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Objectives To determine whether a large-scale physical activity intervention could affect body composition in primary
school students in Beijing, China. Methods The study design was one-year cluster randomized controlled trial of physical
activity intervention (20 min of daily exercise in the classroom) with an additional year of follow-up among 4 700 students aged
8-11 years at baseline. Results After the one-year intervention, BMI increased by 0.56 kg/m? (SD 1.15) in the intervention
group and by 0.72 kg/m? (SD 1.20) in the control group, with a mean difference of -0.15 kg/m? (95% CI: -0.28 to -0.02). BMI z
score decreased by -0.05 (SD 0.44) in the intervention group, but increased by 0.01 (SD 0.46) in the control group, with a mean
difference of -0.07 (-0.13 to -0.01). After another year of follow up, compared to the control group, children in the intervention
group had significantly lower BMI (-0.13, -0.25 to -0.01), BMI z score (-0.05, -0.10 to -0.01), fat mass (-0.27 kg, -0.53 to -0.02)
and percent body fat (-0.53, -1.00 to -0.05). The intervention had a more pronounced effect on weight, height, BMI, BMI z
score, and body composition among obese children than among normal weight or overweight children. Compared to the control
group, the intervention group had a significantly higher percentage of children who maintained or reduced their BMI z score at
year 1 (P=0.008) and year 2 (P=0.04). Conclusions These findings suggest that 20 min of daily moderate to vigorous
physical activity during the school year is a feasible and effective way to prevent excessive gain of body weight, BMI, and body

www.besjournal.com

fatness in primary school students.
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INTRODUCTION

With more than 25% of Chinese adults
overweight, China is facing a major epidemic of
obesity!. In 2000, obesity-related direct (medical
care) and indirect (disability, mortality, and sickness)
costs accounted for 4.06% of China’s gross national
product (GNP). That figure is expected to reach
9.23% in 2025, Obesity-related chronic diseases
have become the most important preventable causes
of death in China®!.

Overweight and its comorbidities have also
affected the younger generation. Li et al. recently
reported that 6.2% of Chinese children, or 16 million,
suffer from overweight or obesity™. Among this
group, 75.9% have at least one metabolic abnormality
and 20.4% have the metabolic syndromel. In
addition, childhood obesity significantly increases the
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risk of morbidity and mortality in adulthood®.

The developmental years of childhood are a
critical time for instilling positive behavior and
lifestyle habits. However, interventions should not
single out children at risk of obesity!”! or contribute to
the emotional distress of those who are already
overweight or obesel®. Likewise, they must not
interfere with the adequate growth or development of
those who are underweight™. Physical activity can
reduce fat mass and preserve lean body mass by
increasing total energy expenditure and fat oxidation!.
Therefore, increasing physical activity is considered an
important strategy for prevention of childhood obesity.

The Happy 10 program was developed as a
classroom-based intervention to promote physical
activity among primary school students™. Prior to its
implementation, a pilot study had been conducted in
two schools, an intervention and a control™. Data
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indicated that the program was feasible, well-
accepted, and effective in reducing weight gain
among children who took part in it. Based on these
findings, we implemented the Happy 10 program in
20 schools in the same geographic region. This study
was designed to evaluate the effectiveness and
sustainability of this program among 4 700 primary
school students. A positive outcome would justify the
implementation of a nationwide school-based effort
to prevent childhood obesity in China.

METHODS AND PROCEDURES
Study Design

This was a cluster randomized controlled trial.
We randomly selected two districts, DongCheng and
ChongWen, from the eight in urban Beijing. Then ten
primary schools from each district were randomly
chosen and assigned to be either an intervention or
control group (Fig. 1). The intervention was
conducted during the 2005-2006 school year, with a
subsequent 1-year follow-up.

20 from 76 primary
schools randomly recruited

Control group
schools (n=10)
classes (n=68)

Intervention group
schools (n=10)
classes (n=64)

Baseline students (n=2 371) students (n=2 329)
(2005) boy:1 194 girl:1 177 boy:1 264 girl:1 065
Intervention | students (n=2 115) students (n=2 072)
(2006) boy:1 065 girl:1 050 boy:1 115 girl:957
Absent or moved Absent or moved
school (n=256) school (n=257)
|
Follow up students (n=2 092) students (»=2 028)
(2007) boy:1 031 girl:1 061 boy:1 087 girl:941
Absent or moved Absent or moved
school (n=279) school (#=301)

Fic. 1. Flow chart for the intervention study. Ten primary
schools from two districts in Beijing were randomly
chosen and assigned to be either an intervention or
control group. Out of 4 880 students, a total of 4 700
(response rate 96%) participated in the study in
2005. In 2006 and 2007, 513 (10.9%) and 580
(12.3%) students dropped out, respectively.

Teachers organized and implemented the Happy

10 program twice daily for 10 min with 3rd and 4th

grade students. No intervention took place in the

control schools. The program did not replace other
regular activity programs, including physical

education and after-school activities. Rather, it was
incorporated into the curriculum. The study was
approved by the Chinese Ethical Review Committee
of the National Institute for Nutrition and Food
Safety in China and the Dutch Medical Ethical
Review Committee of Wageningen University
(METC-WU) in the Netherlands. Both a written
consent form from a parent and an oral consent from
a child were required for participation.

Intervention

Based on the principle of TAKE 10!,
the Happy 10 program was initiated jointly by the
National Institute for Nutrition and Food Safety,
Chinese Center for Disease Control and Prevention
(CDC), and the International Life Science Institute
Focal Point in China. It consisted of two daily 10-
min physical activity sessions conducted in the break
between classes.

The program provided a variety of safe,
moderate, age-, and space-appropriate exercises.
Teaching materials included activity cards, video
demonstrations, tracking posters, and stickers. Each
activity card introduced one exercise and explained
how to perform it. The videos showed students from
the pilot study performing the activities. Teachers
could either demonstrate the activity or show it on a
video. The tracking poster and stickers were used to
illustrate the progress of each class.

There were several activity models directly from
TAKE 10! Program, such as “invisible jump rope”;
“copy cat”; “all about you”; “stories on the move!”;
“stories in space”. Clear introduction were
colourfully printed in the activity card. Students,
teachers and parents were encouraged to develop new
activity models, so did the program staffs. Many new
programs, much more than that directly from TAKE
10!, were developed, such as “Story in z00”; “story in
farm”; “who is wearing yellow today”; “time like a
colt”; “happy and health”; “little frog”.

The 10-minute sessions consisted of four parts:
1) the teacher or student selected the cards to
determine the activities; 2) several children were
chosen to model the exercises in the front of the
classroom and the other students followed along (one
to three activities were performed at each session); 3) a
cool-down period took place after the activities; and 4)
the students were taught a health message. If they
chose the <“invisible jump rope”, each student
pretended to have an invisible jump rope and began to
jump. Teacher called out numbers from 1-10 starting
with one. Everyone jumped as they counted up to that
number. Starting at 20 and counting backwards, while
students did the invisible jump rope backwards. The
students jumped more and more quickly as the teacher
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was increasing the counting speed. Some teachers also
combined math calculating into the activities.

The average caloric expenditure for both
10-minute sessions ranged from 60 to 70 kcal/ school
day, which translated to 43-50 kcal/day, as measured
by physical activity sensors™®. The average
metabolic equivalent task (MET) rate/session ranged
from 4.8 to 7.3 kcal kg™h™%. All activities were of
moderate to vigorous intensity.

Staff Training

Teachers, usually classroom tutors and/or health
educators, attended a half-day training session
conducted by the staff of the National Institute for
Nutrition and Food Safety, China CDC. They learned
how to integrate the program into the school
curriculum, and how to perform the activities.
Information about childhood obesity, risk factors,
health consequences, and prevention were an integral
part of the training. Teachers modelled the lessons to
ensure that they understood the recommended
techniques and strategies for implementation.

