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Introduction: A majority of preschool-aged children spend a significant portion of every weekday
in a preschool or child care setting, where they typically participate in limited physical activity. This
study determined if an ecologic physical activity intervention in preschools increases children’s
moderate- to vigorous-intensity physical activity (MVPA).

Design: RCT, with preschool as the unit of randomization and analysis. Child physical activity was
measured by accelerometry. Mixed model analysis of covariance with preschool as a random
variable was used to test the effects of the intervention on physical activity in the total group and in
sex-specific subgroups. Data were collected in 2008–2010 and analyzed in 2012–2014.

Setting/participants: Children in 4-year-olds’ classrooms in 16 preschools, pair matched and
assigned to intervention or control groups.

Intervention: The intervention focused on increasing children’s physical activity by changing
instructional practices. Researchers trained preschool teachers to engage children in physical activity
during (1) structured, teacher-led physical activity opportunities in the classroom; (2) structured and
unstructured physical activity opportunities at recess; and (3) physical activity integrated into pre-
academic lessons. Research staff encouraged teachers to adapt the intervention to their classrooms.

Main outcome measures: Minutes/hour of MVPA during the preschool day.

Results: In an analytic sample of 379 children (188 intervention, 191 control), those in the
intervention schools engaged in significantly more MVPA than children in control schools (7.4 and
6.6 minutes/hour, respectively). This difference remained significant after adjusting for parent
education and length of the school day (half versus full day). In the sex-specific analyses, the
difference was significant for girls (6.8 vs 6.1 minutes/hour of MVPA, respectively) but not for boys
(7.9 vs 7.2 minutes/hour, respectively).

Conclusions: A flexible ecologic physical activity intervention that trains teachers to provide
children with opportunities to be active throughout the school day increased MVPA in preschool
children.
(Am J Prev Med 2016;51(1):12–22) & 2016 American Journal of Preventive Medicine. Published by Elsevier
Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Obesity rates in American children and adoles-
cents have increased dramatically since the
1960s, and this alarming trend is evident even

in preschool-aged children.1 Although the causes of the
increased prevalence of childhood obesity have not been
identified definitively, a secular decline in physical activity
is widely seen as one of the contributors.2 Authorities in
several countries, including the U.S.,3–7 have developed
physical activity guidelines for young children, and
studies8–11 have shown that many children aged 3–5 years
in the U.S. and elsewhere fail to meet those guidelines.
More than half of preschool-aged U.S. children attend

a structured preschool or child care center,12 and
previous studies10,13,14 have shown that preschool stu-
dents spend most of their school day engaged in
sedentary behaviors. A recent report from IOM called
for preschools to implement policies and practices aimed
at preventing childhood obesity, including providing
opportunities for physical activity for at least 15
minutes/hour of school attendance.3 Some studies15–17

have shown that young children’s physical activity can be
increased when preschools adopt instructional and
organizational practices that promote physical activity,
but additional research is needed to determine which
practices or combinations of practices are most effective.
Though several studies have tested interventions to

increase children’s physical activity in the preschool setting,
observed increases in physical activity have been small and
findings have been inconsistent across studies. Several of
the interventions were of short duration, from 5 days18 to 8
weeks,19 and many were implemented using a structured
curriculum. Research staff implemented many of the
interventions, although in some studies trained preschool
teachers implemented the curriculum.20–22 In addition,
although most studies now measure children’s physical
activity using accelerometry, the overall number of studies
conducted in this population is small.18–21,23–25 To the
authors’ knowledge, no previous study has used a random-
ized design, measured physical activity using accelerom-
etry, and tested a flexible intervention. Accordingly, the
purpose of this study was to test the effects of an adaptable
ecologic preschool intervention, implemented by preschool
teachers, on the physical activity of young children. The
primary outcome of interest was minutes/hour of moder-
ate- to vigorous-intensity physical activity (MVPA) during
the preschool day, measured by accelerometry.

Methods
Design and Setting

The Study of Health and Activity in Preschool Environments
(SHAPES) used a group randomized design with preschool as the
July 2016
unit of randomization and analysis.26 The study included public
preschools and private child care/child development centers
(hereafter referred to as preschools) in the Columbia, South
Carolina, area that met eligibility requirements, including a focus
on developmental and pre-academic skills (e.g., identifying num-
bers, developing metalinguistic skills, socializing), adherence to
state curriculum standards, and program length of Z3 hours/day
and Z180 instructional days/year. Sixty-two public and private
preschools that met the eligibility criteria were identified, and a
stratified random sample of 16 preschools was invited to partic-
ipate in the study. If a preschool declined to participate, another
school from the same stratum was invited. Only two preschools
declined to participate, so the response rate was 89%. The 16
preschools that agreed to participate were pair matched by school
type (public or private), number of enrolled students, number of
classrooms for children aged 4 years, and number of children/
classroom. Schools from each pair were randomly assigned by a
university staff member not associated with the intervention to
either control or intervention condition. Data were collected in two
consecutive 4-year-old preschool cohorts (waves) of students
(2008–2009 and 2009–2010) from the 16 preschools and analyzed
in 2012–2014. Baseline measures were administered in the fall of
the school year and follow-up measures in the spring. Reporting of
the trial follows the CONSORT statement (Figure 1).

Study Participants

In participating schools, parents of all children enrolled in 4-year-
olds’ classrooms were invited to participate in the study’s measure-
ment protocol. Based on power calculations,26 the recruitment goal
was 15 children/preschool per study wave (N¼480). Children were
excluded from the study if they had a disability that would
invalidate accelerometry as a measure of physical activity or if
they were outside the 3- to 5-year age range. Child–parent dyads
(N¼488) were recruited, 264 in Wave 1 and 224 in Wave 2. The
overall response rate approximated 50% in both control (53%) and
intervention (48%) preschools. The number of children recruited
per wave varied from six to 28 per preschool. Written informed
consent was obtained from children’s parents or guardians prior to
data collection. Participating families and preschools received
small incentives for their participation in the study. Families
received a $25 gift card at the end of each data collection period,
and preschools received $250 each year they participated in the
study. The study was approved by the University of South
Carolina IRB.

Intervention Description

The SHAPES intervention was guided by a social ecologic model.27

This model posits that health behavior is influenced by factors
operating at multiple levels, including individual, institutional, and
social and physical environmental. Implementation of the inter-
vention utilized a flexible and adaptive approach, involving
university-based research staff (interventionists) and preschool
teachers working together to incorporate key components of the
intervention into their individual preschool environments.26,28

The intervention did not include a scripted curriculum, but
focused on encouraging teachers to use the SHAPES elements to
modify instructional practices and the class environment in ways
that fit their teaching style, classroom, and students. Specifically,
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key intervention elements included specific goals for (1) structured,
teacher-led physical activity opportunities in the classroom (“Move
Inside,” e.g., dancing, obstacle courses); (2) structured and unstruc-
tured physical activity opportunities at recess (“Move Outside,” e.g.,
races, follow the leader); and (3) physical activity integrated into
pre-academic lessons (“Move to Learn,” e.g., acting out stories,
counting with large motor movements). In addition, modifications
were made to the preschool social and physical environments. Social
environment elements included teacher verbal encouragement of
physical activity, teacher participation in physical activity, and
inclusion of activities children enjoy that involve MVPA (e.g.,
dancing, chase games, ball games). Physical environment changes
included providing physical activity supplies (e.g., balls, music,
scarves). Emphasis was given to use of space, materials, and existing
equipment to engage all children in physical activity.

