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Abstract

Background: Summer weight gain and fitness loss has been identified as a public health concern for children. The objective of
this study was to compare changes in weight status and cardiovascular fitness in children attending year-round and traditional
calendar schools.

Methods: Participants were 321 children from a traditional and year-round school. BMI and Progressive Aerobic Cardiovascular
Endurance Run (PACER) Laps were collected during school. Multilevel general linear mixed-effects models were utilized to
examine changes in BMI and PACER over the summer while also considering summer camp and sport participation.

Results: Children had higher BMI z-scores during Fall 2018 compared with Spring 2018 (b=0.09, p=0.006). This effect was
modified by Break Length, as students with 3-week (b=-0.09, p=0.012) and 7-week breaks (b=-0.10, p=0.003) displayed
attenuated increases in BMI z-scores compared with 12-week breaks. For PACER Laps, students who participated in summer sports
displayed improvements compared with nonparticipants (b=4.6 laps, p=0.001).

Conclusions: Shorter summer breaks appear to have a protective effect on summer weight gain when compared with a traditional
12-week break. In addition, children who participated in organized sport over the summer did see a significant improvement in
cardiovascular fitness. Schools might consider a year-round school calendar for its potential to protect against summer weight gain.
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Intfroduction

verweight and obesity,! as well as poor levels of
O fitness? continue to be a public health concern for

children and adolescents. Historically, schools
have been identified as a potential solution to these con-
cerns, primarily due to the fact that most children attend
school, where they have the facilities, infrastructure, and
equipment that will allow most children to be physically
active.’ In their review of school year and summer weight
gain patterns, Baranowski et al.* found that the most
common period associated with weight gain was the sum-
mer months. They also found that the most common out-
come during the summer was accelerated weight gain (or
increases in BMI) in overweight and obese youth whereas
healthy weight youth gained less weight or, in some in-
stances, were able to maintain their weight status. Simi-
larly, in their review, Franckle et al.” found that there was a

trend for increased weight gain during summer vacation,
especially in ethnic minority and overweight children.
Studies have also highlighted both weight gain and fit-
ness loss in children over the summer compared with the
school year.® Recently, two studies have highlighted a
concern that the improvements in weight status and aerobic
fitness garnered during a school physical activity inter-
vention were lost during the 12-week summer break.”:®
Weaver et al.” have suggested that one of the reasons that
we have struggled to address childhood obesity is that we
have primarily focused on school programming and ne-
glected the 3-month summer break during which children are
not in school. In fact, Brazendale et al.'” suggest that these
changes in weight status and fitness over the summer could
be attributed to the structured day hypothesis. The structured
days hypothesis posits that a structured day, defined as a
preplanned, segmented, and adult-supervised compulsory
environment, protects children against obesogenic behaviors.
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This protection, ultimately, prevents the occurrence of neg-
ative health outcomes, in this case, excessive weight gain
and loss in fitness. The structured days hypothesis is founded
in the “filled-time perspective” literature, which posits that
time filled with favorable activities cannot be filled with
unfavorable activities.!! This perspective would lead to the
hypothesis that children engage in a greater number of
obesogenic behaviors that lead to increased weight gain on
less-structured days (e.g., weekend and summer days) than
on structured days (e.g., school days). They specifically
highlight that when children have regular structured days
(e.g., school) they have more favorable activities and/or
routines for physical activity, diet, sleep, and screen time. For
example, the school day provides scheduled activity times,
including active commuting, recess, physical education, and
afterschool programming. Similarly, schools provide access
to regulated food programs for breakfast and lunch. Lastly,
school days regulate how much screen time children may
have access to and encourage a consistent bed time routine.'!

It has been suggested that one possible solution to
summer weight gain and fitness loss may be structured
summer programming, most notably summer camps.’
Studies have demonstrated the potential of summer camps
for improving and/or maintaining health weight over the
summer.'>!3 Weaver et al.’ also suggests that a major
limitation to summer camps is the fact that they are fee for
service, which may limit the accessibility of this type of
programming for many children from low-income house-
holds. Brusseau and Burns’ went on to theorize that year-
round schooling might be a potential solution to protecting
students from weight gain and fitness loss in the summer by
eliminating the traditional 12-week summer break and
replacing it with shorter breaks spread out across the aca-
demic calendar. Of note, Weaver et al.'* found that chil-
dren’s sleep patterns shift as early as the first week of a
school break whereas children are 33% more sedentary by
week 3 of a school break.