Outcome Measures

Measurements were collected in the summers of
2005 (baseline), 2006 (intervention year 1) and 2007
(follow-up year 2). Children fasted the night before
and were measured the next morning by trained
research staff. Consistent assessment methods were
used throughout the study. The research staffs who
conducted the measurement were blinded to the
intervention assignment.

Height was measured to an accuracy of 1mm
with a free-standing stadiometer mounted on a rigid
tripod. Fasting body weight was measured to the
nearest 0.1 kg on a digital scale. BMI was calculated
as weight in kilograms divided by height in meters
squared (kg/m?) The BMI z score, based on age and
gender, was calculated for each student using WHO
growth references (http://www.who.int/growthref/
who2007_bmi_for_age/en/index.html). Each particip
ant was classified into 1 of 4 weight categories:
underweight (BMI z score < -2 SD), normal weight
(BMI z score between -2 SD and 1 SD), overweight
(BMI z score between 1 SD and 2 SD), and obese
(BMI z score > 2 SD).

Body composition was measured by bioelectrical
impedance analysis. Resistance (R) and reactance
(Xc) were determined using a four terminal
impedance plethysmograph (RJL2System 101 USA,
50 kHz, 800 pA). Body impedance was calculated as
the square root of (R?+Xc?). Fat free mass (FFM), fat
mass, and percent body fat were calculated using the
prediction equations suggested by Deurenberg et al.*".

Statistical Methods

Based on data from the pilot study, average one-year
BMI change in the control group was 0.6 kg/m?
with a standard deviation of 1.1 kg/m?; the intraclass
correlation was 0.15. The sample size of 4 700
students from 20 schools had 90% power to detect a
mean between-group difference in BMI of 0.35 units
(effect size of 0.3). Statistical significance was set at
5% (two-sided).

Anthropometric measurements at baseline were
compared using multivariate regression analysis with
age and sex in the model. The effects of intervention
were analyzed using SAS proc mixed procedure
(SAS 8.2e for windows, SAS Institute Inc. Cary,
NC.), with BMI changes from baseline as the primary
outcome variable. The fixed effects included baseline
BMI, age, sex, and the intervention group. While the
randomization was at the school level,
implementation was at the class level. Thus, the
classroom was treated as a random effect variable.
Similar mixed models were constructed for other
outcome variables, including weight, height, BMI z
score, fat free mass, fat mass, and percent body fat.

The analysis was based only on children
measured at baseline and again in year 1 or year 2.
Participants who were lost to follow-up were
excluded from the analysis. We conducted a separate
analysis for different weight status at baseline as well
as for boys and girls. Statistical interactions between
intervention and gender as well as baseline weight
status were conducted using the likelihood ratio tests.

RESULTS

Out of the 4 880 students enrolled, a total of
4 700 (response rate 96%) participated in the study in
2005. In 2006 and 2007, 513 (10.9%) and 580
(12.3%) students dropped out, respectively (Fig. 1).
No school or class dropped out of the study. Subjects
lost to follow-up and those who remained in the
program had similar characteristics (Table 1). At
baseline, there were no significant differences
between the intervention and control groups in
weight, height, BMI, BMI z score, fat free mass
(FFM), fat mass, percent body fat, family income
level, or mother’s educational background.

After the intervention, BMI increased by 0.56
kg/m? (SD 1.15) in the Happy 10 group and by 0.72
kg/m? (SD 1.20) in the control group, with a mean
difference of -0.15 kg/m? (95% confidence interval
[CI]: -0.28 to -0.02). In the intervention group, BMI z
score decreased by -0.05 (SD 0.44), but increased by
0.01 (SD 0.46) in the control group. The mean
difference was -0.07 (95% CI; -0.13 to -0.01). Body
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weight increased in both groups, with a mean
difference of -0.33 kg (95% CI; -0.64 to -0.02) (Table
2). Significant effects were sustained one year after the
program stopped. Compared to those in the control
group, children in the intervention group had
significantly lower BMI (-0.13, 95% CI -0.25 to -0.01),
BMI z score (-0.05, 95%CI -0.10 to -0.01), fat mass
(-0.27 kg, 95% CI -0.53 to -0.02) and percent body fat
(-0.53, 95% CI -1.00 to -0.05) in year 2 (Table 2).

