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Abstract The purpose of this study is to determine the effects of South County Food, Fitness and Fun (SCFFF),
a 16-week community-based obesity prevention program, on children’s moderate to vigorous physical activity
(MVPA), physical fitness, body mass index (BMI), and BMI z-score. A non-randomized pre-test and post-test study
design was used to assess changes in MVPA, physical fitness, BMI and BMI z-score from baseline to program end.
MVPA was measured by accelerometer, physical fitness measured by Fitnessgram, and height and weight were
measured by stadiometer and scale and used to calculate BMI. The analytic sample for this study included 53
children from nine SCFFF programs conducted between 2011-2016. There was a significant increase in the
percentage of time children spent participating in MVPA (1.12%; p=0.022), curl-ups (p<0.001) and trunk lifts
(p=0.004). BMI z-score decreased (p<0.001). Results reinforce the importance of offering community-based
interventions that include caregivers to prevent excess weight gain in children.
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1. Introduction
Childhood obesity is a global epidemic with nearly one
of three children being classified as overweight or obese
[1]. Lack of physical activity along with an unhealthful
diet behavior contribute to childhood obesity [2], and are
associated with cardiovascular disease risk factors and
type II diabetes [3,4]. Physical activity plays a crucial role
in preventing obesity as it helps with dynamic energy
balance [2]. It is recommended that children get at least 60
minutes of moderate to vigorous intensity physical activity
(MVPA) every day [5], but only 42% of children in the
United States between the ages of 6-11 and 25% of
children ages 12-15 years meet this recommendation [6,7].
Children with obesity are less likely to meet physical
activity guidelines compared to children who have a
healthy weight and girls are less active than boys [6,7].
Fakhouri et al found that 29.5% of boys and 24.1% of
girls at a healthy weight met current physical activity
recommendation in contrast to 18% of boys and 19.6% of
girls with obesity [7].

Community-based interventions can be effective in
increasing physical activity and improving dietary intake
among children [8,9,10,11]. However, only a limited
number have included both children and their caregivers
[9]. Including caregivers is important as they are
instrumental in shaping children’s diet and physical
activity behaviors through modeling and providing access
to physical activity and healthy eating opportunities
[8,10,11,12]. Moreover, community-based obesity prevention
programs often rely on self-reported measures of physical
activity to determine intervention efficacy [9,13,14].
Given the importance of increasing physical activity,
it is crucial to use objective measures to determine if
offered community-based interventions are efficacious as
self-reported measures overestimate children’s physical
activity [9,10,15]. Thus, the primary aim of the study
is to determine effects of a community-based intervention
designed for children and their caregivers on children’s
objectively measured physical activity and physical fitness.
The secondary aim is to examine the intervention’s effects
on children’s body mass index (BMI) z-scores and to
investigate the association between change in MVPA and
BMI z-scores.
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2. Methods
2.1. Study Design and Participants
A non-randomized pre-test and post-test study design
was used to evaluate the impact of a 16-week communitybased intervention - South County Food Fitness and Fun
(SCFFF) on physical activity, physical fitness, BMI, and
BMI z-scores among pre-adolescent children enrolled in
the program. The program is designed to be interactive
thus only a limited number of children and their caregivers
are enrolled in each session. The program was created in
2009 with support from South County Hospital in
response to an identified need [16]. The SCFFF was
collaboratively designed and implemented by local
pediatricians, pediatric dietitians, community-based child
activity specialists and university faculty and is offered
once or twice a year at no cost. Children and their caregivers
were referred to SCFFF by physicians from health care
practices located in southern Rhode Island. Children were
eligible to attend SCFFF if they were overweight (85th
percentile ≤ BMI < 95th percentile) or obese (BMI ≥ 95th
percentile) and between 6-10 years of age [17].
The analytic sample for the present study included
children with complete accelerometer data who enrolled in
one of nine SCFFF programs implemented between 2011
and 2016. The study was approved by the Institutional
Review Board of the University of Rhode Island. Before
the start of each SCFFF program, caregivers provided
informed consent for themselves and their children and
children signed assent forms.

