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Abstract

Introduction—The effects of Build Our Kids Success—a 12-week, 1-hour before school
physical activity program—on BMI and social-emotional wellness among kindergarten to eighth
grade students was examined.

Study design—Non-randomized trial.

Setting/participants—From 24 schools in Massachusetts, there were 707 children, from
kindergarten to eighth grade.

Intervention—Children registered for Build Our Kids Success in 2015-2016 participated in a 2
days/week or 3 days/week program. Nonparticipating children served as controls.

Main outcome measures—At baseline and 12 weeks, study staff measured children’s heights/
weights; children aged =8 years completed surveys. Main outcomes were 12-week change in BMI
(kg/m?2), odds of a lower BMI category at follow-up, and child report of social-emotional
wellness. Analyses were completed in March—June 2017.

Results—Follow-up BMI was obtained from 67% of children and self-reported surveys from
72% of age-eligible children. Children in the 3 days/week group had improvements in BMI z
score (-0.22, 95% Cl=-0.31, —0.14) and this mean change was significantly different than the
comparison group (=0.17 difference, 95% Cl= —-0.27, —0.07). Children in the 3 days/week group
also had higher odds of being in a lower BMI category at follow-up (OR=1.35, 95% CIl=1.12,
1.62); significantly different than the comparison group (p<0.01). Children in the 2 days/week
program had no significant changes in BMI outcomes. Children in the 3 days/week group
demonstrated improvement in their student engagement scores (0.79 units, p=0.05) and had
nonsignificant improvements in reported peer relationships, affect, and life satisfaction versus
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comparison. The 2 days/week group had significant improvements in positive affect and vitality/
energy versus comparison.

Conclusions—A 3 days/week before school physical activity program resulted in improved
BMI and prevented increases in child obesity. Both Build Our Kids Success groups had improved
social-emotional wellness versus controls.

Trial registration—Clinicaltrials.gov Registration Number NCT03190135.

INTRODUCTION

Obesity affects 12.7 million (17%) children and adolescents throughout the U.S.
Substantial work is being directed at efforts towards childhood obesity prevention. As a
modifiable lifestyle habit, physical activity is a potential target for these efforts.

Evidence supports the health benefits of physical activity. Children who are more physically
active have lower body fat percentage? as well as lower BMI.3 Higher levels of physical
activity early in life are associated with future physical activity levels as well as lower risks
of cardiovascular disease and diabetes later in life.#~":8 There is also growing evidence that
physical activity has a positive impact on psychosocial wellbeing, cognitive outcomes, and
academic performance, as well as mental health.9:10

Despite these benefits, most children do not receive the recommended amount of physical
activity.11 Parents cite time pressures, safety concerns, cost, and competition with screen
time as challenges to supporting their children’s physical activity.12 As children spend the
majority of their time in school, most of their physical activity occurs in this setting,3
however, schools overall do not promote physical activity.1415 Barriers exist to school-based
physical activity, including lack of available resources, concerns regarding burden on
academic time, and perceived lack of knowledge to lead physical activity sessions.16
Interventions to increase physical activity in schools have shown mixed results, largely
because of the overall heterogeneity in intervention design.17-19

Build Our Kids Success (BOKS) is a before school physical activity program present in
more than 2,500 elementary and middle schools throughout the U.S. and internationally. The
60-minute, 12-week program includes a core curriculum delivered by trained volunteers. In
a recent report in a single school, BOKS effectively decreased percentage of body fat, and
increased aerobic performance in participants versus control students.2’ The BOKS program
is consistent with Huang and Glass’s systems-level framework to prevent obesity,2 and is
rooted in the social contextual theory of behavior change.22 Previous research has found that
before school physical activity programs increase overall physical activity23-24 and improve
lean body mass.20

