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Abstract: Only 9% of Canadian children meet the National Guidelines of 60 min of daily
moderate-to-vigorous intensity physical activity. The aim of this review is to assess the mid- and
long-term effectiveness of physical activity interventions and their impact on cardiovascular risk
factors in children. We assessed the success of interventions within three different categories: those
using a behavioural and social approach, an informational approach or an environmental approach.
The average number of children included in these studies was 860 (range of 30–5106); the age range
was from 2 to 18 years; and the mean intervention duration was 1607 min (range of 12–8160 min).
The length of follow-up post-intervention averaged 13 months (ranging from 0.25 to 96 months). A
positive impact on physical activity was found in 74% and on any measured outcomes in 90% of
the studies reviewed. However, the benefits of physical activity interventions decreased with longer
follow-up. Regardless of the approaches, physical activity interventions improved cardiovascular risk
factors. However, the challenge of any program is to maintain beneficial effects once the intervention
is completed. These findings will inform the development of future intervention programs in order
to optimize sustained cardiovascular benefits.
Keywords: physical activity; cardiovascular risk factors; children; adolescents; intervention

1. Introduction
Physical activity has been proven to entail health benefits for children and adolescents. Even a
minimal amount of physical activity could be favorable for those at high risk of cardiovascular disease
and could decrease the risk of weight-related chronic diseases, such as obesity, hyperinsulinemia,
impaired glucose tolerance, dyslipidemia and hypertension [1,2]. These chronic diseases, once
considered to be adult conditions, are increasing at a surprising rate in pediatric populations. Among
the most prevalent cardiovascular risk factors in children is obesity. This condition also causes social
discrimination among children, emotional problems, school problems and functional restrictions [3].
Excessive weight during childhood and adolescence persists into adulthood. A high body mass
index in childhood and adolescence is also associated with higher morbidity and mortality rates in
adulthood [4].
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Despite the compelling evidence of the benefits of physical activity on health, only 9% of Canadian
children between five and 17 years meet the daily recommendations of international guidelines of
60 min of moderate-to-vigorous intensity physical activity [5–7]. Sedentary behaviours, such as
watching television, surfing the Internet and playing video games, have increased in popularity over
the past few years and have contributed to children’s low physical activity levels and obesity [8].
Unhealthy eating habits have also played a major role in the growing epidemic of childhood
obesity, with today’s easy access to low-nutrient and energy-dense foods [4]. For all those reasons,
primary prevention for cardiovascular diseases and childhood obesity should begin as early as in
childhood [4,8]. Many prevention programs have been proven efficient in preventing the emergence
of cardiovascular risk factors [9–11]. Some comprehensive reviews of those programs have also
illustrated their effectiveness in lowering cardiovascular risk factors and, in particular, increasing
physical activity [1,12,13]. Physical activity is an established risk factor for cardiovascular disease in
youth and is the focus of this review. The aim of this review was to further analyze whether the success
of a program comes from an approach that addresses the child’s behaviour and his or her family, the
knowledge of a healthier lifestyle or the environment. This categorization was already used in a review
including a preschool population [13]. Our comprehensive review will focus on school-age children.
2. Methods
Program interventions in children that aimed to increase physical activity while improving other
cardiovascular risk factors were reviewed. The intervention programs were either focused exclusively
on physical activity or included components such as decreased sedentary behavior, healthier eating
habits or community involvement. As the etiology of being overweight and obesity is multifactorial,
the interventions often include multiple approaches. To facilitate the implementation of a healthy
lifestyle for children, various factors in a child’s daily life can be influenced. These factors include
the child’s behavior and his or her family, as well as knowledge about physical activity and the
environment. Therefore, these studies were categorized as either a behavioral or a social approach,
an informational approach or an environmental approach. This categorization was inspired by the
systematic review by Kahn et al. [13].
Behavioral and social approaches aim at teaching skills that are necessary for a successful initiation
and maintenance of behavior changes to increase physical activity. Therefore, it is important to learn
how to create an environment that facilitates, supports and enhances behavioral changes. One part of
the interventions may contain individual and group counseling, which can include peers and families,
while the other part may consist of interactive physical activity, such as training programs.
Informational approaches aim to increase physical activity by increasing knowledge, improving
attitudes about the benefits of physical activity and increasing awareness of opportunities for physical
activity within a community. This method provides necessary information to empower and motivate
people to change their behavior, with the ultimate goal to maintain that beneficial change over time.
The main focus of this approach is knowledge and cognitive skills, but it can also focus on methods
and information to overcome the possible barriers to a successful change in behavior.
Environmental and policy approaches aim to change the structure of physical and organizational
environments to provide safe, attractive and convenient places for physical activity to support people
in enhancing their physical activity level and adopting healthier behaviors. The main focus of this
approach is less on the individual and more on the community and the environment surrounding the
chosen community.
Inclusion criteria for studies in this review were: (1) publication in English language;
(2) publication from January 1990 to July 2012 inclusively; (3) interventions targeting children in
the 0–18 years of age range; (4) interventions with a physical activity component aiming to reduce
obesity in children and including an objective assessment of obesity; (5) published results of the
intervention with at least one follow-up period post-intervention. Exclusion criteria for studies in
this review were: (1) review articles; (2) articles published without results or with pre-intervention
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data results only; (3) articles with only an abstract available. The search for relevant papers was
conducted by a librarian in Medline in July 2012 with the keywords: “effective” AND “physical
activity” OR “exercise” AND “intervention” OR “program” AND “cardiovascular prevention” AND
“children”. Five hundred and fifty nine potential eligible abstracts were identified from this search
strategy. After the duplicated citations were removed, abstracts were reviewed by a single reviewer
to determine whether or not the article was pertinent for this review. Full-text articles were then
obtained and saved in EndNote. Three hundred and fifty two articles were rejected after screening
titles and abstracts, and 183 full-text articles were retrieved from the Medline search. We applied our
inclusion/exclusion criteria on those 183 remaining articles and retained 50 articles for our review,
representing 47 different interventions.
Data collection retrieved from each study included information on: the study design and
type of intervention; study objectives; population; sample size and characteristics; number and
percentage of drop-outs; intervention duration and frequency of intervention; duration of follow-up
post-intervention; outcomes and results. We determined that a study had a positive impact when
the authors reported significant differences over time pre-/post-intervention. All studies established
statistical significance on p ď 0.05.
3. Results
After applying the inclusion criteria, a total of 50 articles were retained for this review. Among
those articles, three reported the long-term outcomes of an initial intervention. Thirty-one of those
studies included a control group (Table 1), while 19 studies did not (Table 2). The majority of studies
were conducted in the USA (n = 23), with others in Europe (n = 15), as well as in Australia (n = 5).
The average sample size was 860 (range of 30–5106) children. The age range was from 2 to
18 years old. The average drop-out rate was 24% (range of 0–76%). The average duration of follow-up
was 12.1 months (range of 0.25–96 months). Behavioral intervention programs had an average duration
follow-up of 9.7 months, informational of 10.4 months and environmental intervention programs of
36.0 months. The average intervention duration (i.e., the time during which the intervention content
was being delivered) of all programs was 1607 min (range of 12–8160 min). The behavioral approaches
had an average intervention duration of 1704 min and the informational approaches 390 min, and
there was no data available for the environmental approaches. Physical activity was measured by
self-report in 54% of the studies, including questionnaires and interviews [14–40]. Thirty-two percent
of the intervention programs measured objectively the outcomes, including the use of accelerometers
and pedometers to track daily activity and treadmills, shuttle-runs and one-mile-runs to measure the
fitness level [41–56]. Accelerometry was used in seven (14%) studies [41,42,46,48,51,55,56]. Among
those studies, five were successful in improving physical activity [41,48,51,55,56]. Three studies
reported an improvement in the minutes of moderate-to-vigorous intensity by 7% [56], 11% [48] and
16% [41]. Two studies reported an improvement in counts by 7% [51] and 14% [55]. Two studies had
no significant improvement in physical activity post-intervention [42,46]. Pedometry was used in four
(8%) studies [43–45,49]. Among those studies, three were successful in improving physical activity.
Their results showed an improvement of 9% [44], 23% [43] and 71% [49]. One intervention did not
improve physical activity as measured by pedometers [45].
In total, 32 (74%) studies had a positive impact on physical activity during, immediately
after or at follow-up of the intervention [14–16,18,20–25,28–31,34–41,43,44,47–51,54–57]. Eleven
interventions (24%) did not find any statistically-significant effects on physical activity at any time
point [17,19,26,27,32,33,42,45,46,52,53]. Figure 1 shows that among seven different interventions that
aimed to increase physical activity in order to improve cardiovascular outcomes, none reported results
on physical activity [57–63]. Although these studies did not report data on physical activity, they did
report the impact of the intervention on anthropometric changes, blood pressure, cholesterol, glycemia,
insulin and knowledge.