Interventionists worked in partnership with preschool teachers
to modify and adapt the intervention implementation for each
teacher’s individual classroom and playground to achieve common
intervention goals. Teachers had flexibility to determine when and
how to implement the elements, while working to achieve the
overall intervention goals. The intervention was designed to
accommodate a range of common preschool settings (e.g., half-
and full-day programs, private and public preschools) with varying
resources. Intervention staff provided technical assistance through
initial trainings, group workshops, site visits, and newsletters. A
complete description of the intervention has been published
elsewhere.26,29 Teachers in control schools continued their regular
instructional and organizational practices, and those schools were
offered the intervention after final data collection.

Process Evaluation

Investigators used systematic and comprehensive process evaluation
procedures to ensure fidelity and completeness of intervention
implementation. Multiple methods and data sources were used to
assess the extent to which teachers provided physical activity
opportunities during the preschool day, children’s activity levels
during the opportunities, teachers’ encouragement of activity during
the opportunities, and children’s reactions to the physical activity
opportunities (i.e., enjoyment). Methods included systematic onsite
observation by trained research personnel, periodic surveys to
obtain teacher self-report, and periodic intervention staff ratings
based on field notes. Detailed descriptions of the process evaluation
procedures and results are presented elsewhere.26

Measures

Physical activity was measured by ActiGraph GT1M and GT3X
accelerometers over 5 days (Monday through Friday) during each
data collection period. Children wore the monitors on an elastic
belt on their right hip. Parents were instructed to remove the
monitor only during water-related activities (e.g., bathing, swim-
ming) and when children went to bed at night. Monitors were
initialized prior to data collection and were set to begin collecting
data at the start of the school day on Monday. Research staff
returned to the school each morning to provide replacement
monitors for children who were not wearing their previously
assigned monitor. Data were collected and stored in 15-second
intervals to capture the sporadic activity patterns that are
characteristic of children aged 3–5 years.30
Accelerometer data were reduced using activity intensity cut-
points developed specifically for children aged 3–5 years to
categorize intervals as sedentary (o200 counts/15 seconds); light
(200–419 counts/15 seconds); MVPA (Z420 counts/15 seconds);
and total (Z200 counts/15 seconds).31 Sixty minutes of consec-
utive zeros were considered non-wear time. For this study, only the
time in preschool was used in the analyses. Minutes/hour of
observation of sedentary, light, MVPA, and total physical activity
were then calculated, using children’s wear time during the school
day as the divisor. A day of observation was considered compliant
if a child provided accelerometry data forZ50% of the school day.
Days on which children were absent from preschool or spent
o50% of the school day in the preschool were excluded from the
analyses. Children who had Z3 days of accelerometer data were
included in the analyses.32

Physical activity energy expenditure (PAEE) was calculated by
converting accelerometry counts for each 15-second interval to an
estimated rate of oxygen consumption using a previously pub-
lished regression equation.31 Mean rate of oxygen consumption
was calculated for hours of school attendance for each observed
day. Mean daily oxygen consumption was transformed to the
corresponding rate of total energy expenditure expressed as
kilocalories expended per minute, accounting for body weight.
Estimated resting rate of energy expenditure was calculated using
the procedure of Schofield.33 Resting energy expenditure was
deducted from total energy expenditure to yield an estimate
of PAEE.

Race and age of the child and parent education were obtained
from surveys completed by the parent. Spanish versions were
provided when necessary. The majority of parents who completed
the surveys were the children’s mothers.

Children’s height and weight were measured at baseline by
trained staff using standardized procedures, with children in light
clothing and shoes removed, using Shorr measuring boards and
Seca model 770 scales. BMI was calculated using the standard
equation (body weight [kg] / height [m]2).
Statistical Analysis

Descriptive statistics for the children’s demographic and baseline
physical activity variables were calculated for sex, wave, and
preschool (intervention or control) groups. To address the primary
study aim, three mixed-model ANCOVAs were calculated to
determine the effects of the intervention on MVPA during the
preschool day. The first model compared the intervention and
control groups at follow-up after adjustment for the baseline
physical activity variable and wave. For the second model,
demographic variables (i.e., sex, race, and parent education) were
added. The third model also adjusted for whether the school day
was half day (3–4 hours) or total day (46 hours). In all analyses,
school was treated as a random variable, with students nested in
school and group (intervention or control). Similar models were
calculated for sedentary time, light physical activity, total physical
activity, and PAEE. Also, sex-specific models were calculated for
each variable.

For estimation of the ANCOVA models, light physical activity
and MVPA were square-root transformed owing to non-normal-
ity, but unadjusted least-square means and SE were reported.
Missing values at follow-up for the physical activity variables,
height, and weight were replaced using multiple imputation (data
www.ajpmonline.org
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augmentation with Markov-chain Monte Carlo generation of
imputed values, SAS PROC MI [SAS, version 9.2]). Twenty
replications of the imputed data were generated, followed by
identical analysis across each replication, and the combination of
results was brought together in SAS (PROC MIANALYZE).
Results
A total of 407 children provided Z3 days of acceler-
ometer data. After deletions for missing race, baseline
BMI, or parent education, data from 379 children were
available for analysis. Of that group, approximately 49%
attended intervention schools. As shown in Table 1,
children in the two school groups were similar in sex, age,
and BMI. Parent education was higher in the interven-
tion group (p¼0.02), and the distribution of races was
Figure 1. Study flowchart.