The intervention had similar effects on weight,
BMI, and BMI z score in boys and girls during the
one-year intervention period. It had a significant
effect on fat mass and percent body fat in girls, but
not in boys. Significant interaction was found
between gender and intervention on percent body fat
(Table 3). One year after the intervention, the effects
were sustained in girls, but not in boys.

The intervention had a more pronounced effect
on weight, height, BMI, BMI z score, and body
composition among obese children than among
normal weight or overweight children at baseline
(Table 4). Compared to those in the control group,

obese children in the intervention group had
significantly lower BMI (-0.35, 95% CI -0.62 to
-0.08) and BMI z score (-0.07, 95% CI -0.13 to
-0.02). Significant effects were sustained one year
after the program stopped. However, no significant
interaction was detected between intervention and
baseline weight status (P for interaction ranged
from 0.07 on weight to 0.98 on fat mass except P
for interaction on fat free mass in year 1, which
was 0.005).

No significant difference was found between the
intervention and control groups in the prevalence,
incidence, or remission of overweight and obesity.
However, compared to the control group (49.5%), the
Happy 10 group (57.3%) had a significantly higher
percentage of children who maintained or reduced
their BMI z score in both boys and girls after one
year intervention (P=0.008) (Fig. 2). During the
two-year period, 46.9% of girls in the intervention
group and 41.5% of girls in the control group
maintained or reduced their BMI z score (P=0.02).
This difference was not significant in boys.

TABLE 1

Characteristics of Subject and Lost to Follow-up

Baseline Lost to Follow-up Lost to Follow-up
(2005) (2006) (2007)
Sex Girls 2242 235 240
Boys 2458 278 340
Group Intervention 2329 257 301
Control 2371 256 279
Age (years) 9.310.7 9.310.8 9.410.8°
Height (cm) 140.447.2 140.547.3 140.547.1
Weight (kg) 35.449.6 35.549.7 35.349.8
BMI (kg/m?) 17.843.6 17.843.7 17.743.7
BMI Z Score 0.294.47 0.28+.5 0.24H.5
Percent Body Fat (%) 25.444.9 25.145.0 25.045.0

Note. Comparison between the subjects available for follow-up and those lost to follow up, x*-test, P<0.05; %-test, P<0.05.

TABLE 2

Changes from Baseline in Body Weight, Body Mass Index (BMI), BMI Z Scores, and Body Composition at Year 1 and Year 2

Intervention Control Mean Difference (95% Cl) P Value

Weight (kg)

Baseline® (n=4700) 35.5(9.6) 35.4(9.6) -0.09 (-0.62 to 0.43) 0.72

Year 1 Changes’ (n=4187) 4.4(2.8) 4.7 (2.9) -0.33 (-0.64 to -0.02) 0.04

Year 2 Changes? (n=4121) 10.0 (5.0) 10.3 (4.7) -0.31 (-0.63 t0 0.02) 0.06
Height (cm)

Baseline® (n=4700) 140.4 (7.2) 140.4 (7.3) -0.12 (-0.50 to 0.26) 0.53

Year 1 Changes® (n=4187) 6.0 (1.8) 6.2 (1.8) -0.03 (-0.26 to 0.20) 0.77

Year 2 Changes? (n=4121) 12.1(2.8) 12.1(2.9) -0.04 (-0.24 t0 0.23) 0.97
BMI (kg/m?)

Baseline® (n=4700) 17.79 (3.61) 17.74 (3.61) -0.02 (-0.22 t0 0.18) 0.85

Year 1% (n=4187) 0.56 (1.15) 0.72 (1.20) -0.15 (-0.28 to -0.02) 0.03
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(continued)

Intervention Control Mean Difference (95% Cl) P Value

Year 2% (n=4121) 1.55 (1.84) 1.67 (1.63) -0.13 (-0.25 t0 -0.01) 0.04
BMI Z Scores

Baseline! (n=4700) 0.31(1.48) 0.28 (1.47) -0.01 (-0.09 t0 0.07) 0.78

Year 1% (n=4187) -0.05 (0.44) 0.01 (0.46) -0.07 (-0.13 to -0.01) 0.03

Year 22 (n=4121) 0.03(0.72) 0.08 (0.59) -0.05 (-0.10 to -0.01) 0.03
Fat Free Mass (kg)

Baseline! (n=4693) 26.2 (5.9) 26.1(5.9) -0.13 (-0.44 t0 0.18) 0.42

Year 1% (n=4163) 4.0(1.9) 43(21) -0.18 (-0.41 t0 0.05) 0.12

Year 22 (n=4111) 7.7 (3.2) 7.7 (3.2) -0.03 (-0.30 t0 0.24) 0.82
Fat mass (kg)

Baseline! (n=4693) 93(4.1) 9.3(4.2) 0.02 (-0.22 t0 0.25) 0.87

Year 12 (n=4163) 0.3(1.7) 0.5(1.8) -0.15 (-0.37 t0 0.07) 0.18

Year 22 (n=4111) 2.3(3.0) 2.6 (2.5) -0.27 (-0.53 to -0.02) 0.03
Percent Body Fat (%)

Baseline! (n=4693) 25.3 (4.9) 25.5(5.0) 0.11 (-0.17 to 0.39) 0.45

Year 12 (n=4163) -2.2(3.2) -2.0(3.2) -0.22 (-0.70 t0 0.24) 0.34

Year 22 (n=4111) -0.9 (5.0) -0.4 (3.7) -0.53 (-1.00 to -0.05) 0.03

Note. *Based on the maximum number of children.?Based on children with data at baseline and again at either year 1 (intervention) or
year 2 (follow-up).

TABLE 3

Main Intervention Effects (95% CI) for Boys and Girls

Girls Boys P Value of
Mean Difference (95% CI) P Value Mean Difference (95% CI) P Value Interaction®

Weight (kg)

Baseline? -0.21 (-0.89 t0 0.47) 0.55 0.01 (-0.40 to 0.61) 0.69

Year 1 Changes® -0.37 (-0.71 to -0.03) 0.04 -0.36 (-0.71 to -0.01) 0.046 0.75

Year 2 Changes? -0.44 (-0.85 to -0.04) 0.03 -0.14 (-0.60 to 0.28) 0.51 0.44
Height (cm)

Baseline -0.35 (-0.91t0 0.21) 0.22 -0.02 (-0.32 t0 0.28) 0.88

Year 1 Changes? -0.01 (-0.27 t0 0.26) 0.96 -0.07 (-0.31t0 0.17) 0.57 0.25

Year 2 Changes? 0.02 (-0.26 to 0.30) 0.88 0.05 (-0.23 t0 0.33) 0.71 1.00
BMI (kg/m?)

Baseline’ -0.02 (-0.28 to 0.25) 0.90 -0.02 (-0.22 t0 0.18) 0.85

Year 1° -0.17 (-0.31 to -0.03) 0.02 -0.15 (-0.31 to -0.001) 0.049 0.75

Year 2° -0.19 (-0.34 to -0.03) 0.02 -0.08 (-0.25 to 0.09) 0.37 0.27
BMI Z Scores

Baseline® 0.00 (-0.11t0 0.11) 0.97 -0.02 (-0.14 t0 0.10) 0.74

Year 1° -0.08(-0.14 to -0.02) 0.01 -0.06(-0.12 to 0.01) 0.09 0.29

Year 2° -0.07(-0.13 to -0.01) 0.02 -0.03 (-0.10 to 0.03) 0.29 0.32
Fat Free Mass (kg)