parental support/psycho-social support and given that these were not the primary outcomes of
cardiovascular risk factors, such as knowledge about a healthier lifestyle, cardiovascular fitness, blood
interest, we felt that including these outcomes would be including an excessive amount of information
pressure and alcohol, drug and cigarette use [14,15,18,22,24,26,28,33,35,37,39,47,50–53,59–63].
in our table, making it harder to interpret. Twenty-two studies reported positive impacts on other
cardiovascular risk factors, such as knowledge about a healthier lifestyle, cardiovascular fitness, blood
pressure and alcohol, drug and cigarette use [14,15,18,22,24,26,28,33,35,37,39,47,50–53,59–63].
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Figure 1. Impact of interventions on physical activity.
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in the studies where possible. Figure 2 shows that positive impacts were noted in 45 (90%) of
the studies having measured these outcomes [14–16,18–26,28–44,47–62]. Among these studies,
13 had a beneficial impact on anthropometry [24,25,28,35,47,50,52,55,57–60,63], and eight studies
reported a decrease in sedentary behavior [19,24,25,28,30,32,39,56]. Nutritional habits were improved
in 15 studies [18,20,21,25,29,30,35,39,42,45,47,53,55,62,63], and positive changes in psychological
well-being were reported in eight studies [14,18,23,24,32,34,59,62]. Psycho-social support or parental
support had a favorable impact on the outcomes [24,48,52]. Since only a few studies provided
information on parental support/psycho-social support and given that these were not the primary
outcomes of interest, we felt that including these outcomes would be including an excessive amount of
information in our table, making it harder to interpret. Twenty-two studies reported positive impacts on
other cardiovascular risk factors, such as knowledge about a healthier lifestyle, cardiovascular fitness,
blood pressure and alcohol, drug and cigarette use [14,15,18,22,24,26,28,33,35,37,39,47,50–53,59–63].