July 2016
different, with the intervention group including higher
percentages of white and black children and a lower
percentage of children in the other race category
(p¼0.02). At baseline, children in the intervention and
control schools were not significantly different in total
physical activity, MVPA, time spent sedentary, and
estimated physical activity energy expenditure. However,
children in the control schools spent significantly more
time in light physical activity (7.2 vs 6.8 minutes/hour,
p¼0.04). Accelerometer wear time during the preschool
day was greater in the control group than the interven-
tion group (5.5 vs 5.1 hours, p¼0.01).
Table 2 presents the results of the mixed-model

ANCOVA, which compared children in the two groups
at follow-up, adjusting for baseline characteristics. When
considering the total sample of children (both boys and
girls), those in the intervention
group spent greater time in MVPA
during the preschool day
(pr0.02). Times spent in seden-
tary behavior, light physical activ-
ity, and total physical activity did
not differ between the two groups.
Consistent with MVPA, estimated
PAEE was greater in the interven-
tion group. Results were mostly
similar across the three models
for each construct, with between-
group differences slightly attenu-
ated after control of demographic
variables; length of school day had
minimal impact on results.
Sex-specific analyses (Table 3)

revealed that the intervention pro-
duced an increase in MVPA (0.80
minutes/hour, p¼0.04) in girls. In
boys, a similar trend was seen for
MVPA, but the intergroup differ-
ence did not reach statistical sig-
nificance (p¼0.10)

Discussion
The major finding of this study
was that an ecologic intervention,
implemented by preschool teach-
ers in a flexible and adaptive man-
ner, increased MVPA in children
aged 4 years during the preschool
day. This observation is important
because more than half of children
aged 3–6 years in the U.S. attend
structured preschools or child care
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Table 1. Baseline Characteristics of 379 Preschool Children, M (SD) or Percentage

Total Girls

Characteristic
Control
(n¼191)

Intervention
(n¼188) p-value

Control
(n¼99)

Control
(n¼92)

Intervention
(n¼96) p-value

Sex (% male) 51.8% 48.9% 0.58 — — —

Age (years) 4.5 (0.4) 4.5 (0.4) 0.66 4.5 (0.4) 4.5 (0.4) 4.6 (0.4) 0.44

Height (cm) 107.0 (5.1) 107.9 (4.9) 0.08 107.2 (5.1 106.7 (5.10 107.8 (4.9) 0.14

Weight (kg) 18.7 (3.4) 19.1 (3.5) 0.30 18.9 (3.5) 18.6 (3.3) 19.1 (3.7) 0.36

BMI 16.3 (2.0) 16.3 (1.9) 0.88 16.3 (1.9) 16.3 (2.0) 16.3 (2.0) 0.89

Race

White 39.3% 44.2% 0.02 38.4% 40.2% 37.5% 0.61

Black 41.9% 46.8% 41.4% 42.4% 49.0%

Other 18.9% 9.0% 20.2% 17.4% 13.5%

Parent education (Z2 years of
college/tech school)

54.5% 66.0% 0.02 55.6% 53.3% 61.5% 0.26

Sedentary (minutes/hour) 45.9 (5.0) 46.3 (4.4) 0.45 45.1 (4.9) 46.7 (5.1) 47.6 (4.1) 0.18

Light PA (minutes/hour) 7.2 (1.6) 6.8 (1.9) 0.04 7.5 (2.5) 6.9 (2.7) 6.3 (1.8) 0.07

MVPA (minutes/hour) 6.9 (2.8) 7.0 (2.7) 0.74 7.4 (2.8) 6.3 (2.7) 6.0 (2.5) 0.44

Total PA (minutes/hour) 14.1 (5.0) 13.7 (4.4) 0.43 14.9 (4.8) 13.3 (5.0) 12.4 (4.1) 0.18

PAEE (kcal/kg/minute) 0.03 (0.01) 0.04 (.01) 0.18 0.03 (0.01 0.03 (0.01) .03 (0.01) 0.70

Wear time in preschool (hours/day) 5.5 (1.5) 5.1 (1.6) 0.01 5.6 (1.5) 5.4 (1.6) 5.3 (1.6) 0.60

Note: Boldface indicates statistical significance (po0.05).
MVPA, moderate- to vigorous-intensity physical activity; PA, physical activity; PAEE, physical activity energy e .
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—
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16.3 (1.8) 0.93

51.1% 0.003

44.6%

4.4%

70.7% 0.03
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4.9 (1.6) 0.002
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to Health Jr., a 14-week structured diet and
physical activity intervention implemented by
classroom teachers, increased MVPA by 7.5
minutes/day compared with control schools,24 an
effect that is moderately greater than that of the
present study. However, the intervention was not
sustained when observed after 2 years of imple-
mentation.40 The Start for Life Program, a struc-
tured cognitive–behavioral intervention, increased
the percentage of children’s time spent in MVPA
compared with control schools after 8 weeks20 and
9 months39 by levels similar to the present study,
although physical activity was measured on only 1
day. The present study, by applying a rigorous
research design and high-quality objective meas-
urement protocol, expands and strengthens the
evidence indicating that young children’s physical
activity levels in the preschool setting can be
increased by modifying instructional practices.

The intervention tested in this study was
designed to increase MVPA, and the primary
outcome variable was specified as objectively meas-
ured MVPA. These study characteristics were
stated in the published study protocol26 and in
the clinical trials registry (NCT01885325). Accord-
ingly, the authors have based their major conclu-
sion on the observation that MVPA was increased
in children attending the intervention schools.
However, in recent years, new physical activity
guidelines for preschool-aged children have been
developed and these have typically focused on total
physical activity, which encompasses light physical
activity as well as MVPA.3–6 In the present study,
althoughMVPA was increased by the intervention,
the authors did not observe an effect on total PA.
This is not surprising for two reasons. First, the
study likely lacked the statistical power to detect the
observed increase in total physical activity as
significant. Second, as noted, the intervention
focused on increasing MVPA, and some of the
strategies used to achieve this end were aimed at
increasing the intensity of certain activities (e.g.,
outdoor free play) from sedentary or light intensity
to moderate or vigorous intensity. Accordingly, as
shown in Table 2, the significant increase inMVPA
in the intervention group was associated with non-
significant decreases in both light physical activity
and sedentary behavior. The decrease in light
physical activity, though consistent with the inter-
vention goal, may have reduced the impact on total
physical activity.

In the present study, the intervention produced
an effect that, though statistically significant, was



Table 3. Results (Least Square Means [95% CIs]) of Sex-Specific ANCOVAa

Model 1b Model 2c Model 3d

Dependent variable I C p-value I C p-value I C p-value

Males

Sedentary
(minutes/hour)

44.9 (43.7, 46.0) 45.1 (44.0, 46.3) 0.73 45.0 (44.0, 46.0) 45.0 (44.0, 46.0) 0.83 44.9 (43.9, 46.0) 45.0 (44.0, 46.1) 0.81

Light PAe (minutes/hour) 7.0 (6.4, 7.7) 7.4 (6.7, 8.1) 0.52 7.0 (6.4, 7.6) 7.4 (6.9, 8.0) 0.39 7.0 (6.4, 7.6) 7.5 (6.9, 8.1) 0.35

MVPAe (minutes/hour) 7.9 (7.3, 8.5) 7.2 (6.6, 7.8) 0.10 7.8 (7.2, 8.3) 7.3 (6.7, 7.8) 0.22 7.8 (7.3, 8.4) 7.2 (6.6, 7.8) 0.14

Total PA (minutes/hour) 15.2 (14.0, 16.3) 14.8 (13.7, 16.0) 0.70 15.0 (14.0, 16.0) 15.0 (14.0, 16.0) 0.86 15.1 (14.0, 16.1) 14.9 (13.9, 16.0) 0.86

PAEE (kcal/minutes) 0.03 (0.03, 0.04) 0.03 (0.03, 0.04) 0.12 0.03 (0.03, 0.04) 0.03 (0.03, 0.04) 0.32 0.04 (0.03, 0.04) 0.03 (0.03, 0.04) 0.22

