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Changes in Children’s Body Mass Index During the

School Year and During Summer Vacation

| Paul T. von Hippel, PhD, Brian Powell, PhD, Douglas B. Downey, PhD, and Nicholas J. Rowland, MA

Over the past 2 decades, the prevalence of
obesity among young US schoolchildren has
tripled, from 5% to 15% among the 6- to 11-
year-old population.'™ Obesity is especially
common among young Black and Hispanic
schoolchildren, approximately 20% of whom
are now overweight,2 (In this article, we use
the terms “obese” and “overweight” inter-
changeably, though some authors distinguish
the terms, and some think the label “obese” is
inappropriate for children [see Guillaume®].)

In seeking explanations for childhood obesity,
some observers have pointed to schools, which
1 critic has called “obesity zones.”*® Schools
have been faulted for serving fattening lunches,”
for scheduling inadequate time for exercise,®
and for allowing packaged-food and soft drink
companies to install vending machines.®**
Other observers, by contrast, have pointed to in-
fluences outside the school walls, suggesting that
childhood obesity results from children overcon-
suming fast food and energy-dense convenience
foods,"" from a lack of sidewalks or recre-
ational areas in many housing developments,”
from excessive television viewing,** and from
reductions in parental supervision as more
mothers enter the workforce.”

Although each of these specific factors may
have some effect, it is unclear in general
whether childhood obesity arises primarily
from school or nonschool influences. This
issue is fundamental because it can help to
focus future efforts. For example, if the major
sources of obesity reside inside school walls,
then interventions should focus on improving
the school environment. By contrast, if the
major sources of obesity are found outside
of schools, then interventions that improve or
compensate for the nonschool environment
may be more promising.

Disentangling the effects of school and non-
school environments poses a methodological
challenge. It is difficult to measure—or even to
identify—all of the school and nonschool influ-
ences on body mass index (BMI). And it is
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both impractical and unethical to run a clinical
trial in which the school “treatment” is offered
to some children but withheld from others.

Fortunately, the structure of the school cal-
endar allows us to observe children under both
school and nonschool conditions. During the
school year, children are exposed to a mix of
school and nonschool influences, but during
summer vacation they are exposed to non-
school influences alone.'®" If obesity arises pri-
marily from school influences, we would expect
accelerated BMI gains during the school year.
By contrast, if obesity arises primarily from
nonschool influences, we would expect acceler-
ated BMI gains during summer vacation.

Our main objective, then, was to compare
school and nonschool influences on chil-
dren’s BMI by estimating children’s rates of
gain when they are in school (during the ac-
ademic year) and when they are out of
school (during summer vacation). Our study
design was roughly analogous to a crossover
trial, in which every participant is exposed to
a period of school treatment and a period of
nonschool treatment. The natural experi-
ment afforded by the school calendar,
though, differs from an ideal crossover trial
in 2 important ways.

Objectives. To determine whether school or nonschool environments contribute
more to childhood obesity, we compared children’s gains in body mass index
(BMI) when school is in session (during the kindergarten and first-grade school
years) with their gains in BMI when school is out (during summer vacation).

Methods. The BMls of 5380 children in 310 schools were measured as part of the
Early Childhood Longitudinal Study, Kindergarten Cohort. We used these meas-
urements to estimate BMI gain rates during kindergarten, summer, and first grade.

Results. Growth in BMI was typically faster and more variable during summer
vacation than during the kindergarten and first-grade school years. The differ-
ence between school and summer gain rates was especially large for 3 at-risk
subgroups: Black children, Hispanic children, and children who were already
overweight at the beginning of kindergarten.

Conclusions. Although a school’s diet and exercise policies may be less than
ideal, it appears that early school environments contribute less to obesity than
do nonschool environments. (Am J Public Health. 2007;97:XXX-XXX. doi:10.

First, in a crossover trial, different groups
would be rotated through the school treatment
at different times; however, in US schools,
nearly all children are exposed to the school
treatment at about the same time, so the school
treatment is confounded with the season of the
year. Second, some children attend school dur-
ing summer and thus cannot be observed out-
side the school environment. We excluded such
children from our primary analyses, although
later we discuss secondary analyses in which
they were compared with other children.

METHODS

Data

To estimate school-year and summer
changes in BMI, we used data from a survey
administered by the National Center for Edu-
cation Statistics: the Early Childhood Longitu-
dinal Study, Kindergarten Cohort (ECLS-K)."®
In the ECLS-K, 17 212 children in 992 schools
were followed from the beginning of kinder-
garten in fall 1998 to the end of first grade in
spring 2000. BMI was measured near the
beginning of kindergarten, near the end of
kindergarten, and near the end of first grade.
For a random subsample of 5380 children in
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310 schools, BMI was measured near the be-
ginning of first grade as well.

Our analyses focused on this subsample of
5380 children, because the beginning-of-first-
grade BMI measurement is essential for esti-
mating summer and first-grade BMI gains.
Note that this subsample, although smaller
than the full sample of 17 212, was just as
much a random sample from the population
of young schoolchildren. In addition, note
that although the ELCS-K continued to follow
children until the fifth grade, later BMI meas-
urements were taken at 2-year intervals and
so did not allow separate estimates of sum-
mer and school-year BMI gains.

Model

We estimated BMI gains by fitting a multi-
level growth model®?° that nested BMI meas-
urements (level 1) within children (level 2)
and nested children within schools (level 3).
A multilevel approach allowed us to model
mean rates of BMI gain as well as variations
in gain rates within and between schools.

If children were measured on the first and
last day of each school year, then BMI
growth could be estimated simply by sub-
tracting successive BMI measurements and
dividing by the time elapsed between them.
In the ECLS-K, however, each school was vis-
ited at a different time, and measurements
were taken, on average, in mid-October (a
month and a half after the beginning of the
school year) and in early May (a month be-
fore the end of school). The timing of meas-
urements implies that the observed BMI gain
between the spring of kindergarten and the
fall of first grade is not a clean measure of
summer BMI growth, because the period be-
tween the spring and fall measurements in-
cludes, on average, 2.5 months of school as
well as 2.5 months of summer vacation.

To compensate for measurement timing, our
model adjusted for the difference between each
measurement date and the beginning and end
of the school year. In effect, this adjustment ex-
trapolated beyond the October and May BMI
measurements to the measurements that would
have been obtained had each school been vis-
ited on the first day and last day of its school
year. More explicitly, at level 1, we modeled
each BMI measurement as a linear function of
the months that child ¢ in school s has been
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exposed to kindergarten, summer, and first
grade at the time ¢ of measurement m:

(1) BMI

milcs

=0+ 0. Kindergarten, +
o, Summer, +

o, First Grade, +e,,..

Here the intercept o, , represents the child’s
BMI on the first day of kindergarten. (This is
different from the initial BMI measurement,
which was taken 1 to 3 months into the school
year.) The slopes o, , 0., and o,  are
monthly rates of BMI growth during kinder-
garten, summer, and first grade. The residual
term e, is measurement error; that is, e, is
the difference between measured BMI and true
BMI. We were able to estimate this measure-
ment error because each child was measured
twice on each occasion. The measurement
error has a standard deviation of about 0.1
BMI units, which constitutes less than 0.5% of
the total variance in BMI; in other words,
BMI measurements are more than 99.5%
reliable. In light of the high reliability of BMI
measurements, we could probably have ne-
glected measurement error; nevertheless, our
model carefully separated measurement error
from true variation in BMI and BMI gains.

In vector notation, level 1 of the model can
be rewritten as

(2) BMI

milcs

=Exposures, o +e

tes s milcs?

where Exposures,,=(1 Kindergarten,, Sum-
First Grade, ) and o= (01, 0 ., Oy
Oy )T is a parameter vector representing ini-
tial BMI and subsequent BMI growth rates
during kindergarten, summer, and first grade.
Now levels 2 and 3 of the model break the

parameter vector o, into components:

mer

tes tes

3) oa,=Y,+b+a,

where the first component ¥, =(y,, ;o Y20
Y50)" i a fixed effect representing the grand
average for the parameters o . The second
component b,=(b,, b, b, bs,)" is a random
effect at the school level (level 3), represent-
ing the departure of school s from the grand
average. The third component a,=(a,, a,, a,,
a,,)" is a random effect at the child level
(level 2), representing the departure of child
¢ from the average for school s.

Levels 2 and 3 of the model can be ex-
panded to include a vector of covariates X |
such as ethnicity and household income:

4) o=y, +v, X, +b+a.

