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Summary

What is already known on this topic?

School-aged children gain weight more rapidly in the summer than during
the academic year. The limited evidence on summer weight gain among
preschool-aged children is mixed.

What is added by this report?

We found that preschool-aged children with obesity in Head Start experi-
enced significant summer weight gain.

What are the implications for public health practice?

As with school-aged children, increased focus on the summer is warranted
for promoting healthy weight among children in Head Start.

Abstract
School-aged children gain weight most rapidly in summer, but few
studies have investigated summer weight gain among preschool-
aged children. We fit continuous linear spline mixed models to test
for accelerated summer weight gain among 2,044 children attend-
ing 16 Boston-area Head Start programs between fall 2016 and
spring 2019. Academic year and summer rates of change in modi-
fied body mass index z-score differed (P < .001), with accelerated
summer weight gain most pronounced among children with
obesity. As with school-aged children, increased focus on the sum-

mer is warranted for promoting healthy weight among children in
Head Start.

Objective
School-aged children experience more rapid weight gain during
summer than the academic year (1). Previous studies on summer
weight gain among preschoolers have yielded mixed results (2–4).
Having a better understanding of when preschoolers gain excess
weight is important; 13.7% of 2- to 5-year-old children in the
United States already have obesity (5), putting them at increased
risk for obesity and adverse health outcomes at later ages (6). In
our study, we used longitudinal height and weight data from more
than 2,000 children to test the hypothesis that preschool-aged chil-
dren enrolled in Head Start experience accelerated summer weight
gain.

Methods
Sample

From fall 2016 through fall 2018, 2,539 children enrolled in 16
Head Start programs serving Boston, Cambridge, and Somerville,
Massachusetts. The 2,044 children we included in the main ana-
lysis for this observational, longitudinal study had a valid body
mass index (BMI) measurement in their first fall of Head Start.
BMI data cleaning protocols removed 6.2% of BMI measure-
ments  (supplemental  information  is  available  at  https://
dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/
DVN/EXMNNM).

Sample characteristics extracted from Head Start administrative
records include child age, sex, race/ethnicity (Hispanic/Latino,
non-Hispanic Asian, non-Hispanic Black or African American,
non-Hispanic White, and non-Hispanic other or multiracial), and
calendar year of Head Start entry, as well as parent age, sex, edu-
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cation (less than high school, high school graduate, greater than
high school), and family structure (single parent or 2 parents). We
used maternal characteristics when available; more than 96% of
parents in the sample identified as mothers or mother figures.

Modified BMI z-score

Each fall and spring, trained Head Start staff measure children’s
height and weight by using standardized equipment provided for
an ongoing obesity prevention trial (7). We used Centers for Dis-
ease Control and Prevention 2000 reference curves (8) to calcu-
late age- and sex-specific weight status (underweight, healthy
weight, overweight, obese).

As suggested elsewhere (9), we used modified BMI z-scores (mB-
MIz) as the study outcome; mBMIz is interpreted similarly to
standard BMI z-scores (BMIz), with 0 indicating the median age-
and sex-specific BMI. mBMIz is more appropriate for longitudin-
al analysis. Unlike BMIz, it is sensitive to change even for chil-
dren with high BMIs. (Appendix 2 of the supplemental informa-
tion contains more detail on mBMIz.)

Analysis

We summarized sample characteristics at enrollment. We used
continuous linear spline mixed models to estimate the rate of
change in mBMIz during academic year 1, the summer, and aca-
demic year 2 by initial weight status. Random program-level inter-
cepts, child-level intercepts, and child-level slopes were included
to account for repeated measurements on children, who were nes-
ted in Head Start programs. (Appendix 3 of the supplemental in-
formation contains model specification details.) We fit models
with maximum likelihood and used likelihood ratio tests for the
null hypothesis that the rate of change in mBMIz was the same
across year 1, summer, and year 2 of Head Start. The main analys-
is was unadjusted because initial weight status was weakly associ-
ated with the number of BMI measurements taken (P = .64). Al-
pha was set at .05 a priori. All analysis was completed in SAS ver-
sion 9.4 (SAS Institute Inc). Institutional review board approval
was granted by the Harvard T.H. Chan School of Public Health
and Boston College.

Results
In fall of their first year in Head Start, children were aged 29 to 47
months (Table). Most were Hispanic/Latino (45.5%) or non-
Hispanic Black/African American (34.1%), and the prevalence of
obesity was 18.4%.

Overall, mBMIz trajectory changed significantly with the onset of
summer (Figure, P < .001). Accelerated summer weight gain was
most pronounced among children with obesity, who had an aver-

age change in mBMIz of −0.30/y during academic year 1, fol-
lowed by a significant increase in rate of change to 1.05 mBMIz/y
over the summer (P < .001), and a subsequent significant decrease
in rate of change to −0.13 mBMIz/y during academic year 2 (P <
.001). These results were robust to multivariable adjustment and
stricter sample inclusion criteria (more information is available at
h t t p s : / / d a t a v e r s e . h a r v a r d . e d u / d a t a s e t . x h t m l ?
persistentId=doi:10.7910/DVN/EXMNNM). Accelerated summer
weight gain was also observed among children with overweight,
although the pattern was less pronounced and was not significant
across all sensitivity analyses.