This study examines the effects of participation in a 2 days/week and 3 days/week BOKS
program on anthropometric and social-emotional wellness outcomes among children and
adolescents, aged 5-14 years, in Massachusetts. BOKS addresses current barriers to school-
based physical activity programming by utilizing a before school program that does not
conflict with academic time and by providing a core curriculum to empower volunteers in
leading physical activity opportunities.
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This nonrandomized controlled trial was conducted in 24 elementary and middle schools in
three Massachusetts communities during the 2015-2016 school year (Appendix Figure 1).
Study design, eligibility, and recruitment have been published previously.2> In each school,
children whose parents registered them for BOKS participated in a 1-hour, before school
program. Nonparticipating children served as controls. Primary outcomes included students’
BMI zscore collected by study staff at baseline and at 12 weeks, and odds of being in a
lower BMI category at follow-up. Students aged =8 years also completed surveys assessing
social-emotional wellness. The study was approved by the IRBs of Spaulding Rehabilitation
Hospital and Partners HealthCare, Boston, MA. The trial has been recorded in
clinicaltrials.gov (NCT03190135).

Study Population

Measures

All students in kindergarten to eighth grade (aged 5-14 years) within participating schools
were eligible for participation. In partnership with the schools, all students had equal
opportunity to participate in the BOKS program and randomization was not feasible.
Recruitment occurred in September 2015 and January 2016 with follow-up measures
collected in December 2015 and April 2016, respectively.

Parents were notified of the study through a flyer within a packet including BOKS
registration and parental consent forms. Parents who registered their children in the BOKS
program had the option to voluntarily enroll their child in the study. For students who chose
not to participate, parents could consent for participation in the control group. If students
consented to study participation and participated in both sessions, only the fall term was
included in the analysis. Students were not blinded to study arm because of the nature of
participation in the program (i.e., students knew if they were participating in BOKS and how
many days per week). Outcomes assessors were also not blinded because of the nature of
study data collection sessions (e.g., conducted during a BOKS session or outside of the
program).

Students participated in BOKS for 12 weeks. A total of 16 schools administered the program
2 days/week and eight schools administered the program 3 days/week. Program frequency
was determined by each district based on feasibility, staffing, and preference. BOKS
sessions lasted =60 minutes and started with a warm-up game, transitioned into running,
relay races, or obstacle courses, and included a skill of the week (e.g., plank, running,
jumping). Volunteers, trained by the BOKS organization in program content and teaching
methods, led each of the sessions. The BOKS curriculum has been developed by the BOKS
educational leadership team and was not altered for the study. Assessments for fidelity to the
BOKS curriculum were implemented to ensure consistency across schools.

Main outcomes included BMI parameters in all participants and social-emotional wellness
and student engagement measures in students aged =8 years. The authors measured 12-week
changes in BMI zscore and the odds of being in a lower BMI category at follow-up. At
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baseline and at 12 weeks, trained research assistants measured child height and weight
without shoes and in light clothing using a Seca scale and a stadiometer. From these
measurements, child BMI, and age- and sex-specific BMI z-score and percentile categories
were calculated, using the Centers for Disease Control and Prevention guidelines.2
Percentile categories were defined as normal (=5th to <85th percentile), overweight (=85th
to <95th percentile), obesity (=95th percentile [specifically within 95% to <120%]); and
severe obesity (2120% of the 95th percentile).2’

Students aged =8 years were invited to complete surveys at baseline and follow-up related to
social-emotional wellbeing. Surveys were administered either in a school-based computer
lab or via tablets/laptops. Based on NIH PROMIS measures previously validated within this
age group, children responded on a 5-point scale to questions regarding interactions with
peers,28 positive affect,2? and life satisfaction.29 For peer relationships, children responded
to eight statements on the quality of relationships with friends and other peers in the past 7
days. For positive affect, children rated how accurately each of ten statements related to their
positive emotion in the past 7 days. For life satisfaction, children rated how accurately each
of five statements described their feelings about life. Based on the Healthy Pathways Child-
Report Scales (validated for ages 9-11 years), children responded on a 5-point scale to four
questions about their health and energy level (vitality/energy subscale) and six statements on
how interested and involved they were in school (student engagement).3° Results were
examined separately by number of days the school administered BOKS (e.g., 2 or 3 days per
week), adjusted for child age and sex, and accounted for clustering by school.