Increasingly, more children are attending year-round
schools; in fact, recent data suggest that 46 states have
more than 3000 year-round schools that are attended by
~10% of the children in the United States.'> In addition,
year-round schooling has been identified as a solution for
two educational issues in the United States. First, it has
been theorized that year-round schooling could improve
academic achievement by eliminating the traditional long
summer breaks where students often lose some of the
knowledge they have gained during the academic year.'¢
Second, year-round schooling has become increasing
popular as a way to deal with school growth and over-
crowding. To minimize class size and utilize the school
space in the best way possible, schools have increasingly
added year-round track systems where children have dif-
ferent breaks to improve the educational environment.'”
Research has contradicted the academic benefits of year-
round schooling'®!?; specifically, studies have shown no
difference in academic achievement across all students and
when looking at specific ethnic minority student groups.
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Despite the lack of research supporting its academic
benefits, the growth of year-round schooling has been sig-
nificant.?° To date, little is known about the role that a year-
round school calendar might play in summer weight gain
and fitness loss. Therefore, the purpose of this study was to
examine the changes in BMI and cardiovascular fitness
during year-round and traditional school summer breaks. A
secondary purpose was to examine the modifying role that
self-reported summer camp and organized physical activity
participation might have on these outcomes.

Methods

Participants and Setting

Participants were a convenience sample of 328 (160 =
males, 168 =females) children in grades 1-5 from two
elementary schools in the same school district in the
Southwestern United States. Schools were exactly four
miles apart with similar demographic characteristics, aca-
demic achievement, school layouts, physical activity
space, and physical activity opportunities. These schools
were neighborhood schools with set boundaries that dic-
tated enrollment. Table 1 shows the characteristics of the
schools. The traditional calendar school had a 12-week
summer break. The year-round calendar school had either a
3- or 7-week summer break, depending on the assigned
track. The necessity of the year-round calendar was due to
overcrowding and not for a solely academic reason. Chil-
dren would have 45 days in class followed by a 15 school
day break. At any given time, one track was out of school to
ensure that space was available for classes. All children had
a 3-week July break, and some children had a 7-week break
if they were off track (out of school) during the 4 weeks at
the end of the school year or the 4 weeks at the beginning.

Table 1. School Characteristics

Traditional Year-round
school school
Student enrollment 1033 1153
Ethnic minority 16% 11%
Low income 8% 12%
Certified teachers 40 48
Standardized 56% 51%
testing average
Grades K-6 K-6
Calendar Traditional Year round (4 tracks)
August—May 45 days on 15 days off
| Track off at all times
Physical education | day/week | day/week

Certified teachers, teachers with licensure as approved by the State
of Utah; ethnic minority, groups with different national or cultural
traditions from the main population; low income, percent receiving
free/reduced lunch.



CHILDHOOD OBESITY December 2019

Participant recruitment took place by sending parental
permission letters home to all first to fifth grade families
early in the spring semester. Parental written permission
was ascertained by the parent’s returning the signed per-
mission forms. Any student who had a returned parental
permission form was invited to participate and the student
was explained the study during physical education class
and provided written assent before the start of the study.
Although it is difficult to determine whether there were
differences in the parents/children who chose to participate
and those who did not, it appears that the sample was
representative of the broader school population. The Uni-
versity of Utah Institutional Review Board, school district
research board, and school principals approved all proce-
dures and methodology.

Measures

Height was measured without shoes to the nearest 0.01 m
by using a portable stadiometer (Seca 213; SECA, Hanover,
MD), and weight was measured to the nearest 0.1 kilogram
by using a digital scale (BD-590, Tanita, Tokyo, Japan)
during physical education classes. BMI was calculated by
taking a student’s weight in kilograms divided by the square
or his or her height in meters (kg/m?). BMI z-scores were
calculated by using STATA’s “zanthro” package using age
(in years) and the 2000 U.S. CDC Growth Chart. Cardio-
vascular fitness was measured by using the 20-m Progressive
Aerobic Cardiovascular Endurance Run (PACER),?! ad-
ministered during physical education classes. The PACER
was conducted in the schools’ gymnasium with background
music provided by a CD. Each student was instructed to run
from one floor marker to another floor marker across a 20-m
distance within an allotted time frame. The time to complete
the run between the floor markers steadily decreased as the
test progressed. Once a student could not complete the dis-
tance in the allotted time on two occasions, their score was
recorded in laps. The PACER is a valid and reliable test for
measuring cardiovascular fitness in children.?! All tests were
led by three members of the research team who had been
trained in and had experience with each of the testing pro-
cedures.