Figure. Mean modified body mass index (BMI) z-score among children who
were underweight, healthy weight, overweight, and obese at enrollment in
Head Start.  Data are from children enrolled in Head Start in Boston,
Cambridge, and Somerville, Massachusetts, 2016–2019. Estimates are from
a single mixed-model with random program-level intercepts and random child-
level intercepts and slopes. Error bars show 95% confidence intervals at the
beginning of academic year 1, the end of academic year 1, the beginning of
academic year 2, and the end of academic year 2. Across all children, mean
modified BMI z-score trajectory changed significantly upon the onset of
summer (χ2 = 108.8, df = 15, P < .001).

Discussion
Children in Head Start have distinct academic year and summer
rates of change in mBMIz, and children with obesity experienced
significantly accelerated summer weight gain. Similar patterns
have been observed among school-aged children (1) and in 2 pre-
vious studies of preschoolers (2,4), adding to the evidence that ef-
forts to promote healthy child weight may be most needed in sum-
mer. The lack of a structured daily schedule (10), the biological re-
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sponse to longer day length (11), or both may explain accelerated
summer weight gain. However, more research is necessary among
preschool-aged children, because another study found a decrease
in BMIz over the summer among preschool-aged children with
obesity (3).

Our study has many strengths that make it an important contribu-
tion to the literature. We used administrative BMI data for a large
sample of preschool-aged children. Height and weight measure-
ments were taken by trained Head Start staff members who used
standardized equipment, and we used mBMIz for both longitudin-
al data cleaning and modeling. Previous studies that used BMIz
rather than mBMIz may have underestimated the magnitude of
changes for children with high BMI (9).

A potential limitation to this study is that, as in previous Head
Start studies, many children had less than the maximum of 4 BMI
measurements (2,3). We anticipate the magnitude of any selection
bias induced by missing data to be small because weight status at
enrollment was not significantly associated with the number of
BMI measurements taken. Another limitation of this study is its
generalizability, which was restricted to low-income children par-
ticipating in Head Start. Patterns of weight gain may differ for
higher-income preschool-aged children and for children in other
early care and education settings, especially those not in center-
based care during the academic year.

We found that preschool-aged children in Head Start with obesity
experienced accelerated summer weight gain. Like school-aged
children, increased focus on the summer is warranted for promot-
ing healthy weight among children in Head Start.
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Table

Table. Characteristics of Children Enrolled in Head Start and Their Parents, Boston, Cambridge, and Somerville, Massachusetts, 2016–2019a

Characteristic

Number of BMI measurements
Total

(N = 2,044) P a1 (N = 266) 2 (N = 953) 3 (N = 199) 4 (N = 626)

Children

Age, mo

29–33 13.9 10.9 13.6 13.4 12.3

<.001
34–38 42.9 35.9 38.2 39.0 38.0

39–43 34.6 42.8 30.7 28.0 36.0

44–47 8.7 10.4 17.6 19.7 13.7

Sex

Male 50.4 51.5 51.3 47.4 50.1
.45

Female 49.6 48.5 48.7 52.6 49.9

Race/ethnicity (missing, n = 8)

Non-Hispanic Asian 7.2 9.7 9.1 12.6 10.2

.04

Non-Hispanic Black/African American 31.4 33.7 31.2 37.0 34.1

Hispanic/Latino 52.3 46.8 45.2 40.6 45.5

Non-Hispanic other or multi-racial 2.7 3.6 5.0 4.5 3.9

Non-Hispanic White 6.4 6.2 9.6 5.3 6.3

Calendar year of Head Start entry

2016 31.6 29.5 41.2 50.6 37.4

<.0012017 25.2 24.6 58.8 49.4 35.6

2018 43.2 46.0 0.0 0.0 27.1

Initial weight status

Underweight 6.4 3.3 4.0 3.8 3.9

.64
Healthy weight 60.5 62.6 64.8 63.1 62.7

Overweight 14.3 14.9 14.6 15.7 15.0

Obese 18.8 19.2 16.6 17.4 18.4

Parents

Age, y (missing, n = 22)

17–25 21.1 13.5 18.1 13.9 15.0

.04

26–30 30.7 26.7 25.1 26.7 27.1

31–35 21.5 27.6 29.7 25.3 26.3

36–40 18.0 18.7 16.1 21.3 19.1

>40 8.8 13.6 11.1 12.8 12.5

Sex (missing, n = 20)

Male 3.1 3.4 2.0 3.0 3.1
.78

Female 97.0 96.6 98.0 97.0 96.9

Education (missing, n = 73)

Abbreviation: BMI, body mass index.
a All sample characteristics are at the time of the child’s first fall semester in Head Start. P values determined by using χ2 test.

(continued on next page)
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(continued)

Table. Characteristics of Children Enrolled in Head Start and Their Parents, Boston, Cambridge, and Somerville, Massachusetts, 2016–2019a

Characteristic

Number of BMI measurements
Total

(N = 2,044) P a1 (N = 266) 2 (N = 953) 3 (N = 199) 4 (N = 626)

<High school 23.0 21.8 24.6 27.1 23.9

.15High school graduate 36.2 39.9 39.0 40.0 39.4

>High school 40.9 38.3 36.4 32.9 36.8

Family structure (missing, n = 1)

Single parent 69.8 61.8 65.3 62.9 63.5
.11

Two parents 30.2 38.2 34.7 37.1 36.5

Abbreviation: BMI, body mass index.
a All sample characteristics are at the time of the child’s first fall semester in Head Start. P values determined by using χ2 test.
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