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Abstract
Objective—Recent data reports that youth experience greater weight gain during summer than
during school months. We tested the hypothesis that a difference in total energy expenditure
(TEE) between school and summer months exists and may contribute to summer weight gain.

Subjects and Methods—A secondary analysis was performed on cross-sectional TEE data
from school-age, sedentary African American and Caucasian youth based in or near the District of
Columbia who were at-risk for adult obesity because they had BMI≥85th percentile or had
overweight parents. TEE was estimated from 18-O and deuterium measurements during 1-week
intervals using urine samples collected after ingestion of doubly-labeled water. Differences in
summer and school time TEE were assessed using ANCOVA. The data were adjusted for fat-free
mass as determined by deuterium dilution to adjust for the effect of body size on TEE.

Results—Data were collected from 162 youth (average age 10±2 years, BMI 28±8 kg/m2, and
BMI z-score 1.96+0.96). Of these, 96 youth had TEE measured during the school year (September
– June); 66 different youths had TEE measured during summer months (June – August). After
adjustment for fat-free mass, average summertime TEE was 2450±270 kcal/day and average
school-time TEE was 2510±350 kcal/day (p=0.26).

Conclusion—No difference in TEE was detected between the school year and the summer
months. These data suggest that seasonal differences in youth weight gain are not necessarily due
to differences in energy expenditures.
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Introduction
The prevalence of youth who are overweight or obese (body mass index ≥85th percentile for
age and sex) has increased in the last four decades from 11% to 32% in the United States 1-3.
This high prevalence is a national health concern, because high BMI in youth is predictive
of adult obesity and the early onset of chronic disease 4. Failure to reverse this trend
foreshadows increased prevalence of adult obesity and major health and health care
consequences in the decades to come 5, 6. This increased prevalence in youth overweight and
obesity has been blamed on an obesity-promoting school environment that encourages
increased consumption of palatable energy dense foods, increased sedentary behaviors, and
decreased physical activity 7.

Although schools provide a public health opportunity for teaching healthy lifestyles,
observations suggest that the current school environment may not necessarily be a central
cause of the increasing prevalence of pediatric obesity because the greatest increases in BMI
and percent body fat in youth, especially overweight or obese youth, appear to occur in the
summer months, when youth are not in school 8-13. Von Hippell, et al. reported that among
primary school children, BMI increased 0.03 kg/m2 per month during the school year
compared to 0.08 BMI units per month between the end of the school year in June and the
start of the next term in September 10. A related study found that there was a significant gain
in body weight during summer vacation compared to during the school year in 73
overweight youth enrolled in a weight loss program 8. Additional studies of overweight
Native American children and overweight Japanese children have reported similar results of
summer weight gain9, 11, 12. These data support the conclusion that overweight children
experience excess weight gain over the summer months, but that there may be exceptions in
certain populations where this trend is not observed13.

Little is known about the correlates of weight gain during the summer among youth;
however, reports do indicate that the increase in body weight and adiposity is greatest in
those already having high BMI status for age 8-12. Also, because these reports are based on
studies in youth of different ages ranging from primary grade school through middle school,
it would appear that the risk for summer increase in BMI is present across a broad age range.
Potential contributors to summer BMI increase may include increased consumption of high
energy density snacks or other foods, more time spent in sedentary activities such as screen
time (TV and computer), and decreases in physical activity (PA).

The purpose of this study was to examine total energy expenditure (TEE) in youth who had
these measurements during the summer or during the school year to assess the potential
impact of seasonal differences in TEE on summer weight gain. Physical activity is difficult
to measure accurately over long periods of time, but is related to non-basal energy
expenditure (NBEE), which can be measured by subtracting resting metabolic rate (RMR)
from (TEE). We examined a cross-sectional data set that included TEE and RMR
measurements from youth aged 6-13 years obtained throughout the year. These data allowed
us to compare TEE between summer and school months among school-aged youth. Our
study design does not allow us to disentangle the separate effects of the academic year with
seasonal effects on TEE.

Methods
Subjects

This is a secondary data analysis of an ongoing study to examine metabolic and behavioral
factors in youth at risk for adult obesity 14. The subjects recruited for the parent study were
weight stable healthy weight and overweight male and female youth ages 6-13 years who
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were considered at high risk for adult obesity, defined as having one of two risk factors: a
BMI greater than the 85th percentile, or a BMI between the 5th and 85th percentiles and two
parents who were overweight. The subject population was disproportionally overweight or
obese by design. Subjects were recruited from the greater Washington DC area via posted
flyers and mailings to parents, local family physicians, pediatricians, and school districts 15.
Subjects provided written assent, and parents gave written consent for participation. The
Eunice Kennedy Shriver National Institute of Child Health and Human Development
Institutional Review Board approved the clinical protocols. Names and other potential
identifiers were removed and the de-identified data set in this analysis included TEE
measurement by doubly labeled water, and measurement of height, weight, total body water,
age, sex, self-reported race, and resting metabolic rate (RMR).

Measurements
Total Energy Expenditure—TEE was measured using the doubly labeled water (DLW)
method as described previously 16, 17. Subjects provided a urine sample in the morning
following a 12 hour fast. Subjects were then given a 280kcal breakfast at the National
Institutes of Health Clinical Center where they remained without further energy intake for
six hours and performed only sedentary activities. During this time, subjects ingested 0.25g
H2

18O/kg total body water (estimated using height, weight, and bioelectrical impedance
analysis) and 0.14g 2H20/kg total body water. Urine samples were collected serially for 4
hours after doubly-labeled water was administered. Subjects were then discharged from the
clinic, but returned 7 days later to submit 2 spot urine samples to determine isotope
elimination rates 15.

Resting Metabolic Rate—Resting metabolic rate (RMR) was determined using open-
circuit indirect calorimetry using a metabolic cart (SensorMedics Corp, Yorba Linda, CA or
ParvoMedics, Sandy, UT). The subject reclined as a plastic hood was placed over his or her
head and a thin plastic apron provided a rough seal around the neck and chest. Gas analyzers
measured the concentrations of O2 that entered the hood and CO2 that exited the hood at a
known, controlled flow rate. Measurements were obtained from participants before
breakfast, after a 12-hour fast and a 30-minute rest period as previously described 18.

Body Composition—Weight was obtained to the nearest 0.1 kg using a calibrated digital
scale (Scale-Tronix, Wheaton, IL, U.S.A.) and height (measured three times) was obtained
using a stadiometer (Holtain Ltd., Crymych, Wales) that was calibrated to the nearest 1 mm
before each subject's height was measured. Subjects were assessed in minimal clothing
(bathing suit or underwear). BMI was calculated and BMI percentile was determined using
age and sex specific growth charts from National Center for Health Statistics/Centers for
Disease Control and Prevention 19. Age- and sex-specific hydration factors were determined
using a linear regression of hydration factor on age 20, 21. Fat-free mass (FFM) was then
determined from total body water, which was measured in the DLW analysis as previously
described 22. Fat mass (FM) was calculated by subtracting FFM from total body weight.

Group classification—Subjects were assigned to groups based upon whether their TEE
measurement dates corresponded to the academic year or summer break in the greater
Washington DC area. Subjects who had TEE measurements between June 8 and August 31
were assigned to the summer group, and those who were measured between September 1
and June 7 were the school group. A crossover group contained any subjects tested during a
winter break period (December 20-January 3) and any subjects whose testing dates
overlapped two groups. The subjects in the crossover group (n=26) were excluded from the
analysis.
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Statistical Analysis—All analyses were performed using R statistical analysis software,
version 2.8.1 (R Foundation for Statistical Computing, Vienna, Austria). A Cook's distance
test was performed to identify statistical outliers for TEE values. Two outliers with a Cook's
distance greater than 1 were removed from the analysis. A power calculation was performed
using G*Power version 3.1.223. Alpha was set at 0.05 and beta at 0.80. Given our sample
size, an effect size of 0.4 would be required to detect a significant difference in TEE
between the summer and school groups. This effect size corresponds to a difference of
approximately 100 kcal/day between the groups. Mean TEE and standard deviations were
calculated for each group. TEE was adjusted for FFM to take into account the effect of body
size on TEE. TEE measurements were stratified by month. Mean TEE and standard
deviations were calculated for each month. ANCOVA was used to determine whether TEE
differed between specific months. To determine whether there was a difference in energy
expended in physical activity between groups, non-basal energy expenditure (NBEE) was
calculated (TEE-RMR). NBEE was also adjusted for FFM. Physical Activity Level (PAL)
was calculated (TEE/RMR) as another indicator of physical activity. ANOVA was used to
compare TEE in the summer and school groups.

Results
Subject characteristics are found in Table 1. The summer and school groups differed with
respect to age, height, weight, TEE, FFM, RMR, percent fat, BMI, and BMI z-score. The
school group was significantly older, taller, heavier, and had a higher percent fat, fat-free
mass, and BMI z-score than the summer group. 89% of subjects in the school group and
80% of subjects in the summer group were overweight or obese by BMI percentile. These
differences are reflected in a higher TEE and RMR. On average, before adjustment for
subject characteristics, the summer group expended 314 kcal/day less than the school group.

Figure 1 shows the strong relationship between TEE and FFM in both the summer
(R2=0.67) and school (R2=0.70) groups, which reflects the impact of body size on TEE.
After adjustment for FFM, there was no significant interaction between TEE and month
(Figure 2). Further, when the months were combined to examine TEE in summer (adjusted
TEE=2450±270kcal/day) versus school months (adjusted TEE=2510±350kcal/day), the non-
significant difference was 58kcal/d lower TEE in summer (p=0.26, Table 1). NBEE was
also not significantly different between summer (980±200kcal/day) and school (1020±280)
(p=0.45, Table 1). There were no significant differences between summer and school in
PAL (p=0.27, Table 1). The analysis was repeated using only the overweight and obese
subjects in this cohort, and the results were not statistically different from those including all
subjects.

Discussion
The trend of accelerated summer weight gain in overweight youth has been reported by
several groups8-13. However, there are no data comparing TEE between school and summer
months in youth in the United States to determine whether energy expenditure differences
could help explain a summer weight gain.

Other seasonal relationships with TEE have been investigated. Goran and colleagues
examined TEE differences between spring and fall in 104 white children (ages 4-10 years)
and reported that TEE was greater during the spring than it was during the fall, which was
explained by physical activity differences 24. Further, Baranowski et al. reported that
children's physical activity levels correlated with the amount of time spent outdoors, which
was different between boys and girls and differed from month to month 25.
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As a component of TEE, PA is important to consider in this discussion. Seasonality in PA
has been assessed using accelerometers in several studies. Results for the UK have been
very consistent, finding higher PA levels in summer compared to winter26. Unfortunately,
similar studies in the United States have not been as consistent. One study in children from
South Dakota found no differences in total day counts or in time spent in vigorous activity
between summer and autumn27. Another study comparing parental recall to accelerometer
data found no differences in PA across all four seasons in children28. A study looking at
children from New York City did find a significant difference in PA, with higher
accelerometer counts during the summer, compared to winter29.

We do not have a direct measure of PA in this study, so we examined summer and school-
year TEE. After adjustment for body size, TEE was not different between summer and
school months in this sample. Further, NBEE, which includes energy expended from
physical activity as its major (75%) component (TEE–RMR=NBEE), and PAL did not differ
between summer and school months, suggesting no change in physical activity from school
to summer unless such changes were countered by changes in non-exercise activity
thermogenesis. Our data show a non-significant TEE difference of 58 kcal/day between
summer and school months. It seems intuitive that youth would spend more time outdoors
during the summer months and should therefore have an increase in physical activity and
TEE; however, a significant increase was not observed in our analysis.