2.2. Intervention
The SCFFF (see Table 1 for session outlines) is a
16-week community-based intervention designed for
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caregivers and children. Sessions are held once a week for
75 minutes at a local children’s exercise studio. During the
first 30 minutes of sessions 2-15, children participate in a
nutrition session while the caregivers attend an exercise
education session. After this, caregivers meet for a 30minute nutrition education session while children
participated in supervised physical activity. The final 15
minutes of each session are devoted to an interactive
physical activity session. The same pediatric dietitians and
child activity specialist oversee the nutrition and physical
activity sessions respectively (see Table 1).
The supervised physical activity sessions are geared
towards fun activities that require minimal equipment and
space so families could sustain the activity upon program
completion of the program. Children participate in active
games designed to help them develop lifetime skills. The
interactive physical activity discussions with caregivers
are designed to facilitate social support and to help
caregivers develop strategies to help their children be
more physically active. Each session closes with children
and caregivers participating in 15 minutes of physical
activity to encourage regular physical activity for the
family. Families also receive a weekly physical activity
challenge to encourage caregivers to exercise daily with
their children outside of the SCFFF sessions.
The Children’s nutrition education component emphasizes
the importance of healthy eating through the use of
interactive games and contests while the caregivers’
sessions use an open forum to facilitate questions and
share ideas for overcoming barriers to healthful eating.
The nutrition sessions are designed to help caregivers get
the skills self-efficacy to modify the home nutrition
environment to promote healthy eating for the entire
family. Children and their caregivers also participate in
weekly nutrition challenges that reinforce learning and
promote healthful eating.

Table 1. Description of the SCFFF program
Audience

Child

Caregivers

Nutrition Segment (30 minutes)
1. Games focusing on Food Guide Pyramid/Choose MyPlate
food groups and serving sizes (Topic of the week)
2. Food tasting games
3. Importance of fruits, vegetables and whole grains
4. Awareness of foods high in added sugar, sodium and fats
5. Snacks versus treats
6. Meals, fast foods and beverages
7. Weekly Nutrition Challenge: Making recipe with
caregiver or art & crafts related to topic of the week
1. Review previous week’s Nutrition Challenge and recipe
tasting
2. Food Guide Pyramid/Choose MyPlate food groups and
serving sizes
3. Foods high in added sugar, fats, sodium
4. Snacks versus treats
5. Meals, fast foods and beverages
6. Changing eating behaviors as a family
7. Importance of fruits, vegetables and whole grains
8. Challenges in changing a child’s eating behavior
9. Caregivers as role models for healthful eating
10. Weekly Nutrition Challenge recipe

Child and Caregiver
Note: SCFFF = South County Food Fitness and Fun.

Physical Activity Segment (30 minutes)

1. Description and demonstration of target activity
2. Weekly activity (rope jumping, ball playing, team games,
yoga, hand-eye coordination)
3. Weekly activity challenge

1. Review previous week’s physical activity challenge, address
barriers and suggest resolutions for being physically active
2. Types of physical activities and activity intensity levels
3. Importance of physical activity for health
4. Increasing physical activity in daily life using available
neighborhood resources (e.g., bike paths)
5. Parents as role models for active living
6. Family weekly physical activity challenge

Interactive physical activity (15 minutes)
1. Child teaches caregiver how to do activity
2. Joint activity based on weekly targeted physical activity
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2.3. Measures

2.4. Statistical Analysis

All assessments were completed at a local children’s
exercise studio and during the first and last weeks of the
SCFFF intervention (weeks 1 and 16).

Baseline differences between participants with complete
accelerometer data at both time points and those missing
post data were assessed using independent t tests or
Chi-square tests. To assess change from pre-to post, paired
t-test were conducted for normally distributed continuous
variables, Wilcoxon signed rank test were employed for
variables that were not normally distributed, and Chisquare test and McNemar’s tests were used to assess
change for categorical variables. Effect size was used to
quantify the effect of the intervention on MVPA and other
measures calculated using Cohen’s d or risk difference.
Analysis of covariance was used to compare differences in
MVPA at the end of the program adjusting for baseline
scores and weekdays and weekends due to differences in
MVPA noted by previous studies [7,29]. The correlations
between MVPA and the physical fitness measures as
well as relative weight were determined by Person
product-moment correlation. All analyses were conducted
using the SPSS (version 22; IBM Corp., Armonk, NY),
and statistical significance was set at p<0.05.