Int. J. Environ. Res. Public Health 2016, 13, 664

5 of 17

Table 1. Physical activity interventions with control groups (n = 31).
Type of INT

Duration
(Frequency)

Sample
(Characteristics)

Outcomes and Results
FU

Articles and Description

Drop-Out (%)

Results Date

11

Ant

PA

SB

Psy

6 mo FU

Ø

Ò

Ø

Movement skills: Ò

Others

97 (4.1 y)

6 wk

Jones (2011) [51]
Structured lessons and unstructured
activities with equipment

9 mo

4997 (6.3 y)

4y

Plachta-Danielzik (2007) [26]
Messages to increase PA,
healthy eating and decrease SB

65

4 y FU

Ø

Ø

Ø

Incidence of OW: Ò

9 mo

4997 (6.3 y)

8y

Plachta-Danielzik (2011) [27]
Messages to increase PA,
healthy eating and decrease SB

76

8 y FU

Ø

Ø

Ø

Lifestyle: Ø
BP: Ø

End of INT
4 mo (5ˆ/wk,
40 min)

Behavioral
and Social
Approach

Diet

20 wk
(3ˆ/wk,
20 min)

(12ˆ)

12 wk (4ˆ)

12 wk (4ˆ)

79 (7–11 y, OB)

386 (7–11 y)

163 (7.4 ˘ 1.6 y)

258 (7.4 ˘ 1.6 y)

20 wk
(5ˆ/wk,
30 min)

238 (8–9 y)

20 wk (15ˆ,
90 min)

70 (8 y)

4 mo

14 wk

9 and 15 mo

6 and 12 mo

12 mo

6 mo

Gutin (1999) [50]
Physical training 5 d/wk, 40 min

Hardman (2011) [44]
(1) Peer-modeling, pedometer step goals and
tangible rewards to increase PA; (2) same INT,
without rewards
McCallum (2007) [21]
LEAP: GP consultations targeting change in
nutrition, PA, SB supported with materials
Wake (2009) [46]
LEAP 2: Consultations with GP targeting
change in nutrition, PA, SB supported
with materials

Ò

Ò

Ø

Insulin: Ò
Leptin: Ò
Lipids: Ø
BP: Ø
Left ventricle: Ø
Hemodynamic: Ø

Ø

Insulin: Ø
Leptin: Ø
Lipids: Ø
BP: Ø
Left ventricle: Ø
Hemodynamic: Ø

11

4 mo FU

Ø

Ò

During INT

Ø

(1) ÒÒ
(2) Ò

14 wk FU

Ø

(1) Ò
(2) ÒÒ

9 mo FU

Ø

Ò

Ò

Ø

15 mo FU

Ø

Ø

Ò

Ø

6 mo FU

Ø

Ø

Ø

Ø

12 mo FU

Ø

Ø

Ø

Ø

End of INT

Ø

Ø

Ò

Knowledge: Ò
Cholesterol: Ø

12 mo FU

Ø

Ø

Ò

Knowledge: Ø
Cholesterol: Ø

End of INT

Ò

6 mo FU

Ø

39

10

6

Hopper (2005) [53]
School-based and home
programs for PA and nutrition

N/A

Kalavainen (2007) [57]
Nutrition and PA education, decrease
SB and behavioral therapy

3
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Table 1. Cont.
Type of INT

Duration
(Frequency)

Sample
(Characteristics)

Outcomes and Results
FU

Articles and Description

Drop-Out (%)

Results Date

Ant

During INT
(8ˆ)

10 wk (7ˆ,
40–120 min)

Behavioral
and Social
Approach

100 (9–11 y)

84 (9 y,
OW and OB)

24 wk
(3ˆ/wk,
90 min)

1119 (9.4 ˘ 0.7 y)

6 h, (1ˆ)

153 (10–12 y)

6 mo
(18ˆ, 2 h)

116 (INT
10.3 ˘ 1.3 y)

12 wk

12 mo

Horne (2009) [43]
Peer modeling, rewards and pedometer
feedback to increase PA

11

Toruner (2010) [58]
Games and skill building activities on
perception of competence, PA, nutrition, SB
and goal setting + parent training

4

12 wk FU
3 mo FU

Ø

12 mo FU

Ò

2 mo

Baranowski (2011) [42]
2 games to provide practical knowledge
related to change goals

13

6 mo

Sacher (2010) [24]
Group education and PA session (MEND)

31

9 mo FU

6 mo

Burke (1998) [52]
2 INT: (1) Daily fitness sessions + nutrition;
(2) Enriched daily fitness sessions for “at risk”
children + nutrition

Psy

Others

♂:
Ø
♀: Ò

Children knowledge: Ò
Parents knowledge: Ò

Apolipoprotein A: ♂: Ò, ♀:

Ø

Ø

Cholesterol: Ø
Triglycerides: Ø
BP: Ø except ♂: ÓdBP

2 mo FU

Ø

Ø

End of INT

Ò

Ò

Ò

Ò

6 mo FU

Ò

Ò

Ø

Ò

(1) ♂: Ò
♀: Ø
(2) ♂: Ø

800 (11 y)

Diet

Ø

7

End of INT

20 wk
(4ˆ/wk,
19 min )

SB

Triceps skinfold: Ò
Apolipoprotein B: ♂: Ó, ♀:

Martinez Vizcaino (2008) [61]
Afterschool recreational,
non-competitive PA

9 mo

PA
♂:
Ò
♀: Ò

♀ :Ò

10

6 mo FU

(1) ♂: Ø
♀: Ø

(2) ♂: Ø
♀ :Ø

Ò

Ø

Ø

Ø

Ø

Ó

Ø

Ø

Ø

Ø

Ø

Ø

Ø

Cardiovascular fitness: Ò
Cardiovascular fitness: Ò
Cardiovascular fitness: Ò
Cholesterol: Ò
BP: Ø
Triceps skinfold ♀: Ò, ♂: Ø
Cardiovascular fitness: Ò
Cholesterol: Ò for ♀only
BP: ØTriceps skinfold: Ò