Students were also asked four questions in August re-
garding their summer break physical activity participation:
(1) Did you participate in summer camp? (2) If so, for how
many weeks? (3) Did you participate in organized sport or
physical activity over the summer? (4) If so, on average
how many days per week? Questions were read aloud by
the research team; verbal examples of camp and physical
activity opportunities were explained to the students, and
students could ask about any specific example that they
might have had. Students also self-reported their age and
sex on the administered questionnaire.

Procedures

All data were collected in back-to-back weeks (the year-
round school followed by the traditional school to keep the
measures as close together as possible). Each class was
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split into two groups of students to ensure that they had en-
ough space to safely complete the PACER in the gymnasium.
One group of students completed the PACER, whereas the
other students had their height and weight measured in a
semi-private area of the gym. These procedures were re-
peated at each school first in May and then 12 weeks later in
August. During the August data collection, students were
given the four questions to answer regarding their summer
organized physical activity and camp participation.

Data Processing

There were two outcome variables in this study: BMI z-
scores and PACER Laps, both on the continuous mea-
surement scale. Seven cases (6 girls, 1 boy) were dropped
for missing data to yield an analyzed sample of 321 chil-
dren. Differences among break lengths during Spring 2018
were examined by using one-way ANOVA tests with a
Bonferroni o level adjustment for the continuous variables
and Pearson’s chi-square tests for the count variables. All
predictor variables were treated on the categorical mea-
surement scale. Time was treated as a dichotomous vari-
able with Spring 2018 as the referent. Summer Break
Length was treated as a three-level categorical variable
with the Traditional School programming as the referent
(i.e., 12-weeks). Both Summer Sports and Summer Camps
were treated as dichotomous predictors with not playing
summer sports and not attending summer day camps as the
referents, respectively.

Statistical Analysis

Data were screened for outliers by using z-scores (using
a 3.0z cut-point) and checked for Gaussian distributions
by using k-density plots. To observe the trends in BMI z-
scores and PACER laps before and after summer break and
the modifying effect of Break Length, and Summer Sport
and Summer Camp participation, multilevel general linear
mixed-effects models were employed by utilizing maximum
likelihood estimation. Two separate models were run, one
for each outcome variable. Random intercepts were em-
ployed on the classroom and student levels to adjust for
clustering within the data structure (i.e., students clustered
within classrooms, time-point measurements clustered
within students). School was not included as a higher level
because of the small number of clusters (V=2). Likelihood
ratio tests were employed to examine the utility of multilevel
modeling against the null model that assumed no clustering
within the data structure. Time was the primary predictor of
interest with Break Length, Summer Sports, and Summer
Camps tested as effect modifiers within each of the models
via derivation of two-way and three-way interaction terms.
Models were adjusted for age and sex. Only the PACER
model was adjusted for age and sex because age and sex were
used to calculate BMI z-scores. Reporting of the results in-
cluded the adjusted parameter estimates with corresponding
95% Confidence Intervals. « Level was set at p <0.05, and all
analyses were carried out by using STATA v.15.0 statistical
software package (STATA, College Station, TX).
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Results

Descriptive statistics are presented in Table 2. Eighty
children had a 3-week summer break (24.4% of sample), 66
children had a 7-week summer break (20.1% of sample),
and 175 children had a 12-week summer break (53.4% of
sample). In addition, the frequency of participating in
summer sports ranged from 0 to 7 days per week, with a
sample average of 2.4 days per week (SD=2.1) and fre-
quency of participating in summer camps ranged from 0 to 5
weeks with a sample average of 0.50 weeks (SD=1.01).
There were no statistical differences during Spring 2018
among summer break lengths on BMI z-scores (p=0.100),
PACER laps (p=0.171), age (p=0.580), sex distribution
(p=0.749), participation in summer sports (p=0.756), and
participation in summer camps ( p =0.087). Results from the
general linear mixed-effects models are reported in Tables 3
and 4 for BMI z-scores and PACER laps, respectively. For
BMI z-scores, there was a statistically significant time main
effect, suggesting marginally higher BMI during Fall 2018
compared with Spring 2018 ( p=0.006). However, this time
effect was modified by Break Length, with students with 3-
and 7-week breaks displaying attenuated increases in BMI
compared with students enrolled in Traditional Schooling
with 12-week breaks (p <0.05). Figure 1 displays the BMI
z-scores across summer break lengths. No statistically sig-
nificant three-way interactions were present among any of
the observed variables on BMI.