Child age, grade level, and gender were collected from student questionnaires.

Statistical Analysis

Distributions of participant characteristics across the 2 days/week, 3 days/week, and control
group were analyzed using F-tests from 1-way ANOVA and chi-square tests. The data was
assessed for outlier values and data entry errors. Subjects with biologically implausible
values for height and weight and subjects with lower values for height recorded at 12 weeks
compared with baseline were removed from the data set. In complete case analyses, effects
of the interventions on BMI zscore and social-emotional wellness outcomes were assessed
using linear mixed effects repeated measure models to account for clustering within
participants over time. Similarly, ordinal logistic mixed effects repeated measure models
were used to assess the effect of the interventions on the odds of being in a lower BMI
percentile category at 12 weeks compared with baseline. In all models, the primary
predictors were fixed effects for the intervention arm, time, and the time X intervention
interaction term. The interaction term determined whether there was a different change in
the 2 day/week and 3 day/week intervention groups compared with the control group.
Models for BMI zscore and BMI percentile category were adjusted for school. Models for
BMI were additionally adjusted for age and sex. Models for social-emotional wellness
categories were adjusted for school, age, sex, and baseline BMI. All analyses were
performed in SAS, version 9.4 and completed in March to June 2017.
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Figure 1 details the participant flow for this study. The sample size for the main BMI
analyses included 274 children in the 2 days/week program, 151 children in the 3 days/week
program, and 282 children in the control group, for a total of 707 children with complete
BMI data at baseline and follow-up (67% of children with completed baseline assessments).
Comparison of the 707 participants in this analysis with the 348 participants who consented
but did not complete a follow-up assessment showed some differences. For example, the
subjects in this analysis were slightly younger (mean age 9.1 vs 9.8 years) and had a lower
baseline BMI (18.3 vs 19.0), but did not differ on gender.

Table 1 shows baseline characteristics of both intervention and control groups, across all
schools. There were no statistically significant differences in gender, baseline BMI, BMI
score or BMI percentile category between BOKS participants and controls. However, there
were significant differences in age between the two intervention groups and control group.
Across the participating school districts, average kindergarten to eighth grade enrollment
was 5,174 children. Approximately 30% of children are considered economically
disadvantaged and 31% identified as a racial/ethnic minority.

Within the 3 days/week group, adjusted mean BMI z-score was 0.51 (SE=0.14) at baseline
and 0.29 (SE=0.14) at 12 weeks, an average change of —0.22 units (95% Cl=-0.31, -0.14;
Table 2). In the control group, adjusted mean BMI z-score was 0.44 (SE=0.08) at baseline
and 0.39 (SE=0.20) at 12 weeks, an average change of —0.05 units (95% Cl=-0.11, 0.01).
The adjusted BMI zscore difference was significantly different in the 3 days/week group
versus controls (=0.17 unit difference, 95% Cl= -0.27, —0.07). Children who participated in
BOKS 2 days/week did not demonstrate BMI z-score improvement from baseline to 12
weeks (—0.01 unit change, 95% Cl= -0.07, 0.05). Program effects are shown in Table 2.

Children who participated in the 3 days/week BOKS program had significantly higher odds
of being in a lower BMI category at follow-up compared with baseline (OR=1.35, 95%
Cl=1.12, 1.62; Table 2). This effect was not seen in children who participated in BOKS 2
days/week (OR=1.03, 95% CI=0.93, 1.15) or in the control group (OR=0.99, 95% CI1=0.88,
1.11). The OR for children in the 3 days/week program was significantly different than the
OR for the control group (p<0.01).