Females

Sedentary (minutes/hour) 46.4 (45.5, 47.5) 46.7 (45.8, 47.6) 0.59 46.4 (45.6, 47.2) 46.6 (45.8, 47.5) 0.83 46.4 (45.5, 47.3) 46.6 (45.7, 47.5) 0.81

Light PAe (minutes/hour) 7.0 (6.4, 7.7) 7.4 (6.7, 8.1) 0.53 7.0 (6.4, 7.6) 7.4 (6.9, 8.0) 0.40 7.0 (6.4, 7.6) 7.5 (6.9, 8.1) 0.35

MVPAe (minutes/hour) 6.8 (6.3, 7.4) 6.1 (5.6, 6.6) 0.04 6.8 (6.3, 7.3) 6.2 (5.6, 6.7) 0.04 6.8 (6.3, 7.3) 6.2 (5.5, 6.7) 0.04

Total PA (minutes/hour) 13.6 (12.8, 14.5) 13.3 (12.4, 14.2) 0.58 13.6 (12.8, 14.4) 13.4 (12.5, 14.2) 0.75 13.6 (12.7, 14.4) 13.4 (12.5, 14.3) 0.75

PAEE (kcal/minutes) 0.04 (0.03, 0.04) 0.03 (0.03, 0.04) 0.09 0.04 (0.03, 0.04) 0.03 (0.03, 0.04) 0.12 0.04 (0.03, 0.04) 0.03 (0.03, 0.04) 0.15

Note: Boldface indicates statistical significance (po0.05).
aComparing intervention and control preschools at follow-up adjusting for baseline value as a covariate and with school as a random variable.
bModel 1 was adjusted for wave only.
cModel 2 was adjusted for wave, race, and parent education.
dModel 3 was adjusted for wave, race, parent education, and length of school day.
eUsed square-root transformation for p-value.
C, control; I, intervention; MVPA, moderate- to vigorous-intensity physical activity; PA, physical activity; PAEE, physical activity energy expenditure; Total PA, MVPA þ light.

Pate
et
al/

A
m

J
Prev

M
ed

2016;51(1):12
–22

18

w
w
w
.ajpm

online.org



Pate et al / Am J Prev Med 2016;51(1):12–22 19
modest in absolute magnitude. Children attending inter-
vention preschools engaged in 0.8 minutes/hour of
MVPA more than children attending control schools.
For children attending school for 6 hours/day, this
corresponds to about 5 minutes/day of added MVPA
and 35 minutes/week of additional MVPA. Although
modest in terms of added time spent in MVPA, this effect
may well be physiologically important. It is noteworthy
that this study detected a significant intervention effect
on PAEE. The intergroup difference in estimated PAEE
corresponded to an added 68 kilocalories/day or 342
kilocalories/week for a child weighing 19 kg spending 6
hours/day in the preschool. Because the health effects of
physical activity have been linked to the long-term level
of energy turnover, the observed effect on estimated
PAEE is meaningful. Jansen and LeBlanc41 conducted a
systematic review of the literature on the health effects of
physical activity in children, and they considered effects
on blood lipids, blood pressure, metabolic syndrome,
bone density, and depression. They found that “the dose-
response relations observed in observational studies
indicate that the more physical activity, the greater the
health benefit. Results from experimental studies indicate
that even modest amounts of physical activity can have
health benefits in high-risk youngsters.”
Also, it should be noted that this level of added daily

energy expenditure, if consistently manifested across an
extended period of exposure, could contribute to main-
tenance of energy balance and avoidance of excessive
weight gain.42,43 That said, there is still a need to identify
intervention strategies that can produce greater increases
in physical activity than those observed in this study.
Future research should focus on identification of such
strategies. There is also a need to better understand the
factors that influence implementation of interventions
that are based in institutional settings.44

Few preschool physical activity intervention studies
have examined sex differences in the responses to the
interventions. In the present study, when intervention
effects were examined separately in boys and girls, the
intervention effect was significant only in the girls. Some
previous studies45,46 have found a greater intervention
effect on girls’ physical activity, but others21,47–49 have
found a greater effect on boys’ physical activity. In a
meta-analysis of physical activity interventions in chil-
dren, Metcalf et al.50 found no significant differences in
intervention effects between sexes, but there was a trend
toward girls responding more positively to the interven-
tions than boys. Reviews51,52 of school-based obesity
interventions suggest that boys and girls may respond
differently to interventions, with girls potentially favor-
ing educational interventions and boys responding better
to environmental interventions. A recent review53 of
July 2016
school-based physical activity interventions with older
children concluded, however, that the evidence of sex
differences is still limited and needs further study. The
greater response of girls in the current study may be a
result of girls having lower baseline physical activity
levels and, thus, more room to improve. Girls consis-
tently have lower physical activity levels, even at a young
age.13,14,54,55

The SHAPES intervention used a combination of
standardized intervention goals for achieving a physical
activity–promoting preschool environment along with
flexible teacher implementation. This combination pro-
vided common intervention targets for all classrooms
while allowing teachers the flexibility to integrate phys-
ical activity opportunities throughout the day and to
adapt key environmental changes in a manner that suited
each classroom’s unique features. This approach is
feasible for “real-world” settings and is conducive to
widespread dissemination beyond this initial SHAPES
trial. Accordingly, the authors believe that it has the
potential for extensive public health reach and impact in
preschool settings.
Over the past decade, numerous authorities have

endorsed policies and programs aimed at preventing
excessive weight gain in young children.3,56–58 These
recommendations have typically included initiatives
aimed at increasing children’s physical activity levels,
and often these guidelines have been focused on actions
that can be taken by preschools or child care programs.3–
6,59 In the U.S., IOM has recommended that children be
physically active for at least 15 minutes/hour of time
spent in the preschool setting, and IOM has endorsed
specific modifications to the preschool environment to
support attainment of that goal.3 These include adoption
of physically active teaching/learning activities, provision
of indoor and outdoor environments that are conducive
to physical activity, and regular provision of outdoor play
time.3 The SHAPES intervention is consistent with these
recommendations, and the findings of this study indicate
that the practices recommended by IOM can produce
significant increases in children’s physical activity levels
during the preschool day.
Limitations
This investigation has significant strengths and some
important limitations. Strengths include a rigorous
research design, a lengthy intervention period with two
waves of enrollment, and objective measurement of
physical activity. Further, it is a strength that the
intervention methodology, by operating through class-
room teachers, lends itself to broad dissemination. It is a
limitation that the study was conducted in preschools
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located in a single metropolitan area. Also, parents
volunteered to participate in the study, and the authors
cannot be certain that the participating children were
fully representative of all children enrolled in the pre-
schools. With consideration of those limitations, the
authors conclude that a flexible ecologic physical activity
intervention that trains teachers to provide children with
opportunities to be active throughout the school day can
increase MVPA in preschool children.

Conclusions
The findings of this study support the conclusion that a
flexible ecological intervention that trains teachers to
provide children with opportunities to be physically
active throughout the school day can increase MVPA
and physical activity energy expenditure in preschool
children. Future research should aim to develop physical
activity intervention protocols for young children that
produce effect sizes that are greater than observed with
previously tested interventions.

The authors thank Alisa Brewer, MPH, who managed the
intervention activities; Kerry McIver, PhD, who coordinated
the data collection activities; Dale Murrie, MAT, who con-
ducted the process evaluation; and Gaye Groover Christmus,
MPH, who edited the manuscript. The authors also thank the
preschool administrators, teachers, and families for their
participation in and support of the study.

The study was funded by a grant from the Eunice Kennedy
Shriver National Institute of Child Health and Human Devel-
opment (5R01HD055451).

Clinicaltrials.gov Registry Number: NCT01885325
A preliminary report on this study was presented at the

American Heart Association’s EPI|NPAM 2013 meeting in
New Orleans.

No financial disclosures were reported by the authors of
this paper.
References
1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood

and adult obesity in the United States, 2011-2012. JAMA. 2014;311(8):
806–814. http://dx.doi.org/10.1001/jama.2014.732.

2. USDHHS. Physical Activity Guidelines Advisory Committee Report.
Washington, DC: USDHHS; 2008.

3. IOM. Early Childhood Obesity Prevention Policies. Washington, DC:
National Academies Press; 2011.

4. Department of Health and Ageing. National Physical Activity Guide-
lines for Australians. Physical Activity Recommendations for 0-5 Year
Olds. Canberra: Commonwealth of Australia; 2010.

5. Chief Medical Officers of England Scotland Wales and Northern
Ireland. Start Active, Stay Active: A Report on Physical Activity for
Health From the Four Home Countries Chief Medical Officers. London:
Department of Health, Physical Activity, Health Improvement and
Protection; 2011.

6. Canadian Society for Exercise Physiology. Canadian Physical Activity
Guidelines and Canadian Sedentary Behaviour Guidelines: Your Plan
to Get Active Every Day. Published 2012. www.csep.ca/guidelines.

7. American Academy of Pediatrics, American Public Health Association,
National Resource Center for Health and Safety in Child Care and
Early Education. Caring for Our Children: National Health and Safety
Performance Standards; Guidelines for Early Care and Education
Programs. 3rd ed., Elk Grove Village, IL: American Academy of
Pediatrics; 2011.

8. Hinkley T, Salmon J, Okely AD, Crawford D, Hesketh K. Preschoolers’
physical activity, screen time, and compliance with recommendations.
Med Sci Sports Exerc. 2012;44(3):458–465. http://dx.doi.org/10.1249/
MSS.0b013e318233763b.

9. Beets MW, Bornstein D, DowdaM, Pate RR. Compliance with national
guidelines for physical activity in U.S. preschoolers: measurement and
interpretation. Pediatrics. 2011;127(4):658–664. http://dx.doi.org/
10.1542/peds.2010-2021.

10. Reilly JJ. Low levels of objectively-measured physical activity in
preschoolers in child care. Med Sci Sports Exerc. 2010;42(3):502–507.
http://dx.doi.org/10.1249/MSS.0b013e3181cea100.

11. Pate RR, O’Neill JR, Brown WH, Pfeiffer KA, Dowda M, Addy CL.
Prevalence of compliance with a new physical activity guideline for
preschool-age children. Child Obes. 2015;11(4):415–420.

12. Federal Interagency Forum on Child and Family Statistics. America’s
Children: Key National Indicators of Well-Being, 2013. Washington,
DC: U.S. Government Printing Office; 2013.

13. Oliver M, Schofield GM, Kolt GS. Physical activity in preschoolers:
understanding prevalence and measurement issues. Sports Med.
2007;37(12):1045–1070. http://dx.doi.org/10.2165/00007256-200737
120-00004.

14. Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M. Physical activity
among children attending preschools. Pediatrics. 2004;114(5):1258–
1263. http://dx.doi.org/10.1542/peds.2003-1088-L.

15. Hesketh KD, Campbell KJ. Interventions to prevent obesity in 0-5 year
olds: an updated systematic review of the literature. Obesity (Silver
Spring). 2010;18(suppl 1):S27–S35. http://dx.doi.org/10.1038/oby.
2009.429.

16. Monasta L, Batty GD, Macaluso A, et al. Interventions for the
prevention of overweight and obesity in preschool children: a system-
atic review of randomized controlled trials. Obes Rev. 2011;12(5):e107–
e118. http://dx.doi.org/10.1111/j.1467-789X.2010.00774.x.

17. Ward DS, Vaughn A, McWilliams C, Hales D. Interventions for
increasing physical activity at child care.Med Sci Sports Exerc. 2010;42
(3):526–534. http://dx.doi.org/10.1249/MSS.0b013e3181cea406.

18. Hannon JC, Brown BB. Increasing preschoolers’ physical activity
intensities: an activity-friendly preschool playground intervention.
Prev Med. 2008;46(6):532–536. http://dx.doi.org/10.1016/j.ypmed.
2008.01.006.

19. Trost SG, Fees B, Dzewaltowski D. Feasibility and efficacy of a “move
and learn” physical activity curriculum in preschool children. J Phys
Act Health. 2008;5(1):88–103.

20. Annesi JJ, Smith AE, Tennant GA. Effects of the Start For Life
treatment on physical activity in primarily African American pre-
school children of ages 3-5 years. Psychol Health Med. 2013;18(3):300–
309. http://dx.doi.org/10.1080/13548506.2012.712704.

21. De Craemer M, De Decker E, Verloigne M, et al. The effect of a
kindergarten-based, family-involved intervention on objectively-
measured physical activity in Belgian preschool boys and girls of high
and low SES: the ToyBox-study. Int J Behav Nutr Phys Act. 2014;11
(1):38. http://dx.doi.org/10.1186/1479-5868-11-38.

22. Finch M, Wolfenden L, Morgan PJ, Freund M, Jones J, Wiggers J.
A cluster randomized trial of a multi-level intervention, delivered
by service staff, to increase physical activity of children attending
www.ajpmonline.org

http://dx.doi.org/10.1001/jama.2014.732
http://dx.doi.org/10.1001/jama.2014.732
http://dx.doi.org/10.1001/jama.2014.732
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref2
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref2
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref3
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref3
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref4
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref4
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref4
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref5
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref5
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref5
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref5
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref5
http://www.csep.ca/guidelines
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref6
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref6
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref6
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref6
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref6
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref6
http://dx.doi.org/10.1249/MSS.0b013e318233763b
http://dx.doi.org/10.1249/MSS.0b013e318233763b
http://dx.doi.org/10.1249/MSS.0b013e318233763b
http://dx.doi.org/10.1249/MSS.0b013e318233763b
http://dx.doi.org/10.1542/peds.2010-2021
http://dx.doi.org/10.1542/peds.2010-2021
http://dx.doi.org/10.1542/peds.2010-2021
http://dx.doi.org/10.1542/peds.2010-2021
http://dx.doi.org/10.1249/MSS.0b013e3181cea100
http://dx.doi.org/10.1249/MSS.0b013e3181cea100
http://dx.doi.org/10.1249/MSS.0b013e3181cea100
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref10
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref10
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref10
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref11
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref11
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref11
http://dx.doi.org/10.2165/00007256-200737120-00004
http://dx.doi.org/10.2165/00007256-200737120-00004
http://dx.doi.org/10.2165/00007256-200737120-00004
http://dx.doi.org/10.2165/00007256-200737120-00004
http://dx.doi.org/10.1542/peds.2003-1088-L
http://dx.doi.org/10.1542/peds.2003-1088-L
http://dx.doi.org/10.1542/peds.2003-1088-L
http://dx.doi.org/10.1038/oby.2009.429
http://dx.doi.org/10.1038/oby.2009.429
http://dx.doi.org/10.1038/oby.2009.429
http://dx.doi.org/10.1038/oby.2009.429
http://dx.doi.org/10.1111/j.1467-789X.2010.00774.x
http://dx.doi.org/10.1111/j.1467-789X.2010.00774.x
http://dx.doi.org/10.1111/j.1467-789X.2010.00774.x
http://dx.doi.org/10.1249/MSS.0b013e3181cea406
http://dx.doi.org/10.1249/MSS.0b013e3181cea406
http://dx.doi.org/10.1249/MSS.0b013e3181cea406
http://dx.doi.org/10.1016/j.ypmed.2008.01.006
http://dx.doi.org/10.1016/j.ypmed.2008.01.006
http://dx.doi.org/10.1016/j.ypmed.2008.01.006
http://dx.doi.org/10.1016/j.ypmed.2008.01.006
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref18
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref18
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref18
http://dx.doi.org/10.1080/13548506.2012.712704
http://dx.doi.org/10.1080/13548506.2012.712704
http://dx.doi.org/10.1080/13548506.2012.712704
http://dx.doi.org/10.1186/1479-5868-11-38
http://dx.doi.org/10.1186/1479-5868-11-38
http://dx.doi.org/10.1186/1479-5868-11-38


Pate et al / Am J Prev Med 2016;51(1):12–22 21
center-based childcare. Prev Med. 2014;58:9–16. http://dx.doi.org/
10.1016/j.ypmed.2013.10.004.

23. Specker B, Binkley T, Fahrenwald N. Increased periosteal circum-
ference remains present 12 months after an exercise intervention in
preschool children. Bone. 2004;35(6):1383–1388. http://dx.doi.org/
10.1016/j.bone.2004.08.012.

24. Fitzgibbon ML, Stolley MR, Schiffer LA, et al. Hip-Hop to Health Jr.
Obesity Prevention Effectiveness Trial: postintervention results. Obe-
sity (Silver Spring). 2011;19(5):994–1003. http://dx.doi.org/10.1038/
oby.2010.314.

25. O’Dwyer MV, Fairclough SJ, Knowles Z, Stratton G. Effect of a family-
focused active play intervention on sedentary time and physical activity
in preschool children. Int J Behav Nutr Phys Act. 2012;9:117. http://dx.
doi.org/10.1186/1479-5868-9-117.

26. Pfeiffer KA, Saunders RP, Brown WH, Dowda M, Addy CL, Pate RR.
Study of Health and Activity in Preschool Environments (SHAPES):
study protocol for a randomized trial evaluating a multi-component
physical activity intervention in preschool children. BMC Public
Health. 2013;13(1):728. http://dx.doi.org/10.1186/1471-2458-13-728.

27. Stokols D. Translating social ecological theory into guidelines for
community health promotion. Am J Health Promot. 1996;10(4):282–
298. http://dx.doi.org/10.4278/0890-1171-10.4.282.

28. Ward DS, Saunders RP, Felton GM, Williams E, Epping JN, Pate RR.
Implementation of a school environment intervention to increase
physical activity in high school girls. Health Educ Res. 2006;21(6):896–
910. http://dx.doi.org/10.1093/her/cyl134.

29. Howie EK, Brewer A, Brown WH, Pfeiffer KA, Saunders RP, Pate RR.
The 3-year evolution of a preschool physical activity intervention
through a collaborative partnership between research interventionists
and preschool teachers. Health Educ Res. 2014;29(3):491–502. http:
//dx.doi.org/10.1093/her/cyu014.

30. Pate RR, O’Neill JR, Mitchell J. Measurement of physical activity in
preschool children. Med Sci Sports Exerc. 2010;42(3):508–512. http:
//dx.doi.org/10.1249/MSS.0b013e3181cea116.

31. Pate RR, Almeida MJCA, McIver KL, Pfeiffer KA, Dowda M.
Validation and calibration of an accelerometer in preschool children.
Obesity. 2006;14(11):200–206. http://dx.doi.org/10.1038/oby.2006.234.

32. Addy CL, Trilk JL, Dowda M, Byun W, Pate RR. Assessing preschool
children’s physical activity: how many days of accelerometry measure-
ment? Pediatr Exerc Sci. 2014;26(1):103–109. http://dx.doi.org/
10.1123/pes.2013-0021.

33. Schofield C. An annotated bibliography of source material for basal
metabolic rate data. Hum Nutr Clin Nutr. 1985;39(suppl 1):42–91.

34. Temple M, Robinson JC. A systematic review of interventions to
promote physical activity in the preschool setting. J Spec Pediatr Nurs.
2014;19(4):274–284. http://dx.doi.org/10.1111/jspn.12081.

35. Davison KK, Jurkowski JM, Li K, Kranz S, Lawson HA. A childhood
obesity intervention developed by families for families: results from a
pilot study. Int J Behav Nutr Phys Act. 2013;10:3. http://dx.doi.org/
10.1186/1479-5868-10-3.

36. DeBock F, Genser B, Raat H, Fischer JE, Renz-Polster H. A parti-
cipatory physical activity intervention in preschools: a cluster random-
ized controlled trial. Am J Prev Med. 2013;45(1):64–74. http://dx.doi.
org/10.1016/j.amepre.2013.01.032.

37. Alhassan S, Sirard JR, Robinson TN. The effects of increasing out-
door play time on physical activity in Latino preschool children. Int
J Pediatr Obes. 2007;2(3):153–158. http://dx.doi.org/10.1080/17477160
701520108.

38. Reilly JJ, Kelly L, Montgomery C, et al. Physical activity to prevent
obesity in young children: cluster randomised controlled trial. BMJ.
2006;333(7577):1041. http://dx.doi.org/10.1136/bmj.38979.623773.55.

39. Annesi JJ, Smith AE, Tennant GA. Effects of a cognitive-behaviorally
based physical activity treatment for 4- and 5-year-old children
attending U.S. preschools. Int J Behav Med. 2013;20(4):562–566.
http://dx.doi.org/10.1007/s12529-013-9361-7.
July 2016
40. Fitzgibbon ML, Stolley MR, Schiffer L, VanHorn L, KauferChristoffel
K, Dyer A. Two-year follow-up results for Hip-Hop to Health Jr.: a
randomized controlled trial for overweight prevention in preschool
minority children. J Pediatr. 2005;146(5):618–625. http://dx.doi.org/
10.1016/j.jpeds.2004.12.019.

41. Janssen I, Leblanc AG. Systematic review of the health benefits of
physical activity and fitness in school-aged children and youth. Int
J Behav Nutr Phys Act. 2010;7:40. http://dx.doi.org/10.1186/
1479-5868-7-40.

42. Gutin B. Diet vs exercise for the prevention of pediatric obesity: the role
of exercise. Int J Obes (Lond). 2011;35(1):29–32. http://dx.doi.org/
10.1038/ijo.2010.140.

43. Hill JO. Understanding and addressing the epidemic of obesity: an
energy balance perspective. Endocr Rev. 2006;27(7):750–761. http://dx.
doi.org/10.1210/er.2006-0032.

44. Chaudoir SR, Dugan AG, Barr CH. Measuring factors affecting
implementation of health innovations: a systematic review of struc-
tural, organizational, provider, patient, and innovation level measures.
Implement Sci. 2013;8:22. http://dx.doi.org/10.1186/1748-5908-8-22.

45. de Meij JS, Chinapaw MJ, van Stralen MM, van der Wal MF, van
Dieren L, van MechelenW. Effectiveness of JUMP-in, a Dutch primary
school-based community intervention aimed at the promotion of
physical activity. Br J Sports Med. 2011;45(13):1052–1057. http://dx.
doi.org/10.1136/bjsm.2010.075531.

46. Pangrazi RP, Beighle A, Vehige T, Vack C. Impact of Promoting
Lifestyle Activity for Youth (PLAY) on children’s physical activity.
J Sch Health. 2003;73(8):317–321. http://dx.doi.org/10.1111/
j.1746-1561.2003.tb06589.x.

47. McKenzie TL, Sallis JF, Prochaska JJ, Conway TL, Marshall SJ,
Rosengard P. Evaluation of a two-year middle-school physical educa-
tion intervention: M-SPAN. Med Sci Sports Exerc. 2004;36(8):1382–
1388. http://dx.doi.org/10.1249/01.MSS.0000135792.20358.4D.

48. Goldfield GS, Mallory R, Prud’homme D, Adamo KB. Gender differ-
ences in response to a physical activity intervention in overweight and
obese children. J Phys Act Health. 2008;5(4):592–606.

49. Magnusson KT, Sigurgeirsson I, Sveinsson T, Johannsson E. Assess-
ment of a two-year school-based physical activity intervention among
7-9-year-old children. Int J Behav Nutr Phys Act. 2011;8:138. http://dx.
doi.org/10.1186/1479-5868-8-138.

50. Metcalf B, Henley W, Wilkin T. Effectiveness of intervention on
physical activity of children: systematic review and meta-analysis of
controlled trials with objectively measured outcomes (EarlyBird 54).
BMJ. 2012;345:e5888. http://dx.doi.org/10.1136/bmj.e5888.

51. Khambalia AZ, Dickinson S, Hardy LL, Gill T, Baur LA. A synthesis of
existing systematic reviews and meta-analyses of school-based behav-
ioural interventions for controlling and preventing obesity. Obes
Rev. 2012;13(3):214–233. http://dx.doi.org/10.1111/j.1467-789X.2011.
00947.x.

52. Kropski JA, Keckley PH, Jensen GL. School-based obesity prevention
programs: an evidence-based review. Obesity (Silver Spring). 2008;
16(5):1009–1018. http://dx.doi.org/10.1038/oby.2008.29.

53. Dobbins M, Husson H, DeCorby K, LaRocca RL. School-based physical
activity programs for promoting physical activity and fitness in children
and adolescents aged 6 to 18. Cochrane Database Syst Rev. 2013;2:
CD007651. http://dx.doi.org/10.1002/14651858.cd007651.pub2.

54. Reilly JJ, Jackson DM, Montgomery C, et al. Total energy expenditure
and physical activity in young Scottish children: mixed longitudinal
study. Lancet. 2004;363(9404):211–212. http://dx.doi.org/10.1016/
S0140-6736(03)15331-7.

55. O’Dwyer MV, Fairclough SJ, Ridgers ND, Knowles ZR, Foweather L,
Stratton G. Effect of a school-based active play intervention on
sedentary time and physical activity in preschool children. Health
Educ Res. 2013;28(6):931–942. http://dx.doi.org/10.1093/her/cyt097.

56. IOM. Preventing Childhood Obesity: Health in the Balance. Wash-
ington, DC: National Academies Press; 2005.

http://dx.doi.org/10.1016/j.ypmed.2013.10.004
http://dx.doi.org/10.1016/j.ypmed.2013.10.004
http://dx.doi.org/10.1016/j.ypmed.2013.10.004
http://dx.doi.org/10.1016/j.ypmed.2013.10.004
http://dx.doi.org/10.1016/j.bone.2004.08.012
http://dx.doi.org/10.1016/j.bone.2004.08.012
http://dx.doi.org/10.1016/j.bone.2004.08.012
http://dx.doi.org/10.1016/j.bone.2004.08.012
http://dx.doi.org/10.1038/oby.2010.314
http://dx.doi.org/10.1038/oby.2010.314
http://dx.doi.org/10.1038/oby.2010.314
http://dx.doi.org/10.1038/oby.2010.314
http://dx.doi.org/10.1186/1479-5868-9-117
http://dx.doi.org/10.1186/1479-5868-9-117
http://dx.doi.org/10.1186/1479-5868-9-117
http://dx.doi.org/10.1186/1479-5868-9-117
http://dx.doi.org/10.1186/1471-2458-13-728
http://dx.doi.org/10.1186/1471-2458-13-728
http://dx.doi.org/10.1186/1471-2458-13-728
http://dx.doi.org/10.4278/0890-1171-10.4.282
http://dx.doi.org/10.4278/0890-1171-10.4.282
http://dx.doi.org/10.4278/0890-1171-10.4.282
http://dx.doi.org/10.1093/her/cyl134
http://dx.doi.org/10.1093/her/cyl134
http://dx.doi.org/10.1093/her/cyl134
http://dx.doi.org/10.1093/her/cyu014
http://dx.doi.org/10.1093/her/cyu014
http://dx.doi.org/10.1093/her/cyu014
http://dx.doi.org/10.1093/her/cyu014
http://dx.doi.org/10.1249/MSS.0b013e3181cea116
http://dx.doi.org/10.1249/MSS.0b013e3181cea116
http://dx.doi.org/10.1249/MSS.0b013e3181cea116
http://dx.doi.org/10.1249/MSS.0b013e3181cea116
http://dx.doi.org/10.1038/oby.2006.234
http://dx.doi.org/10.1038/oby.2006.234
http://dx.doi.org/10.1038/oby.2006.234
http://dx.doi.org/10.1123/pes.2013-0021
http://dx.doi.org/10.1123/pes.2013-0021
http://dx.doi.org/10.1123/pes.2013-0021
http://dx.doi.org/10.1123/pes.2013-0021
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref32
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref32
http://dx.doi.org/10.1111/jspn.12081
http://dx.doi.org/10.1111/jspn.12081
http://dx.doi.org/10.1111/jspn.12081
http://dx.doi.org/10.1186/1479-5868-10-3
http://dx.doi.org/10.1186/1479-5868-10-3
http://dx.doi.org/10.1186/1479-5868-10-3
http://dx.doi.org/10.1186/1479-5868-10-3
http://dx.doi.org/10.1016/j.amepre.2013.01.032
http://dx.doi.org/10.1016/j.amepre.2013.01.032
http://dx.doi.org/10.1016/j.amepre.2013.01.032
http://dx.doi.org/10.1016/j.amepre.2013.01.032
http://dx.doi.org/10.1080/17477160701520108
http://dx.doi.org/10.1080/17477160701520108
http://dx.doi.org/10.1080/17477160701520108
http://dx.doi.org/10.1080/17477160701520108
http://dx.doi.org/10.1136/bmj.38979.623773.55
http://dx.doi.org/10.1136/bmj.38979.623773.55
http://dx.doi.org/10.1136/bmj.38979.623773.55
http://dx.doi.org/10.1007/s12529-013-9361-7
http://dx.doi.org/10.1007/s12529-013-9361-7
http://dx.doi.org/10.1007/s12529-013-9361-7
http://dx.doi.org/10.1016/j.jpeds.2004.12.019
http://dx.doi.org/10.1016/j.jpeds.2004.12.019
http://dx.doi.org/10.1016/j.jpeds.2004.12.019
http://dx.doi.org/10.1016/j.jpeds.2004.12.019
http://dx.doi.org/10.1186/1479-5868-7-40
http://dx.doi.org/10.1186/1479-5868-7-40
http://dx.doi.org/10.1186/1479-5868-7-40
http://dx.doi.org/10.1186/1479-5868-7-40
http://dx.doi.org/10.1038/ijo.2010.140
http://dx.doi.org/10.1038/ijo.2010.140
http://dx.doi.org/10.1038/ijo.2010.140
http://dx.doi.org/10.1038/ijo.2010.140
http://dx.doi.org/10.1210/er.2006-0032
http://dx.doi.org/10.1210/er.2006-0032
http://dx.doi.org/10.1210/er.2006-0032
http://dx.doi.org/10.1210/er.2006-0032
http://dx.doi.org/10.1186/1748-5908-8-22
http://dx.doi.org/10.1186/1748-5908-8-22
http://dx.doi.org/10.1186/1748-5908-8-22
http://dx.doi.org/10.1136/bjsm.2010.075531
http://dx.doi.org/10.1136/bjsm.2010.075531
http://dx.doi.org/10.1136/bjsm.2010.075531
http://dx.doi.org/10.1136/bjsm.2010.075531
http://dx.doi.org/10.1111/j.1746-1561.2003.tb06589.x
http://dx.doi.org/10.1111/j.1746-1561.2003.tb06589.x
http://dx.doi.org/10.1111/j.1746-1561.2003.tb06589.x
http://dx.doi.org/10.1111/j.1746-1561.2003.tb06589.x
http://dx.doi.org/10.1249/01.MSS.0000135792.20358.4D
http://dx.doi.org/10.1249/01.MSS.0000135792.20358.4D
http://dx.doi.org/10.1249/01.MSS.0000135792.20358.4D
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref47
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref47
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref47
http://dx.doi.org/10.1186/1479-5868-8-138
http://dx.doi.org/10.1186/1479-5868-8-138
http://dx.doi.org/10.1186/1479-5868-8-138
http://dx.doi.org/10.1186/1479-5868-8-138
http://dx.doi.org/10.1136/bmj.e5888
http://dx.doi.org/10.1136/bmj.e5888
http://dx.doi.org/10.1136/bmj.e5888
http://dx.doi.org/10.1111/j.1467-789X.2011.00947.x
http://dx.doi.org/10.1111/j.1467-789X.2011.00947.x
http://dx.doi.org/10.1111/j.1467-789X.2011.00947.x
http://dx.doi.org/10.1111/j.1467-789X.2011.00947.x
http://dx.doi.org/10.1038/oby.2008.29
http://dx.doi.org/10.1038/oby.2008.29
http://dx.doi.org/10.1038/oby.2008.29
http://dx.doi.org/10.1002/14651858.cd007651.pub2
http://dx.doi.org/10.1002/14651858.cd007651.pub2
http://dx.doi.org/10.1002/14651858.cd007651.pub2
http://dx.doi.org/10.1016/S0140-6736(03)15331-7
http://dx.doi.org/10.1016/S0140-6736(03)15331-7
http://dx.doi.org/10.1016/S0140-6736(03)15331-7
http://dx.doi.org/10.1016/S0140-6736(03)15331-7
http://dx.doi.org/10.1093/her/cyt097
http://dx.doi.org/10.1093/her/cyt097
http://dx.doi.org/10.1093/her/cyt097
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref55
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref55


Pate et al / Am J Prev Med 2016;51(1):12–2222
57. Council on Sports Medicine and Fitness, Council on School Health
of the American Academy of Pediatrics. Active healthy living:
prevention of childhood obesity through increased physical activity.
Pediatrics. 2006;117(5):1834–1842. http://dx.doi.org/10.1542/peds.
2006-0472.

58. Pate RR, Davis MG, Robinson TN, Stone EJ, McKenzie TL, Young JC.
Promoting physical activity in children and youth: a leadership role for
schools: a scientific statement from the American Heart Association
Council on Nutrition, Physical Activity, and Metabolism (Physical
Activity Committee) in collaboration with the Councils on Cardio-
vascular Disease in the Young and Cardiovascular Nursing. Circula-
tion. 2006;114(11):1214–1224. http://dx.doi.org/10.1161/CIRCULA
TIONAHA.106.177052.

59. USDHHS. Healthy People 2020. Washington, DC: USDHHS; 2011.
www.ajpmonline.org

http://dx.doi.org/10.1542/peds.2006-0472
http://dx.doi.org/10.1542/peds.2006-0472
http://dx.doi.org/10.1542/peds.2006-0472
http://dx.doi.org/10.1542/peds.2006-0472
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.177052
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.177052
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.177052
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.177052
http://refhub.elsevier.com/S0749-3797(15)00781-3/sbref58

	An Intervention to Increase Physical Activity in Children
	Introduction
	Methods
	Design and Setting
	Study Participants
	Intervention Description
	Process Evaluation
	Measures
	Statistical Analysis

	Results
	Discussion
	Limitations

	Conclusions
	References




