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Abstract
The causes of the current high prevalence of overweight and obesity among children are not clearly known. Schools have been

implicated in the causal chain to high child obesity prevalence. Recent studies have compared school year versus summertime
changes (herein called seasonal differences) in child adiposity or related phenomena. The most common seasonal pattern in six
longitudinal descriptive studies was that overweight and obese children experienced accelerated gain in weight or some BMI
indicator during the summer, whereas healthy weight children gained less or not at all. Four physical activity (PA) intervention
studies demonstrated that school year fitness improvements were lost during the summer. One study showed that PA declined across
the summer. Another study provided conflicting results of lower total energy expenditure in the summer, but no seasonal difference
in total energy expenditure after adjusting for fat-free mass. This pattern of fairly rapid seasonal differences suggests that PA is the
primary factor contributing to seasonal differences in weight or BMI, but the documented seasonal pattern in PA (i.e., higher in
summer) does not support this relationship. Sleep duration has also been inversely related to child adiposity. Seasonal patterns in
adiposity, PA, and sleep need to be clearly established separately for overweight and healthy weight children in further longitudinal
research to provide a clear focus for national policy.

Introduction

C
hild obesity is a prevalent national health problem.1

Recently, a plateauing in prevalence of obesity was
detected among children,2 but the levels are still

quite high, placing many children at increased risk for se-
rious health problems as they age.3 The causes of the high
prevalence of obesity are likely multi-factorial, including
biological, behavioral, psychosocial, and physical environ-
mental levels of influence.4 At the behavioral-biological
level, competing hypotheses have included energy imbal-
ance,5 high fructose corn syrup,6 glycemic index and load,7

shorter sleep durations,8 chicken fat virus,9 chemicals found
in plastics,10, 11 low physical activity (PA),12 high sedentary
behavior,13 and other possible factors.14 Many genetic
polymorphisms have been related to obesity,15 supported by
the estimate that obesity is as high as 70% heritable.16

Schools17 and families18 have been implicated in causal
pathways to child obesity. Schools have been castigated for
providing unhealthy meals at lunch, offering unhealthy
beverages and foods in vending machines, stores offering

unhealthy foods, food carts rolled between classes, school-
sanctioned, parent-provided treats for parties in class-
rooms, providing inadequate PA in physical education
and recess, inadequate PA in after-school programs,19 and
declines in walking to school.20 Recently, parents have
received attention with concern that authoritarian, per-
missive, and neglectful parenting styles,21 as well as var-
ious aspects of food, PA, and screen media-use parenting
practices, may contribute to child obesity.18

Within this complex web of many possible causes of
child obesity, understanding the dominant influences may
provide an effective focus for national prevention efforts.
Several recent studies have addressed school versus home
influences by analyzing summertime versus school year
changes (herein called seasonal differences) in body
composition.22–27 The small number of studies and large
heterogeneity in designs, measures, and analyses, within
and across types of studies, preclude a meta-analysis, but a
narrative review is appropriate. This article briefly sum-
marizes these findings and attempts to draw inferences for
further research and practice.
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Review of Descriptive Studies

In a six-cohort longitudinal study, each spanning 6
years, with 446 children weighed monthly in Japan, 68.4%
of obese children increased their weight in the summer
(nonschool) months, with only 9.0% of healthy weight
children doing so.22 Healthy weight children tended to
increase their weight in the fall, winter, or early spring and
decrease weight during the summer. This was the same for
boys and girls. The researchers attributed the summer
weight gain to the advent of air conditioners, which, they
suggested, reduced child outdoor PA.22

BMIs from 5380 children in the Early Childhood Long-
itudinal Study, Kindergarten Cohort (a nationally represen-
tative sample) were collected at the beginning and end of
both kindergarten and first grade (1998–2000).23 BMI
growth occurred during summer vacation in both overweight
and healthy weight children, but occurred faster among
ethnic minority (black, Hispanic) children and those already
overweight at first assessment.23 Individual- and school-level
variances in BMI change were also higher in summer.

Among Native American children in central Wyoming,
BMI gain was obtained at several strategic transitions from
149 to 251 third to eighth graders (depending on study
component).24 Significant summer BMI gains were de-
tected in the third, fourth, and fifth grade, but not seventh
grade, girl cohorts, and only the fourth-grade boy cohort,24

but the grade-level cohorts tended to be small (as few as
n = 13). Summer BMI (but not BMI z-score) gains were
significant among the full sample of overweight and obese
boys and girls, but not the healthy weight children.

Native American children (n = 454; 48.4% female) at-
tending kindergarten in South Dakota provided data four
times: in the fall (near the beginning of the school year),
again in the spring, and in the fall and spring of first
grade.25 Analyses revealed significant increases in BMI
z-score during the first grade, but not kindergarten or
summer. Among the overweight and obese children, in-
creases in BMI occurred in kindergarten and first grade,
but not summer, whereas the healthy weight children’s
BMI increase occurred in first grade.25 The influence of a
school obesity prevention intervention, the framework
within which these data were collected, was not presented
or explicitly statistically controlled for in the report.

Returning to Japan, BMIs were collected monthly from
148 boy and 113 girl 0 to 6 year olds followed for 6 years.26

Among overweight boys and girls in general, larger weight
increases occurred in the summer during the last year of the
study only, but among healthy weight children larger
weight increases occurred in the fall. This suggests that the
seasonal differences start at about 5 years of age, when
children begin elementary school.

Most recently, 3588 ethnically diverse kindergartners in
Texas had their height and weight assessed biannually in the
fall and winter for 6 years.27 Averaging across the 6 years,
BMI percentile decreased 1.5 percentile points during the
school year and increased 5.2 percentile points during the

summer. Children with healthy weight at baseline increased
0.4 percentile points during the school year and 6.2 per-
centile points during summer, whereas children who were
overweight or obese at baseline decreased 7.9 and 3.7 per-
centile points during school and increased 4.2 and 1.8 per-
centile points during summer, respectively.27 The standard
deviations for all mean percentile changes were quite high.
An interaction term for ethnic group was not significant;
differences were not reported by gender. More-detailed an-
alyses revealed annual seasonal cycles in BMI z-score
change over 5 years from first through fifth grades, but not in
kindergarten (J. Moreno, personal communication), which is
consistent with findings from Japan26 and Shanghai.28

Review of Intervention Studies
Among 73 initially overweight youth (10.5 – 2.8 years of

age) in a pediatric weight control clinic in Canada, percent
ideal body weight was measured every 2 months over 1
year.29 Children were not exposed to a diet or PA program,
but did set goals to change their behavior. Average percent
ideal body weight increased only in the July–August pe-
riod, decreased in all other 2-month intervals, and the
percent who lost weight was lowest in the July–August
interval.29 The researchers indicated that participant self-
monitoring record keeping of diet and PA was also lowest
in this period (indicating a need for objective measures)
and pointed to the need to better understand home influ-
ences on child behavior, especially in the summer.

As part of an evaluation of a 1-year school PA program
with 17 overweight rural middle school children with
starting BMI above the 95th percentile in Wisconsin,30 the
9-month school year improvements in percent body fat (as
determined by DEXA), cardiovascular fitness, and fasting
insulin were lost during the summer break.30

In a 3-year school cluster randomized fitness intervention
with 206 third graders (at the start of the study; 47% male;
63% black) in Georgia,31 both percent body fat (as deter-
mined by DEXA) and fitness improved in the intervention
group, in comparison to the control group, during the 3
school years and were lost during the summer months.31 No
differences were reported by gender or ethnic groups.

A 3-year after-school program promoting PA starting in
third grade in Georgia assessed percent body fat (from DEXA)
and cardiovascular fitness on 574 children (32% white; 47%
male) collected in the fall and spring of the sequential three
grades.32 Average percent body fat decreased during the
school years in the third and fourth, but not fifth, grades, and in
the average, the positive outcomes were lost during the
summer months.32 Fitness gains were detected in the third and
fifth grades and also lost during the summer months.32

Seasonal Differences
in Physical Activity

To test specifically whether energy expenditure differed
between summer and school year, doubly labeled water
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was used in a cross-sectional study among 96 overweight
or obese 6 to 13 year olds measured during the school year
and 66 similar youth measured during the summer.33

Whereas total energy expenditure and BMI were higher
during the school year, after statistically controlling for
fat-free mass, total energy expenditure was no longer
significant. Other, potentially confounding differences
were detected between groups (e.g., resting metabolic rate
and percent fat). Differences were not reported between
genders or ethnic groups. The study design was not able
to assess differences between overweight or obese with
healthy weight youth or to relate energy expenditure to
level of change (increases or decreases) in BMI across
seasons.