Cardiovascular fitness: Ò
for ♀
Cholesterol: Ò
BP: Ø
Triceps skinfold ♀: Ò, ♂: Ø
Cardiovascular fitness: Ò
for ♀
Cholesterol: Ò
BP: Ø
Triceps skinfold: Ø
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Table 1. Cont.
Type of INT

Duration
(Frequency)

Sample
(Characteristics)

17 wk
(4ˆ/wk, 2 h)

1422 (11.3 ˘ 0.6
years, low income
and minority)

4 wk (1ˆ/wk,
40 min + 3ˆ
90 min)

12 wk
(1ˆ/wk,
90 min)

729 (12 y)

291 (INT 12.2 ˘ 1.1
y, Portuguese)

Outcomes and Results
FU

Articles and Description

2 wk

Wilson (2011) [48]
Promotion of behavioral
skills to increase PA

3 and 7 mo

Cui (2012) [19]
Workshops and lessons focused on
food choices, PA and SB

3 and 9 mo

Araujo-Soares (2009) [22]
Sessions on health behaviors, PA, diet,
physical and psychosexual development,
prevention of risk behaviors (STD, smoking,
alcohol), assertiveness

Drop-Out (%)
25

6

33

Results Date

Ant

PA

6 d (1h, 12ˆ)

10 wk (8ˆ,
15 min)

(3ˆ)

9 wk (1ˆ/wk,
55 min)

1057 (12.4 ˘ 1.2 y)

883 (INT
12.7 ˘ 0.7 y)

1213 (12.7 ˘ 0.5 y)

473 (12.8 ˘ 1.1 y)

3, 6 and 12 mo

4 and 24 mo

Jemmott (2011) [18]
Increase fruits and vegetables intake and PA,
decrease smoking and alcohol

Ezendam (2012) [45]
Computer-tailored intervention with feedback

1 and 6 mo

6 mo

Latif (2011) [20]
2 INT: (1) increase fruits and vegetables
consumption; (2) increase PA, skill building
activities for both and goal settings

24

12

53

60 min (1ˆ)

320 (13.1 ˘ 0.8 y)

3 mo

20 min (2ˆ)

1053 (14.5 ˘1.4 y)

1 and 3 mo

De Bourdeaudhuij (2010) [16]
Computer-tailored advice on PA

604 (15.3 ˘ 1.09 y)

14

Prins (2012) [17]
(1) Lessons + homework on PA self-regulation
with feedback; (2) same INT without feedback

Haerens (2007) [41]
Computer tailored intervention to increase PA
with feedback

12 min (1ˆ)

3

3 and 12 mo

Werch (2005) [15] One on one screening and
consultation on PA and alcohol use

32

Diet

Psy

Ò

2 wk FU

Ø

3 mo FU

Ø

Ø

7 mo FU

Ø

Ò

End of INT

Ø

Ø

3 mo FU

Ò

Ø

9 mo FU

ÒÒ

Ø

5 mo FU

Ø

Ò

(2) Ò

Behavioral
and Social
Approach

SB

Mid-INT

Others

Ò
Ò

Coping planning: Ò

BP: Ò, mostly sBP
Triglycerides: Ò
Insulin resistance and
level: Ø
Glucose: Ø
Cholesterol: Ø

Ø

3 mo FU

ÒÒÒ

ÒÒÒ

ÒÒÒ

Knowledge: ÒÒÒ
Drugs: Ø
Alcohol: Ø

6 mo FU

ÒÒ

ÒÒ

ÒÒ

Knowledge: ÒÒ
Drugs: Ø
Alcohol: Ø

12 mo FU

Ò

Ò

Ò

Knowledge: Ò
Drugs: Ø
Alcohol: Ø

4 mo FU

Ø

Ó

Ø

Ò

24 mo FU

Ø

Ø

Ø

Ò

1 mo FU

Ø

Ø

6 mo FU

Ø

Ø

End of INT

Ò

ÒÒFJ
ÒLV

Ø

6 mo FU

ÒÒ

ÒFJ
ÓLV

Ø

3 mo FU

Ò School

PA

1 mo FU

Ò

3 mo FU

ÒÒ

3 mo FU

Ò

12 mo FU

Ø

but Ø leisure and
total PA

Alcohol: Ò
Drug use: Ò
Cigarette: Ø

15
Alcohol: Ò
Drug use: Ø
Cigarette: Ò
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Table 1. Cont.
Type of INT

Informational
approach

Duration
(Frequency)

Sample
(Characteristics)

72 mo
(2ˆ/wk,
45 min +
13–17 h)

716 (start of
INT:
6.3 ˘ 0.3 y)

1 month

579 (INT
10.2 ˘ 1.0 y)

Outcomes and Results
FU

48 mo

Articles and Description

Drop-Out (%)

Results Date

Manios (2006) [37]
4 y FU of a multi-component workbooks,
nutrition and PA education and PA lessons
(end of INT results and outcomes are cited in
Manios (2002) [54])

41

End of INT

41

48 mo FU

3 mo

Francis (2010) [33]
Lessons on nutrition education and PA

18

3 mo FU

N/A

3 mo FU

23

4 wk FU

5–7 days (2 h)

