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Summary

To determine the effectiveness of school-based interventions that focus on chang-
ing dietary intake and physical activity levels to prevent childhood obesity.
MEDLINE and EMBASE were searched (January 2006 to September 2007) for
controlled trials of school-based lifestyle interventions, minimum duration of
12 weeks, reporting weight outcome. Thirty-eight studies were included; 15 new
studies and 23 studies included within the National Institute for Health and
Clinical Excellence obesity guidance. One of three diet studies, five of 15 physical
activity studies and nine of 20 combined diet and physical activity studies dem-
onstrated significant and positive differences between intervention and control
for body mass index. There is insufficient evidence to assess the effectiveness of
dietary interventions or diet vs. physical activity interventions. School-based
physical activity interventions may help children maintain a healthy weight but
the results are inconsistent and short-term. Physical activity interventions may be
more successful in younger children and in girls. Studies were heterogeneous,
making it difficult to generalize about what interventions are effective. The find-
ings are inconsistent, but overall suggest that combined diet and physical activity
school-based interventions may help prevent children becoming overweight in the
long term. Physical activity interventions, particularly in girls in primary schools,
may help to prevent these children from becoming overweight in the short term.
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Introduction

In developed countries, the prevalence of obesity among
children is increasing (1). In addition, obesity in childhood
is known to be an independent risk factor for adult obesity
(2). Therefore, there is a need to develop interventions to
reduce the prevalence of obesity in children. Because there
is good evidence that obesity is related to the energy
content of the diet and an increasingly sedentary lifestyle,
these interventions should focus on changing these behav-
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iours. Schools have been a popular setting for implemen-
tation of interventions, as they offer continuous, intensive
contact with children. School infrastructure and physical
environment, policies, curricula and staff have potential to
positively influence child health. However, despite the
apparent advantages of addressing childhood obesity in a
school setting, a relative lack of effectiveness of a number
of major interventions to reduce childhood obesity has
brought into question the wisdom of allocating scarce
resources to school-based interventions.
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In 2004, the National Institute for Health and Clinical
Excellence (NICE) commissioned the Institute for Health
Sciences and Social Care at the University of Teesside to
carry out a series of rapid reviews on the prevention of
overweight and obesity. These reviews formed part of the
supporting evidence for the NICE obesity guidance (3).
This systematic review aimed to examine new research
evidence and update the review of interventions for the
prevention of overweight and obesity in school children,
contained within the NICE obesity guidance (3).

The main objective of this review was to determine the
effectiveness of interventions that focus on improving diet
and physical activity (PA) behaviours in school children. A
secondary aim was to identify study characteristics that
may affect outcome such as gender, age, socioeconomic
status, setting, process indicators and contextual factors.

Methods

Study inclusion criteria were identical to the criteria used
within the NICE obesity guidance (3), with one exception:
this review only includes studies that reported a weight
outcome. Weight could be presented as change or absolute
values (at baseline and follow-up) and could include any
measure of weight, including but not restricted to, body
mass index (BMI), BMI z-score, percentage of body fat,
skin-fold thickness and percentage of overweight. A study
was included if the design was a randomized controlled
trial or controlled clinical trial, of a lifestyle intervention,
set in schools and at least 12 weeks of duration. School-
aged children, 5-18 years old, were included. Study designs
that compared lifestyle interventions with usual care or
with other active interventions were included.

A lifestyle intervention was defined as including healthy
eating, increase in PA, reduction in sedentary behaviours,
behaviour therapy, social support and education for diet
and activity behaviours. Studies were only included if the
study did not recruit children on the basis of weight (or any
other measure of weight). Studies were not included or
excluded based on the aim of the study. Studies were not
excluded on the basis of language. Studies in children with
critical illness or eating disorders were excluded.

The interventions, lumped within each comparison (diet,
PA, diet plus PA), could vary by mode of delivery and
content. This would facilitate comparison of whether less
expensive and more easily feasible interventions were as
effective as more expensive interventions that involved
great expense and effort.

The search strategy was identical to that used for the
NICE obesity guidance (3). The electronic databases,
MEDLINE and EMBASE, were searched on 25 September
2007 — from January 2006 to September 2006, week 2
(MEDLINE) and week 38 (EMBASE). Copies of the full
search strategies are available on request. All references
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identified in the searches were electronically imported into
the reference managing software. All titles and abstracts
were initially screened for inclusion by one researcher
(TJB). The full text of references identified as potentially
relevant or references that could not be rejected with cer-
tainty were obtained and assessed independently by two
reviewers (T]B, CS) using the predefined inclusion criteria.
Differences between reviewers regarding assessment of full
texts were resolved by discussion. The reference lists of
these studies were checked for other relevant studies.

Data extraction was performed by one reviewer (T]B).
Details were extracted regarding study design, setting, par-
ticipants, aim, intervention, duration, sample size, dropout,
change in BMI (or other weight outcome however
reported), potential confounders and process indicators.

Data from the studies identified in the update search
were integrated with data from the trials that fit the inclu-
sion criteria and were included in the review of interven-
tions for the prevention of overweight and obesity in school
children, contained within the NICE obesity guidance (3).

When absolute values for weight or BMI were reported,
the change was calculated by subtracting values at baseline
from values at follow-up.

Results

Literature search

Seven hundred and thirteen references were identified in
MEDLINE and 840 in EMBASE. Initial screening of the
references produced 70 potentially relevant references
which were obtained as full papers. Fifteen new studies
(4-20) were included and two additional papers (21,22)
provided longer term follow-up data for two studies (23—
26) included within the NICE obesity guidance (3).
Twenty-three studies (23-50) were included from the NICE
obesity guidance (3) (Fig. 1).

Five studies that fit the inclusion criteria for this review
but do not currently have a weight outcome published were
identified. These are the ‘Intervention centered on adoles-
cents’ PA and sedentary behaviour’ study (51), the Kinder-
Sportstudie (52), the ‘5-2-1 Go!” study (53), the ‘JUMP-in’
study (54) and the Trial of Activity for Adolescent Girls
(55).

Three studies (4,5,21,23) were dietary interventions
(Tables 1 and 2), 15 studies were PA interventions
(9-11,16-18,35-46) (Tables1 and 3) and 20 studies
(6-8,12-15,19,20,22,24-34,47-50) were combined diet
and PA interventions (Tables 1 and 4), of which five aimed
to improve cardiovascular health or reduce the risk of
diabetes.

Seventeen of the 38 studies were conducted in American
schools, three were based in UK primary schools, and two
were set in Australian schools and two in schools in
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References identified and screened:

References excluded from titles and

250907
Medline 713 > | abstracts: 1483
Embase 840

TOTAL: 1553

Potentially relevant references: 70

References excluded from full paper: 53

Final number of included primary studies:

Primary studies from update search: 15 (17 papers)
Primary studies from NICE report: 23 (30 papers)

Germany. The remaining 14 studies were based in schools
in 14 other European and non-European countries.

Twenty-three studies were set in primary schools and 12
studies were based in secondary schools. Two studies were
set in a kindergarten or pre-school and one study included
adolescents aged 1618 years in a ‘high school’ in Croatia.

Age of the children ranged from 4 to 18 years. Mean
baseline BMI ranged from 15.5 to 27.6 kg m™ (23 studies).
Duration (including active intervention and any follow-up)
of the 38 studies ranged from 12 weeks to 22 years.
Twenty-two studies had follow-up of less than 1 year, nine
studies had follow-up between 1 and 2 years, four studies
had follow-up between 3 and 5 years and two studies had
longer follow-up (10 and 20 years). The Trois-Riveries
Growth and Development study took place in the 1970s
with a follow-up at 22 years and so differs substantially
compared with the other included studies.

Study results (Table 5)

Dietary intervention vs. control

Three studies (4,5,21,23) aimed to improve diet in school
children. The Christchurch obesity prevention programme
in schools study aimed to help 644 7-11-year-old children
in one UK primary school to reduce their consumption of
carbonated drinks in a low-intensity intervention that
lasted 1 year (23). At 12 months, the percentage of over-
weight and obese children had increased in the control
group by 7.5% compared with a decrease in the interven-
tion group of 0.2% (mean difference 7.7%, 95% confi-
dence interval [CI] 2.2%, 13.1%). No difference was

Figure 1 Flow diagram for locating primary
studies of controlled trials for systematic
review. NICE, the National Institute for Health
and Clinical Excellence.

observed in mean BMI. However, at 3-year follow-up, the
prevalence of overweight had increased in both the inter-
vention and control group and the significant difference
between the groups at 12 months was no longer evident
(21).

A pilot study of 291 12-year-old Caucasian children in
three middle schools in Italy aimed to test the efficacy of a
board game ‘Kaledo’ in providing nutrition knowledge and
promoting healthy dietary behaviour. Mean BMI score was
significantly higher in the intervention group at baseline. At
24 weeks, the change in BMI z-score was not significantly
different between intervention and control (controlling for
baseline values) 0.35 (95% CI 0.30, 0.39) vs. 0.41 (0.35 to
0.47) (4).

A pilot study of 54 15-year-old adolescents in one sec-
ondary school in Norway aimed to evaluate if dietary
habits and school performance improved by eating break-
fast. BMI increased significantly in both male and female in
the control group (P <0.01 for male and P<0.05 for
female), but not in the intervention group at 4 months (5).

Physical activity interventions vs. control

Fifteen studies aimed to increase PA levels and were com-
pared with a usual care control group (9-11,16-18,35-46).
These studies involved various types, intensities and dura-
tion of PA. Ten of the 15 studies were 6-months duration or
less. Five of the 15 studies showed statistically significant
improvements in mean BMI (10,35-37,46). Of these five
studies, two reported significant differences for girls but not
for boys (35,46). Participants in four of the five studies had
a mean age less than 9 years.
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Table 5 Results of included studies

Study

Results

Comments

DIET ONLY STUDIES
Amaro et al. 2006 (4)

Ask et al. 2006 (5)

James et al. 2004
(23)

(CHOPPS)

PA ONLY STUDIES
Flores 1995 (35)

Harrison et al. 2006
9

(Switch Off — Get
Active)

Jamner et al. 2004
(40)

Lazaar 2007 (10)

Mo-suwan et al. 1998
(46)

Pangrazi et al. 2003
(43)

© 2008 The Authors

Change in BMI z-score at 24 weeks was not significantly different between
intervention and control (controlling for baseline values) 0.345 (95% CI 0.299 to
0.390) vs. 0.405 (0.345 to 0.465).

BMI increased - statistically significant in both male and female in the control
group (P<0.01 for male and P < 0.05 for female), but not in the intervention
group.

Change in BMI over 12 months not significantly different between intervention
and control 0.7 (0.2) vs. 0.8 (0.3) kg m™2.

Percentage of overweight and obese children increased in the control group
by 7.5% at 12-months compared with a decrease in the intervention group of
0.2% (mean difference 7.7%, 95% Cl 2.2, 13.1).

Assessed at 3 years: age and sex-specific BMI z-scores (SD scores) had
increased in the control group by 0.10 (SD 0.53) but decreased in the
intervention group by —0.01 (SD 0.58), with a mean difference of 0.10 (95% CI
-0.00 to 0.21, P=0.06).

The prevalence of overweight increased in both the intervention and control
group at 3 years and the significant difference between the groups seen at 12
months was no longer evident.

Mean change in BMI:

Intervention: 1.88 (SD 1.71)

Control: 2.14 (SD 1.64)

Mean difference of 0.26 (-0.07 to 0.58, P=0.12)

The waist circumference increased in both groups after 3 years with a mean
difference of 0.09 (—0.06 to 0.26, P=0.25).

Statistically significant reductions in BMI between intervention and control girls
at 12 weeks:

Intervention girls: 22.1 (SD 6.0); Control girls 22.5 (SD 4.4)

This represents a change of —0.8 kg m~ in the intervention group and

+0.3 kg m= in the control group (P < 0.05).

No statistically significant change between intervention and control boys for
BMI (BMI —0.2 kg m~2 intervention boys vs. —0.6 kg m=2 control boys).

No statistically significant change between intervention and control for BMI,
—-0.08 (95% Cl —0.38 to 0.22, P=0.63)

The intervention had no significant effect on BMI percentile, 67.28 at baseline
and 66.74 at 4 months; % body fat 32.64 at baseline and 31.85 at 4 months.

Average BMI remained unchanged overtime; however, there was significant
difference between groups for BMI (for both genders and obese and
non-obese).

The pattern of response to PA intervention was similar in girls and boys
although the magnitude of change in anthropometric variables was greater in
girls. There was a greater response in obese children than non-obese children.

Both intervention and control groups experienced reduction in BMI and not
significantly different between groups at 30 weeks:

Intervention: 15.76 (2.46)

Control: 15.94 (2.26)

Not significant.
No significant difference between groups in skin-fold thickness at 30 weeks.

Intervention girls had significantly lower mean BMI at 30 weeks than
intervention boys (P < 0.01).

Intervention girls had lower likelihood of having an increased BMI slope than
the control girls (OR 0.32; 95% CI 0.18, 0.56).

No significant differences between groups were found for BMI.

Journal compilation © 2008 International Association for the Study of Obesity. obesity reviews 10, 110-141

Significant baseline difference between

groups on BMI z-score.

One school had swim class for 1 h per
week (adjustments made for these

children).
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Table 5 Continued

Study

Results

Comments

Pate et al. 2005 (38)

Robbins et al. 2006
an

‘Girls on the Move’

Robinson 1999 (36)

Sallis et al. 1993,
1997 (41,42)

Schofield et al. 2005
(39)

Stephens & Wentz
1998 (37)

Trudeau 2000 (44),
Trudeau et al. 2001
(45)

(The Trois-Riveries
Growth and
Development study)

Valdimarsson et al.
2006 (16),

Linden et al. 2006
(17)

(POP Study)

Viskic-Stalec et al.
2007 (18)

COMBINED DIET AND PA STUDIES

Caballero et al. 2003
(33)

(Pathways)

% Girls classified as overweight or at risk for overweight (at least 85th
percentile BMI 34% both groups) or overweight (at least 95th percentile BMI
17% both groups) did not differ between intervention and control.

No significant differences between intervention vs. control and pre vs. post
BMI.

Compared with controls, children in the intervention group had statistically
significant relative decreases in BMI -0.45 kg m=2 with 95% CI -0.73, -0.17,
P=0.002; TSF —1.47 mm with 95% CI| —2.41, -0.54, P=0.002; and waist-to-hip
ratio —0.02 with 95% CI —0.03, -0.01, P< 0.001.

Specialist PA promotion programme did not produce significant reductions in
children’s BMI or adiposity. No differences observed between teacher-led and
specialist-led programme.

All boys in all three groups increased their BMI over 2 years.

Control girls had significantly lower BMI than girls in either teacher-led or
specialist-led intervention group (P< 0.01).

Changes in skin-fold thickness not significant between groups in girls or boys.

No significant difference between groups for BMI or from baseline to follow-up.

Control group gained significantly more weight (P < 0.001). Weight (kg)
intervention vs. control at 15 weeks = 25.8 vs. 27.0.