To test changes over the summer only in BMI, diet, and
PA, for thirty 9- to 11-year-old Minnesota children (19
male; ethnic groups not identified), data were collected at
the end of one school year and again at the end of that
summer.34 BMI and BMI percentile increased over the
summer, whereas light and moderate PA declined [but not
moderate-to-vigorous PA (MVPA) or vigorous PA] and
sedentary behavior increased.34 No changes were detected
in kilocalories or any macronutrient intake.

Two reviews have been published on seasonal patterns
in PA among children.35,36 The more inclusive review
across 35 studies from 12 countries reported that 83% of
studies consistently detected a seasonality effect with more
PA in the summer and least activity in the winter among
7- to 18-year-old children, but not younger children.35 Two
studies revealed that rural youth were more active in the
summer and urban youth more active in the winter. Dif-
ferences by adiposity status were not reported.35 The more
restrictive review (only studies using accelerometers to
assess level of activity), which included seasonal differ-
ences in sedentary behavior, also reported that most studies
found more PA in the summer and less in the winter.36

They reported conflicting results on seasonality of seden-
tary behavior and no report of differences by adiposity,
gender, or ethnic groups.36

No studies, published since the reviews, investigated
seasonal differences in PA by adiposity status. Among
Canadian adolescents (n = 547), PA declined across the
school year primarily as the result of a decline in organized
(sports) activities.37 Among English 9- to 10-year-old
children (n = 1029), quite different complex models were
obtained predicting MVPA and sedentary behavior when
including BMI versus not.38 In all analyses, MVPA was
highest and sedentary behavior was lowest in the sum-
mer.38 Among Dutch preschoolers (n = 347), BMI z-score
was not related to PA.39 None of these analyses were de-
signed to test whether the influence of season on child PA
varied by BMI status.

Finally, seasonal differences in PA such as play were
qualitatively investigated from a sociological perspective
in a small sample of New Zealand families with children of
unspecified age (n = 20; 11 suburban and 9 inner city).40

Parents in suburban areas felt outside PA (e.g., roaming

independently or biking) for children was a natural part of
suburban life in summer and even in the winter (but less
so). Parents living in a city identified many barriers to child
PA. Sedentary behavior was perceived as more appropriate
in the city for both summer and winter. Winter PA implied
mostly winter sport teams, whereas summer activity em-
phasized activity-based play. Many parents (urban and
suburban) perceived a need to protect their child by keeping
them indoors in winter, especially in cold and inclement
weather.40 The researchers reported that the parents did not
perceive (and thereby did not act on) the opportunities for
PA in the city in winter.40 This very-small-sample quali-
tative study needs to be interpreted with caution, but pro-
vocatively indicated highly nuanced parenting behavior in
regard to child PA between seasons and between urban and
suburban parents. The study did not address differences
between healthy and overweight children.

Discussion
Diverse designs, methods, measures, and samples were

employed to test related, but not identical, hypotheses
about seasonal BMI or weight gain among school-age
youth. The most common pattern without intervention was
weight loss during the school year, and weight gain during
the summer, for the overweight and obese, but less so
among healthy weight children. This pattern was true of
young children in Japan,22,26 kindergartners in the United
States,23 9 to 11 year old Minnesotans,34 and kindergart-
ners in Texas.27 Among Native Americans in central
Wyoming, this pattern characterized the younger girls and
one grade of young boys (fourth graders),24 but did not
characterize early-elementary Native American children in
South Dakota.25 The seasonal pattern may be inconsistent
with the documented higher BMI increases among over-
weight and obese children during the winter holidays41 or
may be consistent in that children are away from the
structure within school at both times. Among several school
fitness intervention evaluations that collected annual data in
the fall and spring, the BMI and fitness improvements ob-
tained during the school year were lost during the summer
among middle schoolers in Wisconsin30 and twice among
third through fifth graders in Georgia.31,32

Research on child maturation and growth mostly before
the onset of the obesity epidemic indicated that most sea-
sonal child weight gain was during the winter.42 More
recently, among younger children in Shanghai, China
(n = 4128), weight or BMI gain was in the fall or winter.28

Whereas all children should put on weight over time, the
seasonal differences between overweight and healthy
weight children indicate that different influences are oc-
curring. Both the large summertime increases, among the
overweight, in BMI z-scores in Texas27 and the loss, dur-
ing the summer, of fitness increases from intervention
programs during the school year30–32 indicate that these are
not healthy summertime changes for overweight or obese
children.
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Tests of these seasonal patterns in aspects of body
composition need to be replicated in other countries, es-
pecially those varying in climatic zones. It may be, as
suggested in Japan,22 that the extensive introduction of air
conditioning decreased summer outdoor PA patterns.43

Because air conditioning is common and an accepted fact
of life in the United States, to which it would be very
difficult to randomize homes, it would be valuable to test
this pattern in areas with less (e.g., northern temperate
zones) and more air conditioning (e.g., southern temperate
zones) as well as in homes with and without air condi-
tioning (e.g., lower-income homes). Randomization to
home air conditioning may be possible in other less eco-
nomically developed countries.

This consistent pattern of fairly rapid seasonal change in
BMI in most sites appears to reflect the influences of en-
ergy imbalance.44 In the areas in which the seasonal pattern
has been clearly documented, a next first step needs to
identify what energy-balance–related behaviors account
for the summer/school year changes: caloric intake; caloric
expenditure (including PA and sedentary behavior); or
sleep.44 The summertime loss of school-time fitness–
related increases (from PA interventions)30–32 suggests that
differences in PA could account for the seasonal changes in
BMI. This is supported by the documented summer decline
in MVPA,34 and the lower total energy expenditure in
summer,27 but not supported by the lack of summer/school
year difference in total energy expenditure corrected for
fat-free mass.27

The reviews indicating greater activity in the summer
and less in the winter would appear to contradict the
greater BMI gain in summer and decline in the winter
among the overweight. It is possible that the seasonal
pattern in PA characterizes the healthy weight children, but
not the overweight children. Additional research needs to
investigate overweight versus healthy weight group dif-
ferences in patterns of BMI change and PA. The avail-
ability of structured PA programs during the school year
(e.g., physical education,45 active commuting to school,
recess,46 and sport teams47) may engage overweight or
obese children, who may not have structured opportunities
during the summer. The sociological study indicated that
there were major suburban-urban differences in opportu-
nities for child PA, and less activity was encouraged in
winter. This seems inconsistent with the reported patterns
in seasonal weight gain and loss among overweight chil-
dren, except that the parents reported that winter sports
were the primary winter PA opportunity. This study,
however, also did not separate overweight from healthy
weight children.40 Urban children attending summer camp
(n = 57), however, participated in more PA than those who
stayed at home.48 Future research needs to address urban-
versus suburban-located seasonal influences on PA and
adiposity.

The amount of PA per day may be biologically regu-
lated, such that bouts of extra PA early in a day are com-
pensated with less activity later in the day,49 but this has

been questioned.50 Obese children may not be compen-
sating when exposed to structured PA at school (perhaps as
a result of some impaired PA self-regulation mechanism),
whereas healthy weight children are. Compensation effects
can be assessed by comparing days with and without PA in
the morning.

The seasonal BMI increase in summer and BMI loss or
no increase during the school year was true of black and
Hispanic, but not other, populations in the United States in
one large sample study,23 but not another.27 Speculations
on these findings have not been presented in the literature.
Further research will need to address this important health-
disparities–related issue. Similarities and differences in
seasonal energy-balance–related practices between Japan
and the United States may elucidate influences on the
common patterns in these countries. Cross-cultural re-
search would be valuable in this regard.

Unfortunately, assessment of dietary or caloric intake
among children incorporates substantial error,51 which
makes it difficult to detect patterns corresponding to the
seasonal changes in BMI.34 One study with Greek children
and adolescents reported average daily calorie intake was
344 kilojoules higher in the spring and summer than the
fall and winter,52 but no explanations were provided. It is
possible that more calories are consumed in the summer as
a result of the possible greater home availability of child-
preferred foods and more time available for eating.
Whereas lower-income children might be expected to gain
more access to calories during the school year (e.g., from
free school breakfasts and lunches), these calories may
come from healthier, more nutrient-dense foods, compared
to more energy-dense, nutrient-poor foods available in
their homes in the summer. It may also be valuable to
assess factors associated with energy intake, which could
be more reliably assessed (e.g., appetite, satiety, or food
preferences).53 New objective measures of dietary intake54

may facilitate assessment of energy intake variables once
these innovative procedures have been adapted to, and
validated with, children. At that time, it would be valuable
to document caloric intake while in school (e.g., food items
from school sources, school breakfast, school lunch,
vending machines, or parties) versus in the home and out of
school, including snacks during travel to and from school,
and while viewing screen media.55

Sleep duration has been inversely associated with child
obesity56,57; however, little is known about seasonal vari-
ation in sleep duration among children. One study that
objectively examined seasonal differences in child sleep
duration with actigraphy58 found significant and clinically
meaningful less sleep in the summer than during the school
year. This was likely a result of children going to bed later
in the summer. Though adolescents compensated during
the school year for shorter weekday sleep with longer
weekend sleep,59,60 this has not been consistently demon-
strated for children, who may not compensate for later
weekend bedtimes with later weekend wake times.58,61

Children who did not compensate for shorter weekday
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sleep duration and later bedtimes on weekends [odds ratio
(OR), 2.59] or holidays (OR, 2.32) were more likely to be
overweight or obese.62 Among 8- to 11-year-old children,
experimentally manipulated sleep restriction for only 1
week (having the child go to bed 1 hour later than his or her
typical bedtime) resulted in increased caloric intake and
weight gain.63 Thus, shorter sleep duration over the sum-
mer than the school year may also contribute to seasonal
changes in weight.

Whereas seasonal variation in energy-balance–related
behaviors would appear to be the proximal cause of the
patterns in seasonal BMI change, home influences may
differentiate summer versus school-year changes. Food-
related parenting practices are the behaviors that parents
exert directly to influence child behavior and are thought to
include nurturance, control, and structure components.64 It
is not clear whether parenting practices are similarly em-
ployed between summer and winter, parents are more in-
dulgent during the summer, or children who spend
summertime away from home (e.g., summer camp, day
care, or grandparents) do not benefit from structure at
home and at school. The home physical environment (an
aspect of parenting structure) influenced child PA.65 Par-
ents who used more rules in general to govern child be-
havior, including sleep rules, had children who slept
longer.66 Family risk moderated the effect of sleep depri-
vation on obesity.67 Increasing family routines decreased
BMI.68 Further research should assess seasonal stability in
the home PA environment, as well as sleep-related par-
enting practices (e.g., parenting structure or rules) and

routines,68 and whether these accounted for the seasonal
BMI differences.

Figure 1 presents a graphic depiction of the factors likely
involved in explaining the seasonal differences in weight
gain. Following energy balance concepts, energy intake
minus expenditure is the primary determinant of child BMI
z-scores. As detailed in this article, physical activity,
screen media use, sleep patterns, and diet likely contribute
to energy imbalance. School food and physical activity
(e.g., physical education, sports, and active commuting to
school) policies and practices will influence these child
behaviors primarily during the school year, whereas par-
enting practices and family routines will influence these
behaviors throughout the year. Consistency in parenting
practices between summer and winter is not known. Sea-
son (summer vs. school year) will moderate these rela-
tionships at the point of environment influencing behavior
and perhaps further downstream as well. Child weight at
baseline assessment will also likely be a moderator. This
conceptual model is likely a simplification of possible in-
fluences, but should provide a reasonable representation of
potential factors to consider to explain the seasonal dif-
ferences in adiposity.

Conclusion
Although schools may not provide a perfect environ-

ment for encouraging healthy energy-balance–related be-
haviors, they appear to provide some obesity protection.
Research is needed to clarify where, when, and why these

Figure 1. Conceptual model of influences on seasonal differences in BMI (shaded boxes indicate possible moderating variables).
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differences occur, both to enhance the obesity protective
influences in schools and to mitigate the obvious obesi-
genic influences outside of school.
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