459 (12.5 ˘ 0.6 y)

3 mo

Spruijt-Metz (2008) [32]
Theory-based classroom media to increase PA
and decrease SB

1 hour

693 (13.8 ˘ 1.4 y)

4 wk

Schwarzer (2010) [31]
Theory-guided intervention to increase PA

5y

McKenzie (2003) [39]
CATCH 5 y FU: food service modification,
increase PA and classroom health curricula
(during INT results and outcomes are cited in
Webber (1996) [40])

12 mo

Webber (2008) [56]
TAAG: increase opportunities, support,
incentives for PA

36 mo

5106 (start of
INT: 8–11 y)

Environmental
approach
24 mo

3502 (11–14 y,
adolescent girls)

Ant

PA

Ø

Ò

SB

Diet

Psy

Others

Ó

Lipids: Ò
Cardiovascular fitness: Ò

Ò

Knowledge: Ò

♂: Ò
♀: Ø
Ø

Ø

Ø

Ò

Ò

Ò

BP: Ø
Cardiovascular fitness: Ø
Skinfold: Ø
Lipids: Ø
Cholesterol: Ò

21

During INT
(30 mo)

N/A

5 y. FU

N/A

End on INT

Ø

Ø

Ø

Cardiovascular fitness: Ø

N/A

12 mo FU

Ø

Ò

Ò

Cardiovascular fitness: Ø

Ó

Ò

Ò

Ò

Ò

Notes: Ant: anthropometric measures; BMI: body mass index; BP: blood pressure; d: days; dBP: diastolic blood pressure; FJ: fruit juice; FU: follow-up; HW: healthy weight;
INT: intervention; LV: low fat vegetable; mo: months; N/A: not available; OB: obese; OW: overweight; PA: physical activity; Psy: psychological; SB: sedentary behaviour; sBP:
systolic blood pressure; STD: sexually-transmitted disease; wk: weeks; y: years; Ø: no significant difference; Ò: significant increased outcomes, in terms of a better health status;
Ó: significant decreased outcomes, in terms of a worse health status. LEAP: live, eat and play; CATCH: Child and Adolescent Trial for Cardiovascular Health; TAAG: Trial of Activity
for Adolescent Girls.
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Table 2. Physical activity interventions without control groups (n = 19).
Type of INT

Duration
(Frequency)
4 mo (5ˆ/wk,
5–10 min)

213 (5–11 y)

Outcomes and Results
FU

Articles and Description

3 mo

Erwin (2011) [49]
Teacher-directed classroom-based PA breaks

50

Hermann (2006) [29]
Afterschool education and gardening
on nutrition and PA

N/A

N/A

43 (8–14 y)

N/A

12 wk
(1ˆ/wk,
90 min)

1529 (8–11 y,
girls)

5 mo

23 wk
(10ˆ, 2 h)

Behavioral
and social
approach

Sample
(Characteristics)

6 mo (20
meetings, 1 h)

165 (8 y, OW
and OB)

63 (9.8 ˘ 1.3
y OB)

6 and 12 mo

6 mo

Pettee Gabriel (2011) [23]
Training for running event and physical,
psychological and social development

Okely (2010) [60]
(1) Parent-centered diet program; (2) child-centered
PA program; or (3) combination of both; all include
face-to-face sessions, homework and
a prevention program

Epstein (2004) [25]
Stimulus control or reinforcement to reduce SB and
substitute for PA, enhance light diet and behavior
change techniques

Drop-Out (%)

43

Results Date

Ant

PA

SB

Diet

Psy

End of INT

Ò

3 mo FU

Ò

N/A

Ò

End of INT

Ò

Ò

5 mo FU

Ø

Ò

Ò

Ò

Lipids: Ø
Insulin: Ò for group (1)
only
Glucose: Ø
BP: Ø

12 mo FU

Ò

Lipids: Ø
Insulin: Ø
Glucose: Ø
BP: ÒsBP from
group (2) only

End of INT

Ò

Ò

Ò

Ò

6 mo FU

Ò

Ø

Ø

Ø

6 mo FU
36

3

Others

BP: Ò, mostly dBP
Ñ

(1) Ò
12 wk
(5ˆ/wk,
10–30 min)

319 (10 y)

6 mo

Balas-Nakash (2010) [59]
2 INT: (1) 10 min of aerobic exercises; (2) 30 min of
aerobic exercises

33

Ø

6 mo FU

(2) Ò

9 mo (6ˆ/wk,
30 min)

140
(INT 10.1 y)

3 wk

DeVault (2009) [62]
PA (aerobic, strength and endurance)
and nutrition lessons

39

3 wk FU

Ø

12 wk
(3ˆ/wk)

30 (12.6 ˘ 1.0 y,
Hispanic and
African
American girls)

1 wk

Colchico (2000) [47]
Activities and exercise sessions

0

1 wk FU

Ò

10–25 min
(1ˆ)

454 (13–14 y)

3 mo

Werch (2003) [14]
Prevent alcohol use and promote PA

3

3 mo FU

10 mo
(8 h/wk)

30 (13.5 ˘ 2.1 y,
OB)

6 mo

Deforche (2004) [28]
Dietary, PA, psychological support,
medical supervision

During INT
20

Triglycerides: Ò
Insulin resistance and
level: Ø
Glucose: Ø
Cholesterol: Ø

6 mo FU

Ø

Ò

Ò

Ò

Ò
Ó

Ò

Ò
Ò
Ó

Knowledge: Ò
Aerobic fitness: Ò
Cardiovascular fitness: Ò
Muscle strength: Ò
Flexibility: Ò

Ò

Ò
Ò

BP: Ò, mostly sBP
Triglycerides: Ò
Insulin resistance and
level: Ø
Glucose: Ø
Cholesterol: Ø

Alcohol: Ò

Ø

Social support: Ò

Ø

Modelling for siblings: Ó
Modelling for parents: Ø
Social support: Ó
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Table 2. Cont.
Type of INT

Duration
(Frequency)

Sample
(Characteristics)

Drop-Out (%)

Articles and Description

N/A

9 mo FU

Ò

Results Date

Ant

48 mo

2215 (8–12 y)

9 mo

McDermott (2010) [36]
Media campaign to encourage PA

1ˆ

509
(INT 8.3 y)

Several wk

Stahl (2011) [30]
One motivational clinical visit to increase PA,
healthy eating and decrease SB

25

Several wk
FU

11 mo

57 (8.8 ˘ 0.8 y,
Chinese American)

2 wk, 1 and
6 mo

Chen (2008) [35]
Mailed education package and tailored materials

26

6 mo FU

3 mo

295 (9–13 y)

3 mo

Balamurugan (2005) [34]
Paid radio advertisement to promote PA

N/A

3 mo FU

24 mo

554 (start of INT:
7.7 ˘ 1.8 y)

24 mo

Taylor (2008) [63]
2 y FU of APPLE: encouraging healthy eating and
increase PA with community activity coordinators
(end of INT results and outcomes are cited in Taylor
(2007) [55])

24

Pate (2007) [38]
LEAP 2: increase PA through changes in practices
and school environment

34

Informational
approach

Environmental
approach
12 mo

1594 (17.7 ˘ 0.6 y,
adolescent girls)

Outcomes and Results

FU

36 mo

Ò

PA

SB

Diet

Ò

Ò

Ò

Ò

Ó

Ò

Ò

During INT

Ò

End of INT

Ò

24 mo FU

Ò

36 mo FU

Ø

Psy

Others

Child Knowledge: Ò
Parent Knowledge: Ø
Ò

sBP: Ò
Ò

Ø

Ò

BP: Ø
Cardiovascular fitness:
Ø

Ò
Ò

Notes: Ant: anthropometric measures; APPLE: A Pilot Programme for Lifestyle and Exercise; BMI: body mass index; BP: blood pressure; CATCH: Child and Adolescent Trial for
Cardiovascular Health; d: days; dBP: diastolic blood pressure; FJ: fruit juice; FU: follow-up; HW: healthy weight; INT: intervention; LEAP: live, eat and play; LV: low fat vegetable; mo:
months; N/A: not available; OB: obese; OW: overweight; PA: physical activity; Psy: psychological; SB: sedentary behaviour; sBP: systolic blood pressure; STD: sexually-transmitted
disease; TAAG: Trial of Activity for Adolescent Girls; wk: weeks; y: years; Ø: no significant difference; Ò: significant increased outcomes, in terms of a better health status; Ó: significant
decreased outcomes, in terms of a worse health status.
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In order to understand the nature of the various interventions, the studies were classified into
the above mentioned three categories of interventions. There were 35 studies that had a behavioral
and social approach; nine had an informational approach; and six had an environmental approach.
If a study could be assigned to two or three classifications, it got classified as part of the dominating
approach cited by the authors of the article.
In the behavioral and social approach, 20 (67%) interventions reported significant improvements
on physical activity at any-point-in-time [14–16,18,20–25,28,29,41,43,44,47–51]. Horne et al. [43]
reported a sex-related difference in the effect of the intervention on physical activity over time.
Both boys and girls had increased physical activity during the intervention, but the effect was only
maintained for girls, three months later. Furthermore, four interventions measured stronger effects
on physical activity at follow-up compared to immediately after the intervention [16,20,22,44]. The
intervention program proposed by Jemmott et al. [18] measured the highest improvement of physical
activity at the end of the intervention program. While the benefits still existed at the second and third
follow-up, they were somewhat attenuated [18]. Several studies reported that the beneficial effect of
the intervention studied was lost with time [15,21,23,25,28,48].
Within the informational approach, seven (78%) interventions reported improvements on physical
activity [30,31,34–37,54]. Manios et al. [54] analyzed boys and girls separately and reported a significant
effect on physical activity after the intervention in both sexes [37]. The improvement, however, was
only maintained in boys at four years’ follow-up [54].
Five (83%) interventions using the environmental approach reported improvements on physical
activity at follow-up [38–40,55,56]. The intervention program reported by Webber et al. [56] did not
show any improvement in physical activity immediately at the end of the intervention; however,
physical activity was significantly increased 12 months later in 3378 children.
4. Discussion
The aim of this review was to analyze whether the success of a program comes from a design
that addresses the child’s behaviour and his or her family, the knowledge of a healthier lifestyle or
the environment.
The three different designs of intervention programs showed different results in improving
physical activity. Behavioral approaches reported success in improving physical activity in
20 interventions (67%). Informational approaches reported success in improving physical activity in
seven interventions (78%). Environmental approaches reported success in improving physical activity
in five interventions (83%). When looking at the efficiency and the reproducibility of an intervention,
it is very useful to have objective measurements of physical activity. The fractions of programs within
the behavioral and environmental approaches relying on objective measurements of physical activity
were similar (43% and 40%, respectively). Meanwhile, only 14% of the informational approaches
used an objective measure. A possible reason that behavioral and environmental approaches used
more objective measurements could be that these intervention programs entail higher costs, and
an evaluation of the efficiency of the programs becomes mandatory. The design of informational
approaches varies and sometimes does not require significant amounts of resources. For example,
Chen et al. [35] was successful in improving anthropometric measurements and physical activity by
mailing information to families. However, the benefits of the program were self-reported and not
measured objectively.
The durations of intervention and follow-up are associated with different success rates. Although
the behavioural and informational programs had similar success, the behavioural programs spent
more time with the children. No studies reported the frequency or the duration of the intervention
in the environmental programs. The time reported in Tables 1 and 2 for environmental programs
represents the global time during which the children were exposed to the specific environment. Many
authors outlined the importance of time length to obtain good outcomes. The program intervention
of Jemmott et al. [18] conducted a cognitive-behavioral health-promotion intervention and achieved
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a positive effect on physical activity, nutritional habits, psychological effects and knowledge, but
mentioned having even stronger effects by stretching the intervention program over a longer period
of time. Araujo-Soares et al. [22] had increasing beneficial effects on physical activity over time
through their intervention based on social cognitive theory, self-regulation theory and planning. They
explained these outcomes by the importance of self-monitoring and coping planning in behavior
changes. Other studies, such as De Bourdeaudhuij et al. [16], emphasize the importance of the
duration of follow-up by reporting even stronger effects after a longer time of follow-up and with
only two assessments during this time frame. One environmental approach by Webber et al. [56]
did not show any significant improvements on physical activity at the end of the intervention, but
reported an improvement 12 months later. This intervention included operant learning theory, social
cognitive theory, organizational change theory and the innovation model in a social-ecologic setting.
The authors repeated an assessment one year later and showed a modestly significant increase of
1.6 min of moderate-to-vigorous physical activity per day, which could indicate that a broader, longer
intervention with more resources is needed.
Mean drop-out rates were similar among studies in the behavioral (22%, range of 0%–73%),
informational (29%, range of 23%–41%) and environmental (26%, range of 21%–34%) approaches. It
was not possible from the available data to understand the causes for the wide dispersion of drop-out
rates. We considered reasons for drop-out in physical activity interventions with control groups having
the highest drop-out rates (ě30%), which included: lack of time or personnel power [26], logistical
factors, such as lack of computers or funding [24], as well as children changing schools [22,37] or
classrooms that chose other priorities than physical activity [17]. Finally, other factors, such as older
age, being a male student or having less sitting time for explanations to learn about the intervention,
had a negative impact on the drop-out rates [16,17].
Comparisons of study results remains difficult, given the heterogeneity across types of
interventions, methodology and target populations. No one category of intervention emerged as
more successful than another; however, we were able to identify some important factors in the design
of interventions that led to a positive impact on the outcomes of the studies. We identified that
psycho-social support, including parental support, was an important factor for the success of an
intervention program regardless of the design. The randomized controlled trial by Sacher et al. [24]
found very good improvements on all outcomes that were measured. The intervention consisted of a
multicomponent healthy lifestyle program that was provided to the families through education, skills
training and motivational enhancement. The program required the participation of the children, as
well as one parent. The effect was sustained (except for sedentary behaviour) at six months follow-up.
Although there was no control group (without parents), the authors mentioned that one of the key
component to success was the presence of the parent. Burke et al. [52] also reported positive outcomes
by conducting a physical and nutrition program that included one parent. They concluded that
parental involvement seemed to be very important to have an impact on long-term improvements.
Wilson et al. [48] also reported the importance of parental involvement. They conducted a randomized
intervention that promoted behaviour skills by dealing with communication, reciprocity of social
support, group goal setting and behavioral competence. The intervention group consisted of low
income and minority adolescents. Improvements on physical activity were measured during the
intervention but could not be maintained at the two-week follow-up. The qualitative assessment (focus
group) after the completion of their program showed that the following factors were impediments
for physical activity: (1) competing demands at home; (2) not being motivated without teachers;
(3) lack of parent involvement; and (4) environmental barriers, such as “bad weather” and “safety
concerns” [48]. The failure or success of a study depends not only on the study design, but also on the
social environment and background.
Another intriguing factor for intervention success we noted was gender differences.
Horne et al. [43] reported that both boys and girls had short-term improvements in physical activity
with their intervention; however, in the long term, only girls maintained their improvement. The
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intervention consisted of measuring daily steps with a pedometer, and feedback was provided to
those that reached or outperformed their goals. The authors suggested that their findings might be
partly explained by the hypothesis that girls could be more sensitive to reinforcers like self-monitoring,
rewards and daily record procedures than boys would be. Contrary to Horne et al. [43], Manios
et al. [37] reported that boys had a significant improvement in physical activity while the girls did
not. The authors suggest that a possible explanation for these discrepancies is the way in which the
physical activity classes were delivered: classes focused on non-competitive recreational activities
that were created to promote self-mastery and efficacy with the joy of reaching the demands of
exercising. It is therefore important that study designs respect the gender difference in creating
physical activity programs.
5. Study Limitations
Comparisons across studies are challenging given the important heterogeneity across study
designs, local contexts, geographic settings and social and cultural backgrounds of the samples. Some
studies were restricted to overweight or obese participants, while others were not. Populations also
varied substantially by socio-economic status. Hence, this should be considered when interpreting
the results of this review. Furthermore, many environmental clinical approaches were not included,
because they were aimed at a broad population, as opposed to only a pediatric population. Since only
studies that targeted children exclusively were selected, the impact of environmental approaches on the
pediatric population could have been misrepresented. The number of studies using an environmental
approach relative to the two other categories was small, and thus, conclusions for this category may be
less generalizable.
6. Conclusions
In conclusion, different categories of intervention, such as behavioral and social, informational
or environmental approaches, were analyzed in this review. Although they are very different in
their conception and application, they were generally successful in improving physical activity and
cardiovascular risk factors. The main challenge in intervention implementation is not only to increase
physical activity, but to maintain the beneficial effects once the intervention is completed and to
ensure adherence. In order to achieve the best outcome, the intervention should take into account
important factors, such as the length of the intervention or the frequency of follow-up. It should
include psycho-social support, such as parental involvement, in order to achieve the desirable outcome.
Acknowledgments: There were no sources of funding for the study.
Author Contributions: Sally Nguyen, Anna-Luisa Häcker and Jean-Luc Bigras conceived of, designed and did
extensive reviews of the literature for the study. All authors contributed significantly in writing the manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.

3.
4.
5.

Janssen, I.; Leblanc, A.G. Systematic review of the health benefits of physical activity and fitness in
school-aged children and youth. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 40. [CrossRef] [PubMed]
Flynn, M.A.; McNeil, D.A.; Maloff, B.; Mutasingwa, D.; Wu, M.; Ford, C.; Tough, S.C. Reducing obesity
and related chronic disease risk in children and youth: A synthesis of evidence with “best practice”
recommendations. Obes. Rew. Off. J. Int. Assoc. Study Obes. 2006, 7, 7–66. [CrossRef] [PubMed]
Warschburger, P. The unhappy obese child. Int. J. Obes. 2005, 29, S127–S129. [CrossRef]
Tremblay, M.S.; Willms, J.D. Secular trends in the body mass index of canadian children. CMAJ Can. Med.
Assoc. J. 2000, 163, 1429–1433.
The Participaction Report Card on Physical Activity for Children and Youth.
Available
online: http://www.participaction.com/wp-content/uploads/2015/03/2015-Report-Card-InfographicEN-FINAL.pdf (accessed on 7 March 2016).

Int. J. Environ. Res. Public Health 2016, 13, 664

6.
7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

14 of 17

World Health Organization. Physical Activity and Young People. Available online: http://www.who.int/
dietphysicalactivity/factsheet_young_people/en/ (accessed on 7 March 2016).
American Heart Association. The Aha’s Recommendations for Physical Activity in Children. Available
online: http://www.heart.org/HEARTORG/GettingHealthy/HealthierKids/ActivitiesforKids/The-AHAsRecommendations-for-Physical-Activity-in-Children_UCM_304053_Article.jsp (accessed on 8 July 2015).
Hayman, L.L.; Meininger, J.C.; Daniels, S.R.; McCrindle, B.W.; Helden, L.; Ross, J.; Dennison, B.A.;
Steinberger, J.; Williams, C.L.; American Heart Association Committee on Atherosclerosis; et al. Primary
prevention of cardiovascular disease in nursing practice: Focus on children and youth: A scientific statement
from the american heart association committee on atherosclerosis, hypertension, and obesity in youth of the
council on cardiovascular disease in the young, council on cardiovascular nursing, council on epidemiology
and prevention, and council on nutrition, physical activity, and metabolism. Circulation 2007, 116, 344–357.
[PubMed]
Tarro, L.; Llaurado, E.; Albaladejo, R.; Morina, D.; Arija, V.; Sola, R.; Giralt, M. A primary-school-based study
to reduce the prevalence of childhood obesity—The edal (educacio en alimentacio) study: A randomized
controlled trial. Trials 2014, 15, 58. [CrossRef] [PubMed]
Penalvo, J.L.; Sotos-Prieto, M.; Santos-Beneit, G.; Pocock, S.; Redondo, J.; Fuster, V. The program SI!
Intervention for enhancing a healthy lifestyle in preschoolers: First results from a cluster randomized
trial. BMC Public Health 2013, 13, 1208. [CrossRef] [PubMed]
D’Haese, S.; Van Dyck, D.; De Bourdeaudhuij, I.; Deforche, B.; Cardon, G. Organizing ”play streets” during
school vacations can increase physical activity and decrease sedentary time in children. Int. J. Behav. Nutr.
Phys. Act. 2015, 12, 14. [CrossRef] [PubMed]
Mura, G.; Rocha, N.B.; Helmich, I.; Budde, H.; Machado, S.; Wegner, M.; Nardi, A.E.; Arias-Carrion, O.;
Vellante, M.; Baum, A.; et al. Physical activity interventions in schools for improving lifestyle in european
countries. Clin. Pract. Epidemiol. Ment. Health 2015, 11, 77–101. [CrossRef] [PubMed]
Kahn, E.B.; Ramsey, L.T.; Brownson, R.C.; Heath, G.W.; Howze, E.H.; Powell, K.E.; Stone, E.J.; Rajab, M.W.;
Corso, P. The effectiveness of interventions to increase physical activity. Syst. Rev. Am. J. Perv. Med. 2002, 22,
73–107. [CrossRef]
Werch, C.; Moore, M.; DiClemente, C.C.; Owen, D.M.; Jobli, E.; Bledsoe, R. A sport-based intervention for
preventing alcohol use and promoting physical activity among adolescents. J. Sch. Health 2003, 73, 380–388.
[CrossRef] [PubMed]
Werch, C.C.; Moore, M.J.; DiClemente, C.C.; Bledsoe, R.; