLEX protocol involved measuring height and weight at three
time points: baseline (fall/winter 2015), midpoint (spring 2016), and post-intervention
(spring 2017). To allow assessment of summer weight change, we added an additional
measurement in fall 2016, and this visit was included in the FLEX recruitment materials
and consent forms.
At least one week prior to baseline measurements, all third and fourth grade students in
participating schools were invited to enroll in FLEX. Each child was sent home with a
recruitment packet containing an informational flyer, parent consent form, child assent
form, and demographic survey for a parent or guardian to complete. Packets were
available in English, Spanish, Portuguese, Haitian Creole, Arabic, Vietnamese, and
Mandarin, as requested by participating schools. Parent informed consent and child
assent were obtained prior to the start of data collection. Additional details about the
recruitment process can be found elsewhere (10).
Measurements. To capture weight change across a school-year interval, we used height
and weight measurements collected at baseline and midpoint in the FLEX Study. The
majority of baseline measurements took place in September and October 2015, though
six later-enrolling schools had baseline measurements between December 2015 and early
February 2016. Midpoint measurements took place between late March and early June
2016. Schools with later baseline measurements were scheduled for later midpoint
measurements, to maximize time between study visits.
To capture weight change across a summer interval, we added a post-summer height and
weight measurement to the FLEX protocol. These measurements were collected in
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August and September 2016. Sixteen of the 18 FLEX schools participated in the postsummer measurements, and children were given a $5 gift card incentive for participating.
All measurements were conducted at school during school hours. Trained research
assistants collected height and weight measurements in triplicate, according to standard
methods (11). Height was measured by stadiometer (Model 214, Seca Weighing and
Measuring Systems, Hanover, MD) with the head in the Frankfurt plane, and recorded to
the nearest ⅛ inch. Weight was measured using a digital electronic scale (PS-6600 ST,
Befour Inc., Saukville, WI) and recorded to the nearest ¼ pound.
For each time point, child height and weight measurements were averaged and used to
calculate BMI. BMI is considered to be the appropriate metric for evaluating short-term
change in child adiposity, because it is more sensitive to small changes in growth, and
because it more equitably captures weight change for children who are overweight or
obese (12, 13). For these reasons, we used BMI as the main outcome in this analysis.
Because several key studies on summer weight gain have assessed changes in BMI zscore (5, 7, 8, 14, 15), we also performed our analyses using BMI z-score as the outcome
variable to allow for comparison across studies. We calculated BMI percentile and BMI
z-score using the Centers for Disease Control and Prevention (CDC) age- and sexspecific growth charts (16). Baseline weight status was classified according to CDC
definitions: <5th percentile as underweight, 5th to <85th percentile as normal weight,
85th to <95th percentile as overweight, and ≥95th percentile as obese (17).
Each child’s birth date, sex, race/ethnicity, parent educational attainment, and free or
reduced-price lunch eligibility was assessed on the demographic survey completed by a
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parent or guardian at baseline of the FLEX Study. This study was approved by the Tufts
University Institutional Review Board.
Analysis. We calculated descriptive statistics and examined the distribution of each
variable to assess normality, skewness, and to identify potential outliers. Since time
elapsed between measurements differed for each school, we standardized time by
calculating mean change in child BMI per month, and used this figure as the outcome
variable.
We used a mixed linear regression model with robust standard errors, which accounted
for clustering at the school and child levels, to model the relationship between season
(school year or summer) and per month change in BMI. We examined an unadjusted
model, and a model adjusted for sex (male and female), baseline age, race/ethnicity (nonHispanic white, non-Hispanic black, Hispanic, Asian, Multi-ethnic, and other/no
response), baseline weight status (healthy weight, overweight, and obese), free or
reduced-price lunch eligibility (eligible – at or below 185% percent of the poverty line –
or not eligible), and study condition (walk/run program, classroom activity breaks, or
control). We also explored interactions between season and race/ethnicity, baseline
weight status, and study condition. We followed these same procedures using per month
change in BMI z-score as the outcome variable. All statistical analyses were conducted
with Stata software (version 13, StataCorp LP, College Station, TX). A p-value of <0.05
was considered statistically significant.
Results
Participant characteristics. Post-summer height and weight measurements were collected
for 803 FLEX Study participants (90% of enrolled children in the participating schools).
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Children who were missing a height and weight measurement at any of the three time
points were excluded from the analysis (n=23). Children considered underweight at
baseline were also excluded (n=8), because weight gain is a desirable outcome in that
group. One additional participant was excluded due to an implausible height value
recorded at midpoint. The final analytic sample included 769 children.
Demographic characteristics for this sample are presented in Table 5.1. Fifty-three
percent of children in the sample were non-Caucasian. Forty percent of participants were
overweight or obese at baseline. More than half of the participants were eligible for free
or reduced-price lunch, and fewer than half of participants had a parent or guardian with a
four-year college degree.
Seasonal weight change. In the overall sample, mean change in BMI was 0.0703 kg/m2
per month (95% CI 0.0606 – 0.0800) during the school year and 0.0933 kg/m2 per month
(0.0744 – 0.1122) in the summer (Figure 5.1). In the unadjusted model, season was
significantly associated with change in BMI, with a difference of 0.023 kg/m2 per month
in the summer compared to the school year (Table 5.2, p=0.016). This effect was
unchanged after adjusting for covariates (Table 5.2, Adjusted Model I, β=0.023 kg/m2,
p=0.016).
We detected a statistically significant interaction between season and study condition
(χ2=14.90, p<0.001). Children in the control group and children in the classroom-based
breaks group gained BMI at a higher rate in the summer than the school year, while
children in the walk/run group did not. While school year change in BMI was similar
across all three groups, summer change in BMI was significantly higher in the control
and classroom activity break groups (Figure 5.2). When this interaction term was added
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to the adjusted model, the main effect of season on BMI was amplified to a difference of
0.046 kg/m2 per month in the summer compared to the school year, indicative of excess
summer weight gain in the control group (Table 5.2, Adjusted Model II, p=0.007). We
did not detect a statistically significant interaction between season and race/ethnicity
(χ2=1.77, p=0.880) or baseline weight status (χ2=2.53, p=0.283), and hence these two
interactions were subsequently removed from the model.
The model results were similar when BMI z-score was used as the outcome variable (see
Table 5.3 and Figures 5.3 and 5.4). Though there was no statistically significant
relationship between season and change in BMI z-score in the unadjusted model, a
significant effect indicating excess summer weight gain emerged after adjusting for
covariates. There was also evidence of an interaction between season and study
condition. No interaction between season and race/ethnicity or baseline weight status was
detected.
Discussion
In this ethnically diverse, low-income sample of third and fourth graders, children gained
weight more rapidly in the summer than during the school year. These findings align with
previous studies of summer weight gain in school-age children in the United States (4-8),
and show that excess summer weight gain may be a concern for third and fourth grade
students in urban, lower-income schools.
We did not observe a statistically significant difference in the magnitude of seasonal
weight change for children in different racial/ethnic groups or weight categories. This
finding is in contrast to other large studies of summer weight gain that saw greater
summertime gains among black and Hispanic (6), and overweight children (5-7). While
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the children in this sample, on average, gained weight more rapidly during the summer, it
does not appear that any racial/ethnic subgroup or weight class was affected significantly
more than any other. However, the study was not powered to test these exploratory
analyses, and this may have precluded detecting effects across subgroups. Future studies
should continue to monitor whether certain groups are more susceptible to summer
weight gain than others.
The etiology of summer weight gain has not been well characterized, but differences in
diet quality, PA engagement and sedentary time, screen use, and sleep are thought to play
a role (2). A cross-sectional analysis of nationally representative data found evidence of
poorer dietary patterns in the summer, but also observed higher levels of physical activity
than in the school year (18). This study also found no relationship between income and
excess summer weight gain. An exploration of urban children’s summer activities found
a positive association between time spent in structured settings such as summer camp and
PA engagement, but also reported that children had ready access to energy-dense,
nutrient poor foods in the summer (19). More research is needed to evaluate school year
and summer differences in diet, PA, screen time, and sleep.
To our knowledge, this study is the first to explore differences in seasonal weight change
for children exposed to school-year PA programs. On average, children in the control
group and classroom-based breaks group gained weight more rapidly in the summer than
the school year, while children in the walk/run group did not. Neither of the PA programs
were designed to impact changes in body weight, and based on these analyses we can
only speculate as to why children exposed to the walking and running program did not
gain excess weight in the summer and those exposed to classroom-based activity breaks
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did. Walking and running are activities that do not require any special equipment or
instruction, so it is possible that these habits could be more easily maintained during the
summer. The classroom-based activity breaks in the other intervention were led by a
teacher or student in a more structured manner, and therefore may have been less likely to
translate to independent summertime activity. Furthermore, the dose of PA provided in
the walk/run program is likely to increase children’s daily moderate-to-vigorous PA and
energy expenditure to a greater extent than the classroom-based activity breaks. As such,
the walk/run program may more substantially affect energy balance and BMI than the
classroom-based breaks program.
These findings highlight the importance of changing the perception that summer brings
“time off” from both school and healthy behaviors. Just as schools provide summer
reading or math homework to help prevent academic losses, there may be value in
promoting healthy behaviors during the summer – such as regularly taking family walks,
limiting screen time and sugary drinks, and eating a fruit or vegetable at each meal.
Summertime health-promotion programs and policies may also play an important role.
Health-focused summer camps for children can have a positive impact on adiposity (20)
and help children achieve the recommended levels of daily PA (21). Increasing access to
free and low-cost camps that provide structure, keep kids active, and provide healthy
snacks and meals is a priority.
Limitations and Strengths.
Our findings should be considered in the context of its limitations and strengths. Because
it was not logistically feasible to measure the children’s heights and weights on the first
and last days of the school year, we were not able to precisely capture the school year and

71
summer intervals. As a result, some school year days were included in the summer
interval. Because most studies have found the school year interval to be neutral or
protective against excess weight gain (4-7), it is likely that these misclassified days
attenuated our results. Further, we did not attempt to measure children’s behavior or
physical activity levels, so we cannot explain the lack of excess summer weight gain in
the walk/run group. Although neither of the FLEX Study PA interventions were
specifically designed to impact body weight, the children in the intervention groups may
have gained less weight during the school year as a result of the programming. If so, this
would have magnified seasonal differences. However, the control group did provide a
“clean” comparison of seasonal weight change without the influence of a school year
intervention, and summer weight gain was observed in that group. Finally, because this
study was conducted in a low-income, urban population, the findings may not be
generalizable to higher-income groups or rural settings.
Strengths of this study include its racial/ethnic diversity and focus on a low-income, highrisk population. Few studies have assessed seasonal weight gain in older elementary
school children, or children in the northeastern United States. It is also the first study, to
our knowledge, to explore the effects of school-year PA programming on seasonal weight
change. Another strength is examining the effect of season on both BMI and BMI zscore, which allows these findings to more easily be compared to other studies.
Conclusion
Children in this diverse sample of third and fourth grade students in Massachusetts
gained weight at a faster rate in the summer than they did during the school year. The
magnitude of summer weight gain did not differ significantly by race/ethnicity or
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baseline weight status. However, unlike children in the control and classroom-based
breaks program, children exposed to a school year walk/run program did not gain weight
more rapidly during the summer. Further research is needed to examine summertime
health behaviors on both sides of the energy balance equation and clarify specific
opportunities for intervention.
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Table 5.1. Demographic characteristics of FLEX Study participants, reported
during the 2015-2016 school year (n=769)
Variable
Sex

Category
Male
Female

n (%)
336 (44)
433 (56)

Grade

Third
Fourth

356 (46)
413 (54)

Study Condition

Classroom activity
breaks
Walk/run program
Control

249 (32)

Race/ethnicity

White
Hispanic
Black
Asian
Multi-ethnic
Other/no response

283 (37)
275 (36)
55 (7)
33 (4)
43 (6)
80 (10)

Baseline weight status

Healthy weight
Overweight
Obese

461 (60)
152 (20)
156 (20)

Eligible for free or
reduced-price lunch?
(n=707)
Highest level of parent
education attained
(n=707)

No
Yes

297 (42)
410 (58)

Less than a four-year
college degree
Four-year college
degree or higher

436 (62)

261 (34)
259 (34)

271 (38)

White
Black
Asian
Hispanic
Multi-ethnic
Other/no response

Male
Female

Baseline age

Race/ethnicity

Sex

Baseline age

.0103 (-.0002, .0207)

Referent
.0141 (.0027, .0255)

Referent
.0297 (-.0001, .0595)
-.0414 (-.0720, -.0108)
.0201 (.0006, .0395)
-.0190 (-.0721, .0341)
.0067 (-.0257, .0392)

Referent
.0214 (.0031, .0398)
.0524 (.0312, .0736)

.055

.015*

.051
.008**
.043*
.483
.685

.022*
<.001***

.016*

p-value

Not eligible
Referent
Eligible
.0182 (.0010, .0354)
.038*
Control
Referent
Walk/run
-.0143 (-.0469, .0183)
.390
Classroom activity
-.0002 (-.0302, .0298)
.991
breaks
Study condition x
Control x summer
season
Walk/run x summer
Classroom activity
breaks x summer
β, regression coefficient; CI, confidence interval.
Each mixed linear model accounted for clustering at the school and child levels.
a
Each independent variable was modeled separately using mixed linear regression.
*Statistically significant at the p<0.05 level.
**Statistically significant at the p<0.01 level.
***Statistically significant at the p<0.001 level.

Healthy weight
Overweight
Obese

Baseline weight
status

Free/reduced price
lunch eligibility
Study condition

Category
School year
Summer

Variable
Season

Unadjusted Modela
β (95% CI)
Referent
.0230 (.0043, .0418)

Referent
.0063 (-.0126, .0252)
Referent
-.0124 (-.0431, .0183)
-.0009 (-.0246, .0228)

.0104 (.0002, .0206)

Referent
.0140 (.0020, .0259)

Referent
.0240 (-.0114, .0593)
-.0449 (-.0806, -.0092)
.0118 (-.0120, .0355)
-.0204 (-.0739, .0331)
-.0114 (-.0534, .0305)

Referent
.0206 (-.0002, .0415)
.0523 (.0318, .0727)

Adjusted Model I
β (95% CI)
Referent
.0230 (.0043, .0418)

.429
.940

.514

.045*

.022*

.184
.014*
.331
.455
.593

.053
<.001***

.016*

p-value

0.204
0.702

0.004**
0.600

Referent
-.0578 (-.0976, -.0180)
-.0097 (-.0458, .0265)

0.515

0.045*

0.022*

0.184
0.014*
0.331
0.455
0.593

0.053
<.001***

0.007**

p-value

Referent
0.63 (-.0126, .0252)
Referent
.0165 (-.0089, .0419)
.0039 (-.0163, .0241)

.0104 (.0002, .0206)

Referent
.0140 (.0020, .0259)

Referent
.0240 (-.0114, .0594)
-.0449 (-.0805, -.0092)
.0118 (-.0120, .0355)
-.0204 (-.0739, .0331)
-.0114 (-.0534, .0305)

Referent
.0206 (-.0002, .0415)
.0523 (.0318, .0727)

Adjusted Model II
β (95% CI)
Referent
.0458 (.0125, .0790)

Table 5.2. Factors associated with mean change in BMI (expressed on a per month basis): results of unadjusted and adjusted
mixed linear regression models, The FLEX Study, 2015-2016 (n=769)
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Figure 5.1. Mean change in BMI by season, unadjusted and expressed on a per month basis (±95% CI, n=769), The FLEX
Study, 2015 – 2016
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Figure 5.2. Mean change in BMI by season and study condition, adjusted according to Model II and expressed on a per month
basis (±95% CI), The FLEX Study, 2015 – 2016 (n=769)

Δ BMI per month

White
Black
Asian
Hispanic
Multi-ethnic
Other/no response

Male
Female

Baseline age

Not eligible
Eligible

Race/ethnicity

Sex

Baseline age

Free/reduced
price lunch
eligibility

Referent
.0013 (-.0038, .0063)

.0028 (-.0008, .0064)

Referent
.0021 (-.0030, .0072)

Referent
.0053 (-.0025, .0131)
-.0101 (-.0178, -.0023)
.0061 (.0009, .0114)
-.0111 (-.0239, .0018)
.0014 (-.0075, .0102)

Referent
-.0048 (-.0091, -.0005)
-.0067 (-.0109, -.0025)

.627

.126

.424

.180
.011*
.022*
.092
.761

.030*
.002**

.200

p-value

Referent
-.0006 (-.0056, .0043)

.0027 (-.0007, .0062)

Referent
.0026 (-.0006, .0057)

Referent
.0066 (-.0013, .0146)
-.0075 (-.0152, .0002)
.0063 (.0008, .0118)
-.0104 (-.0243, .0036)
.0002 (-.0100, .0103)

Referent
-.0049 (-.0098, -.0001)
-.0068 (-.0106, -.0031)

Adjusted Model I
β (95% CI)
Referent
.0042 (-.0023, .0108)

.799

.120

.107

.103
.056
.026*
.146
.973

.047*
<.001***

.200

p-value

Referent
-.0006 (-.0056, .0043)

.0027 (-.0007, .0062)

Referent
.0026 (-.0005, .0057)

Referent
.0067 (-.0013, .0146)
-.0075 (-.0151, .0002)
.0063 (.0008, .0118)
-.0104 ( -.0243, .0036)
.0002 (-.0100, .0103)

Referent
-.0049 (-.0098, -.0001)
-.0068 (-.0106, -.0031)

.0134 (.0013, .0266)

Adjusted Model II
β (95% CI)

0.799

0.120

0.107

0.103
0.056
0.026*
0.146
0.973

0.047*
<0.001***

0.030*

p-value

Control
Referent
Referent
Referent
Walk/run
-.0047 (-.0112, .0019)
.163
-.0030 (-.0102, .0041)
.407
.0072 (-.0026, .0171)
0.149
Classroom activity .0008 (-.0052, .0068)
.791
.0011 (-.0049, .0072)
.716
.0054 (-.0031, .0138)
0.214
breaks
Study condition x Control x summer
Referent
season
Walk/run x summer
-.0205 (-.0362, -.0048) 0.010*
Classroom activity
-.0085 (-.0221, .0052)
0.223
breaks x summer
β, regression coefficient; CI, confidence interval. Each mixed linear model accounted for clustering at the school and child levels.
a
Each independent variable was modeled separately using mixed linear regression.
*Statistically significant at the p<0.05 level. **Statistically significant at the p<0.01 level. ***Statistically significant at the p<0.001 level.

Healthy weight
Overweight
Obese

Baseline weight
status

Study condition

Category
School year
Summer

Variable
Season

Unadjusted Modela
β (95% CI)
Referent
.0043 (-.0023, .0108)

Table 5.3. Factors associated with mean change in BMI z-score (expressed on a per month basis): results of unadjusted and
adjusted mixed linear regression models, The FLEX Study, 2015-2016 (n=769)
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Figure 5.3. Mean change in BMI z-score by season, unadjusted and expressed on a per month basis (±95% CI, n=769), The
FLEX Study, 2015 – 2016
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Figure 5.4. Mean change in BMI z-score by season and study condition, adjusted according to Model II, covariates and
expressed on a per month basis (±95% CI, n=769), The FLEX Study, 2015 – 2016
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Abstract
Background: Accumulating evidence shows that children in the US gain weight more
rapidly during the summer than the school year. Research examining the causes of excess
summer weight gain is limited. The goal of this study was to characterize school year and
summer differences in diet and physical activity patterns in an ethnically-diverse, lowincome sample of third and fourth grade students in Massachusetts.
Methods: Students were recruited from a large randomized trial evaluating the impact of
school-based physical activity programming. School year measurements were collected
in April-June 2016. Summer measurements were collected in July-August 2016. At each
time point, diet was measured with a modified food frequency questionnaire screener,
and physical activity was measured objectively by accelerometer, worn during waking
hours for seven consecutive days. Dietary outcomes included servings/day of fruit,
vegetables, salty snacks, sweets, and sugar-sweetened beverages. Physical activity
outcomes included minutes/day of sedentary time and moderate-to-vigorous activity
(MVPA), and counts per minute as a measure of total activity. Mixed linear models were
used to estimate the effect of season on each outcome of interest.
Results: Of 105 participants, 40% were Hispanic, 34% were overweight or obese, and
55% were eligible for free or reduced-price lunch. In the summer, participants consumed
0.49 fewer servings of vegetables (p=.009), 0.58 fewer servings of salty snacks
(p<0.001), and 0.47 fewer servings of sweets per day (p=0.049) than during the school
year. There was no statistically significant difference in children’s consumption of sugarsweetened beverages or fruit. Children were less physically active during the summer
than the school year, engaging in 12.8 fewer minutes of MVPA (p=0.010) and falling 20
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minutes short of the 60 minute/day national guideline. Participants also engaged in 113
fewer counts per minute of total activity (p=0.019) and 26.5 more minutes of sedentary
behavior (p=0.018).
Conclusions: In this ethnically diverse, low-income sample of elementary school
children, summer was associated with less MVPA and total physical activity and more
sedentary time. Summer was also associated with lower intake of vegetables, salty
snacks, and sweets. Strategies are needed to increase children’s summertime physical
activity, reduce sedentary time, and promote vegetable consumption.
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Background
Evidence is accumulating that elementary school children are prone to excess weight gain
during the summer (1-4). This “spike” in weight gain over the summer months has been
observed in nationally representative studies of early elementary school children in the
US, as well as older elementary school children in southeast Texas (1, 2) and
Massachusetts (5). Some children appear to be at greater risk of excess summer weight
gain than others. Large studies comparing school year and summer weight change have
found that overweight children (2, 3) and black and Hispanic children (3) gained weight
at a faster rate than their peers during the summer. As such, excess summer weight gain
has the potential to increase health disparities and interfere with obesity prevention
efforts in the US.
The causes of excess summer weight gain have not been well defined (6, 7). Speculated
contributors include lack of structure, increases in sedentary behavior, and decreases in
physical activity, dietary quality, and sleep (6, 7). Research examining seasonal
differences from both sides of the energy balance equation—dietary intake and physical
activity—is limited. Data from a nationally representative sample of school-aged youth in
the US suggest that diet quality be poorer in the summer; added sugar consumption was
higher and vegetable consumption was lower compared to the school year (8). Because
different children in different geographic locations were sampled at each time point in
this study, further exploration of seasonal differences in diet is needed. Qualitative
research on summer dietary patterns suggests that children have ample access to energydense, nutrient-poor foods and drinks during the summer months (9).
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Despite considerable evidence spanning North America, Europe, and Australia that
children tend to be more active in warmer months than in cooler periods (10), few studies
have explored seasonal variation in PA in the United States using accelerometers, an
objective measure of PA (11). Findings from existing studies are inconsistent (11),
though some evidence suggests that children get less moderate-to-vigorous PA (MVPA)
in the summer than during the school year (8) and that children who spend more time in
structured settings such as camp engage in more PA (9). Evaluations of school-year PA
programs have found that school-year improvements in children’s fitness and body
composition were lost over the summer break (12-14), suggesting reduced PA during the
summer.
Given the importance of preventing unhealthy weight gain and promoting child health
during the summer months, quantitative research comparing children’s school year and
summer diet and PA patterns is needed. Identification of unfavorable patterns can help
pinpoint targets of intervention for programs and policies. The goal of this study was to
assess differences in school year and summer diet and PA patterns in an ethnicallydiverse sample of low-income third and fourth grade students in urban communities in
Massachusetts.
Methods
Study overview. This research was conducted as a sub-study of the FLEX (Fueling
Learning through Exercise) Study, a randomized-controlled trial to evaluate the impact of
two school-based physical activity programs on children’s physical activity engagement
and academic and cognitive outcomes (15). Participating public elementary schools in
urban Massachusetts communities were randomly assigned to one of three conditions: a
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walk/run program, a classroom activity breaks program, and a control group. The
walk/run program was led by school champions such as PE teachers and was designed to
help children attain 100 miles of walking or running over the course of the school year.
The classroom activity breaks program was designed to integrate short bursts of
movement (5 - 15 minutes of activity such as squats, jumping jacks, or yoga) and was led
by classroom teachers. School year diet and physical activity measurements were
collected as part of the main FLEX Study. A summertime data collection visit was added
to allow for a seasonal comparison of diet and PA patterns.
Recruitment. Eighteen schools were enrolled in Wave 2 of the FLEX Study during the
2015-2016 school year. Seven of these schools agreed to facilitate recruitment and
implementation of a summer data collection visit. Four participating schools were from
the classroom activity breaks group, two were from the control group, and one was from
the walk/run group. Children who were enrolled in the FLEX Study in these schools
(n=442) were invited to participate in a summer 2016 study visit. Informational flyers
and consent forms were sent home from school with children in spring 2016, and
parents/guardians (hereafter referred to as parents) were asked to return completed forms
to school. A second wave of recruitment was conducted by email to non-respondents.
Recruitment materials were provided in English, Spanish, and Portuguese, based on the
needs of the participating schools. Students were offered a total of $30 in gift card
incentives for participating in the summer visit: $10 for completing the diet questionnaire
and being fitted with an accelerometer, and $20 for returning the accelerometer by mail
after seven days of wear. Additional details about school and student recruitment for the
main FLEX Study are available elsewhere (15).
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Data collection. School year data collection visits took place at school during school
hours between April and June 2016, and included height and weight measurement, a
dietary survey, and distribution of an accelerometer. Summer data collection visits were
scheduled with assistance from school personnel to take place in July and August 2016.
In three communities, data collection took place at a local elementary school. In one
community where summer access to the school was restricted, data collection was held at
a nearby public library. Children were asked to attend one of two data collection visits
held in each community. Visits were held over a four-hour interval, and children could
drop in to complete their measurements any time in that window. After checking in, each
child completed a diet questionnaire, was outfitted with an accelerometer, and was given
instructions for wearing it over the next seven days. Participants were also given a prepaid envelope in which to return their accelerometer at the end of the measurement
period. Each child’s visit lasted approximately 30 minutes.
Study measurements.
Demographics. Child and family demographic information was gathered via a 10-item
parent survey at the time of enrollment in the main FLEX Study. Parents were asked to
provide their education level as well as their child’s date of birth, grade, sex,
race/ethnicity, and eligibility for free or reduced-price lunch.
Child weight status. Child height and weight were assessed in triplicate by trained
research assistants, using standard methods (16) at the spring 2016 school year visit.
Measurements were used to calculate body mass index (BMI, kg/m2), as well as BMI
percentile and BMI z-score, using the Centers for Disease Control and Prevention (CDC)
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age- and sex-specific growth charts (17). Child weight status was classified according to
CDC ranges: <5th percentile as underweight, 5th to <85th percentile as normal weight,
85th to <95th percentile as overweight, and ≥95th percentile as obese (18).
Diet. Dietary patterns were assessed with The FLEX Dietary Questionnaire, a 39-item,
seven-day recall assessing five categories: beverages (such as soda, lemonade, sports
drinks, milk, and water), fruit (excluding 100% fruit juice), vegetables (excluding fried
potatoes), salty snacks (such as chips, popcorn, pretzels, and crackers), and sweets (such
as baked goods, candy, and frozen desserts). The questionnaire is a composite of several
dietary assessment tools that have been validated for use with children (19-21), and has
also been validated with FLEX Study participants [paper under review]. Children selfadministered the questionnaire, with assistance from a trained research assistant as
needed. For each item, children were asked to report how many days they consumed each
item in the past week, and estimate portion size on each day of consumption (“a little,
some, or a lot”). The questionnaire took students approximately 15 minutes to complete.
Mean daily servings for each item were calculated by matching portion estimates to
standard serving size equivalents: a little = 0.5 serving, some = 1 serving, and a lot =1.5
servings. Daily servings per category were calculated by summing daily servings for all
items within each category and excluding items as appropriate (i.e. excluding non-sugarsweetened beverages such as milk and 100% juice that were assessed in the beverage
category).
Physical activity. Physical activity was assessed using waist-worn accelerometers
(ActiGraph models GT3X+ and wGT3X-BT, ActiGraph, LLC, Pensacola, FL), which
have been validated and calibrated for use in children (22). Children were instructed to
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wear the accelerometer for seven consecutive days during waking hours, except when
bathing or swimming, since the devices are not waterproof. Trained research assistants
instructed participants on how to wear the device properly and provided printed
instructions for reference. Children were asked to track wear time on a printed
accelerometer log, as well as to indicate whether they swam, biked, or attended camp or
summer school on each of the seven days of wear.
Accelerometers were set to begin measurement on the first day that the child was
outfitted with the device. Activity counts were captured in 15-second epochs. At the end
of the study period, accelerometer data were downloaded and screened using Meterplus
software (San Diego, CA). Data were classified into minutes of sedentary, light,
moderate, and vigorous activity using cutoffs established for children (23). Total physical
activity level in counts per minute was captured by dividing total activity counts by total
wear time. Spans of 60 minutes or more with zero activity counts were considered nonwear time and were excluded from the analysis. Days with at least 10 hours of wear time
were considered valid. Participants were included in the analysis if they had at least one
valid day in school year or summer (24). Average daily high temperature and
precipitation were obtained from the National Oceanic and Atmospheric Administration
(25).
Analysis. Dietary outcome variables included daily servings of fruit, vegetables, salty
snacks, sweets, and SSBs. PA outcome variables included daily minutes of sedentary
behavior, MVPA, and total PA. Descriptive statistics were compiled and tabulated.
Linear mixed models were used to determine the effect of season (school year vs.
summer) on each dietary and PA outcome, while accounting for clustering by school and
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repeated measures within child by treating each unique child ID as a random intercept
nested within each school. Dietary models were adjusted for child race/ethnicity, baseline
BMI z-score, sex, grade, and eligibility for free or reduced-price lunch. PA models were
adjusted for the same covariates as the dietary analyses, plus total daily wear time, study
condition, precipitation (yes/no), and daily high temperature. Unadjusted and adjusted
models were examined for each outcome of interest. Each outcome variable was assessed
for normality, skewness, and to identify potential outliers. Robust standard errors were
used in all analyses to account for minor deviations from normality in the residuals. To
determine if the PA findings were affected by our inclusion criteria of 1 valid 10-hour
day, we conducted a sensitivity analysis of children who had at least 3 valid 10-hour days
in either interval. All analyses were conducted using Stata software (version 13,
StataCorp LP, College Station, TX). A p-value of <0.05 was considered statistically
significant.
Results
Sample characteristics. Of 442 students invited to participate in a summer data collection
visit, 144 (33%) enrolled. Of those, 105 (24% of eligible students) completed a summer
visit. Participant demographics are presented in Table 6.1. Forty percent of participants
were Hispanic, 34% were overweight or obese, and more than half were eligible for free
or reduced-price lunch. Compared to the larger FLEX Study sample, this sample had a
higher proportion of students who were Hispanic (40% versus 24%), and a slightly lower
proportion of participants who were obese (15% versus 21%).
Diet. There was a statistically significant difference in children’s school year and summer
consumption of vegetables, salty snacks, and sweets. Participants consumed 0.48 fewer
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servings of vegetables per day in the summer than during the school year (Table 6.2,
Model II, p=0.009). They consumed 0.58 fewer servings of salty snacks (p<0.001) and
0.47 fewer servings of sweets (p=0.049) per day in the summer compared to the school
year. There was no statistically significant difference in children’s sugar-sweetened
beverage consumption from school year to summer. There was a trend toward lower fruit
consumption in the summer (0.48 servings less than the school year, p=0.068). Adjusted
mean daily servings from each food category by season are presented in Figure 6.1.
Physical activity. One hundred five children received an accelerometer to wear for a
week during the summer. One accelerometer was lost by the participant during the week
of wear time. The remaining 104 participants generated 1456 person-days of data (7 days
each in the school year and the summer). One-hundred-ninety person-days were
considered no-wear days, defined as less than 1 hour of wear time. Four-hundredseventy-two person-days fell below the 10 hour wear time threshold, and were eliminated
from the analysis. The remaining 794 person-days (452 in the school year and 342 in the
summer) included data from 100 participants.
Season had a statistically significant effect on each of the PA outcomes of interest.
Participants engaged in 12.8 fewer minutes of MVPA during the summer than the school
year (Table 3, Model II, p=0.010). Total PA was 113 fewer counts per minute in the
summer (p=0.019). Participants engaged in 26.5 more minutes of sedentary behavior
during the summer than the school year (p=0.018). Adjusted mean levels of PA
engagement by season are presented in Figure 6.2. These results did not differ
appreciably in the sensitivity analysis that included only children with at least 3 valid
days of wear in an interval (n=91).
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Participants also provided descriptive information about their activities during the 7-day
summer measurement period. Participants reported swimming on 29% of the summer
days included in the analysis, and 52% of participants went swimming at least once
during the measurement period. Biking was reported on 13% of summer days, and 35%
of participants went biking at least once during the measurement period. Camp or
summer program attendance was reported on 30% of summer days, and 43% of children
went to camp or a summer program at least once during the measurement period.
Discussion
Several noteworthy differences in children’s diet and physical activity patterns were
observed from the school year to the summer. PA engagement was consistently poorer
during the summer months than during the school year. The effect of season on dietary
patterns was mixed, with both favorable (decreased consumption of salty snacks and
sweets) and unfavorable (decreased consumption of vegetables) differences observed in
the summer.
The lower levels of summer PA engagement we observed contrast with previous research
suggesting that children are more active during warmer months (10). However, these
findings align with evidence that school-year improvements in fitness and body
composition are lost over the summer break (12-14). If the patterns in this sample are
indicative of a more general phenomenon, physical inactivity could be a key factor
responsible for excess summer weight gain.
The nearly 13 minute deficit in daily summertime MVPA is notable because engagement
in MVPA is associated with numerous health benefits, including musculoskeletal
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development, improved cardiometabolic health, reduced anxiety and depression, and
lower risk of overweight and obesity (26-28). On average, children’s daily summertime
engagement in MVPA fell more than 20 minutes short of the national recommendation of
60 minutes per day (29). A similar summer deficit in total PA indicates that lower levels
of MVPA were not compensated for with lower-intensity forms of PA. The 26 additional
minutes of daily sedentary time in the summer is also a concern, because excess
sedentary time increases children’s risk for obesity, chronic disease, and poor self-esteem
and academic achievement (30, 31). During the summer, children in this sample engaged
in more than 8 hours of sedentary behavior per day. More research is needed to
characterize what children are actually doing during this time, though our qualitative
investigations with parents in a similar population have indicated that screen time rules
tend to be much more relaxed during the summer months than during the school year.
The effect of season on children’s dietary patterns is more difficult to interpret. The lower
vegetable and fruit intakes observed in the summer were somewhat surprising. In our
qualitative research with parents in Eastern MA, parents perceived their child’s vegetable
and fruit consumption to be greater in summer than the school year, and attributed this
difference to improvements in produce availability, quality, and affordability during the
summer months. However, the difference observed could reflect a lack of access to
school meals, which are mandated to provide fruits and vegetables to children on a daily
basis (32). This is a particularly plausible explanation given the high proportion of
children in this sample who are eligible for free or reduced-price school meals.
Nonetheless, children in this sample fell short of the recommended 2 to 2.5 daily servings
of vegetables (33), underscoring the need for further efforts to promote vegetable

95
consumption, especially in the summer. The lower intakes of salty snacks and sweets
during the summer were also unexpected. Qualitative research with parents suggests that
energy-dense, nutrient-poor foods such as chips, candy, and fried foods tend to be more
accessible during the summer (9). However, the present findings suggest that increased
consumption of “junk foods” during the summer months may be less of a concern than
suboptimal intakes of fruits and vegetables.
These findings set the stage for future research and interventions to promote child health
over the summer. Previous research examining the summer behaviors of urban
schoolchildren showed that children who spent more time in a structured setting, such as
day camp, engaged in higher levels of MVPA and lower levels of sedentary behavior (9),
so increasing access to low or no-cost summer programs may help boost PA and reduce
sedentary time. Summer programs also provide a venue for children to receive healthy
meals, though efforts are needed to improve the quality of the food offered and to ensure
children consume fruits and vegetables offered (34, 35). Food insecurity tends to increase
among families with children during the summer months (36), and continued expansion
of the USDA Summer Food Service Program may help ensure that children from lowincome families have access to free, healthy meals throughout the whole year. For
children who are not able to attend a structured summer program, interventions that target
the home and family are needed to help shift sedentary time toward light or MVPA and
promote increased consumption of fruits and vegetables. Qualitative research exploring
how children spend sedentary time, as well as barriers to PA and fruit and vegetable
consumption may help shed additional light on these quantitative findings and shape
creative intervention and messaging strategies.
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This study has several limitations. First, because waterproof accelerometers were not
available for use in this study, activity that took place at swimming pools, beaches, water
parks, and other aquatic venues was not captured. Additionally, waist-worn
accelerometers tend to underestimate physical activity from biking (37). Because
swimming and biking are forms of PA more likely to occur in the summer, our findings
likely underestimate children’s summertime PA. Furthermore, notes from children’s
accelerometer logs indicated that some children were prohibited from wearing their
accelerometer during certain organized sports, such as soccer, gymnastics, or karate.
However, the higher engagement in sedentary behavior observed during the summer
affirms that interventions to promote summertime PA engagement remain important.
Waterproof accelerometers are critical for future comparisons of school year and summer
PA.
The dietary assessment tool used in this study did not measure total diet; therefore, we
were not able to compare differences in children’s energy intake between school year and
summer. Despite lower summer intakes across the dietary categories measured, we
cannot assume that children consumed fewer calories, because the survey did not capture
other food groups such as proteins or grains. However, the survey did focus on foods
commonly under-consumed (fruits and vegetables) and over-consumed (salty snacks,
sweets, and SSBs) by children, and thus sheds light on how diet quality differs in the
summer. Continued exploration of children’s dietary patterns in the summer is needed,
especially using measures that capture both diet quality and energy intake. Finally, the
small sample size of this study limited our ability to explore interactions between season
and demographic variables such as sex, race/ethnicity, and weight status. Recruitment
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and communication with families was a challenge, as many travel, move, and/or change
contact information during the summer, and this contributed to a smaller sample size than
anticipated.
This study also has several strengths. It is among the first to explore seasonal differences
in both diet and PA in elementary school children. While some studies have assessed
dietary intake or physical activity within the context of a structured summer program (34,
38, 39), this study included children with a range of different summer activities, and
therefore may be more reflective of the average elementary school student in an urban
setting. Though the sample size was small, it did include substantial racial and ethnic
diversity and a high proportion of children from low-income families, who may be at
higher risk for summer weight gain.
In conclusion, in this study of urban, low-income schoolchildren, summer was associated
with lower levels of total and moderate-to-vigorous PA, and higher levels of sedentary
behavior. Interventions to decrease summertime sedentary behavior and increase PA
engagement are needed. Children consumed fewer vegetables in the summer than the
school year, but also consumed fewer salty snacks and sweets. More research is needed to
evaluate the effect of season on both diet quality and energy intake.
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Table 6.1. Characteristics of third and fourth grade students in Massachusetts
recruited from the FLEX (Fueling Learning through Exercise) Study to complete
summer diet and physical activity measurements in 2016 (n=105)
Variable
Sex

Category
Male
Female

N
50
55

%
48
52

Grade

Third
Fourth

60
45

57
43

Race/ethnicity

Hispanic
White
Other/no response

42
33
30

40
31
29

Weight status (n=103)

Healthy weight/underweight*

68

66

Overweight
Obese

20
15

19
15

Not eligible
Eligible

46
57

45
55

Eligibility for
free/reduced-price lunch
(n=103)

*One participant was underweight.

Category

.222 (-.375, .818)

Fourth

Baseline
.087 (-.211, .385)
BMI z-score

Referent

Third

.195 (-.221, .611)

Female

.454 (.124, .784)

Other/no
response

Referent

.582 (.191, .973)

Hispanic

Male

Referent

White

0.567

0.467

0.358

0.007**

0.004**

.033 (-.121, .187)

.162 (-.415, .739)

Referent

.174 (-.245, .592)

Referent

.053 (-.390, .496)

.402 ( -.083, .886)

Referent

-.486 (-.850, -.122)

Summer

-.478 (-.992, .035)

Referent

School year Referent
0.068

-.472 (-.839, -.105)

Summer

-.476 (-.991, .040)

Referent

School year Referent
0.070

β (95% CI)

β (95% CI)

p

Vegetables
(servings/day)

Fruit
(servings/day)

Eligibility for
Not eligible Referent
Referent
free/reducedEligible
.264 (-.413, .941) 0.445
.236 (-.290, .763)
price lunch
β, regression coefficient; CI, confidence interval.
Each mixed linear model accounted for clustering at the school and child levels.
*Statistically significant at the p<0.05 level.
**Statistically significant at the p<0.01 level.
***Statistically significant at the p<0.001 level.

Weight status

Grade

Sex

Race/ethnicity

Season

Model II

Season

Model I, unadjusted

Variable

0.379

0.672

0.582

0.416

0.815

0.104

0.009**

0.012*

p

.150 (-.259, .559)

Referent

-.153 (-.404, .097)

.346 (.058, .633)

Referent

-.121 (-.487, .246)

Referent

.291 (-.031, .614)

.488 (.164, .812)

Referent

-.577 (-.742, -.413)

Referent

-.558 (-.724, -.393)

Referent

β (95% CI)

Salty snacks
(servings/day)

0.473

0.231

0.018*

0.518

0.077

0.003**

<0.001***

<0.001***

p

.534 (-.157, 1.22)

Referent

-.233 (-.629, .163)

.704 (.155, 1.25)

Referent

.042 (-.524, .609)

Referent

.376 (-.162, .914)

.588 (.029, 1.147)

Referent

-.471 (-.940, -.003)

Referent

-.466 (-.947, .014)

Referent

β (95% CI)

Sweets
(servings/day)

0.130

0.249

0.012*

0.884

0.171

0.039*

0.049*

0.057

p

.050 (-.385, .485)

Referent

-.028 (-.106, .050)

.157 (-.043, .358)

Referent

-.024 (-.157, .109)

Referent

.182 (-.248, .613)

.106 (-.182, .394)

Referent

-.057 (-.128, .014)

Referent

-.062 (-.126, .002)

Referent

β (95% CI)

SSBs (servings/day)

0.823

0.478

0.124

0.720

0.407

0.471

0.115

0.058

p

Table 6.2. The effect of season on the dietary patterns of third and fourth grade students recruited from the FLEX (Fueling
Learning through Exercise) Study in 2016 (n=105)

Male
Female

Third
Fourth

Not eligible
Eligible

Control
Walk/run program

Sex

Grade

Eligibility for
free/reduced-price
lunch

Study condition

Referent
5.315 (-2.816, 13.45)

Referent
-5.332 (-13.14, 2.479)

Referent
-4.960 (-14.45, 4.527)

Referent
-15.10 (-24.24, -5.952)

-3.654 (-6.247, -1.062)

Referent
2.120 (-2.287, 6.528)
5.134 (-.6035, 10.87)

Referent
-12.81 (-22.60, -3.025)

Referent
-10.27 (-12.54, -8.00)

0.200

0.181

0.306

0.001**

0.006**

0.346
0.079

0.010*

<0.001***

p

Referent
32.06 (-56.14, 120.25)

Referent
-39.07 (-94.69, 16.54)

Referent
-47.21 (-128.11, 33.70)

Referent
-87.95 (-143.91, -31.99)

-19.65 (-39.95, .6538)

Referent
9.970 (-34.87, 54.81)
32.43 (-13.39, 78.26)

Referent
-112.92 (-207.15, -18.68)

Referent
-80.13 (-102.12, -58.15)

Total PA (counts/min)
β (95% CI)

Classroom activity
-1.237 (-14.38, 11.90)
0.854
-4.651 (-129.05, 119.75)
breaks
β, regression coefficient; CI, confidence interval.
Each mixed linear model accounted for clustering at the school and child levels.
a
Model also adjusted for wear time.
b
Model also adjusted for wear time, daily precipitation (yes/no), and daily high temperature.
*Statistically significant at the p<0.05 level.
**Statistically significant at the p<0.01 level.
***Statistically significant at the p<0.001 level.

Baseline BMI z-score

Weight status

School year
Summer

White
Hispanic
Other/no response

b

School year
Summer

Race/ethnicity

Model II
Season

Model Ia
Season

MVPA (min/day)
β (95% CI)

0.942

0.476

0.169

0.253

0.002**

0.058

0.663
0.165

0.019*

<0.001***

p

4.624 (-42.34, 51.59)

Referent
11.31 (-26.06, 48.69)

Referent
15.66 (-1.314, 32.64)

Referent
30.19 (-2.563, 62.94)

Referent
22.14 (4.062, 40.22)

-3.032 (-14.06, 7.995)

Referent
11.44 (-14.75, 37.63)
-3.636 (-27.46, 20.19)

Referent
26.45 (4.621, 48.27)

Referent
26.51 (15.73, 37.30)

0.847

0.553

0.071

0.071

0.016*

0.590

0.392
0.765

0.018*

<0.001***

Sedentary time (min/day)
β (95% CI)
p

Table 6.3. The effect of season on the physical activity patterns of third and fourth grade students recruited from the
FLEX (Fueling Learning through Exercise) Study in 2016 (n=100)
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Figure 6.1. School year and summer dietary patterns of third and fourth grade students recruited from the FLEX (Fueling
Learning through Exercise) Study in 2016, adjusted for covariates (n=105)

Servings per day

Counts per minute

0

0

School Summer
year

10

20

30

40

50

60

70

100

200

300

400

500

600

700

Total PA

Minutes per day

School Summer
year

MVPA

380

400

420

440

460

480

500

520

School Summer
year

Sedentary time

Figure 6.2. School year and summer physical activity patterns of third and fourth grade students recruited from the FLEX
(Fueling Learning through Exercise) Study in 2016, adjusted for covariates (n=100)
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CHAPTER 7: Summary and Discussion
Introduction
In 2017, child obesity remains a major public health concern in the United States. In
order for child obesity prevention strategies to be effective, they must intervene in the
settings where children spend their time. To date, most obesity prevention efforts have
been concentrated in the school environment (1). This is for good reason—on school
days, children spend approximately half of their waking hours at school. Children in the
United States attend school for approximately 180 days each year. The other 185 days
consist of weekends, holidays, and the summer break. For most students, summer break
constitutes the longest span of time away from school. A growing body of evidence
suggests that summer may promote excess weight gain and losses in physical fitness.
This dissertation research strengthens the case that obesity prevention research and
practice must go beyond the school year and into the settings where children spend time
in the summer.
The goal of this dissertation was to describe how children move, eat, and grow over the
summer months compared to the school year, and explore potential causes of excess
summer weight gain. We did this by interviewing parents about their child’s summer
routine, health behaviors, and family rules; comparing school year and summer weight
change in a large sample of third and fourth graders; and examining seasonal differences
in diet and physical activity patterns. This work is particularly important because it
focuses on groups at increased risk for adult obesity and its complications: racial/ethnic
minorities, children from low-income families, and children who are overweight or
obese. It is among the first studies to assess seasonal weight change in middle elementary
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school children and to explore the effects of school-year PA programs. To our
knowledge, no other study has examined the effect of season on diet and objectively
measured PA using a repeated measures design. It also provides a much-needed
qualitative description of seasonal differences in factors likely to contribute to summer
weight gain: diet, PA engagement, sleep, screen time, and daily routine.
Identifying risk factors for summer weight gain is an important first step toward
sustaining the effects of school year interventions and addressing health disparities. Our
findings shed light on what the summer break entails for at-risk youth, and provide
guidance for future work to promote health and prevent obesity when children are away
from school.
Excess summer weight gain among at-risk elementary school students
This research contributes to a small but growing body of literature examining weight
change over the summer break. We compared school year and summer weight change in
a large, ethnically diverse, low-income sample of third and fourth grade students in Wave
2 of the FLEX Study. On average, BMI increased at a significantly faster rate in the
summer than during the school year. Though this difference was small in magnitude
(β=0.046 kg/m2 per month, p=0.007), equating on average to roughly an extra ½ pound of
weight gained over the summer, it has the potential to negate school-year progress and,
over time, result in several pounds of excess weight gained over the course of elementary
school.
In contrast to other large studies that observed summer weight gain, we did not detect any
statistically significant differences by race/ethnicity (2, 3), or baseline weight status (2-4).
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In other words, no racial/ethnic group or weight status group appeared to be at higher risk
of excess summer weight gain than another. However, because racial/ethnic minority and
overweight youth are at higher overall risk of obesity, there is an argument for targeting
these groups when designing interventions to support summer health.
We also found that, on average, children participating in the 100 Mile Club walk/run
program did not gain excess weight over the summer, while children in the control and
Just Move groups did. This finding was unexpected and we can only speculate as to why
children in the 100 Mile Club group were protected against excess summer weight gain,
but it is possible that building a walking or running habit during the school year may
carry over into the summer months. Further research is needed to explore how schoolbased PA interventions can create behavior change that persists beyond the school
environment.
We conducted a smaller seasonal weight change analysis as part of the Aim 1 mixed
methods study. In our sample of 82 students from Wave 1 of the FLEX Study, we found
no significant difference in BMI change from the school year to the summer. In fact,
though non-significant, the trends in these data show that BMI increased at a slower rate
during the summer than the school year (β=-0.041 kg/m2 per month in the summer
compared to the school year, p=0.211). These findings contrast with our larger Wave 2
analysis, and the majority of published research on summer weight change (5, 6). It is
unclear why this group of students experienced favorable changes in BMI over the
summer compared to the school year. In qualitative interviews with parents from the
Wave 1 communities, most parents felt their child was more physically active in the
summer than the school year. Parents in this sample also described many positive health
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behaviors practiced in the home, such as making fruits and vegetables readily accessible,
limiting sugar-sweetened beverages and promoting regular water consumption, serving
breakfast through the summer, and engaging in PA as a family. Any of these factors may
have contributed to these favorable findings, though we lack qualitative data from Wave
2 parents for comparison. It is possible that the Aim 1 sample consisted of children from
more health-conscious families, or that their schools or communities had desirable social
norms around wellness. Though we did not conduct an assessment of the built
environment in either the Wave 1 or Wave 2 communities, it is important to note that
most participants from the Wave 1 sample lived in a coastal community with easy access
to several attractive public parks and beaches. Parents in this community also described
access to fresh produce through local farmers markets and community-supported
agriculture programs. Because we did not conduct qualitative interviews in the Wave 2
sample, we have less contextual information about family and community-level factors
that may have driven the excess summer weight gain we observed.
Taken together, these findings suggest that excess summer weight gain among urban,
low-income elementary school children remains a concern. However, the positive trend
observed in the Wave 1 sample, along with the qualitative interview findings, affirms that
this issue does not uniformly affect children from lower-income families. These favorable
findings suggest that there are important household and community level factors that can
help prevent unhealthy weight gain over the summer months.
There are several important opportunities for further seasonal weight change research. To
our knowledge, there are no studies examining whether adolescents are at risk for excess
summer weight gain. While there is some evidence that the magnitude of summer weight
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gain diminishes as children approach fifth grade (7), further research is needed to
examine seasonal weight change patterns through middle and high school. Further, no
study has examined the role of household income on summer weight gain. Education
research shows that income disparities play a significant role in the academic
achievement gap; children from low-income families lose significant ground in reading
and math over the summer compared to their higher-income peers (8-10). It is important
to learn whether income creates a similar gap in child health over the summer months.
Finally, it is important to understand how the built environment—including access to
parks, safe walking and biking routes, grocery stores, farmers markets, fast food
restaurants, and recreation facilities—influences seasonal weight change. Continued work
in this area will improve our ability to effectively intervene and support the highest-risk
groups.
Potential determinants of summer weight gain
The causes of obesity are complex. Though excess weight gain can ultimately be
attributed to positive energy balance—consuming more energy than we expend—there
are many physiological, behavioral, social, and environmental factors that can affect this
balance. This complexity explains in part why several studies have established the
problem of excess summer weight gain, but few have attempted to identify its causes. We
undertook this challenge, using a mixed methods approach to qualitatively and
quantitatively explore both sides of the energy balance equation.
For Aim 3, we made use of school year diet and PA measurements collected in the FLEX
Study and recruited a sub-sample of 105 FLEX Wave 2 students to collect these
measurements during the summer. Dietary patterns were assessed with a modified food
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frequency questionnaire screener, and PA was measured objectively with accelerometers
worn by participants for 7 consecutive days. The qualitative interviews we conducted
with 28 parents from Wave 1 of the FLEX Study provided a more detailed understanding
of seasonal differences in diet, PA, daily routine, and family rules.
Across all of our quantitative measures, PA engagement was poorer in the summer than
the school year. Children engaged in about 13 fewer minutes of MVPA (p=0.010) and 26
more minutes of sedentary behavior (p=0.018) per day in the summer than the school
year. Total PA was 113 counts per minute lower in the summer (p=0.019), suggesting
that decreases in MVPA were not compensated for with less-intense forms of PA. Our
inability to measure PA from swimming and other aquatic activities is a significant
limitation, but the substantially higher levels of sedentary behavior reinforce our
conclusion that physical inactivity is a significant concern in the summer. If these
patterns are reflective of broader trends, it is conceivable that reduced PA is a key
contributor to excess summer weight gain. These findings conflict with our qualitative
findings, as parents from Wave 1 believed their children to be more active in the summer
than the school year. However, children in the Wave 1 sample did not gain excess weight
in the summer, so as discussed above, it is possible that these children were more active
than children from the Wave 2 sample.
The dietary findings are more difficult to interpret in the context of summer weight gain.
In the summer, participants consumed roughly ½ serving less of vegetables (p=0.009),
salty snacks (p<0.001), and sweets (p=0.049) per day compared to the school year. There
was a similar, though non-significant trend for lower fruit consumption (β=-0.48 servings
per day, p=0.068), and no significant difference in SSB consumption (β=-0.057 servings
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per day, p=0.115). Though a trend toward lower summertime consumption was observed
across four of the five categories measured, we cannot assume that children consumed
fewer total calories in the summer because our dietary survey did not assess total dietary
intake. Future studies should assess seasonal differences in diet quality as well as total
energy intake.
These diet findings emphasize a general need to promote vegetable consumption among
school-age children. Children reported consuming just over 1 serving of vegetables per
day in the summer, and just over 1½ servings per day in the school year, falling short of
the 2 – 2½ servings per day recommendation across both seasons (11). Conversely,
participants met the fruit recommendation of 1½ servings per day in the school year, and
fell only marginally short of the recommendation in the summer. In the parent interviews,
many parents noted that vegetables are typically a harder “sell” to their child than fruit.
However, most parents thought their child consumed more fruits and vegetables in
summer, when produce is more plentiful, affordable, and of higher quality. Lunches
provided through the National School Lunch Program are required to include fruits and
vegetables. Because this research was conducted in a low-income population with high
rates of free and reduced-price lunch eligibility, it is possible that the lower summertime
intakes of fruits and vegetables observed can be attributed to lack of access to free,
healthy meals over the summer.
The lower summertime intakes of salty snacks and sweets were surprising, because in the
qualitative interviews, many parents said their children have increased access to junk
foods when school is out. They attributed this to a higher frequency of celebrations in the
summer (cookouts, birthday parties, festivals, etc.) and a relative lack of control over
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their child’s diet (more time at grandma’s or a friend’s house, shared snacks at the pool or
beach, etc.). However, our findings align with a recent study of the food landscape at
urban summer day camps that showed that even with an excess of calories available,
children consumed relatively little during the day and a large proportion of food was
wasted (12).
The SSB finding aligns with what parents shared in the qualitative interviews – that they
try to limit their child’s consumption of SSBs throughout the year. Daily SSB intake was
just over ½ serving per day in both seasons, and this figure is similar to national averages
for children (13). Because SSBs consist of empty calories and have been strongly linked
to obesity (14), further efforts to reduce SSB consumption are warranted.
Our parent interviews provide further context for the weight change, diet, and PA
findings, and suggest areas for future research. Most parents said that household rules
tend to be more relaxed in the summer, particularly when it comes to screen time and
bedtime. Generally, parents said they strictly regulate screen time in the school year to
ensure that their child completes his or her homework. The increased flexibility and free
time in the summer makes room for more screen time, and many parents said they tend
not to monitor their child’s screen use as closely. This may help to explain the extra 26
minutes of sedentary time we observed in the summer. Increased screen time is
associated with an array of negative outcomes, including disruption of sleep (15),
overweight and obesity (16-18), poor diet quality (19, 20), and metabolic syndrome (21).
Summer interventions targeting the home environment should include strategies to reduce
screen time.
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Most parents we interviewed said that their child’s bedtimes were more flexible during
the summer than the school year. This generally meant that children were allowed to stay
up later and sleep in later during the summer. Children whose parents kept them on a
more structured schedule tended to have strict bedtimes and wake-up times throughout
the whole year. This suggests that having a more structured schedule may promote more
consistent sleep habits and help ensure students get the recommended 9 – 11 hours per
night (22). Educating parents about the importance of adequate sleep for preventing child
obesity and promoting overall wellbeing is another strategy with potential to attenuate the
issue of excess summer weight gain. Studies that measure sleep objectively with
accelerometers are needed to clarify the effect of season on children’s sleep patterns.
Finally, the parent interviews highlighted some of the unique challenges families face
over the summer break. Several parents described the challenges associated with
arranging childcare, and circumstances vary substantially by family. Children may go to a
relative’s house, go to work with a parent, or attend summer programs. Even if parents
can afford to pay for summer programs, they tend not to last the entire summer, so a
patchwork approach is needed to bridge the gap over the summer. Even parents who stay
at home with their children said summer can be stressful because their children’s
schedules are more erratic and they struggle to find ways to keep them occupied. These
findings have important implications for summertime health promotion. First, they
underscore the fact that a “one-size-fits-all” approach is not likely to work. Interventions
must be tailored to the distinct environments where children spend their time. Second,
these findings emphasize the need for low- or no-cost summer programming that spans
the entire summer. Such programs can give children the structure that appears to benefit
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PA engagement and sleep, while serving as a venue for free, healthy meals in the
summer.
Logistical challenges of characterizing the summer
The FLEX Study provided a unique opportunity to examine the summer health
landscape. Even within the framework of a school-year intervention, there are several
challenging aspects of studying summer break. We encountered several of these
challenges, and have discussed them below in the hope of helping others navigate them in
future studies.
Communication with families can be especially difficult during the summer break.
Summer is a common time for families to move or travel (often internationally and for
extended periods). In Aim 1, we conducted our qualitative interviews over the phone, in
an effort to reduce participant burden and accommodate evening and weekend interviews.
At the end of the 2015 school year, 42 parents agreed to complete a telephone interview.
However, we were unable to schedule interviews with 14 parents, either because they
didn’t respond to scheduling emails and phone calls, or because their phone numbers
were no longer in service. We encountered similar challenges when attempting to contact
the students who participated in summer diet and PA measurements for Aim 3. Though
144 children signed up for the summer measurements, only 105 completed them. During
the school year, notices can be sent home with students as a backup, but during the
summer, contact is limited to email and telephone, and loss-to-follow-up is likely to be
higher. Future studies focusing on summer should generously inflate the sample size to
buffer against attrition.
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Our qualitative interviews also affirmed that children spend time with a range of
caregivers in the summer, including parents, grandparents, friends, camp providers, and
that schedules can vary significantly throughout the summer. A child may attend camps
for a week at a time, travel, spend time at home, and visit grandparents over the course of
the summer. This within-child variation across the summer, and heterogeneity across
families makes it difficult to study children’s summer environments, and increases the
complexity of designing interventions that can support nutrition and physical activity.
While interventions that focus on the home and camp settings can reach some children
for a period of time, communication campaigns and policies that can span many settings
should be considered in an effort to reach all children during the school break.
Language barriers also made communication with parents more difficult. While our
Wave 1 sample consisted only of English-speaking families, approximately ¼ of our
summer sub-sample consisted of Spanish- or Portuguese-speaking households.
Significant lead time was required to coordinate translation of study materials and ensure
that research assistants were available to place reminder calls for these families.
However, the additional effort to accommodate these households resulted in a larger and
more diverse sample.
Coordinating research in the school setting is notoriously difficult, because schools are
understandably protective of instructional time and averse to disruptions, and because the
support of busy teachers and administrators is needed to carry out recruitment and data
collection. We found coordination of summer study visits to be equally challenging. One
significant barrier is restricted access to school facilities in the summer, either because no
one is present to unlock the doors and supervise activities, or because the space is
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undergoing maintenance. Due in large part to the positive relationships fostered by the
FLEX Study team, seven schools allowed us to recruit students for a summer visit and
helped us identify an appropriate venue for data collection. For six schools, summer
study visits were held at a local elementary school. For one school, where summer access
was restricted, visits were held at a nearby public library. Researchers attempting to hold
data collection with children during the summer months should invest time in forming
relationships with community partners, and ensure regular communication in the lead-up
to summer visits. It is also important to keep in mind that administrators and
administrative assistants will likely take vacation during the summer, so we found it
helpful to identify more than one school contact person who would be reachable during
the summer. To thank schools for the extra effort required for summer data collection, we
provided them with a $250 stipend. We often relied on assistance from summer program
coordinators, librarians, and custodial staff to unlock doors and provide tables and chairs.
Thanking these essential community partners with a gift card or other token of
appreciation is a great way to acknowledge their contributions and sustain positive
working relationships with schools.
Considerations for assessing weight change
One methodological challenge we encountered when conducting the seasonal weight
change analyses was choosing the most appropriate measure of adiposity change. Body
mass index (BMI, a measure of weight adjusted for height and expressed in kg/m2)
provides a reasonably good and efficient measure of adult adiposity (23). Because BMI
increases as a part of normal childhood development and the trajectory of BMI change
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varies for boys and girls, child adiposity is determined using BMI z-score or BMI
percentile, measures of relative weight adjusted for age and sex (23).
There is some disagreement in the child obesity literature about which of these measures
is most appropriate for assessing change in adiposity among children (24-27). Change in
BMI z-score has been frequently used to assess weight change, because it accounts for
expected growth. However, several authors have recently argued that BMI z-scores,
which are based on transformed cross-sectional data, do not accurately reflect children’s
longitudinal growth patterns and do not equitably measure change in adiposity across the
weight distribution (24, 25, 27). Specifically, BMI z-score is less sensitive to BMI
changes in obese children than to BMI changes in healthy weight or overweight children
(24, 25, 27). BMI percentile is similarly poor for detecting weight change at high and low
extremes (24). Studies of seasonal weight change have presented findings in terms of
change in BMI (2, 3, 28, 29), BMI z-score (4, 7, 28-32), and BMI percentile (4, 7).
We chose to use change in BMI as our outcome measure for three reasons. First, we
conducted this research in a population with a high prevalence of overweight and obesity.
Because the summer consists of a relatively short time period (2-3 months), we wanted to
ensure that our chosen measure would be sensitive to changes across the weight
spectrum, particularly for children at high BMI percentiles. Second, BMI typically
provides more statistical power when assessing change (25), increasing the chance that
we could detect even a small effect of season. Finally, we performed our weight change
analyses using both BMI and BMI z-score as the outcome, and examined the results. We
plotted mean monthly change in BMI against mean monthly change in BMI z-score,
stratified by weight status, and found that BMI z-score was less sensitive to changes in
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BMI for the overweight and especially the obese participants (Appendix B.4, Figure
B.4.1). Examination of mean monthly change in BMI and BMI z-score by weight status
further illustrates that although the obese children experienced the largest summertime
gains in BMI, this registered as no change in BMI z-score. Further, healthy weight
children had the smallest summertime gains in BMI, but registered the largest increase in
BMI z-score (Appendix B.4, Figure B.4.2). Future researchers should consider using
BMI to assess short-term changes in child adiposity, particularly if they are working in
populations with a high prevalence of obese youth.
Implications for research and practice
The factors that influence child obesity, and thereby excess summer weight gain, are
complex and multifaceted. Because of this complexity and the significant variability in
children’s summer routines and the settings where they spend time, it may be beneficial
to think about the summer landscape in terms of the social-ecological model (33). Socialecological models describe the factors at various levels of influence that impact health
behavior. Interventions that address a variety of these factors at multiple levels of
influence will theoretically be more effective than interventions that focus on a single
level. More work is needed to populate this model, but we have provided some initial
suggestions for research and practice at each level of influence.
Individual level. At the child level, demographic factors such as race/ethnicity and
baseline weight status are likely to impact excess summer weight gain. Though we did
not observe a differential effect by baseline weight status or race/ethnicity in our study,
other larger studies show found black and Hispanic (2) and overweight or obese children
(2, 4) to be at higher risk of excess summer weight gain. Further research is needed to
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understand how seasonal weight patterns change as children age, particularly once they
reach adolescence.
Our research underscores the need to address individual behaviors that affect energy
balance, in particular to increase PA engagement, reduce sedentary behavior and screen
time, and improve diet quality in the summer. Interventions that promote individual-level
behavior change by addressing self-efficacy, skills, knowledge, and beliefs are needed to
help kids practice good health behaviors in the summer months.
Household level. Our qualitative findings indicate that most children spend more time at
home over the summer break. Intervening in the home environment is difficult because
habits, culture, religious beliefs, socioeconomic circumstances, and family dynamics
differ substantially across households. For this reason, relatively few obesity prevention
interventions have targeted the home (1). These interventions have had limited impact on
weight outcomes, but some have had favorable effects on diet and PA (34). Promising
strategies include integrating intervention components across multiple environments (i.e.
home, school, and childcare settings) and addressing the family as a whole (34).
Key behavioral targets for home-based interventions include: ensuring children get 9 – 11
hours of sleep (22), limiting screen time to no more than two hours per day (35), ensuring
children get achieve the recommended 60 minutes of MVPA per day (36), limiting the
frequency and portion sizes of treats such as ice cream, and encouraging vegetable and
fruit consumption. Interestingly, several parents we interviewed mentioned that their
child spent time doing summer homework such as reading and math. It is worth exploring
whether bundling this work with “healthy homework” such as family walks, screen-free
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days, and eating a fruit or vegetable with every meal might help foster positive habits at
home.
Income is another household-level factor that may have important implications for
summer health. The relationship between household income and summer weight gain has
not been clearly defined. Further study is needed to understand whether children from
low-income families are at increased risk for summer weight gain.
Organizational level. During the school year, school is the major organizational setting to
influence child weight status. However, when school is out for the summer, camps and
summer programs can offer a similar degree of structure, opportunities for PA
engagement, and in some cases, free nutritious meals. Camps and summer programs also
provide a way to reach a large number of children.
A recent evaluation of children’s PA engagement at summer day camp showed that more
than 70% of children achieved at least 60 minutes of MVPA while at camp (37),
confirming that camps can play an important role in keeping kids moving in the summer.
Camps and summer programs can also provide opportunities to promote nutrition,
through provision of meals and educational programming. Summer camps that offer
meals and snacks should prioritize the provision of high-quality, nutrient-dense foods
such as fruits and vegetables, whole grains, legumes, and lean protein. Water or milk
should be offered instead of sugar-sweetened beverages. Because camps and summer
programs are not typically constrained by curriculum requirements, they provide an
opportunity to integrate hands-on, creative nutrition and PA activities such as gardening,
cooking, guest speakers, and active field trips.
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Expanded access to free or low-cost summer programs can help alleviate the stress of
coordinating childcare over the school break. Other potential settings for intervention at
the organizational level include sports programs, childcare facilities, and churches or
other places of worship.
Community and policy level. At the community level, the built environment can impact
children’s PA levels and food access, particularly during the summer when the weather is
warmer and children have more unstructured time. Research assessing the relationship
between the built environment and summer weight gain may shed light on communitylevel factors that impact child health. To our knowledge, none of the existing studies on
summer weight gain have considered factors in the built environment such as access to
safe walking and biking routes, parks, playgrounds, beaches and lakes, recreational
facilities, grocery stores, fast food restaurants, and farmer’s markets.
On a policy level, The USDA Summer Food Service Program (SFSP) can play an
important role in promoting summer nutrition. The program assists resource-constrained
families by providing free meals over the summer. SFSP is administered at the state level
but requires community-level sponsors (such as schools, churches, youth centers,
YMCAs, and housing authorities) to host the program (38). Currently, the reach of the
SFSP is limited; in 2015, only 1 in 6 children who received free meals during the school
year participated. This is in part due to poor participation by both local sponsors and by
children, who may face barriers to transportation to and from meal sites (39). Ensuring
that low-income neighborhoods have accessible SFSP meal sites is a policy and
community and policy level strategy that may support better summer nutrition for at-risk
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children. Further research is needed to evaluate the impact of the SFSP on diet quality
and summer weight gain.
Another innovative policy strategy to support low-income families in the summer is
Summer Electronic Benefit Transfers (EBT), a USDA pilot program that provides
families with children additional funds for food purchasing while school is not in session.
This approach is designed to support families who may not have access to the SFSP, and
early evaluations have shown that it can decrease food insecurity and improve diet
quality in the summer (40).
Limitations
This research has several limitations that must be considered when interpreting the
findings. In the Aim 1 parent interviews, participation and social desirability biases may
have affected our findings by making the summer seem healthier than it is. We made an
effort to keep questions neutral and assess both facilitators of and barriers to nutrition and
physical activity in the summer, but it is possible that parents consciously or
subconsciously minimized unfavorable behaviors such as sugar sweetened beverage
consumption or overemphasized positive behaviors such as active play. Because we
enrolled parents on a first-come, first-served basis, it is possible that parents who are
more health-conscious were first to enroll in a health-related study. Further, while it is
valuable to understand parents’ perceptions of their child’s diet and PA patterns, these
perceptions may not be fully accurate when compared with quantitative findings. The
small sample size of the concurrent weight change analysis conducted in Aim 1 limited
our ability to explore trends by race/ethnicity or weight status. However, the overall lack

125
of summer weight gain and other characteristics of the locale suggests that increased
summer PA may have been a protective factor.
In the Aim 2 weight change analysis, we were limited in our ability to precisely assess
weight change over the summer interval, due to logistic challenges associated with
measuring height and weight on the first and last days of the school year. As a result,
some school days were included in the summer interval. Because most studies have found
the school year to have a neutral or beneficial effects on weight status (2-4, 7), this likely
resulted in an underestimation of the magnitude of summer weight gain. Another
limitation of this analysis was the inclusion of children who were receiving a school year
PA intervention. These children may have gained less weight during the school year as a
result of the intervention. However, we controlled for study condition in our statistical
models, and the findings were consistent in the control group, which provided a clean
comparison of school year and summer weight change.
A major limitation of the Aim 3 analysis was our inability to capture PA in aquatic
settings such as a swimming pool, beach, or water park. Additionally, waist-worn
accelerometers tend to underestimate physical activity from biking (41). Because
swimming and biking are forms of PA more likely to occur in the summer, our findings
likely underestimate children’s summertime PA. However, our finding that sedentary
time also increased in the summer underscores the need for interventions to promote PA
engagement during the summer break. Further research with waterproof accelerometers is
needed. The dietary assessment tool used in Aim 3 did not measure total diet; therefore,
we were not able to compare differences in children’s total dietary or energy intake
between school year and summer. Though we observed reduced intake of vegetables,
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salty snacks, and sweets, we cannot assume that overall caloric intake was also lower in
the summer. Continued examination of summer dietary patterns is warranted, especially
using measures that capture total diet and energy intake. Our Aim 3 sample size was
smaller than anticipated due to logistical issues, and this limited our ability to explore
interactions between season and demographic variables such as race/ethnicity, weight
status, and sex. Larger studies of seasonal diet and PA patterns can inform interventions
and help ensure that the highest-risks groups are supported.
Overall, our study assessed seasonal weight change and possible contributory factors in a
low-income, ethnically diverse population of third and fourth graders in an urban setting.
Our findings may not generalize to older or younger children, nor to children in rural or
higher-income settings. However, this research provided a much-needed exploration of
summer weight change in a population at high risk for obesity.
Conclusion
The goal of this dissertation was to assess seasonal weight change in a high-risk group of
elementary school students, and to explore potential contributors on both sides of the
energy balance equation. Our mixed methods approach allowed us to explore seasonal
differences in diet and PA using both quantitative measures and qualitative interviews.
Characterization of the summer landscape represents an important step toward building a
healthy summer for all children and better maintenance of the effects of school-year
obesity prevention programs.
In summary, we observed excess summer weight gain in this ethnically-diverse sample of
children, but we did not find that children in certain racial/ethnic groups or weight classes
were at higher risk of excess summer weight gain. Parent interviews highlighted the need
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to reduce screen time and sedentary behavior, and promote adequate sleep during the
summer. While parents perceived their child to be more active during the summer, our
quantitative findings showed lower PA engagement and more sedentary behavior in the
summer. Quantitative and qualitative findings indicate that there is room for
improvement in summer diet quality, particularly around low consumption of vegetables
and excess consumption of energy-dense, nutrition poor foods such as chips.
Our findings underscore the need for obesity prevention efforts to extend into the summer
months. This research provides direction for researchers, practitioners, and policymakers
seeking to improve child health over the summer and sustain the effects of school-year
interventions. Further research is needed to explore community-level influences on
summer health, clarify how family income affects summer weight change, and evaluate
the impact of interventions spanning summer programs and the home environment.
It is important to note that while increased attention on the summer is merited, school
year obesity prevention efforts should continue to be sustained and strengthened. Though
summer appears to be associated with relatively poorer PA, dietary, sleep, and screen
time behaviors, children in the United States fall far short of PA and dietary
recommendations even during the school year. Fewer than half of all 6 – 11 year olds get
the recommended 60 minutes of MVPA per day (36, 42). Fewer than 10% of school-age
children consume the recommended amount of vegetables per day, while more than 95%
exceed maximum discretionary energy allowances for solid fats and added sugars (43).
Clearly, innovative solutions to improve PA engagement, reduce sedentary time, and
promote better nutrition throughout the entire year remain important.
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Appendix A: Aim 1 supplementary materials
A.1. Recruitment flyer and consent forms
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A.2. Parent interview guide
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A.3.Child height and weight form
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Appendix B: Aim 2 supplementary materials
B.1. Recruitment flyer and consent forms
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B.2. Parent demographic questionnaire
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B.3. Child height and weight form
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B.4. Comparison of BMI and BMI z-score outcomes
Figure B.4.1. Scatterplots of mean monthly change in BMI by mean monthly change
in BMI z-score, stratified by baseline weight status (n=769)
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In higher weight categories, BMI z-score is less sensitive to changes in BMI.
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Figure B.4.2. Mean change in BMI by season and weight status, adjusted for
covariates and expressed on a per month basis (±95% CI, n=769), The FLEX Study,
2015 – 2016
0.2
Δ BMI per month

School year
0.15

Summer

0.1
0.05
0

Healthy
weight

Overweight

Obese

Figure B.4.3. Mean change in BMI z-score by season and weight status, adjusted for
covariates and expressed on a per month basis (±95% CI, n=769), The FLEX Study,
2015 – 2016
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Obese children had the largest monthly gains in BMI (0.13 kg/m2), yet there was no mean
change in BMI z-score for this group. Healthy weight children, who had the smallest
monthly gains in BMI, appeared to have the largest increases in BMI z-score.
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Appendix C: Aim 3 supplementary materials
C.1. Recruitment flyer and consent forms
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C.2. FLEX dietary questionnaire
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C.3. FLEX breakfast questionnaire
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C.4. FLEX summer accelerometer log