Significant improvements were found among BOKS participants related to student
engagement, positive affect, and vitality/energy (Table 3). Student engagement scores
improved among the 3 days/week program (0.79 unit difference, 95% Cl=-0.01, 1.60)
compared with children in the comparison group. Students in the 2 days/week group had
significant improvements in both positive affect (1.41 unit difference, 95% CI1=0.16, 2.65)
and vitality/energy score (0.60 unit difference, 95% CI1=0.11, 1.08) when compared with
children in the comparison group. Students in the 3 day/week group did not demonstrate
these effects.
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DISCUSSION

Within a large sample of elementary and middle school students, a before school physical
activity intervention was associated with improvement in physical and social-emotional
health. Students who participated in BOKS 3 days/week experienced significant
improvement across measures of BMI compared with the comparison group, including
absolute BMI zscore change (-0.22), and favorable BMI category at follow-up. These
changes are clinically significant based on 2017 U.S. Preventative Task Force
recommendations for pediatric obesity screening, in which a BMI z-score change of 0.20-
0.25 indicates anthropometric changes associated with improvement in cardiovascular and
metabolic risk factors.3! Students participating in the intervention also had significant
improvement in student engagement, positive affect, and vitality/energy measures.

BMI zscore decreased slightly or remained stable among children in the control group and
the 2 days/week group throughout the intervention period. All students had access to twice
weekly physical education and it is possible that this accounted for the weight status
maintenance. These findings suggest that the increased activity within the 3 days/week
group may have been sufficient to influence BMI changes.

The overall heterogeneity of intervention structure and duration within the literature allows
few direct comparisons with this study. A small RCT of a 3 days/week, 1-hour after school
physical activity intervention decreased the percentage of students classified as overweight
compared with controls at 3-month follow-up.32 Short-term school-based interventions
combining nutrition and physical activity have been successful in reducing the number of
students who are overweight.33-35 Prior studies using before school physical activity
interventions increased total daily moderate to vigorous physical activity?324 and improved
body composition measures.20 This study is unique in explicitly evaluating BMI outcomes
for a before school physical activity intervention. Taken together, these findings support
before school physical activity programming as a successful strategy for prevention of
overweight and obesity.

Given the mixed literature on the effectiveness of school-based physical activity
interventions,18.19.36 it js worth considering what unique aspects of this program may have
encouraged children to be more active, leading to positive changes in BMI. Previous
research identifies adequate time spent in physical activity,3” greater enjoyment of physical
activity because of participation with friends,38 modeling of increased physical activity by
adult role models,3° sufficient staff training,3” and small class sizes (less than 25 students/
teacher) as key determinants of successful school-based programming,*? all of which are
included in BOKS. Specifically, children participate with a group of peers at the direction of
a trained, adult role model, with content built around fun, fitness games that encourage kids
to move more.

Although a large body of evidence supports a positive effect of physical activity on academic
and cognitive outcomes,?1441 |ess literature addresses social-emotional wellness outcomes.
Previous studies have focused on specific populations, such as children with attention-
deficit/hyperactivity disorder,*2:43 or have found associations such as decreased depressive
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symptoms with increased physical activity levels.** There is limited work regarding the
effect of physical health on more general measures of psychosocial wellbeing. These results
of a significant effect on student engagement, positive affect, and vitality/energy, as well as
positive trend for life satisfaction and peer relationships, have not been previously reported.
The measures used in this study reflect a growing trend towards evaluating patient-reported
outcomes in more subjective measures of health. Although the use of the Healthy Pathways
scales outside of the previously validated age range is a limitation, these novel results
highlight the need for further research on the effect of physical activity interventions on
wellbeing.

This study is innovative in its extensive evaluation of the effects of a before school physical
activity program on physical and social-emotional wellness across multiple communities.
Additionally, it presents an intervention that may be an efficient way to increase children’s
physical activity. Schools have existing infrastructure, and co-locating physical activity
programs at a location where children are already present may increase access. It is also
efficient to use the time before school for physical activity programs. Whereas after school
programs may have unintended consequences of replacing other physical activity
involvement, before school programs take advantage of a time when children are not usually
active.*® Given that this intervention is pre-existing and currently present in more than 2,500
schools throughout the U.S. and internationally, dissemination opportunities appear feasible.