For PACER laps, there was no time main effect;
however, students who participated in summer sports
displayed increases in PACER laps compared with stu-
dents who did not participate in summer sports
(p=0.001). There was no Break Lengthx Time inter-
action for PACER laps. No three-way interactions were
found on PACER Laps.

Table 2. Participant Descriptive
Characteristics During Spring 2018,

Stratified by Break Length (Means
and Standard Deviations or Counts
and Percentile; N=321)

BRUSSEAU ET AL.

Table 3. Parameter Estimates for the BMI

(kg/m?) z-Score General Linear
Mixed-Effects Model

b-Coefficient 95% CI P
Time 0.09* 0.03-0.15 0.004
3-Week break 0.38 —0.39 to 1.24 0.389
7-Week break 0.03 —0.31 to 0.35 0.901
3-Week break x time —0.10* —0.17 to —0.04 | 0.009
7-Week break x time —0.11* —0.18 to —0.04 | 0.001
Played summer sports 0.08 —0.14 to 0.31 0.495
Sports X time —0.01 —0.09 to 0.08 0.821
Attended summer camp 0.06 —0.23 to 0.33 0.764
Camp X time 0.05 —0.03 to 0.12 0.465

Referent for time is Spring 2018; referent for summer break length
is 12 weeks (traditional school); referent for summer sports is not
playing; referent for summer camps is not attending.

Bold and ? denote statistical significance, p <0.05.
Cl, confidence interval.

Discussion

The purpose of this study was to examine the impact
of year-round and traditional school calendars on sum-
mer weight gain and fitness loss. A secondary purpose
was to determine whether self-reported summer camp

Table 4. Parameter Estimates

for the PACER Lap General Linear
Mixed-Effects Model

3-Week 7-Week 12-Week
break break break

Age (years) 9.8 (1.2) 9.0 (1.3) 9.0 (1.5)
BMI z-score 0.19 (1.02) —0.17 (0.83) —0.10 (0.92)
PACER laps 20.7 (8.5) 26.2 (14.8) 24.7 (13.7)
Girls 39 (12.1%) 33 (10.3%) 90 (28.0%)
Played summer 56 (17.3%) 47 (14.4%) 103 (31.5%)
sports
Attended summer 28 (8.6%) 12 (3.7%) 39 (12.0%)
camps

PACER, Progressive Aerobic Cardiovascular Endurance Run.

b-Coefficient 95% CI P

Time 22 —0.4 to 4.9 0.099
3-Week break -53 —17.6 to 7.1 0.406
7-Week break 3.1 —2.6 to 8.8 0.290
3-Week break x time 2.1 —10.5 to 6.2 0.619
7-Week break x time -1.3 —4.3 to |.7 0.388
Played summer sports 1.5 —2.1 to 5.1 0.429
Sports X time 4.6* 2.0-7.2 0.001
Attended summer 3.0 —0.7 to 6.6 0.115
camp

Camp X time 0.09 -25to 2.7 0.943
Age (years) 4.06* 3.42-5.80 <0.001
Female —6.49* —9.36 to —3.63 | <0.001

Referent for time is Spring 2018; referent for summer break length
is 12 weeks (traditional school); referent for summer sports is not
playing; referent for summer camps is not attending.

Bold and ? denote statistical significance, p <0.05.
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Figure 1. BMI z-scores across summer break lengths.

and organized physical activity participation impacted
these changes.