Here 7, is a matrix of fixed coefficients
representing the effects of X . Equations 2
and 4 can be combined to provide a single
mixed-model equation:

(6) BMI

milcs

=Exposures, (v, +7v, X+
bs+ ac) + emtcs :
Equation 5 shows explicitly how growth
patterns are modeled through interactions be-
tween children’s characteristics (X ) and

their exposures (Exposures,) to kindergarten,

tcs)
summer, and first grade.

Missing Data Strategy

Like most surveys, the ECLS-K had a sub-
stantial number of missing values. One third
of the sampled children were missing 1 or
more BMI measurements, and nearly half
were missing data on covariates such as in-
come or missing dates for the beginning and
end of the school year.

We filled in missing values by applying a
multiple imputation strategy.®*' Using the
MI procedure in SAS (SAS Institute Inc, Cary,
NC), we replaced each missing value with 10
random values imputed under a multivariate
normal model that included all of the vari-
ables in Equation 5. (The interactions in
Equation 5 were coded and imputed in the
same manner as any other variable.*") To ac-
count for the correlation between a child’s
different BMI measurements, we formatted
the data so that all of the child’s BMI meas-
urements were grouped on a single line
alongside the child’s other variables.”

Although we included the dependent
variable (BMI) in the imputation model, we
did not use imputed BMI values in our
analyses. Imputed BMIs were unnecessary
because multilevel growth models do not
require that every child have a measure-
ment on each occasion.” For example, if a
child’s BMI was measured on 3 of the 4
measurement occasions, we used these 3
measurements in our analyses, but we did
not use an imputed value for the fourth
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measurement. Excluding imputations of the
dependent variable typically leads to better
statistical estimates.??

In general, multiple imputation is more
efficient, and often less biased, than deletion
of incomplete cases. Nevertheless, some read-
ers may find it reassuring to know that the
estimates we obtained when we deleted in-
complete cases were similar to the estimates
we obtained from multiple imputation.

RESULTS

We used the standard definition of BMI as
weight in kilograms divided by height in me-
ters squared. To aid interpretation, note that,
for 5-and-a-half-year-old children of average
height (1.12 m), a difference of 1 BMI unit
would be a little more than a kilogram
(1.12% = 1.25 kg).

Childhood BMI typically follows a J-shaped
trajectory, falling from birth until the age of 5 or
6 years and then rising until the age of 18 years
(and beyond). *** At the beginning of kinder-
garten, then, children are near lifetime lows for
BMI and are just starting to gain BMI at a slow
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though increasing rate. Nevertheless, the small
differences observed at this age predict larger

differences later on. Five- and 6-year-old chil-

dren with above-average BMIs and BMI gains
are at increased risk for adult obesity.?®

Average and Variance of BMI
and BMI Gain

As detailed in Table 1, average BMI
growth was slower during kindergarten and
first grade than during summer vacation.
Children began kindergarten with an average
BMI of 16.205 and then gained an average
of 0.020 BMI units per month during kinder-
garten, 0.076 BMI units per month during
summer vacation, and 0.033 BMI units per
month during first grade. These average gain
rates are plotted at the bottom of Figure 1.
During summer vacation, average BMI
growth was more than twice as fast as during
either school year; the mean difference be-
tween summer and kindergarten was 0.056
BMI units per month, and the mean differ-
ence between summer and first grade was
0.043 BMI units per month (both Ps<<.01).
These differences suggest that, for the

TABLE 1—Gains in Body Mass Index (BMI) Among Children in Kindergarten and First Grade, by Effects Level:
Early Childhood Longitudinal Study, Kindergarten Cohort, 1998-2000

“average child,” the school environment is
less conducive to rapid BMI growth than is
the nonschool environment.

Because the “average child” is not over-
weight, one may be less interested in average
growth rate than in variation around the aver-
age. In fact, variation in BMI growth was also
smaller during the school year than during
summer vacation, implying that exceptionally
high (or low) rates of BMI growth are less
likely when school is in session. As can be
seen in the bottom row of Table 1, the stan-
dard deviation of BMI gain was 0.448 BMI
units per month during summer vacation but
only 0.176 and 0.162 BMI units per month
during kindergarten and first grade, respec-
tively. Disaggregating the total variance into
school-level and child-level components, we
found that, at both levels, the variance in
summer gain significantly exceeded both the
variance in kindergarten gain and the vari-
ance in first-grade gain (all Ps<<.001).

In addition, deceleration of BMI growth
during the school year was more pronounced
among overweight children than among chil-
dren of normal weight. As can be seen in

Monthly BMI Gain, kg/m?

Contrasts, kg/m?

Initial BMI, kg/m? (95% Cl)

Kindergarten (95% Cl)

Summer (95% Cl)

First Grade (95% Cl)

Summer Minus
First Grade (95% Cl)

Summer Minus
Kindergarten (95% Cl)

Fixed effects (means)  16.205% (16.123, 16.287)

Variances (SD%) 2.249% (2.199,2.297)
Correlations
Initial BMI
Kindergarten gain
Summer gain
Variances (SD%) 0.404%t (0.285, 0.496)
Correlations
Initial BMI
Kindergarten gain
Summer gain
0.176

Total variance (SD%)  2.285°

0.0201 (0.012, 0.028)
0.168%t (0.164,0.172)

-0.2871 (-0.317,-0.258)

0.051%t (0.042, 0.058)

-0.6901 (-0.884, -0.495)

Fixed effects
0.0761t (0.054,0.099)
Random effects: child level
0.420%t (0.409, 0.430)

0.2407 (0.209, 0.272)
-0.4331 (-0.461, -0.404)

Random effects: school level
0.155%1 (0.133,0.174)

0.252** (0.009, 0.496)
-0.3511 (-0.526,-0.176)

0.448? 0.162>

0.0337 (0.024, 0.041)
0.151%t (0.148, 0.155)
0.1521 (0.119, 0.186)
0.011 (-0.025, 0.048)
-0.378t (-0.408, -0.347)
0.059%t (0.051, 0.066)
0.297** (0.052, 0.541)

-0.050 (-0.250, 0.150)
-0.5401 (-0.674, -0.405)

0.0561 (0.030, 0.083)  0.043*** (0.016, 0.071)

.148t (0.139,0.156)  0.1531 (0.144,0.162)

0.0211 (0.015,0.028)  0.0201 (0.014, 0.027)

attended summer school or year-round school.
**P< 05; ***P<.01; tP<.001.
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Note. For ease of interpretation, variances are presented as squared standard deviations; the total variance is the sum of the school- and child-level variances. This analysis excludes children who
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Table 1 (calculations are available from the authors).
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Note. The threshold for overweight is the 95th percentile on the Centers for Disease Control and Prevention’s BMI-for-age
charts, which show the BMI distributions that prevailed before recent increases in obesity.35 At the age of 5.5 years—the
average age at the beginning of kindergarten—the 95th BMI percentiles are 18.1 for boys and 18.5 for girls; in the graph,
these values are averaged to give an initial BMI of 18.3.The trajectories shown can be calculated with the estimates in

Table 1, at both the school and the child
level, there was a negative correlation be-
tween initial BMI and BMI gain during
kindergarten (P<.001). This result implies
that BMI growth during kindergarten was
slower among initially overweight children
than among children of average BMI. In ad-
dition, summer gains were negatively corre-
lated with kindergarten and first-grade gains
(P<.001), suggesting that the children who
gained BMI faster than their peers during
summer vacation tended to gain BMI more
slowly than their peers when school was in
session. As illustrated in Figure 1, the mean
BMI gap between overweight and average
children grew rapidly during summer vaca-
tion but grew more slowly (or even shrank)
during kindergarten and first grade.

The negative correlations in Table 1 also
suggest that schools helped children who
were underweight. Specifically, children who
were underweight at the start of kindergarten
tended to exhibit more rapid BMI growth
than their peers during the school year and
slower growth during summer vacation. Over-
all, our results suggest that overweight, aver-
age, and underweight children all tend to
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FIGURE 1—Expected body mass index (BMI) changes among children of average weight and
among children who were overweight at the beginning of kindergarten: Early Childhood
Longitudinal Study, Kindergarten Cohort, 1998-2000.

display healthier growth patterns during the
school year than during summer vacation.

Sociodemographic Differences

We next assessed whether variations in
BMI and BMI gain were related to the socio-
demographic characteristics that past research
has associated with obesity.>>*® To investigate
this relation, we added variables representing
race and ethnicity, poverty, age, and gender to
the model, as well as variables indicating the
mother’s level of education and whether she
worked outside the home (Table 2). Although
most of these variables exhibited little rela-
tionship to seasonal BMI growth, the racial/
ethnic patterns were significant and striking.

As can be seen in Figure 2, small racial/
ethnic gaps were present before school
began. On the first day of kindergarten,
Black children were, on average, 0.320 BMI
units heavier than were White children who
were comparable on other variables (P<.01);
similarly, Hispanic children were, on average,
0.472 BMI units heavier than were compara-
ble White children (P<.001).

In addition, racial/ethnic gaps in BMI grew
only during summer vacation. During this

period, average monthly gains for Black and
Hispanic children were 0.073 and 0.069 BMI
units larger than were the gains exhibited by
White children who were comparable on
other variables (both Ps<.01). During kinder-
garten and first grade, by contrast, average
gains for Black, White, and Hispanic children
were approximately equal.

These racial/ethnic patterns suggest that
schools are not primarily responsible for the
excess of obesity among Black and Hispanic
children. Schools cannot be responsible for
racial/ethnic BMI gaps on the first day of
kindergarten, nor can they be responsible for
increases in BMI gaps during summer vacation.

DISCUSSION

Limitations and Competing Explanations

Our analyses were confined to the first 2
years of school, and it is possible that data
on older children would show different pat-
terns. In addition, given that our data were
not derived from a randomized experiment,
we must consider competing explanations
for the effects we observed. Specifically,
because exposure to the school environ-
ment is not distributed randomly across
the year, it is possible that some variable
other than schooling was responsible for
the observed deceleration of BMI gains
during the school year.

The most obvious competing explanations,
however, seem relatively implausible. One
such explanation is maturation. BMI growth
accelerates between the ages of 5 and 7
years,? so it is not surprising that BMI gains
were slower during kindergarten than they
were later on. Maturation, however, cannot
explain the seasonal pattern of our results; if
only maturation were at work, we would ex-
pect a smooth acceleration in BMI growth:
slow growth in kindergarten, faster growth
during summer vacation, and even faster
growth during first grade. The observed re-
sults depart from this pattern; instead of a
smooth increase, we observed an increase in
BMI growth from kindergarten to summer and
then a decrease from summer to first grade.

Maturation cannot explain why average BMI
growth rates were faster during summer vaca-
tion than during first grade. In addition, matu-
ration cannot explain why racial/ethnic gaps
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TABLE 2—Gains in Body Mass Index (BMI) Among Children in Kindergarten and First Grade With Different
Characteristics, by Effects: Early Childhood Longitudinal Study, Kindergarten Cohort, 1998-2000

Monthly BMI Gain, kg/m’

Contrasts, kg/m?

Initial BMI, kg/m? (95% CI)

Kindergarten (95% CI)

Summer (95% Cl)

First Grade (95% Cl)

Summer Minus
First Grade (95% Cl)

Summer Minus
Kindergarten (95% Cl)

Reference group 16.0351 (15.857,16.213)
Race/ethnicity
Black (vs White) 0.320*** (0.099, 0.540)
Hispanic 0.4721 (0.263,0.681)
Other non-White -0.061 (-0.286, 0.163)

Maternal educational level

Has not completed -0.102 (-0.347,0.143)
high school
Completed high school  0.104 (-0.053, 0.261)

but not college
Family structure

Single parent -0.022 (-0.221,0.178)

Mother employed 0.238*** (0.066, 0.409)
Poverty status’® -0.018 (-0.048,0.012)
Age at start of 0.020* (0.003,0.038)

kindergarten, mo
Gender (girl=1) -0.215%** (-0.348,-0.081)
Total variances (SD?) 2268
R? 0.014

0.008 (-0.007,0.024)
-0.008 (-0.027,0.011)
0.001 (-0.016,0.019)
0.007 (-0.012,0.025)

0.015 (-0.005, 0.036)

0.001 (-0.013,0.014)

0.012** (0.001, 0.023)

0.175
0.003

Fixed effects (means and mean differences)
0.065*** (0.025, 0.105)

0.073***(0.023,0.122)

0.015 (-0.034,0.065)

-0.049* (-0.100, 0.003)

-0.006 (-0.038, 0.027)

-0.001(-0.017,0.014)  -0.008 (-0.047,0.031) 0.004 (-0.011,0.019) -0.007 (-0.055,0.041)  -0.012 (-0.059, 0.035)
0.004 (-0.008,0.017) ~ -0.016 (-0.053,0.022) 0.017***(0.005,0.030)  -0.020(-0.065,0.024) ~ -0.033(-0.078,0.011)
-0.001 (-0.004,0.001) ~ -0.002 (-0.008, 0.004) 0.001 (-0.001, 0.004) -0.001 (-0.008,0.007)  -0.003 (-0.011,0.004)
0.002** (0.000,0.003)  0.001 (-0.003, 0.004) 0.0021 (0.001, 0.004) -0.001 (-0.005,0.003)  -0.002 (-0.006, 0.003)

0.012 (-0.014,0.039)
Random effects (residual variances)

0.445" 0.162”
0.006 0.000

0.011 (-0.004, 0.026)
0.012 (-0.007,0.031)
0.069*** (0.022,0.115) -0.001 (-0.019,0.017)
0.002 (-0.016, 0.020)

0.016 (-0.004, 0.036)

0.010 (-0.002, 0.022)

0.003 (-0.007,0.014)

0.057** (0.009,0.105)  0.054** (0.006, 0.103)
0.081*** (0.021,0.140)
0.067** (0.011,0.124)
0.009 (-0.051,0.068)

0.061** (.001,.121)
0.070** (0.013,0.126)
0.013 (-0.046,0.072)

-0.064** (-0.126,-0.003) -0.065** (-0.128,-0.002)

-0.006 (-0.047,0.034)  -0.016 (-0.055, 0.024)

0.000 (-0.032,0.033) 0.009 (-0.023,0.041)

are cohabiting high school dropouts.
*Square root of household income in thousands.
*P<.10; **P<.05; ***P<.01; $P<.001.

grew faster in the summer or, more generally,
why variation in growth rates was larger during
the summer than during either school year.
Another competing explanation is seasonal
confounding. As remarked upon earlier, the
major weakness of a seasonal research design
is that all children are out of school at more or
less the same time; that is, the treatment
(schooling) is confounded with season. If BMI
growth varies across seasons for reasons other
than schooling, then these confounding influ-
ences will be difficult to disentangle from the
effect of schooling, and the effect of schooling
may be either underestimated or overestimated.
Seasonal confounding, however, also
seems unlikely to explain our results. To ex-
plain the observed patterns, a seasonal con-
founder would not only have to increase av-
erage BMI growth during the summer, it also
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Note. For ease of interpretation, variances are presented as squared standard deviations. The total variance is the sum of the school- and child-level variances, and the R? value represents the
proportion by which the total variance has decreased from the total variance shown in Table 1.The reference group consists of White boys of average age and median family income whose parents

would have to increase variability in summer
BMI growth and it would need to have a
smaller effect on White children than on
Black or Hispanic children. It is hard to imag-
ine a confounder that would affect variability
in this way. Schooling, though, can plausibly
explain changes in variability. During sum-
mer vacation, every student is in a different
environment, and there is tremendous varia-
tion from one nonschool environment to an-
other. By contrast, during the school year all
students are in relatively similar environ-
ments, and this similarity tends to dampen
variability.?’

If there were a plausible confounder, the
best candidate might be seasonal variations
in metabolism. There is some evidence that
sleeping metabolic rates, at least among
adults, decline a bit during the summer,

perhaps because less metabolic energy is
needed to maintain body temperature.?®
Again, though, this decline in summer metab-
olism can explain only an increase in average
BMI growth; it cannot explain the observed
increase in the variability of BMI growth. In
addition, a metabolic explanation fails to ac-
count for the weight-gain patterns of adults,
who gain weight fastest not during the sum-
mer, when their metabolisms are slowest, but
during the winter holidays.?®

If we focus on environmental explanations,
our findings for children were quite consistent
with earlier findings for adults. Children gain
BMI fastest during summer vacation, whereas
adults gain BMI fastest during the winter
holidays. Combining these findings suggests
the plausible conclusion that, in general, peo-
ple are most likely to gain weight when they
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are in relatively unstructured environments,
for example, when they are on vacation.

Remaining Questions

Like any research, this study raises ques-
tions that the data cannot fully answer. For
example, why do children tend to gain BMI
more rapidly during summer vacation? Do
children eat more in the summer? Do they
exercise less? Unfortunately, the survey we
used (ECLS-K) sheds little light on these
questions. Although consumption and exer-
cise were measured, the measures were very
crude and were not applied in a consistent
manner across seasons.

During the school year, for example, the
survey provided information on which chil-
dren ate school lunches and how many hours
children spent in physical education class; by
contrast, during the summer the survey pro-
vided data on which children ate dinner with
their families and which children participated
in organized sports. It is impossible with this
information alone to make informative com-
parisons between summer and school-year
patterns of exercise and eating. (A different
study suggested that children consume about
the same amount of food energy during the
summer and the school year,*® but that study
was based on self-reported data, which tend

to lead to underestimates of overeating.>')
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FIGURE 2—Race/ ethnicity-specific average body mass index (BMI) growth among children
who were comparable on other variables: Early Childhood Longitudinal Study, Kindergarten

Another question is whether particular
school policies are responsible for reducing
BMI growth. This question was beyond the
scope of our study, which set out to detect
differences between school and nonschool
environments rather than differences in poli-
cies between one school and another. How-
ever, a previous study in which a different
design was used to study the same data sug-
gested that increasing hours of physical edu-
cation could reduce BMI gain among over-
weight girls.*?

A final question is whether summer BMI
growth would be reduced if children spent
the summer in a school environment. On this
question, the ECLS-K does provide some evi-
dence, though not enough to answer the
question with confidence. Eleven percent of
the surveyed children attended summer
school, but only 1% were enrolled in summer
school for more than half of the usual sum-
mer vacation. In addition, only 3% of the
children attended year-round schools.

In supplemental analyses, we compared the
small number of children who attended year-
round school or summer school against chil-
dren who had spent the summer on vacation
(with control for the other variables in
Table 2). The results were ambiguous. During
summer, the estimated effect of attending
year-round school was —0.201 BMI units per

month (P<.01; 95% confidence interval
[CIl=-0.348, —0.065), whereas the esti-
mated effect of attending summer school was
only —0.005 BMI units per month (P=.9;
95% CI=-0.102, 0.092). Both point esti-
mates were negative, as expected, but only 1
was significantly different from zero, and both
confidence intervals were quite wide, indicat-
ing substantial uncertainty about the true ef-
fect of attending school during summer.

Conclusions

Do schools contribute to childhood obesity?
They may, to some degree, but it appears that
other factors are more to blame. Our results
showed that most children—and especially
children at high risk of obesity—were more
vulnerable to excessive BMI gain when they
were out of school during summer vacation
than when they were in school during fall,
winter, and spring. Although schools may not
provide ideal environments for healthy BMI
growth, it appears that they are healthier than
most children’s nonschool environments.

How do schools inhibit BMI growth? Al-
though our data cannot answer this question
directly, we conjecture that the structured na-
ture of the school day, with its scheduled ex-
ercise periods and limited opportunities to
eat, helps students maintain a healthy BMI.
By contrast, we speculate that many non-
school environments are relatively unstruc-
tured and unsupervised, allowing children to
indulge in sedentary activities and excessive
snacking. A similar difference between struc-
tured and unstructured environments may ex-
plain why adults eat more on weekends than
on weekdays®® and why adults gain weight
faster during the winter holidays than at
other times of year.?®

These patterns have important implications
for policy researchers interested in reducing
childhood obesity. A negative implication is
that interventions that focus exclusively on
improving unhealthy aspects of the school
environment—for example, removing soft drink
vending machines—may have limited effects
given that the major sources of obesity reside
outside the school walls. A more positive impli-
cation is that policies that increase children’s
exposure to school environments (e.g., after-
school programs or longer school years) may
have the potential to reduce childhood obesity.
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The finding that obesity comes mainly
from nonschool sources does not mean that
school-based interventions are doomed to
failure. Rather, it suggests that policies that
merely improve the school environment may
be less effective than are policies that improve
or compensate for unhealthy nonschool be-
haviors. Lessons on nutrition, for example,
may improve children’s out-of-school eating
habits, particularly if parents are involved.*®
Likewise, physical education courses may
be most beneficial for children whose out-of-
school activities are sedentary. In short, per-
haps the most productive interventions will
be those that target children’s behavior not
only during school hours but also, and most
important, after the bell rings.** m
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