Although the conclusions of this study are limited to the three communities that participated,
large scale child participation in programs such as this has the potential to lead to positive
changes in health at the population level. Lastly, this study assessed how physical activity
exposure (i.e., 2 days/week versus 3 days/week programming) may impact outcomes. Within
this sample, 2 days/week participation may be sufficient to achieve social-emotional
benefits; however, physical health benefits required 3 days/week exposure.

In partnership with participating communities, this study’s nonrandomized design allowed
all students an equal opportunity to participate in BOKS. Despite this intention, the lack of
randomization is a significant limitation as baseline differences between children who
participated versus those who did not could explain the different effects on weight status and
social-emotional wellness observed between groups.

Additionally, whether children participated in 2 days/week versus 3 days/week programming
was determined by school preference. Factors such as availability of volunteer staff or space
limitations may have driven each school’s programming decision. These variations, as
opposed to program exposure, could in part explain the observed differences between the 2
days/week and 3 days/week programs.

In the setting of nonrandomization, there were baseline differences in age between groups
and these differences may have impacted findings. The use of BMI zscores and adjustment
of models for age and sex attempted to reduce this effect. Post-hoc analyses did not find
effect modification by gender. SES and race/ethnicity at the individual level were not
available, and could not be controlled for in analyses.
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This study addressed barriers to children’s physical activity with the provision of safe and
free access to physical activity opportunities as well as a knowledge base with which
volunteers successfully delivered effective programing. Despite this, it is unclear if specific
barriers to participation in this program exist that prevent some students from benefitting.

Although efforts were made to track any protocol deviations, subtle variations in BOKS
delivery across schools may have existed that were out of the authors’ control. Finally, as
objective measures of physical activity were not tracked, there is not quantitative data on the
physical activity intensity or individual compliance with physical activity lessons.

CONCLUSIONS

A before school physical activity program where children participated 3 days/week resulted
in improved BMI and prevented increases in child overweight and obesity. Compared with
the comparison group, both BOKS groups experienced a range of improvements in social—
emotional wellness as well. Increasing access to before school physical activity programs
has the potential to positively impact child physical and mental health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1,229 children, aged 5-14 years, from 24 schools in 3 Massachusetts communities
consented for participation in research, September 2015 — June 2016

-—>| 174 children missing baseline assessments

1,055 children with completed baseline assessments

Assignment

2 day per week program:

442 children with a baseline BMI
3 baseline BMI excluded as
outlier values
* 319 child surveys, aged 28
years (98.8% age-eligible)

Baseline

3 day per week program:

217 children with a baseline BMI
4 baseline BMI excluded as
outlier values
* 141 child surveys, aged 28
years (86.5% age-eligible)

Control:

396 children with a baseline BMI
« 3 baseline BMI excluded as
outlier values
* 281 child surveys, aged 28
years (70.6% age-eligible)

274 children with a valid baseline

and 12 week BMI (62.0%)

* 88 do not have 12 week
measure

* 4 excluded as outlier values
at 12 weeks

e 76 have decreasing height
values

225 children with a baseline and
12 week child survey, aged 28
years (70.5% age-eligible)

12 week Follow-up

151 children with a valid baseline

and 12 week BMI (69.6%)

* 41 do not have 12 week
measure

* 6 excluded as outlier values
at 12 weeks

« 19 have decreasing height
values

112 children with a baseline and
12 week child survey, aged 28
years (79.4% age-eligible)

282 children with a valid baseline

and 12 week BMI (71.2%)

* 57 do not have 12 week
measure

« 5 excluded as outlier values at
12 weeks

* 32 have decreasing height
values

230 children with a baseline and
12 week child survey, aged 28
years (81.9% age-eligible)

Figure 1.
Participant flow for BOKS study.