In our sample, an imbalance of 58 kcal/day, although not statistically significant, would be
predicted to result in a fat gain of 0.65 kg over the summer ((58 kcal*day-1 × 85 days)/7700
kcal*kg fat-1). This is lower than the weight gain that has been reported by others. If a low
TEE during summer was the driving factor in summer weight gain, a larger difference from
summer to school would be necessary. It remains possible, however, that there was a
statistically undetected decrease in TEE over summer months of approximately 50 kcal/day,
which could explain part, but not all, of the summer weight gain reported by others. One of
the limitations of our analysis is our modest sample size, which was powered to detect a
difference of 100 kcal/day between school and summer months. Thus, although our power is
modest, our results do not support the hypothesis that a low TEE is the primary reason for
the summer weight gain that has been observed.

The major limitation of this cross-sectional designed study was that the same youth were not
studied during summer and school months, thus no correlates with weight or BMI percentile
change can be assessed. Also, the study was performed in a specific geographic area and
with a cohort that was enriched for overweight/obesity, so this cohort may not be
representative of the general population. There were significant differences between the
school and summer groups in several measured variables, such as height and weight;
therefore TEE needed to be adjusted to account for body size. Further, no measures of
duration or intensity of physical activity were obtained, but rather we calculated non-basal
energy expenditure, which is important as it can explain up to 10% of variance in body fat
mass in children 30, 31.

Conclusions
These data help to inform our understanding of the increased summer weight gain that has
been reported by others. Specifically, our data suggest that low energy expenditure in the
summer relative to the school months is not the primary factor in promoting summer weight
gain in youth (ages 6-13 years). We did not detect any difference in TEE or NBEE from
school to summer months in this cohort. By deduction, this suggests that increased energy
intake may be playing a greater role than decreased energy expenditure in summer weight
gain. However, in using the DLW method to measure TEE, we cannot distinguish between
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various intensities of activity, which may have independent impacts. Future studies are
needed to examine potential differences in dietary patterns and energy intake between the
school year and summer months and their role in increasing adiposity in youth.
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Figure 1.
Relationship between unadjusted total energy expenditure and fat-free mass in school-
(n=96) and summer-months (n=66). Energy expenditure measured by doubly labeled
water 16, 17 and fat-free mass calculated from total body water 22.
Plot symbols: ▲, Summer; □, School
Trendline Styles: - - -, Summer; —, School
R2 values for total energy expenditure and fat free mass: summer (R2=0.67), school
(R2=0.70).
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Figure 2.
FFM-Adjusted total energy expenditure by month with averages designated by a line
( ). Months are numbered consecutively January (1) through December (12). There
were no significant differences in energy expenditure between months.
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Table 1

Subject Characteristics

Total (n=162) Summer (n=66) School (n=96)

Age (y) 
*† 9.7 ± 1.6 9.2 ± 1.5 10 ± 1.6

Sex (% female) 56 59 54

Race

        Black (%) 34 35 34

        White (%) 59 62 56

        Other
+

 (%)
7 3 10

Height (cm) 
*† 144 ± 12 141.2 ± 11.1 146.5 ± 12.2

Weight (kg) 
*† 61 ± 26 51.8 ± 18.3 67.7 ± 27.7

FFM (kg) 
*† 33 ± 10 29.9 ± 8 35.1 ± 10.8

Fat (%) 
*† 43 ± 11 40.2 ± 11.2 45 ± 10.7

BMI (kg/m2) 
*† 28.4 ± 8.4 26.3 ± 5 30.4 ± 8.8

BMI z-score 
* 2.0 ± 1.0 1.77 ± 1.0 2.12 ± 0.91

TEE (kcal/day) 
*†++ 2490 ± 600 2303 ± 472 2617 ± 641

TEEFFM-adjusted (kcal/day) 
*† 2490 ± 360 2450 ± 270 2510 ± 350

RMR (kcal/day) 
*†++ 1490 ± 330 1391 ± 251 1556 ± 364

NBEEFFM-adjusted (kcal/day) 
*† 1000 ± 220 980 ± 200 1020 ± 280

PAL (TEE/RMR) 
* 1.68 ± 0.24 1.66 ± 0.18 1.70 ± 0.28

*
(mean ±SD)

+
Hispanic, Asian, and American Indian

†
These characteristics are significantly different between summer and school, p<0.05

++
Measured (unadjusted)
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