Significant decrease in skin-fold thickness intervention vs. control, P< 0.01.
Baseline: 25 vs. 26 mm

15 weeks: 23.5 vs. 28.5 mm

No significant difference between intervention and control with respect to BMI,
body fat, skin-fold thickness, waist-to-hip ratio (Trudeau 2000). Baseline values
not reported.

Comparisons of tracking suggested intervention and control developed similar
gains in BMI and skin-fold thickness over 22-year interval (Trudeau et al. 2001).

Change in BMI (kg m~2) over 22-year intervention vs. control: 5.7 (0.4) female
(n=57), 8.6 (0.4) male (n=56) vs. 5.8 (0.3) female (n=238), 8.0 (0.2) male
(n=40).

BMI was not significantly different between intervention and control groups at
age 10, 11, 12 and 34 years.

Skin-fold thickness change also available (not significant between groups).

Mean annual change in weight:
Intervention: 3.9 kg (1.6) n=49
Control: 3.2 kg (1.3) n=50

Initially greater baseline body weight in intervention group decreased and
body weight in control group remained almost unchanged. Dance activities
had the most favourable effect on body weight.

Change in BMI: I: —=0.74 n=115; C: +0.47 n 102

No significant difference in weight, BMI, % body fat or skin-fold thickness
between intervention and control groups. BMI in the intervention group at
baseline was 19.0, at follow-up 22.0. In the control group BMI was 19.1 kg m=
at baseline and 22.2 kg m= at follow-up. Mean difference in BMI = -0.2 (95%
Cl -0.50, 0.15) kg m.

% body fat increased by approximately 7% in both groups at 3 years.

Slightly higher % African-American
girls lost to follow-up.

Assessors blinded

Interim results only (2-year data from
3-year study).

Actual data for BMI and skin-fold
thickness is only presented in graphical
form.

Significantly more black children in
intervention compared with control
group (P<0.01).

Random selected sample (22% of
original group) contacted by telephone
for follow-up.

Control group exercised more during
leisure time at baseline compared with
intervention groups.

Initially greater baseline body weight in
intervention group

© 2008 The Authors
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Table 5 Continued

Study

Results

Comments

Danielzik et al. 2007
(6)
(KOPS)

Donnelly et al. 1996
(34)

Eliakim et al. 2007 (7)

Gortmaker et al. 1999
(28);

(Planet Health)

Graf et al. 2005 (29)

Haerens et al. 2006
(8)

Kain et al. 2004 (30)

Luepker et al. 1996
(47)

(CATCH)

Manios et al. 1998,
1999, 2002 (24-26)

Kafatos et al. 2007
(22)

(Cretan Health and
Nutrition Education
Program)

Rosenbaum et al.
2007 (12)

© 2008 The Authors

Median change in BMI (inter-quartile range):
1:1.7 (0.7, 3.1);
C:18(0.9,3.3)

Non-significant difference between groups re BMI. Intervention increased
remission of overweight with no significant effect on incidence — effect more
pronounced in girls.

Significant increase in BMI in both groups from baseline to follow-up but no
significant difference between groups.

Significant between group difference in BMI (intervention BMI remained same
as baseline and control BMI increased).

At 2 years: prevalence of obesity among girls in the intervention schools was
reduced compared with controls, controlling for baseline obesity (OR 0.47;
95% Cl 0.24, 0.93; P=0.03).

Among boys obesity declined among both control and intervention students;
however, after controlling for covariates, there was no significant difference in
outcome (OR 0.85; 95% CI 0.52, 1.39, P=0.48).

There was greater remission of obesity among intervention girls vs. control girls
(OR 2.16; 95% CI 1.07, 4.35, P=10.04).

The increase in BMI tended to be lower in those undergoing intervention mean
difference in BMI for the intervention and control groups were 0.27 kg m= and
0.66 kg m™ respectively (P=0.069).

After intervention, the increase in waist circumference with time was lower than
the controls (3.11 cm and 4.56 cm respectively).

A significant gender by condition interaction was found. Therefore, results are
presented separately for boys and girls.

In girls, BMI and BMI z-score increased significantly less in the intervention
with parental support group compared with the control group (P < 0.05) or the
intervention — alone group (P=0.05). In boys, no significant positive
intervention effects were found.

BMI significantly higher in control boys only at 6 months compared with
intervention boys (intervention boys BMI maintained while control boys BMI
increased).

BMI did not differ significantly between groups at 3 years.

At 3 years:
Change in BMI (kg m™) +0.7 (1.5) vs. +1.7 (1.4) intervention vs. control,
P < 0.0005.

At 6 years:
BMI change intervention vs. control: +3.68 (SE 0.16) n= 356 vs. +4.28 (SE
0.16) n=285, P<0.05

At 6 years:
Bicep skin-fold thickness (mm) change intervention vs. control: +2.97 (SE 0.24)
n =356 vs. +4.47 (SE 0.24) n=285, P<0.001.

At 6 years:
Tricep skin-fold thickness (mm) change intervention vs. control: +6.46 (SE 0.38)
n=2356 vs. +7.90 (SE 0.39) n=285, P< 0.0

At 10 years:

BMI z-score

Intervention: —0.09 (0.09) n=85;
Control: 0.17 (0.09), n=91, P=0.042

BMI (and % body fat) significantly lower in intervention group compared with
control and compared with baseline.

Journal compilation © 2008 International Association for the Study of Obesity. obesity reviews 10, 110-141

Significant difference in median BMI at
baseline between groups — lower in
control.

Outcome assessors blinded.

Intervention group had higher BMI,
waist circumference and blood
pressure at baseline than control.

Body weight showed high correlations
with the result of bioelectric analyses
(r=0.770, P = 0.001) and waist
circumference (r=0.857, P = 0.001),
and low correlation with the waist-to-hip
ratio (r=0.180, P=0.001) adjusted for
gender and age.

Significantly more obese in intervention
schools.

Classroom element was mandatory
whereas exercise element was
voluntary.
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Table 5 Continued

Study

Results

Comments

Sahota et al. 2001
(32)

(APPLES)

Sallis et al. 2003 (27)

Singh et al. 2007 (14)
(Dutch Obesity
Intervention in
Teenagers [DOIT
study])

Spiegel et al. 2006
(15)

Taylor et al. 2007 (20)

(A Pilot for Lifestyle
and Exercise —
APPLE project)

Trevino et al. 2004
(48), Trevino 2005
(49)

Vandongen et al.
1995 (50)

Warren et al. 2003
(31

Williamson et al. 2007
(19)

(Wise Mind Project)

At 1 year, there was no difference in change in BMI between the children in
the two groups (BMI SD score, weighted mean difference 0 (95% CI 0.1, 0.1).

There was a significant reduction in BMI among intervention boys, compared
with control boys, but there was no effect for girls.

Boys BMI (kg m~2) at baseline for the intervention and control groups, 20.12
(0.98) and 19.68 (0.63) respectively. BMI for the controls and the boys in the
intervention group after 2 years 20.04 (0.85) and 19.84 (0.61).

Girls BMI (kg m™) at baseline for the intervention and control groups, 19.76
(0.77) and 19.52 (0.89) respectively. BMI for the girls in the intervention group
and the controls after 2 years 19.88 (1.16) and 19.73 (1.16) respectively.

Gender-specific analyses revealed the time by condition interaction was
significant for boys (F=12.16, P=0.00) with a large effect size of d=1.10.
The intervention was not significant for girls (F=0.73, P=0.396), and the
effect size was small.

BMI
Intervention vs. control girls: —=0.05 (95% Cl —0.18 to 0.08)
Intervention vs. control boys: —0.02 (95% CI -0.11 to 0.16)

No significant intervention effects were found for BMI (or BMI class) although
tended to favour intervention group.

Change in BMI: Intervention: 0.1606; Control: 0.5210, P=0.01

Significant shifts in BMI were noted in the intervention group, with a 2%
reduction in overweight (BMI > 85% for age and sex) youth in the intervention
group There was no significant shift in the comparison group, but there was a
notable reduction in the intervention group in overweight and at risk for
overweight classification, which was most significant at the at risk for
overweight (BMI-for-age between 85% to 95%) level.

Mean BMI z-score was significantly lower in intervention children than in
control children by 0.09 (95% ClI: 0.01, 0.18) after 1 year and 0.26 (95% Cl:
0.21, 0.32) at 2 years. Changes in BMI did not result from variation in height
z-scores but rather from differences in relative weight between intervention and
control children over time. Waist circumference was also significantly lower at 2
years in intervention children (1.0 cm). The prevalence of overweight did not
differ between the intervention and control groups.

An interaction existed between intervention group and overweight status
(P=0.029), such that mean BMI z-score was reduced in normal-weight (-0.29;
95% Cl: —0.38, —0.21) but not overweight (-0.02; 95% ClI: -0.16, 0.12)
intervention children relative to controls.

% body fat: did not differ between groups; adjusted difference intervention
(n=619) vs. control (n=602) +0.18 (95% ClI, -1.756-2.11), P=0.56

No significant difference between groups for sub scapular skin-fold thickness
(mm), % body fat or BMI (kg m~2) respectively at 1 year:

Triceps skin-fold thickness decreased significantly in fitness + school nutrition
group compared with controls.

No significant changes in the rates of overweight and obesity were seen as a
result of the three different approaches

Both programmes associated with significant weight gain prevention in
children with higher BMI z-scores at baseline.

Participants recruited in 2003 were
followed up at 2004 and 2005;
participants recruited at 2004 were
followed up at 2005.

Subject numbers too small for
statistical analyses;

This study may have been subject to
ceiling effects as the study population
was relatively well educated as 39% of
parents had obtained either a degree
or a post-graduate qualification.

All students within the schools were
exposed to the environmental
intervention.

CHOPPS, the Christchurch obesity prevention programme in schools; PA, physical activity; Cl, confidence interval; BMI, body mass index; SD, standard deviation; OR, odds
ratio; SE, standard error; TSF, tricep skinfold; I, intervention; C, control.

© 2008 The Authors
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Two hours extra physical education (PE) per week sig-
nificantly improved BMI compared with control at 6
months but did not significantly change BMI overtime (10).
There was a greater magnitude of change in girls compared
with boys and in obese compared with non-obese children.
The study was set in 19 primary schools in France among
425 7-year-old children.

A 6 month intervention to encourage reduction in TV,
videotape and video game usage (18 lessons of 30-50 min,
self-monitoring and a 7h TV use budget per week) in
9-year-olds resulted in significant reduction in BMI, skin-
fold thickness, waist circumference and waist-to-hip ratio
in intervention children compared with controls (36). The
mean difference in BMI (adjusted for baseline age and sex)
was —0.45 kg m™ (95% CI -0.73, =0.17; P = 0.002).

A 15-week PA intervention in low-income, minority
school children (mean age 8 years) demonstrated signifi-
cantly more weight gain among controls and significant
decreases in skin-fold thickness among intervention
children (37).

A 12-week aerobic dance intervention (150 min of dance
per week over three sessions) in African—American and
Hispanic children (mean age 13 years) significantly reduced
BMI but only among intervention girls compared with
control girls (-0.8 kg m™ and 0.3 kg m™ respectively) (35).

A 30-week aerobic exercise programme — encouraging a
pre-class walk and three 20-min aerobic sessions per week
— in kindergarten children (aged 4-5 years) in Thailand
produced results that varied by gender (46). A reduction in
BMI occurred in both intervention and control groups and
was not significantly different between groups. However,
the intervention girls had significantly lower mean BMI at
30 weeks than intervention boys (P < 0.01) and lower like-
lihood of having an increased BMI slope than the control
girls (odds ratio: 0.32; 95% CI: 0.18, 0.56).

Ten of the studies did not report significant improve-
ments in mean BMI or percentage of overweight. Five of
these studies were among female adolescents in secondary
schools. These included a 6-month intervention promoting
a supportive school environment and programme cham-
pion (38), a 12-week intervention targeting moderate
activity (walking) in low-active girls (39), a 4-month inter-
vention promoting additional PE classes (40), a 12-week
intervention including individual counselling from a school
nurse (11) and an aerobic, dance and gymnastic pro-
gramme (66 sessions) over one academic year in 16-18-
year-olds in Croatia (18).

Five studies among children (aged 8-10 years) found no
difference in mean BMI or weight between control and
intervention groups. These included a 12-week PA pro-
gramme supplementary to usual PE (43), a 2-year specialist
PA programme (41,42), a 16-week intervention to reduce
TV and computer game usage in 312 children from nine
primary schools in Ireland (9), a 2-year intervention to

© 2008 The Authors

improve bone mineral content in 53 girls from four primary
schools in Sweden (16,17) and a 22-year follow-up in a
22% subsample of a 6-year PA intervention in primary
school children in Quebec (44,45).

Three of the five studies among children included head-
to-head comparisons. The 2-year specialist PA programme
(41,42), Sports, Play and Active Recreation for Kids, was
compared with trained teacher-led PA and a usual PE
control group. Both the specialist and teacher-led interven-
tions provided three 30-min sessions of PA per week.
Results for boys showed that the control group had signifi-
cantly lower BMI at 6 and 12-months (P = 0.05), but not at
18-months. All boys in all three groups increased their BMI
over 2 years. Girls’ results showed the control group to
have lower BMI at each time point and this reached sig-
nificance at 18-months (P < 0.01).

The 12-week PA programme supplementary to usual PE
(43) had four conditions: PLAY and PE, PLAY only, PE
only and control (no PE or PLAY). No significant differ-
ences were found at 12 weeks between the intervention or
control groups for BMI.

The 12-week intervention among low-active high school
girls in Australia (39) compared the use of a pedometer to
encourage increase in steps walked and a group encouraged
to increase time in activity compared with control. No
significant differences were found between the three groups
for BMI at 12 weeks or from baseline to follow-up for any

group.

Diet and physical activity interventions

Twenty studies (6-8,12-15,19,20,22,24-34,47-50) aimed
to increase PA and improve diet among school children.
Three of these studies aimed to prevent cardiovascular
disease and two aimed to reduce the risk of developing
diabetes.

Diet and physical activity studies demonstrating
significant and positive effect between intervention

and control groups

Nine (7,8,12,15,20,22,24-28,30) of the 20 studies showed
significant improvements in mean BMI in the intervention
compared with the control groups; one study (Kiel Obesity
Prevention study [KOPS]) (6) showed both significant and
non-significant results and one study nearly reached signifi-
cance (29). There were two studies in boys only (27,30)
(non-significant in girls), two studies in girls only (8,28)
(non-significant in boys) and five studies in both girls and
boys.

A 6-month dietary education and sport intervention
(including active recess, healthy kiosks, special activities
and parental involvement) in over 3500 11-year-old chil-
dren in five primary schools in Chile maintained baseline
BMI in intervention boys while BMI in control boys
increased (30). This resulted in a significant difference
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between groups at 6 months for boys only (non-significant
difference in BMI at 6 months for girls).

An environmental, policy and social marketing interven-
tion in over 1100 11-13-year-old children in 24 middle
schools in the USA showed significant reduction in BMI in
the intervention boys (but not girls) compared with control
over two school years (27).

‘Planet Health® (28) promoted PA, modification of
dietary intake and reduction of sedentary behaviours (with
a strong emphasis on reducing TV viewing) in over 1500
children aged 12 years in 10 secondary schools in the USA.
The intervention significantly reduced the prevalence of
obesity (odds ratio 0.47, 95% CI1 0.24, 0.93, P = 0.03) and
increased remission of obesity in intervention girls com-
pared with control girls over two school years. There was
no significant difference in prevalence of obesity between
intervention boys and control boys.

One intervention combined environmental changes with
personal computer-tailored feedback on BMI, with and
without parental support, compared with control in nearly
3000 13-year-olds in 15 middle schools in Belgium. The
intervention included 4.7 h extra PE per week. In girls, BMI
and BMI z-score increased significantly less in the inter-
vention with parental support group compared with the
control group (P < 0.05) or the intervention-alone group
(P=0.05). In boys, no significant positive intervention
effects were found after two school years (8).

A diet and activity intervention that aimed to prevent
cardiovascular disease in school children in Crete by adapt-
ing the ‘Know Your Body’ programme showed significant
improvements compared with control at 3 and 6 years for
BMI and skin-folds. At 3 years the change in BMI was
0.7 kg m (standard deviation [SD] 1.5) in the intervention
group compared with 1.7 kg m™? (SD 1.4) in the control
group (P <0.0005) (24,25). At 6 years, the change in
BMI (mean and standard error [SE]) was 3.68 kg m™ (SE
0.16, n=356) in the intervention group compared with
428 kgm™ (SE 0.16, n=285) in the control group
(P <0.05) (26). At 10 years, the mean change in BMI
z-score was —0.09 (SD 0.09, n=85) in the intervention
group and 0.17 (SD 0.09, n»=91) in the control group
(P =0.042) (22).

A 12-week diet and activity intervention to reduce risk
of diabetes showed a significant improvement in percent-
age of body fat and BMI compared with control in 73
14-year-old adolescents in one New York public school.
These adolescents were first or second generation
migrants to the USA, mainly from the Dominican Repub-
lic, and 53% had a first or second degree relative with
type II diabetes (12).

The APPLE study of 460 8-year-old children from seven
primary schools in the USA significantly reduced the rate of
excessive weight gain in children at 2 years, although this
may be limited to those not initially overweight. BMI

z-score was significantly lower in intervention than in
control children by a mean of 0.09 (95% CI: 0.01, 0.18) at
1 year and 0.26 (95% CI: 0.21, 0.32) at 2 years, but the
prevalence of overweight did not differ. An interaction
existed between intervention group and overweight status
(P =0.029), such that mean BMI z-score was reduced in
normal weight (—0.29; 95% CI: —0.38, —0.21) but not
overweight (—0.02; 95% CI: —0.16, 0.12) intervention chil-
dren relative to controls (20).

The WAY programme was a PA and wellness programme
that was incorporated into the curriculum. It included some
family involvement in approximately 1000 9-11-year-olds
(US grade 4-5) in 16 primary schools in the USA. At
6-months, there was a significant reduction in risk of devel-
oping overweight and a 2% reduction in overweight
(BMI > 85% for age and sex) in the intervention group but
not the control group. BMI in the intervention vs. control
children was 0.16 kg m™ vs. 0.52 kg m™ (P=0.01) at 6
months (15).

A 14-week nutrition education and circuit training plus
encouragement to reduce sedentary behaviours resulted in
a significant difference in BMI in approximately 100 5-6-
year-old children in four pre-schools in Israel. The BMI
remained stable in the intervention children and increased
by 0.3 kg m™ in the control children (7).

A 3.8-year follow-up of the KOPS longitudinal data in
2200 6-year-olds in 32 primary schools in Germany
increased remission of overweight with no significant effect
on incidence; this effect was more pronounced in girls.
However, there was significant difference in median BMI at
baseline between the groups (lower BMI in control group)
(6).

The STEP TWO programme in over 1600 8-year-old
children in seven primary schools in Germany demon-
strated that the increase in BMI and waist circumference
tended to be lower in those undergoing intervention com-
pared with controls (BMI 0.27 kg m™ vs. 0.66 kg m=2,
P =0.069 respectively) (29).

Diet and physical activity studies demonstrating
non-significant effect between intervention and

control groups

Two studies that found no significant difference in mean
BMI between intervention and control children were
UK-based. One study (Be Smart) (31) of approximately 100
5-7-year-old children was insufficiently powered to detect
differences in BMI at 14 months’ follow-up. Another
UK-based study (Active Programme Promoting Lifestyle in
Schools [APPLES]) (32) that was sufficiently powered
included teacher training, modification of school meals,
school action plans targeting the curriculum, PE, tuck
shops and playground activities. The intervention was
underpinned by the Health-Promoting Schools philosophy
and the intervention involved the whole school community
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including parents, teachers and catering staff. At 1 year,
there was no significant difference in change in BMI
between the children in the two groups.

An additional seven studies reported that intervention
had no effect on BMI. Six of these studies were in primary
school children. These included a 3-year PA and dietary
intervention included modifying school lunches in over
1700 8-year-old American-Indian children (33), a 2-year
US-based intervention included modifying school lunches
(34) in over 300 9-year-old children, a large 3-year cardio-
vascular risk reduction programme (47), a 1-year pro-
gramme to improve cardiovascular health (50), a study
(48,49) that aimed to prevent diabetes in over 1200 low-
income Mexican—American 9-year-olds and a pilot study
(The Wise Mind Project) (19) in 661 9-year-old children
from four private Catholic schools in the USA comparing
an environmental approach for weight gain prevention
with an environmental approach to prevent substance
abuse. Both active interventions were associated with sig-
nificant weight gain prevention in children with higher BMI
z-scores at baseline.

One study that did not show a significant difference in
BMI between intervention and control groups was in ado-
lescents. The 8-month Dutch Obesity Intervention in Teen-
agers study (13,14) included environmental changes to the
school canteen in nearly 1000 13-year-olds in 18 secondary
schools in the Netherlands.

Process evaluations

Information on process and process evaluations were
either not reported as part of the studies included in this
review or included but with little detail (except [32]). The
majority of the interventions were at least in part pro-
vided by existing staff that were trained by research staff.
There was a tendency for the combined diet and PA inter-
ventions to involve more school personnel and for the
intervention to be integrated into the curriculum. There
did not appear to be a pattern that these interventions
(that were more likely to be sustainable) were more likely
to be successful.

There was no consistent pattern to the results in terms of
family involvement.

Process evaluations indicate that these lifestyle interven-
tions may be better implemented if built into the curricu-
lum. Overall, authors reported that parents responded
positively to diet and PA changes but this did not necessar-
ily lead to behaviour change or change in BMI. However, it
is of course the level of engagement with the intervention
that has an impact on involvement, and this was not
reported in any meaningful way in any of the papers
included in this review.

Male adolescents who ate breakfast at school for 4
months reported a significant increase in school content-
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ment (P < 0.05) (5). The students missed the free breakfast
provision when it was stopped; however, teachers were not
satisfied with the serving of breakfasts in classrooms.

The 12-week PA intervention by Robbins etal. (11)
reported that the school nurses experienced difficulty coun-
selling some girls who lacked places, resources and social
support for engaging in PA. Some girls expressed that their
parents discouraged PA at home because of the noise and
the low importance placed on being physically active as
compared with doing homework or chores.

Planet Health (28) reported that schools experienced
with interdisciplinary curricula found it easier to imple-
ment Planet Health material. Another study reported that
PE was implemented because it was incorporated into the
curriculum (30).

The UK-based APPLES (32) intervention was successful
in changing the ethos of the schools and the attitudes of the
children, but had little effect on children’s behaviour other
than a modest increase in the consumption of vegetables.
Eighty-nine per cent of the actions points were imple-
mented in the 10 schools and changes were made to food
provision. Both parents and teachers were supportive of the
dietary education and promotion of PA. Parental question-
naires (64% returned) suggested improvements such as
promotion of healthier break-time snacks with enforce-
ment by school, material on healthy eating for children and
fun PA ideas. Of the 20 teachers invited, 19 attended and
were satisfied with the training, resources and materials
offered. Children had higher scores for knowledge and
attitudes, and were positive about the intervention in focus
groups.

One UK-based feasibility study (31) considered the sus-
tainability of their intervention and concluded that it would
be too expensive and unsustainable as it was delivered by
non-school personnel. Children enjoyed the practical tasks,
quizzes and tasting. Eighty-three per cent of parents
thought their child had benefited from the programme and
all teachers thought that components should be integrated
into the personal, social and health education curriculum.

Pathways (33) was a culturally sensitive diet and PA
intervention. The classroom curriculum was delivered suc-
cessfully (94 %) and the food service guidelines were imple-
mented (78 %), with most schools achieving the minimum
PE sessions per week. Parents who attended the family
events responded positively. The intervention was designed
to be delivered by existing staff and was integrated into the
school curriculum. Despite all these elements, this relatively
large 3-year study did not significantly improve children’s
weight or BMI.

Discussion

This review expands and updates the evidence base of
lifestyle interventions to prevent obesity in school children.
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The rate of publications of interventions to prevent
obesity in school children is increasing dramatically.
Twenty-three studies were identified between 1990 and
2005. An additional 15 studies were identified between
2006 and September 2007. The percentage of studies set in
secondary schools is increasing. Seven of the 15 studies
identified in the update search are based in secondary
schools, whereas only six of the original 23 studies were
based in secondary schools.

One of three (33%) diet studies, five of 15 (33%) PA
studies and nine of 20 (45%) combined diet and PA studies
demonstrated significant differences between intervention
and control for BMIL.

There is insufficient evidence to assess the effectiveness of
dietary interventions to prevent obesity in school children
or the relative effectiveness of diet vs. PA interventions.

School-based interventions to increase PA and reduce
sedentary behaviour may help children to maintain a
healthy weight but the results are inconsistent and short-
term. PA interventions may be more successful in younger
children and in girls.

Two PA interventions that aimed to reduce sedentary
behaviour by reducing TV viewing and video/computer
games in 9-10-year-olds produced conflicting results.

Six PA interventions included dance (two studies were in
girls only and four studies in boys and girls). Of these six
studies, two were successful in reducing BMI in interven-
tion girls but not boys (35,46) and four studies were unsuc-
cessful (18,38,40) with one study (41,42) demonstrating a
significantly lower BMI in control girls compared with
intervention girls (regardless of whether the PA interven-
tion was led by a specialist or a teacher).

The effectiveness of combined diet and PA school-based
interventions to prevent obesity is equivocal.

The majority of the longer-term studies (at least 1 year)
were combined diet and PA interventions. The diet and PA
interventions also tended to be larger studies compared
with the diet studies and the PA studies. However, overall
there did not appear to be a consistent pattern between
significant effect and the size and duration of the study. It
was not the case that all large long-term studies, under-
pinned by theory, involving existing school staff, the whole
school community and significant environmental modifica-
tions, were successful. It is not clear whether it is more
effective to target single or multiple behaviour change out-
comes (energy restriction and increased PA). There is some
evidence of effectiveness for both simultaneous and sequen-
tial behaviour change interventions (56). The development
of health behaviour theory of multiple behaviour change
has the potential to create better understanding of why
some ‘simple’ interventions appear more effective than
more complex interventions and vice versa (57). This will
enable more effective behaviour change interventions to
prevent obesity in children.

Some interventions showed different and inconsistent
effects for girls and boys (aged 10-14 years) and the
reasons for this are unclear. Two of the combined diet and
PA interventions significantly improved BMI in boys but
not girls and two combined diet and PA interventions sig-
nificantly improved BMI in girls but not boys. All four
studies were in children aged between 10 and 14 years and
it may be that in this age group genders respond differently
to different elements of the interventions.

It is interesting that some interventions appear to vary in
effectiveness according to gender, age or weight status of the
children. Although some studies only recruited children
from ethnic minorities, none of the other studies assessed
weight according to ethnic minority status. None of the
included studies assessed weight by socioeconomic status. A
paper on KOPS (published after the search for this review)
showed that the intervention was associated with a reduced
cumulative 4-year incidence of overweight only in children
from families with high socioeconomic status (SES) (58).

Some studies were not adequately powered to detect
differences between the intervention and control groups.
Some studies were pilot studies to test the feasibility of the
intervention. It is unclear whether some of the interventions
were of sufficient length or intensity to produce a change
weight or BMI.

Assessment of effectiveness can be exacerbated by weak-
nesses in assessment measures. For example, there is high
intraindividual variance in movement measured by pedom-
eters or accelerometers reaching >20% (59). Although age-
specific BMI is the most commonly used definition of
overweight and reported outcome for these studies, other
proxy measures for assessing body fatness are useful and
would provide a more comprehensive picture of childhood
overweight both at specific time points and across time.
Indeed skin-fold thickness of adolescents has been shown
to be a better predictor of high body fatness in adults
compared with BMI (60).

The majority of the studies did not provide adequate
data for meta-analysis and in some cases it was necessary
to rely on authors’ reporting of significant or non-
significant effects of the interventions. The studies were
heterogeneous in terms of design, participants, interven-
tion and outcomes, making it difficult to generalize about
what interventions are effective in preventing obesity.
Existing studies and initiatives need to be better evaluated
using quantitative and qualitative outcomes and focusing
on study and study population characteristics that may
impact on effectiveness. There is a need for research to
view behaviour change within the context of an obe-
sogenic environment (61) and the co-dependency of the
success of prevention interventions upon a ‘paradigm shift
in thinking” (62).

In conclusion, the findings are inconsistent, but overall
suggest that combined diet and PA interventions may help
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to prevent children becoming overweight in the long term.
Dietary interventions such as providing breakfast for
adolescents and PA interventions particularly in girls in
primary schools may help to prevent these children from
becoming overweight in the short term.

Conflict of Interest Statement

No conflict of interest was declared.

Acknowledgements

Brown and Summerbell thank the following: Janis Eklund,
Leonard Epstein, Stef Kremers, Chantal Simon, Sam
Spiegel, Jean Wiecha and Lukas Zahner for providing clari-
fication, and Magnus Karlsson, Leen Haerens, Amika
Singh and Natasa Viskic-Stalec for additional data.

References

1. World Health Organisation. The challenge of obesity in
Europe. World wide web 2007. [WWW document]. URL http://
www.euoro.who.int/document/E90711.pff (accessed July 2008).
2. Parsons TJ, Power C, Logan S, Summerbell CD. Childhood
predictors of adult obesity; a systematic review. Int | Obes 1999;
23(Suppl. 12): $1-510.

3. National Institute for Health and Clinical Excellence (NICE).
Obesity: The Prevention, Identification, Assessment and Manage-
ment of Overweight and Obesity in Adults and Children. Clinical
guideline. CG43. National Institute for Health and Clinical Excel-
lence (NICE): London, 2006. Ref Type: Report.

4. Amaro S, Viggiano A, Di Costanzo A, Madeo I, Viggiano A,
Baccari ME, Marchitelli E, Raia M, Viggiano E, Deepak S, Monda
M, De Luca B. Kaledo, a new educational board-game, gives
nutritional rudiments and encourages healthy eating in children: a
pilot cluster randomized trial. Eur | Pediatr 2006; 165: 630-635.
5. Ask AS, Hernes S, Aarek I, Johannessen G, Haugen M. Changes
in dietary pattern in 15-year-old adolescents following a 4 month
dietary intervention with school breakfast — a pilot study. Nuzr |
20065 5: 33.

6. Danielzik S, Pust S, Muller M]J. School-based interventions to
prevent overweight and obesity in prepubertal children: process
and 4 years outcome evaluation of the Kiel Obesity Prevention
Study (KOPS). Acta Paediatr Suppl 2007; 96: 19-25.

7. Eliakim A, Nemet D, Balakirski Y, Epstein Y. The effects of
nutritional-physical activity school-based intervention on fatness
and fitness in preschool children. | Pediatr Endocrinol 2007; 20:
711-718.

8. Haerens L, Deforche B, Maes L, Stevens V, Cardon G, De
Bourdeaudhuij I. Body mass effects of a physical activity and
healthy food intervention in middle schools. Obesity (Silver
Spring) 2006; 14: 847-854.

9. Harrison M, Burns CF, McGuinness M, Heslin J, Murphy NM.
Influence of a health education intervention on physical activity
and screen time in primary school children: ‘Switch Off — Get
Active’. | Sci Med Sport 2006; 9: 388-394.

10. Lazaar N, Aucouturier J, Ratel S, Rance M, Meyer M, Duche
P. Effect of physical activity intervention on body composition in
young children: Influence of body mass index status and gender.
Acta Paediatrica Int | Paediatr 2007; 96: 1315-1320.

© 2008 The Authors

11. Robbins LB, Gretebeck KA, Kazanis AS, Pender NJ. Girls on
the move program to increase physical activity participation. Nurs
Res 20065 55: 206-216.

12. Rosenbaum M, Nonas C, Weil R, Horlick M, Fennoy I,
Vargas I, Kringas P, El Camino Diabetes Prevention Group.
School-based intervention acutely improves insulin sensitivity and
decreases inflammatory markers and body fatness in junior high
school students [see comment]. | Clin Endocrinol Metab 2007; 92:
504-508.

13. Singh ASC. Design of the Dutch Obesity Intervention in Teen-
agers (NRG-DOIT): systematic development, implementation and
evaluation of a school-based intervention aimed at the prevention
of excessive weight gain in adolescents. BMC Public Health 2006;
304: 6. Article Number: 304.

14. Singh AS, Chinapaw M]J, Brug J, van Mechelen W. Short-term
effects of school-based weight gain prevention among adolescents
[see comment]. Arch Pediatr Adolesc Med 2007; 161: 565-571.
15. Spiegel SA, Foulk D. Reducing overweight through a multi-
disciplinary school-based intervention. Obesity (Silver Spring)
20065 14: 88-96.

16. Valdimarsson O, Linden C, Johnell O, Gardsell P, Karlsson
MK. Daily physical education in the school curriculum in prepu-
bertal girls during 1 year is followed by an increase in bone mineral
accrual and bone width — data from the prospective controlled
Malmo pediatric osteoporosis prevention study. Calcif Tissue Int
2006; 78: 65-71.

17. Linden C, Ahlborg HG, Besjakov J, Gardsell P, Karlsson MK.
A school curriculum-based exercise program increases bone
mineral accrual and bone size in prepubertal girls: 2-year data
from the pediatric osteoporosis prevention (POP) study. | Bone
Miner Res 20065 21: 829-835.

18. Viskic-Stalec N, Stalec J, Kati R, Podvorac D, Katovi D. The
impact of dance-aerobics training on the morpho-motor status in
female high-schoolers. Coll Antropol 2007; 31: 259-266.

19. Williamson DA, Copeland AL, Anton SD, Champagne C, Han
H, Lewis L, Martin C, Newton RL Jr. Sothern M, Stewart T, Ryan
D. Wise Mind Project: a school-based environmental approach for
preventing weight gain in children. Obesity (Silver Spring) 2007;
15: 906-917.

20. Taylor RW, McAuley KA, Barbezat W, Strong A, Williams
SM, Mann J. APPLE Project: 2-y findings of a community-based
obesity prevention program in primary school-age children. Am |
Clin Nutr 2007; 86: 735-742. Ref Type: Journal (Full).

21. James J, Thomas P, Kerr D. Preventing childhood obesity:
2-year follow-up results from the Christchurch obesity prevention
programme in schools (CHOPPS). BM] 2007; 335: 762. Ref Type:
Journal (Full).

22. Kafatos I, Manios Y, Moschandreas J, Kafatos A, Preventive
Medicine and Nutrition Clinic University of Crete Research Team.
Health and nutrition education program in primary schools of
Crete: changes in blood pressure over 10 years. Eur | Clin Nutr
2007; 61: 837-845.

23. James J, Thomas P, Cavan D, Kerr D. Preventing childhood
obesity by reducing consumption of carbonated drinks: cluster
randomised controlled trial. BMJ 2004; 328: 1237-1239.

24. Manios Y, Kafatos A, Mamalakis G. The effects of a health
education intervention initiated at first grade over a 3-year period:
physical activity and fitness indices. Health Educ Res 1998; 13:
593-606.

25. Manios Y, Moschandreas J, Hatzis C, Kafatos A. Evaluation of
a health and nutrition education program in primary school chil-
dren of Crete over a 3-year period. Prev Med 1999; 28: 149-159.
26. Manios Y, Moschandreas J, Hatzis C, Kafatos A. Health and
nutrition education in primary schools of Crete: changes in chronic

Journal compilation © 2008 International Association for the Study of Obesity. obesity reviews 10, 110-141


http://www.euoro.who.int/document/E90711.pff
http://www.euoro.who.int/document/E90711.pff

140 Preventing obesity in school-children — an update to NICE T. Brown & C. Summerbell

obesity reviews

disease risk factors following a 6-year intervention programme.
Br ] Nutr 2002; 88: 315-324.

27. Sallis JF, McKenzie TL, Conway TL, Elder JP, Prochaska JJ,
Brown M, Zive MM, Marshall SJ, Alcaraz JE. Environmental
interventions for eating and physical activity: a randomized con-
trolled trial in middle schools. Am | Prev Med 2003; 24: 209-217.
28. Gortmaker SL, Peterson K, Wiecha ], Sobol AM, Dixit S, Fox
MK, Laird N. Reducing obesity via a school-based interdiscipli-
nary intervention among youth: Planet Health. Arch Pediatr
Adolesc Med 1999; 153: 409-418.

29. Graf C, Rost SV, Koch B, Heinen S, Falkowski G, Dordel S,
Bjarnason-Wehrens B, Sreeram N, Brockmeier K, Christ H, Predel
HG. Data from the STEP TWO programme showing the effect on
blood pressure and different parameters for obesity in overweight
and obese primary school children. Cardiol Young 20055 15: 291-
298.

30. Kain J, Uauy R, Albala C, Vio F, Cerda R, Leyton B. School-
based obesity prevention in Chilean primary school children:
methodology and evaluation of a controlled study. Int | Obes
2004; 28: 483-493.

31. Warren JM, Henry CJ, Lightowler HJ, Bradshaw SM,
Perwaiz S. Evaluation of a pilot school programme aimed at the
prevention of obesity in children. Health Promot Int 2003; 18:
287-296.

32. Sahota P, Rudolf MC, Dixey R, Hill AJ, Barth JH, Cade ].
Randomised controlled trial of primary school based intervention
to reduce risk factors for obesity. BMJ 2001; 323: 1029-1032.
33. Caballero B, Clay T, Davis SM, Ethelbah B, Rock BH,
Lohman T, Norman J, Story M, Stone E]J, Stephenson L, Stevens J,
Pathways Study Research Group. Pathways: a school-based, ran-
domized controlled trial for the prevention of obesity in American—
Indian schoolchildren. Am ] Clin Nutr 2003; 78: 1030-1038.
34. Donnelly JE, Jacobsen DJ, Whatley JE, Hill JO, Swift LL,
Cherrington A, Polk B, Tran ZV, Reed G. Nutrition and physical
activity program to attenuate obesity and promote physical and
metabolic fitness in elementary school children. Obes Res 1996; 4:
229-243.

35. Flores R. Dance for health: improving fitness in African—
American and Hispanic adolescents. Public Health Rep 1995; 110:
189-193.

36. Robinson TN. Reducing children’s television viewing to
prevent obesity: a randomized controlled trial. JAMA 1999; 282:
1561-1567.

37. Stephens MB, Wentz SW. Supplemental fitness activities and
fitness in urban elementary school classrooms. Fam Med 1998; 30:
220-223.

38. Pate RR, Ward DS, Saunders RP, Felton G, Dishman RK,
Dowda M. Promotion of physical activity among high-school girls:
a randomized controlled trial. Am | Public Health 2005; 95:
1582-1587.

39. Schofield L, Mummery WK, Schofield G. Effects of a con-
trolled pedometer-intervention trial for low-active adolescent girls.
Med Sci Sports Exerc 20055 37: 1414-1420.

40. Jamner MS, Spruijt-Metz D, Bassin S, Cooper DM. A con-
trolled evaluation of a school-based intervention to promote physi-
cal activity among sedentary adolescent females: project FAB.
J Adolesc Health 2004; 34: 279-289.

41. Sallis JF, McKenzie TL, Alcaraz JE, Kolody B, Hovell MF,
Nader PR. Project SPARK. Effects of physical education on
adiposity in children. Ann N Y Acad Sci 1993; 699: 127-
136.

42. Sallis JF, McKenzie TL, Alcaraz JE, Kolody B, Faucette N,
Hovell ME. The effects of a 2-year physical education program
(SPARK) on physical activity and fitness in elementary school

students. Sports, Play and Active Recreation for Kids. Am | Public
Health 1997; 87: 1328-1334.

43. Pangrazi RP, Beighle A, Vehige T, Vack C. Impact of Promot-
ing Lifestyle Activity for Youth (PLAY) on children’s physical
activity. | Sch Health 2003; 73: 317-321.

44. Trudeau E Follow-up of participants in the TROIS-Riveres
growth and development study: examining their health-related
fitness and fisk factors as adults. Am | Hum Biol 2000; 12: 207-
213.

45. Trudeau F, Shephard R], Arsenault F, Laurencelle L. Changes
in adiposity and body mass index from late childhood to adult
life in the Trois-Rivieres study. Am | Hum Biol 2001; 13: 349-
355S.

46. Mo-suwan L, Pongprapai S, Junjana C, Puetpaiboon A.
Effects of a controlled trial of a school-based exercise program on
the obesity indexes of preschool children. Am | Clin Nutr 1998;
68: 1006-1011.

47. Luepker RV, Perry CL, McKinlay SM, Nader PR, Parcel GS,
Stone EJ, Stone EJ, Webber LS, Elder JP, Feldman HA, Johnson
CC et al. Outcomes of a field trial to improve children’s dietary
patterns and physical activity. The Child and Adolescent Trial for
Cardiovascular Health. CATCH collaborative group. JAMA 1996;
275: 768-776.

48. Trevino RP, Yin Z, Hernandez A, Hale DE, Garcia OA,
Mobley C. Impact of the Bienestar school-based diabetes mellitus
prevention program on fasting capillary glucose levels: a random-
ized controlled trial 44. Arch Pediatr Adolesc Med 2004; 158:
911-917.

49. Trevino RP. Effect of the Bienestar health program on physical
fitness in low-income Mexican—American Children. Hispanic |
Behav Sci 20053 27: 120-132.

50. Vandongen R, Jenner DA, Thompson C, Taggart AC, Spickett
EE, Burke V, Beilin L], Milligan RA, Dunbar DL. A controlled
evaluation of a fitness and nutrition intervention program on car-
diovascular health in 10- to 12-year-old children. Prev Med 1995;
24: 9-22.

51. Simon C, Wagner A, Platat C, Arveiler D, Schweitzer B,
Schlienger JL, Triby E. ICAPS: a multilevel program to improve
physical activity in adolescents. Diabetes Metab 20065 32: 41-49.
52. Zahner L, Puder JJ, Roth R, Schmid M, Guldimann R, Puhse
U, Knopfli M, Braun-Fahrlander C, Marti B, Kriemler S. A school-
based physical activity program to improve health and fitness in
children aged 6-13 years (Kinder-Sportstudie KISS): study design
of a randomized controlled trial [ISRCTN15360785]. BMC Public
Health 2006; 6: 147.

53. Austin SB, Kim J, Wiecha J, Troped PJ, Feldman HA, Peterson
KE. School-based overweight preventive intervention lowers inci-
dence of disordered weight-control behaviors in early adolescent
girls. Arch Pediatr Adolesc Med 2007; 161: 865-869.

54. Jurg ME, Kremers SP, Candel MJ, Van der Wal MF, De Meij
JS. A controlled trial of a school-based environmental intervention
to improve physical activity in Dutch children: JUMP-in, kids in
motion. Health Promot Int 2006; 21: 320-330.

55. Evenson KR, Scott MM, Cohen DA, Voorhees CC. Girls’
perception of neighborhood factors on physical activity, sedentary
behavior, and body mass index: the trial of activity for adolescent
girls. Obesity 2007; 15: 430-445. Ref Type: Journal (Full).

56. Prochaska JO. Multiple Health Behavior Research represents
the future of preventive medicine. Prev Med 2008; 46: 281-285.
57. Noar SM, Chabot M, Zimmerman RS. Applying health
behavior theory to multiple behavior change: considerations and
approaches. Prev Med 2008; 46: 275-280.

58. Plachta-Danielzik S, Pust S, Asbeck I, Czerwinski-Mast M,
Langnise K, Fischer C, Bosy-Westphal A, Kriwy P, Miiller M.

© 2008 The Authors

Journal compilation © 2008 International Association for the Study of Obesity. obesity reviews 10, 110-141



obesity reviews

Preventing obesity in school-children — an update to NICE T. Brown & C. Summerbell 141

Four-year follow-up of school-based intervention on overweight
children: the KOPS study. Obesity 2007; 15: 3159-3169.

59. Bader N, Bosy-Westphal A, Dilba B, Miiller MJ. Intra- and
inter-individual variability of resting energy expenditure in healthy
male subjects — biological and methodological variability of resting
energy expenditure. Br | Nutr 2005; 94: 843-849.

60. Nooyens ACJ, Koppe LL], Visscher TLS, Twisk JWR, Kemper
HCG, Schuit AJ, van Mechelen W, Seidell JC. Adolescent skinfold
thickness is a better predictor of high body fatness in adults than is
body mass index: the Amsterdam Growth and Health Longitudi-
nal Study. Am | Clin Nutr 2007; 85: 1533-1539.

© 2008 The Authors

61. Swinburn B, Egger G, Raza F. Dissecting obesogenic environ-
ments: the development and application of a framework for iden-
tifying and prioritizing environmental interventions for obesity.
Prev Med 1999; 29: 563-570.

62. Government Office for Science. ‘Tackling Obesity: Future
Choices — Project Report’. Department for Innovation, Universities
and Skills: London, 2007. [WWW document]. URL http://
www.foresight.gov.uk/Obesity/obesity_final/17.pdf (accessed July
2008).

Journal compilation © 2008 International Association for the Study of Obesity. obesity reviews 10, 110-141


http://www.foresight.gov.uk/Obesity/obesity_final/17.pdf
http://www.foresight.gov.uk/Obesity/obesity_final/17.pdf

Copyright of Obesity Reviews is the property of Blackwell Publishing Limited and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for individual
use.