BOKS, Build Our Kids Success
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Table 1
Baseline Characteristics of 707 Children With Baseline and 12-week BMI Assessments Participating in the
BOKS Study
Characteristics 3 day/week BOKS 2 day/week BOKS Control participants (n=282) p-value
participants (n=151) participants (n=274)
Age, years, mean (SD) 8.5(1.3) 9.4 (1.9) 9.2 (1.9) <0.01
Boy, n (%) 84 (55.6) 130 (47.5) 134 (47.5) 0.21
BMI, kg/m?2, mean (SD) 18.0 (3.2) 18.5 (4.0) 18.3(3.7) 0.51
BMI z-score, mean (SD) 0.58 (1.0) 0.41(1.1) 0.45 (1.1) 0.31
BMI percentile, age and sex adjusted, n (%) 0.84
Underweight (<5th percentile) 4(2.7) 9(3.3) 9(3.2)
Normal weight (5th — <85th percentile) 95 (62.9) 180 (65.6) 188 (66.7)
Overweight (85th — <95th percentile) 28 (18.5) 40 (14.6) 39(13.8)
Obese (=95th percentile — severe) 18 (11.9) 30 (11.0) 37(13.1)
Severe obesity (2120% of 95th percentile) 6 (4.0) 15 (5.5) 9(3.2)
Social-emotional wellness scores, mean (SD)
Peer relationships, mean (SD) 28.2 (8.6) 27.6 (7.5) 29.2(7.2) 0.15
Positive affect, mean (SD) 33.6 (8.5) 33.5(7.0) 34.4 (6.9) 0.48
Life satisfaction, mean (SD) 17.1(3.5) 17.1(2.9) 17.5(2.8) 0.36
Vitality/energy, mean (SD) 16.5 (3.2) 15.5 (3.0) 16.0 (2.6) 0.02
Student engagement, mean (SD) 12.2 (4.4) 12.6 (3.8) 12.8 (3.8) 0.55

Notes: Boldface indicates statistical significance (p<0.05) of F-statistic or chi-square statistic.

BOKS, Build Our Kids Success
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Changes in Social-Emotional Wellness Scales From Baseline to 12 Weeks, by Intervention Assignment

Table 3

Social-emotional wellness scales  Adjusted mean change p-value Adjusted difference  p-value
B (95% ClI)

Peer relationships (N=482)
3 days/week program 0.52 (-0.88, 1.93) 0.46 0.47 (-1.21, 2.16) 0.58
2 days/week program 1.24 (0.26, 2.23) 0.01 1.20 (-0.15, 2.54) 0.08
Controls 0.05 (-0.91, 1.01) 0.92 ref

Positive affect (N=449)
3 days/week program 0.64 (-0.62, 1.90) 0.32 0.61(-0.91, 2.12) 0.43
2 days/week program 1.44 (0.52, 2.36) <0.01 1.41 (0.16, 2.65) 0.03
Controls 0.04 (-0.84, 0.91) 0.94 ref

Life satisfaction (N=488)
3 days/week program 0.65 (0.14, 1.17) 0.01 0.48 (-0.14, 1.11) 0.13
2 days/week program -0.10 (-0.47, 0.26) 0.57 -0.27 (-0.78, 0.23) 0.29
Controls 0.17 (-0.19, 0.53) 0.36 ref

Vitality/energy (N=511)
3 days/week program -0.36 (-0.86, 0.14) 0.16 -0.39 (-0.99, 0.21) 0.20
2 days/week program 0.63 (0.28, 0.98) <0.01 0.60 (0.11, 1.08) 0.02
Controls 0.03 (-0.32, 0.38) 0.85 ref

Student engagement (N=500)
3 days/week program 0.81(0.13, 1.48) 0.02 0.79 (-0.01, 1.60) 0.05
2 days/week program 0.47 (0.01, 0.93) 0.05 0.46 (-0.18, 1.10) 0.16
Controls 0.01 (-0.44, 0.47) 0.95 ref

Notes: Boldface indicates statistical significance (p<0.05). Models are adjusted for school, age, sex, and baseline BMI.
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