Baseline’ -0.20 (-0.62 t0 0.22) 0.35 -0.06 (-0.52 to 0.40) 0.79

Year 12 -0.11 (-0.37 t0 0.15) 0.41 -0.25 (-0.52 to 0.01) 0.06 0.12

Year 22 -0.03(-0.33t0 0.28) 0.85 0.03 (-0.29 t0 0.36) 0.84 1.00
Fat Mass (kg)

Baseline -0.03 (-0.32t0 0.27) 0.87 0.06 (-0.30 to 0.42) 0.76

Year 1° -0.25 (-0.48 to -0.02) 0.03 -0.11 (-0.37 t0 0.16) 0.42 0.14

Year 2° -0.45 (-0.70 to -0.20) <.001 -0.15 (-0.49 t0 0.19) 0.39 0.11
Percent Body Fat (%)

Baseline 0.08 (-0.29 to 0.45) 0.67 0.12 (-0.29 to 0.54) 0.56

Year 1° -0.49 (-1.002 to 0.03) 0.06 -0.09 (-0.63 to 0.44) 0.74 0.02

Year 2° -0.80 (-1.29 to -0.31) 0.002 -0.35(-0.96 to 0.25) 0.24 0.11

Note. ‘Based on the maximum number of children. Based on children with data at baseline and again at either year 1 (intervention) or
year 2 (follow up). ® Interaction between gender and intervention effect, based on (chi-square) the difference of -2 log likelihood between
models with and without the interaction (between gender and intervention effect).
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TABLE

4

Effects of Intervention according to Children’s Body Weight Status at Baseline

185

Baseline

Intervention

Follow up

Change in 1 Year

Intervention

Change in 2 Years®

Intervention

Intervention  Control® Intervention? Control?  Effect’ (95% CI) Intervention® Control2  Effect® (95% Cl)
Underweight (n=232)
Weight (kg) 241425 245428 27420 3045 -023(-0.75029) 7.0459 69453  0.18(-1.49,1.85)
Height (cm) 135.746.1 136.746.7 5.4#.5 5.4#.3 0.06(-0.36,0.48) 11.2482.4 11.3#2.3  -0.04(-0.73,0.65)
BMI 13.0340.44 13.0540.51 0.35#0.89 0.53#0.66 -0.12(-0.36,0.12) 1.3042.71 1.2242.64 0.09(-0.69,0.87)
BMI Z Score -2.4640.39 -2.4740.42 -0.0240.59 0.17#0.58 -0.12(-0.31,0.07) 0.2640.96 0.2440.92 0.04(-0.25,0.33)
FatFree Mass (kg) 192424 104425 28412 2942 -010(-046027) 56428 55426  0.23(-0.62,1.08)
Fat Mass (kg) 4.840.8 5.04.8 0.0#.2 0.140.9  -0.24(-0.53,0.05) 1.343.6 1.4435 -0.06(-1.06,0.96)
Percent Body Fat (%) 20.143.4 20.743.0° -2.343.2 -1.842.8  -0.65(-1.47,0.15) -0.9#+4.5 -0.7#4.9  -0.35(-1.70,0.34)
Normal Weight (n =2 940)
Weight (kg) 310448 310447 39422 4245 -029(-060002) 91439 93438  -0.26(-0.58,0.06)
Height (cm) 139.247.0 139.136.9 6.0+1.8 6.24#1.8 -0.06(-0.31,0.17) 12.0£2.9 12149 -0.11(-0.38,0.17)
BMI 15.94+.40 15.93+#1.36 0.5340.87 0.67+1..09 -0.13(-0.26,0.001) 1.50#1.42 1.58+1.38 -0.09(-0.20,0.03)
BMI Z Score -0.3740.79 -0.3840.77 -0.0240.44 0.0540.48 -0.06(-0.13,0.01) 0.13#0.59 0.1740.58 -0.04(-0.09,0.01)
Fat Free Mass (kg) 23.843.7 23.743.6 3.8+.7 4.0+.8 -0.14(-0.37,0.10) 7.242.8 7.242.8 -0.05(-0.32,0.23)
Fat Mass (kg) 7247 7348 0144 0346 -017(-039005) 19422 21421  -0.21(-0.43,0.01)
PercentBody Fat (%) 23.3#3.6  23.543.8 -2.443.2 -2.143.3  -0.30(-0.82,0.21) -0.843.9 -0.343.7  -0.45(-0.90,0.01)
Overweight (n =830)
Weight (kg) 405447 404449 52431 54428 -023(0.750.27) 114448 115444 -0.09(-0.76,0.57)
Height (cm) 1421462 1418468 6148 6348 -0.15(-045016) 123328 123430 0.04(-0.39,0.48)
BMI 19.98+.08 20.03#1.08 0.74#1.39 0.80+1.26 -0.09(-0.31,0.14) 1.74#1.96 1.78+1.80 -0.06(-0.33,0.22)
BMI Z Score 1.4640.28 1.4740.28 -0.0640.41 -0.0440.41 -0.04(-0.10,0.03) -0.0840.77 -0.0620.57 -0.02(-0.12,0.07)
FatFree Mass (kg) 28.943.4 288437 45419 4649 -0.14(-050022) 86430 83429  0.31(-0.120.74)
Fat Mass (kg) 11.642.0 11.6%.0 0.7#.9 0.8#.8 -0.11(-0.41,0.20) 2.743.2 3187 -0.40(-0.89,0.10)
Percent Body Fat (%) 28.543.3 28.743.4 -1.8+2.8 -1.743.1  -0.17(-0.65,0.32) -1.346.4 -0.4439 -0.85(-1.77,0.07)
Obese (n =698)
Weight (kg) 515490 521486 57439 67440 -0.83(-1.51-0.15" 133470 142454 -0.87(-1.86,0.13)
Height (cm) 145.046.9 145.746.5 6.1+.5 6.241.6 -0.12(-0.43,0.19) 124827 12.142.7  0.33(-0.09,0.75)
BMI 24.3642.70 24.40%2.61 0.56%1.73 0.93+1.65 —0.35(—0.62,—0.08)* 1.6342.72 2.09+1.87 —0.14(—0.81,—0.07)*
BMI Z Score 2.674.57 2.6240.51 -0.2040.40 -0.1240.34 —0.07(—0.13,—0.02)* -0.3240.90 -0.1740.38 —0.13(—0.24,—0.03)*
Fat Free Mass (kg) 35.145.7 35.345.2 48423 5546 -0.63(-1.05,-0.20)* 9.7#4.1 9.943.8 -0.14(-0.81,0.52)
Fat Mass (kg) 16.543.8 16.843.9 1.0+2.6 12426 -0.22(-0.65,0.21) 3.644.3 42429 -0.60(-1.18,-0.01) "
PercentBody Fat (%) 318431 32.0483 -16432 -17430 00(-050050)  -1.369 -0.5432 -0.97(-1.80,-0.15)"

Note. Between-group-difference in baseline, t-test, "P<0.05 (two sides); > Within-group changes from baseline (growth); data are

unadjusted means and sd. ®Estimates for intervention effect (95% confidence interval) reflect the between-group difference, mixed model,
adjusted baseline measurements, age, and clustering effect among classrooms, "P<0.05 (one side).

DISCUSSION

The overall objective of this study was to
evaluate whether the Happy 10 program could
prevent childhood obesity if implemented on a large
scale. Over the course of one school year, we
observed a moderately lower body weight, BMI, and
BMI z score among children who participated in the
intervention. Most of the intervention effects
persisted one year after the intervention had stopped,
especially among girls.

Cross-sectional studies showed that children who
spent more time on moderate-to-vigorous physical
activity were less likely to be obese than their
inactive counterparts™?*®!, Prospective epidemiolog-

ical studies also indicated that increasing physical
activity was associated with lower weight gain in
childrent*,

However, school-based obesity prevention
programs have yielded mixed results. In a systematic
review, Doak et al.l! found that simple physical
activity intervention programs were more effective in
preventing obesity in children and adolescents than
complex intervention programs. In this trial, the
Happy 10 program, with a small lifestyle change, did
result in decreased weight, BMI, and BMI z scores in
children. The intervention, however, had no effect on
prevalence of obesity. This might be due to small
changes in BMI z scores (effect size of 0.3) in a short
period of time™!. The happy 10 group had a



186 LIETAL.

P=0.01

m Control
o Intervention

60 P=0.02

50 F P=0.30 P=0.02
£ aof

30

20

10

Boy 2006 I Girl 2006 Boy 2007 I Girl 2007
Intervention Follow-up

FiG. 2. Percentage of children in intervention and control groups who maintained or reduced their BMI z score.
Adjusted for baseline BMI z score, age, and clustering within classrooms.

significantly high percentage of children who
maintained or reduced their BMI for age (z score)
and it was sustained one year after the intervention
stopped. Such efforts can lead to appreciable
reduction in body weight in the long runt*®!.

Girls and boys do not necessarily respond in the
same way to a given intervention. Studies from
France’ and Crete™ found that programs were
effective in both boys and girls. However, the Planet
Health™ in the United States and the Kiel Obesity
Prevention Study in Germany™! showed a significant
effect in girls only. On the other hand, studies in
Chile™ reported positive outcomes for boys only.
Our intervention produced similar effects in boys and
girls during the intervention period, but the
significant effects were only sustained in girls one
year after the program had stopped. Because girls
usually pay more attention to body weight than boys!??,
they might have kept on with exercises after the
program had stopped. In a previous study, we found
significant gender differences in body satisfaction
among Chinese children, with girls wanting to be
thinner and boys wanting to be heavier®. Chinese
boys also tended to be more accepting or tolerant of
overweight or obesity than Chinese girls. However,
inconsistent findings on gender difference from
various intervention studies warrant further research
in this area.

Potential for harm caused by weight loss in
underweight children is a concern with obesity
intervention programs. An Italian study showed that
obesity intervention increased the prevalence of
underweight in school children®!. However, a recent
report in the United States found no adverse
outcomes in underweight children®. In a Chilean
obesity intervention study, underweight children
increased their BMI z score®™. Our intervention did
not produce significant changes in either the
prevalence of underweight or the BMI z scores of

underweight children.

This study has several strengths. As a randomized
controlled trial, it eliminated confounding by
covariates. The large sample size provided sufficient
power to detect a relatively small effect, and the length
of follow-up allowed us to assess long-term outcomes.
The relatively high rate of follow-up reduced potential
bias due to loss to follow-up. Our outcome measures
included changes in BMI and BMI z scores as well as
changes in body composition.

This study also has several limitations. Inadequate
daily documentation by teachers prevented us from
quantifying adherence to the Happy 10 protocol. On
occasions, visiting CDC staff found that teachers
skipped some daily physical activities. This may, at
least in part, have weakened the effect of the
intervention. Another limitation is that we did not
evaluate the children’s diets. However, we do not
expect that our physical activity intervention would
influence dietary intakes of the children.

The Happy 10 program is a simple and practical
intervention. The activities are designed to be
implemented in the classroom. As such, they address
the issue of limited sports space (a main reason cited
by 38.7% of the children for lack of activity)®®!. In
general, the program was easy to implement and
well-accepted by the schools, teachers, and students.
The data suggest that 20 min of moderate physical
activity per day during the school year is a feasible
and appropriately effective approach to prevent
excessive gain of body weight, BMI, and BMI z
scores in 3rd and 4th grade children in Beijing, China.
The modest results also persisted one year after the
intervention. These findings suggest that the Happy
10 program can be used for primary prevention of
childhood obesity in China. Nutrition education and
dietary intervention should be considered to be
integrated into the Happy 10 program in order to
strengthen the intervention effects.
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