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From Kindergarten Through Second Grade, U.S. Children’s
Obesity Prevalence Grows Only During Summer Vacations

Paul T. von Hippel' and Joseph Workman®

Objective: To assess the relative importance of school and nonschool risk factors, this study estimated
whether overweight and obesity prevalence grows faster during the school year or during summer vacation.
Methods: In the Early Childhood Longitudinal Study, Kindergarten Class of 2010-11, a nationally
representative complex random sample of 18,170 U.S. children was followed from the fall of kindergarten
in 2010 through the spring of second grade in 2013. Children’s weight and heights were measured in
schools each fall and spring. A multilevel growth model was used to estimate growth in mean BMI,
overweight prevalence, and obesity prevalence during each summer and each school year.

Results: From the fall of kindergarten to the spring of second grade, the prevalence of obesity increased
from 8.9% to 11.5%, and the prevalence of overweight increased from 23.3% to 28.7%. All of the
increase in prevalence occurred during the two summer vacations; no increase occurred during any of

the three school years.

Conclusions: The risk of obesity is higher when children are out of school than when they are in school.

Obesity (2016) 24, 2296-2300. doi:10.1002/0by.21613

Introduction

A fundamental question about child obesity is whether its causes lie
primarily inside or outside of schools. If obesity originates primarily
inside schools, then we may hope to substantially reduce obesity
through policies affecting school meals (1), competitive foods (2),
physical education (3), and other programs affecting the school envi-
ronment (4). But if obesity originates primarily outside of schools,
then school-based programs must try to shape out-of-school behav-
iors, and we must further emphasize out-of-school interventions to
reduce screen time (5), limit child-directed food marketing (6), pro-
mote out-of-school activities such as summer school (7) and summer
camp (8), and educate parents about nutrition (9).

One way to compare in-school and out-of-school influences is with a
seasonal design that compares growth in body mass index (BMI)
when children are in school during the academic year and when
school is out for summer vacation. If BMI grows fastest during the
school year, then school environments would appear to be the major
cause of obesity. But if BMI grows fastest during summer vacation,
then it would appear that the major risk factors lie outside of schools.

The most common finding of seasonal research is that BMI
increases faster during the summer than during the school year

(10,11), but some studies have not reported faster summer BMI
growth, even in high-risk groups such as Native Americans (12,13),
and nearly all seasonal studies have relied on local convenience
samples. Only one seasonal study has used nationally representative
data (14), and that study was limited to a single summer—the one
after kindergarten—and a single cohort of children who started kin-
dergarten in 1998 and are now 22 to 23 years old.

This article offers the second nationally representative analysis of sea-
sonal BMI gain. The data describe a recent cohort that started kinder-
garten in 2010, and the data cover three school years and two
summers from the start of kindergarten through the end of second
grade.

Methods

Sample and design

The Early Childhood Longitudinal Study, Kindergarten Class of
2010-11 (ECLS-K:2011) (15) is a complex probability sample from
the population of U.S. children who attended kindergarten in the fall
of 2010. The ECLS-K:2011 followed a multistage design, sampling
children within schools and schools within primary sampling units;
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each primary sampling unit was a large county or a group of adja-
cent and demographically similar small counties. The ECLS-K:2011
was stratified into public and private schools. Asian/Pacific Islander
children were over-sampled. Sample weights compensate for over-
sampling and nonresponse.

The complete ECLS-K:2011 consists of 18,170 children in 970
schools and 90 primary sampling units. After excluding children
with missing covariates and children from year-round schools, which
have short summer vacations, we had an analytic sample of 13,006
children in 846 schools.

The ECLS-K:2011 measured height and weight on six occasions—
once in the fall and spring of each school year from the fall of kin-
dergarten in 2010 through the spring of second grade in 2013. On
average, the ECLS-K:2011 took fall measurements 5 to 7 weeks after
the first day of school and took spring measurements 8 weeks before
the last day of school. On two occasions—the falls of first and second
grade—the ECLS-K:2011 took measurements only in a 30% random
subsample of schools. Subsampling did not introduce bias since the
subsample was random; however, the reduction in sample size does
reduce power on the affected measurement occasions.

On each occasion, height and weight were measured twice, using a
Shorr board stadiometer and a Seca Bella 840 flat electronic scale.
Children were asked to remove shoes, hats, and jackets. Comparing
the two BMI measurements, we calculated that the standard error of
measurement was 0.187 kg/m”. Unfortunately, the data do not
include other obesity-relevant measures such as waist circumference
or skinfold thickness.

Statistical analysis

We estimated mean BMI and the prevalence of overweight and obe-
sity [by the CDC definition (16)] on each measurement occasion.
Our estimates accounted for survey strata, clusters, and sample
weights. We used the svy commands in Stata software, version 13.

Next, using HLM software, version 7, we fit multilevel growth mod-
els to estimate rates of growth during each school year and summer
(17). We estimated mean growth rates, the variation of growth rates
between children and schools, and the association of growth rates
with demographic covariates including the child’s gender, race/ethnic-
ity, and age at the start of kindergarten; the square root of family
income and mother’s education level; and indicators for whether the
mother was employed or the child lived with a single parent. Details
of the growth model are given in the Online Supporting Information.

Results

Figure 1 plots mean BMI, obesity prevalence, and overweight preva-
lence on each measurement occasion from the fall of kindergarten
through the spring of second grade. Although mean BMI grows in
every period, it grows faster during the summers than during the
school years. Overweight and obesity prevalence grow only during
summer vacations, not during the school years.

The upper rows of Table 1 estimate growth in overweight and obe-
sity prevalence. At the start of kindergarten, the prevalence of over-
weight was approximately 23% and the prevalence of obesity was
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Figure 1 Mean BMI, overweight prevalence, and obesity prevalence in the fall and
spring of each school year.

approximately 9%. During summer 1 and summer 2, both over-
weight prevalence and obesity prevalence increased by approxi-
mately 1 percentage point per month (pp/m). These were significant
increases (all Ps <0.001), which over the 2.6 to 2.7 months of an
average summer vacation added up to an increase of 2 to 3 percent-
age points in overweight and obesity prevalence.

During the school years, overweight prevalence did not increase at all,
and obesity prevalence actually decreased by approximately 0.1 pp/m
during both kindergarten and second grade (but not during first grade).
The kindergarten and second grade decreases in obesity prevalence are
statistically significant (both Ps < 0.001), but over the 9.3 to 94
months of an average school year they only add up to a 1 percentage
point decrease in obesity prevalence—not enough to reverse the 2 to 3
percentage point increases that occur during each summer vacation.

The next rows of Table 1 estimate growth in mean BMI. On aver-
age, BMI growth rates were faster during the summers than during
the school years. Average BMI grew at 0.02 kg/m> per month dur-
ing kindergarten, accelerated to 0.07 kg/m> per month during
summer 1, slowed to 0.03 kg/m* per month during first grade, accel-
erated to 0.08 kg/m® per month during summer 2, and slowed to

www.obesityjournal.org

Obesity | VOLUME 24 | NUMBER 11 | NOVEMBER 2016 2297



Obesity Grows Only During Summer von Hippel and Workman

000> dins 00> s 'SO'0 > dls
(SID %GB UM Seewulse uiod

www.obesityjournal.org

Obesity

GG'0— ajel ymolb g Jewwng
aro «96'0— ajel ymoih apeib 1sii4
yAN() 0Lo— /10— ajel ymolh | Jswwng

6L0— 820 900 w87 0— ajel yimolb uaprebiapury

000 IO 90°0— «067'0 100 0L0— uapefiapury Jo uels
suole[alion
(90'0 01 00°0) €0°0 GI0 01 60°0) w0 (#0001 20°0) €00 (210 OV L0'0) x4x0F0 (¥0°0 01 #0'0) 700 (0S50 01 LE'0) wuut?'0 as
18A8] [00YIS

:Sj08y9 wopues [Ng

GG 0— ajel ymolh g Jswwng
900 07 0— ajel ymoih apeih 1sii4
70 0— wxlC0 w7 0— ajel ymolh | Jswwng
200 00— 900 w:9G°0— 8jes yimoif uspreBiapury
£00 w10 el 00 w920 G20~ uapefiapuny o pels
suole[alion
(62°0 01 12°0) xxx22'0 (8G°0 01 GG'0) xxxlG0  (BLO O ZL'0) xxxBL0 (2570 01 0G0) 5xx G0 (L0 0V 21°0) sunl O (672 01 /877) «0F T as
[2A3] pliyo
/S]o8jja wopuel JNg
(900 01 70°0) +xG0°0 (L0 01 90°0) +x80°0 (700 01 €0°0) xxx€0°0  (60°0 01 GO'0) xxx0'0 (20°0 01 10°0) %xx200 (1G9L 01 L7'91) x99 INg ues|y

Ausaqo jusalad
WbB1amIano Jusalad

(@7'6 01 /2'8) w88
(68'€2 01 91°22) «x20'E2

(L0'0— 01 1'0—) xmrC L 0—
(€10 01 60'0—) €00

uapebiapury]

(GO'L 01 9G°0) «xx k80
(GE'L 01 ¥G°0) £xxG6'0

(800 01 60°0—) 00—
Eroayo—) 00—

(811 01 6S°0) 880
(1G'1 01 89°0) «xxB0'1

2 Jewwing

(10'0— 0} 120-) «LL0—
oo gLo—) Loo—

apelb puooseg apeib 1s114 | Jawwng uapeBiapuny Jo LeIS

sajel ymmoub Ajyiuopy

Ausaqo juaalad pue ‘ybBiomiano usosad ‘NG ul Yyimolab Jo sarel AYuoy L 31avl

Obesity | VOLUME 24 | NUMBER 11 | NOVEMBER 2016

2298



Obesity

Obesity Symposium
PEDIATRIC OBESITY

"100°0 > dux F0'0 > dux ‘SO0 > dle
(SID %G6 Uum) seyellse Juiod

(1L00°0 0} ¥00'0—) 100'0— (£00°0 0} 800°0—) L00'0— (2000 0} £00°0—) LOO'0—

(€20°0 0 900'0—) 800°0
(910°0 01 220'0—) €000~
(920°0 © 900°0—) 0100
(820°0 01 820°0—) 000°0

(6¥0°0 0 G20'0—) 2100
(021°0 0 920'0—) Z¥0°0
(820°0 01 0£0°0—) 1000~
(610°0 0} L20'0—) 1000~
(€€0°0 01 220'0—) S00°0

(L00"0 ©} 200°0—) 000°0
(9000 0} 020°0—) 2000~
(190°0 0} G70°0) ++«£G0'0

(€v0°0 01 2¥0°0—) 000°0
(£G0°0 01 050°0—) €00°0
(e¥0°0 0} 150'0—) #7000~
(880°0 01 £20°0—) £00°0

(¢60°0 01 GL1'0—) 2100~
(921°0 01 852'0—) 990°0—
(860°0 01 090°0—) 6100
(€010 01 910°0—) €¥0°0
(920°0 0 820°0—) 1000~

(8000 01 L00'0—) £00°0
(6500 a1 120'0—) 100
(G001 850°0) «xx-80°0

¥00°0 0} 010°'0—) €00°0—  (LO0'0 O} LOO'0—) 0000 (6L0°0— 0} 250'0—) +xGEO'0— awoau; Ajiwed

( -)
(720'0 01 200°0—) 100 (£€0°0 0} 90°0—) 200'0— (Y000 0} 600°0—) 200'0— (Z1€°0 01 [71'0) «xxb622°0 pakojdwa Jauiop
(9100 0} 110°'0—) €000 (9000 O} }£0'0—) 2€0'0— (LL0'0 01 900°0—) €00°0 (6cz0 01 210'0—) 800 juased ajbuig
(0£0°0 03 £00°0) «+0'0  (£20°0 0} 1G0'0—) 2LO'0— (1100 0} G00'0—) €00°0 (017°0 01 G0Z'0) %xxL0E'0 [0oyds Y6y
(7700 01 900'0) «G20'0  (8€0°0 0} G/0'0—) 6L0°0— (920°0 O} L00'0—) €100 (219°0 01 972°0) «x«b621'0 [ooyos ybiy >
uoieINPa S 310N
(1£0°0 0} 810°'0—) 9000 (080°0 0} 950'0—) ¢L0'0  (810°0 0} 800'0—) G000 (€0e0 01 220 =) €110 aoel 18yl
(0010 01 100'0) <0500 (#7610 01 6L1'0—) 820'0  (950°0 0} 810'0—) 6100 (G0Z'L 0v 1 1°0) «659°0 uedliawy annen
(0100 01 2€0'0—) LLO'0— (6800 0} E0'0—) G200 (GL0'0 O} €L0'0—) 1000 (0900 01 0/2'0—) GOL'0— uelsy
(7100 04 810°'0—) 200'0— (290°0 0} G20'0—) 6100 (920°0 0} G00'0) G 00 (€6G°0 01 82€°0) +x«097'0 oluedsiy
(%00 0} 100'0) «¥20'0 (2500 0} #/0'0—) LLO'0— (820°0 0} #00°0) 900 (91€°0 01 020°0) «891°0 3oelg
fyodruya/eoey
uapebiapury
(2000 0} 100'0—) 000 (G00'0 0} £00°0—) 000  (200°0 0} 000°0) »«L000 (620°0 01 L10°0) £%«020°0 Jo pess je aby
(810°0 01 #00'0—) 2000 (¥€0°0 0} 820°'0—) €00°0  (€10°0 01 100'0) 2000  (#80°0— O} LGZ'0—) 89} 0— ajewsad
(070°0 0} 220°0) +x«7€0°0  (#80°0 0} 970'0) 4xxG90°0  (020°0 O} ZHO) xxxQFO'0  (ZOGOL O} ¥ L7'OF) 4x09F' 9L uesiy

apelb puooag

Z Jawwng

apelb 1s114 | Jowwng uapebiapury usuebiapun] JO LelS

el yimoub Ajlyjuopy

S9]BLIBAOD PaIsluad-uBaW YUM UYMmoib [Ng pUe |INg JO UOIeIooSSY Z J1dvl

2299

Obesity | VOLUME 24 | NUMBER 11 | NOVEMBER 2016

www.obesityjournal.org



Obesity

0.05 kg/m? per month during second grade. According to a planned
contrast, the average of the two summer growth rates exceeded the
average of the three school year growth rates by 0.04 kg/m2 per
month (95% CI 0.02-0.06 kg/m? per month, P < 0.0001).

The rest of Table 1 summarizes the random effects. The standard devi-
ations (SDs) of the random effects show that BMI growth is more
variable during the summer than during the school year. At both the
child level and the school level, the SD of BMI growth is approxi-
mately three times greater during the two summers than during the
three school years. This pattern suggests that the common school envi-
ronment may reduce differences between children’s BMI growth rates.

Child-level correlations among the random effects show that initial
BMI is more positively correlated with summer BMI growth than
with school year BMI growth. These correlations may suggest that
out-of-school factors affect initial BMI and summer BMI growth,
but have less effect on school year BMI growth.

Table 2 estimates the association of BMI and BMI growth with
demographic covariates, and the Online Supporting Information esti-
mates the association between demographic covariates and growth in
overweight and obesity prevalence. Although most of the covariates
are significantly associated with initial BMI, none is significantly
associated with summer growth. The lack of demographic variation in
summer growth is consistent with results from a southeast Texas
school district (18), but differs from the results of the previous
national study (14), where summer BMI growth was faster for black
and Hispanic children.

Discussion

Between kindergarten and second grade, U.S. children’s overweight
and obesity prevalence increase only during summer vacations. This
finding suggests that the major risk factors for child obesity lie out-
side of schools. Schools may reduce risk in the relative sense that
they prevent overweight prevalence from increasing during the
school year as it does during the summer. Schools may even reduce
risk in an absolute sense, since obesity prevalence slightly declines
during kindergarten and second grade.

What behavioral changes explain the acceleration of BMI growth
during the summer? It is not clear whether children consume more
food energy in the summer (19), but they do sleep less (20), and
they watch more television (21). In addition, children in hot climates
are less physically active during summer, although children in cool
climates are more active (22). While these behaviors are suggestive,
it is challenging to correlate them with seasonal BMI patterns,
because seasonal measures of BMI and the relevant behaviors have
not been collected on the same children.

It is plausible that some out-of-school risk factors affect children not
just during the summer, but also after school and on weekends.
However, our data do not permit us to estimate weekend or after-
school BMI gains.

The question arises: if obesity prevalence increases only during
summer, how much more can schools do to reduce obesity? Many

Obesity Grows Only During Summer von Hippel and Workman

school-based interventions have had little effect, and effective
school-based interventions tend to be those that do not just alter the
school environment but also involve parents (4) and try to change
out-of-school behaviors such as watching television (23). There may
also be underexploited potential in out-of-school interventions such
as summer camps (8), summer learning programs (7), parent nutri-
tion education (9), reductions in screen time (5), and reductions in
child-directed food marketing (6).0

© 2016 The Obesity Society
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