This study is the first to explore the impact of a year-
round track system school calendar (e.g., 3- and 7-week
breaks) on health-related fitness outcomes. Current find-
ings suggest that the shorter breaks associated with the
year-round calendar mitigated summer weight gain. With
scholars continuing to highlight the summer months as a
period where obesity prevalence grows in children,?* year-
round schooling may be a solution to this public health
pandemic. The benefits of the year-round calendar appear
to be explained by the structured day hypothesis.!® The
school day ensures structure for children, which can lead to
healthy lives of physical activity, sleep, and diet. More
specifically, schools provide opportunities for physical
activity. Schools in this study provided at least two recess
opportunities each day as well as physical education once
per week. These segments alone can provide substantial
physical activity.?*** In addition, studies have shown the
significant decreases in daily physical activity on non-
school days (e.g., weekends), which highlight the impor-
tance of the school structure.?> Alexander and Lyons®®
reported that children in year-round schooling showed
significant accelerated gains in BMI during winter com-
pared with previous summers. This study showed miti-
gated increases in BMI z-scores during summer, but it is
unknown how BMI would fluctuate across the winter
months. Nevertheless, this study is the first to compare
varying summer break lengths on BMI z-score change,
which provides additional information on the potential
health benefits of year-round schooling. Comparing BMI
variability among summer break length groups across the
entire year should be a priority for research. Although
relatively small in magnitude across one summer, the at-
tenuated increases in BMI z-scores in those children who

7-Week Break
m Spring 2018
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12-Week Break
Fall 2018

were in a 3- and 7-week summer break may be clinically
relevant if sustained across multiple years. However, it is
unknown whether these effects are consistent within in-
dividual students. The school calendar did not appear to
impact cardiovascular fitness in the participating children.

The current findings did, however, indicate that orga-
nized sport participation during summer break was a key
factor in increasing cardiovascular fitness. An improvement
of ~4 laps was observed in those children who participated
in summer sports. Similar to the effects observed with BMI
z-scores, these improvements in aerobic fitness may be
clinically relevant if sustained across multiple summers. In
addition, because even modest improvement in aerobic fit-
ness is associated with better cardiometabolic risk, small
improvements in PACER laps may yield meaningful re-
ductions in potential health risk. Recent research has sug-
gested that sport participation is associated with improved
body composition and cardiovascular fitness when com-
pared with nonsport participants.?” Marques et al.?® clearly
link those with greater sport participation to greater levels of
moderate to vigorous physical activity. Phillips and Young®’
have also linked sport participation to both increases in
energy expenditure and physical fitness for inner city fe-
males. Although organized sport is a great opportunity for
physical activity out of school, it is important to recognize
that the cost of youth sport may be prohibitive for many
families. The current sample included about 8%—12% of
children who would be considered as coming from a low-
income background based on free and reduced lunch par-
ticipation. Future work in schools that serve predominantly
low-income families is needed to further elucidate the role
of organized sport in summer fitness.

Summer camp participation did not play a role in either
weight gain or cardiovascular fitness levels in this study.
Traditionally, summer camps have been shown to help
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students exceed national physical activity recommenda-
tions.>® Also, a growing number of summer camps par-
ticipate in the USDA Summer Food Service Program,
which sets nutritional guidelines related to quantity and
quality of food served in programs that serve children from
low-income households.®>! Summer camps may also regu-
late children’s sleep similar to the way that a school does
during the school year. These benefits protect students
from weight gain and fitness loss. The contradictory find-
ings in this study may be a result of the relatively low
percentage of students who participated in summer camps
and the fact that most children who did participate only
attended 1 week of camp. Previous research has reported
that school-sponsored summer programming has the abil-
ity to protect students from weight gain and fitness loss
when compared with youth not participating in these pro-
grams.>? This particular study included more traditional
school-based academic school programs that were not
available for these students at their schools in this study.

Although this study is the first to examine the impact of
year-round school calendars on summer weight gain and
fitness loss, it is not without limitations. The inclusion of
only two schools that were not randomized and from only
one suburban school district limits its generalizability.
Similarly, the study lacked overall demographic diversity
and we were unable to collect ethnicity and socioeconomic
data at the individual level. The use of self-reported sport
and camp participation at the end of the summer may also
be a concern due to recall related issues. Lastly, summer
physical activity levels, sleep, and dietary habits were not
measured. Future work is needed to replicate this study across
numerous schools, districts, cities, and states while also
considering measures of physical activity, sleep, and diet.

In conclusion, this study serves as a first look at the
potential health benefits of the year-round school calendar,
specifically the potential to protect against an increase in
weight status over the summer months. In addition,
summer-organized sport participation appears to be an
important avenue for maintaining even improving aerobic
fitness when children are out of school. Clearly, more work
is needed to replicate and generalize these findings. Al-
though the academic benefits of year-round schools appear
to be limited, this study provides data that may be used by
school districts that may want to consider year-round
school calendars for health benefits rather than academic or
overcrowding concerns.
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