2.3.1. Demographic and Anthropometric Information
Caregivers completed a baseline survey where they
reported their child’s sex and age. A physician affiliated
with SCFFF measured children’s height and weight at
baseline and at the end of the program. Height was
measured to the closest 0.25 inches using a stadiometer
(model WB3000, Arlington Heights, Illinois). Weight was
calculated to the closest 0.1 pound using a balance beam
scale (model WB300731, Arlington Heights, Illinois).
Height and weight were used to calculate BMI, and age
and sex-specific BMI z-scores using the Children’s
Hospital of Philadelphia Research Institute calculator [18].
2.3.2. Physical Activity Levels
Children’s physical activity was measured using an
ActiGraph GT3X accelerometer (Pensacola, FL), a valid
tool to assess children’s physical activity volume and
intensity [19,20]. Accelerometers were initialized using
60-s epoch [21]. Children were asked to wear the
accelerometer for seven days during the first and last
weeks of the program and to wear the accelerometer on
their left anterior mid-line of the thigh around the waist
during waking hours and only remove it during water
activities such as swimming and showering [20]. A
non-wear period was defined as 60 minutes of consecutive
zeros [22]. Valid accelerometer wear time consisted of a
minimum of 3 days and 6 hours per day with at least one
weekend day [23]. Physical activity in minutes was
determined using Mackintosh et al.’s accelerometer
calibration cut points for children in free-living situation
and MVPA was defined as > 2160 counts●min-1 [24]. In
addition, accelerometer data was used to determine
average duration of each bout of MVPA [25]. As there are
no established guidelines for children’s MVPA bout
duration [26], we defined a MVPA bout as physical
activity that was maintained > 2160 counts●min-1 for ≥ 1
minute as children perform physical activity primarily in
sporadic bursts [25]. Percentage measured wear time in
MVPA was defined as (MVPA min/valid wear time) x
100. MVPA minutes and bouts were averaged from days
with valid accelerometer time. Duration of bouts and
percentage of measured wear time in MVPA was averaged
using valid wear time.
2.3.3. Physical Fitness
Health-related physical fitness was assessed using
measures from the Fitnessgram that assess muscular
strength and endurance (push-ups; curl-up), Trunk
extensor strength and flexibility (trunk lifts) and flexibility
(sit and reach; shoulder stretch) (Cooper Institute, Dallas,
Texas) [27]. Standardized protocols were used for the
assessments that were scored using age and gender
specific criterion standards [27]. The Fitnessgram is a
validated and reliable evaluation for children between the
ages of 5-18 years old [28].

3. Results
Fifty-three (72.6%) of 73 children who enrolled in
SCFFF attended at least 11 of the 16 sessions and were
classified as completers. Baseline characteristics among
completers and non-completers are summarized in Table 2.
Forty-nine (n=49, 92%; BMI=24.8 ± 4.8 kg/m2, age=8.5 ±
1.3 yrs) of the 53 completers met accelerometer protocols
at baseline, but only 40 (76%) had valid wear time at both
time points. Only a small proportion (4.7%) of children’s
average daily wear time at baseline (622 minutes/day) was
spent in MVPA (mean = 29.9 minutes, SD=13.7 minutes)
of MVPA per day. Only one child (2%) met the
recommended 60 minutes of MVPA per day at baseline
assessment. Accumulated MVPA consisted of an average
of 1.8 minutes per bout duration with average of 16.5
MVPA bouts per day. Children without valid wear time at
post (n=9) had significantly lower MVPA time and
minutes of wear time at baseline than those with valid
wear time at both time points (Table 2).
For children with valid wear time at both time points
(n=40), 63% (25 of 40) participants had an average of 5.7
days of valid wear time at baseline, compared to 45% (18
of 40) with average of 4.95 days of valid wear time at post.
As shown in Table 3, the proportion of children’s daily
MVPA time increased significantly from baseline to post
(p=0.02, d=0.43) despite wear time decreasing from
baseline to post (p=0.025, d=-0.46). There was no change
in overall measured daily MVPA minutes, in the number
of daily MVPA bouts or the average duration per bout. In
addition, there were no differences in daily MVPA or
percent daily time spent in MVPA by sex.
At the end of the intervention, there was a significant
increase in muscular strength and endurance as well as
trunk extensor strength and flexibility as assessed by the
number of curl-ups and trunk lifts (Table 4). The increase
in number of curl-up was inversely correlated with
changes in BMI (r =-0.42, p=0.07) and BMI z-scores
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(r =-0.47, p=0.003). Change in trunk lifts was related to
change in percent daily time spent in MVPA (r=0.33,
p=0.038). There were no observed differences by sex in
the five fitness subtests between the two time points,
although boys had significant improvements in curl ups
(mean difference 5.14, 95% CI 0.85 to 9.43; p=0.022) and
sit and reach (mean difference 1.39 cm, 95% CI 0.49 to
2.29 cm; p=0.005). Girls demonstrated significant
improvements in curl ups (mean difference 6.36, 95% CI
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3.23 to 9.49; p<0.001) and trunk lifts (mean difference
1.08, 95% CI 0.16 to 2.00; p=0.015).
BMI and BMI z-scores decreased over the course of the
intervention (see Table 4) while weight remained stable (mean
difference 1.29, 95% CI -0.52 to 3.11; p=0.156) and height
increased (54.6 ± 3.85 inches to 55.4 ± 3.85 inches, p < 0.01).
Exploratory analyses revealed that there were no observed
sex differences in BMI or BMI z-scores. There was no
association between change in BMI z and change in MVPA.

Table 2. Baseline characteristics of SCFFF completers (n = 49) a
Variables
Age (years)
Weight related measures
BMI (kg/m2)
BMI z-score
Physical activity
Daily MVPA (min)
Daily MVPA bouts (frequency)
Duration per MVPA bout (min)
Daily wear time (min)
Daily proportion of time as MVPA (%)
Physical fitness
Curl up (number)
Trunk lift (cm)
Push up (number)
Sit and reach (R) (cm)
Sit and reach (L)(cm)
Shoulder stretch (R) n (%)c
Shoulder stretch (L) n (%)c

Total (n=49)
8.47 ± 1.29

Completers with valid wear time at
baseline and post (n=40)
8.63 ± 1.27

Completers with valid wear
time only at baseline (n=9)
7.78 ± 1.20

24.83 ± 4.75
2.03 ± 0.53

24.99 ± 4.93
2.03 ± 0.50

24.14 ± 4.04
2.02 ± 0.69

0.637
0.937

29.99 ± 13.70
16.45 ± 7.47
1.82 ± 0.36
621.96 ± 148.31
4.72 ± 2.00

32.04±13.11
17.70±7.27
1.82 ± 0.34
652.15±119.40
4.93 ± 1.87

20.88 ± 13.21
10.90 ± 5.92
1.79 ± 0.46
487.78 ± 194.06
3.79 ± 2.38

0.026b
0.012b
0.872
0.002b
0.121

5.63 ± 6.86
6.76 ± 2.94
4.45 ± 4.57
-1.20 ± 3.17
-1.23 ± 2.95
28 (57.14)
27(55.10)

5.30 ± 5.69
6.41 ± 2.99
4.78 ± 4.83
-1.18 ± 3.08
-1.21 ± 2.77
23 (57.50)
22 (55.00)

7.11 ± 11.02
8.28 ± 2.31
3.00 ± 2.92
-1.33 ± 3.74
-1.33 ± 3.87
5 (55.56)
5 (55.56)

0.480
0.086
0.297
0.894
0.913
0.711
0.669

p-value
0.075

Note: completers are children who attended at least 2/3 of the sessions. SCFFF = South County Food Fitness and Fun. Values were mean ± SD unless
otherwise specified. a four completers were excluded because they did not meet the criterion for valid wear time. b p ≤ 0.05. c p-value was obtained by
performing Chi-square test. Other p-values were obtained by performing t-test or Wilcoxon Mann Whitney test.
Table 3. Comparison of post and pre- physical activity measures in SCFFF program (n=40)
Variables
Daily MVPA (min)
Daily MVPA bouts (frequency)
Duration per MVPA bout (min)
Daily wear time (min)
Daily proportion of time as MVPA (%)
Daily MVPA (min)
Daily wear time (min)
Daily proportion of time as MVPA (%)
Daily MVPA(min)
Daily wear time(min)
Daily proportion of time as MVPA (%)

Duration
weekly
weekly
weekly
weekly
weekly
weekdays
weekdays
weekdays
weekend
weekend
weekend

Pre32.04±13.11
17.70±7.27
1.82±0.340
652.15±119.40
4.93 ± 1.87
29.35±14.06
680.35±128.52
4.36±1.93
40.22 ± 24.40
581.15±193.34
6.60±6.98

Post32.53±13.12
17.98±6.61
1.81±0.41
587.53±159.96
6.05±3.22
31.04±12.75
636.43±141.73
5.11±2.38
38.74±22.15
462.34±314.05
8.25±7.46

Effect size (95%CI)
0.04(-3.36-4.34)
0.04(-1.88-2.44)
-0.03(-0.12-0.11)
-0.46(-120.65- -8.59)
0.43(0.17-2.07)
0.13(-2.38-5.77)
-0.32(-99.14-11.31)
0.35(0.04-1.46)
-0.06(-11.03-8.06)
-0.46(-232.47- -5.16)
-0.23(-1.99-5.30)

p-value
0.799
0.795
0.879
0.025a
0.022a
0.406
0.116
0.040a
0.752
0.041a
0.357

Note: SCFFF = South County Food Fitness and Fun. Values were mean ± SD unless otherwise specified. MVPA refers to minutes of moderate-tovigorous physical activity. a p ≤ 0.05.
Table 4. Comparison of SCFFF post- and pre- weight related and physical fitness measures (n=40)
Variables
Weight related measures
BMI (kg/m2)
BMI z-score
Physical fitness
Curl up
Trunk lift (cm)
Push up
Sit and reach (R) (cm)
Sit and reach (L)(cm)
Shoulder stretch (R) n (%)b
Shoulder stretch (L) n (%)b

Pre-

Post-

Effect size (95%CI)

p-value

24.9 ± 4.99
2.0 ± 0.51

24.25 ± 4.16
1.92 ± 0.53

-0.14(-1.36- -0.09)
-0.16(-0.17- -0.06)

0.027a
<0.001a

5.30 ± 5.69
6.41 ± 2.99
4.78 ± 4.83
-1.18 ± 3.08
-1.21 ± 2.77
23 (57.50)
22 (55.00)

11.21 ± 7.11
7.47 ± 3.45
5.04 ± 4.44
-0.55 ± 2.58
-1.05 ± 2.79
24 (59.5)
20 (50.0)

0.92(3.51-8.34)
0.33(0.39-1.97)
0.06(-0.84 -1.48)
0.22(-0.03-1.49)
0.06(-0.62-1.11)
0.02(-0.20-0.23)c
-0.04(-0.26-0.18)c

<0.001a
0.004a
0.578
0.059
0.573
0.894
0.740

Note: SCFFF = South County Food Fitness and Fun. Values were mean ± SD unless otherwise specified. MVPA refers to minutes of moderate-tovigorous physical activity. a p ≤ 0.05. b p-values were obtained by performing McNemar’s Test. c risk difference was calculated for effect size.
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4. Discussion
This study evaluated the effectiveness of SCFFF, a 16week community-based intervention that included
children and their caregivers, on children’s physical
activity, physical fitness and weight status. Children who
attended SCFFF maintained minutes of MVPA but
increased the percentage of time they spent participating
in MVPA. Furthermore, they increased muscle strength
and endurance and trunk extensor strength and flexibility
which was noted by improved in the number of trunk lift
and curl up but their BMI z-scores decreased.
Among SCFFF completers, minutes of MVPA remained
stable despite valid accelerometer wear time significantly
decreased from baseline to post. Robertson and colleagues
(2010) also found that daily MVPA time remained stable
over the course of the intervention but their study shown
more consistent accelerometer wear time at both time
points [30]. Additionally, the proportion of completers in
this study with valid wear time (76%) is lower than 90%
in Robertson and colleagues’ study [30], but similar to
71% reported by the National Health and Nutrition
Examination Survey [6], indicating that compliance with
prescribed wear time among children is a challenging,
although not uncommon issue [31,32]. The seven-day
measurement time period was used for the present study as it
provides reliable (R > 0.76) estimation of children’ physical
activity levels [33] but this was difficult to implement as
only 63% of children had close to 6 days at baseline and
45% had close to 5 days of valid wear time at follow up. A
large-scale study found that there was 15% reduction from
baseline to follow-up in the number of participants having
5 valid days of accelerometer wear time following a
20-month intervention [34]. Children may not want wear
accelerometers due to negative peer pressure, forgetfulness,
or discomfort [35]. The nine children in the present study
who did not have a minimum of 3 days of valid wear time
at follow-up had lower wear time as well as MVPA at
baseline in contrast to completers with valid wear time at
both time points, which suggests that less active children
were less compliant with accelerometer protocols.
There was moderate intervention effect (d=0.4) in the
percentage of time spent in MVPA (1.1%), which is
comparable to previous studies [36,37]. However, it is
difficult to directly compare this study with others due to
use of different cut points for MVPA [37] and devices
[36]. Children participating in SCFFF accumulated
MVPA in sporadic bouts [24], with an average bout of
less than 2 minutes. To the best of our knowledge, this is
the first community-based obesity intervention study
reporting accumulation of MVPA bouts. Thus, future
research is needed to investigate its impact on MVPA
bouts and association between MVPA bouts and weight
status in community-based childhood obesity interventions.
Children completing SCFFF increased their scores in
trunk lifts and curl ups both of which are important for
overall physical function [38], and the intervention effect
for curl up was large (d=0.9). Other community-based
studies report similar results [39,40]. The SCFFF intervention
was designed to promote daily lifestyle physical activity
through fun activities which could be sustained at home
with parental support. As a result of that, it is possible that

activities that children were chosen only benefit particular
components of fitness (e.g., curl ups) not others (e.g., push
up). Furthermore, the change in trunk lift explained 11%
of the variance in percent change in daily MVPA (r=0.33,
p=0.038). This finding indicates that children who
improved their strength and endurance may also have
increased their MVPA since more physical activity
participation lead to improving physical fitness [39].
Participation in SCFFF may have contributed to
reduced BMI z-score. Other studies also have found BMI
z-score decreased after participation in community-based
physical activity and nutrition interventions [31,37]. We
did not find a relationship between changes in MVPA and
changes in BMI z-scores which may be due to the
relatively small changes in MVPA and to the relatively
short duration of SCFFF intervention. The extant literature
shows mixed results about the relationship between
changes in MVPA and changes BMI z-scores [29,31,37,40].
Weight change is a complex issue influenced other factors
such as nutrition [37].
The current study should be considered in light of its
strengths and limitations. The SCFFF was a communityengaged research which was a collaborative effort among
community stakeholders including local pediatricians,
pediatric dietitians, community-based child activity specialists
and university faculty. The interactive nature of the SCFFF
intervention and the inclusion of caregivers were strengths
of the intervention [8]. The use of accelerometer is a
strength of this study and it provides an objective measure
of physical activity. Although compliance with accelerometer
protocols is a limitation of the study, issues with compliance
is common in children and in childhood obesity interventions
[30,32]. Another limitation is that this study did not assess
caregivers’ physical activity behaviors, BMI and BMI
z-score. The present study also has limited generalizability
as the participants were primarily white living in a
rural/suburban area thus findings may not be applied to
differing populations.

5. Conclusion
Our study showed that SCFFF was effective at improving
percent of time in MVPA, improving children’s muscle
strength and endurance and trunk extensor strength and
flexibility, and decreasing children’s BMI z-scores. Further
research is needed using more diverse participants, and an
intervention that utilizes a control group. Standardized
accelerometer calibration cut points for children are also
needed and use of a more attractive, waterproof accelerometer
may increase compliance. This study contributes to existing
literature and demonstrates the effectiveness of a childhood
obesity intervention program on making positive lifestyle
changes in overweight and obese children.
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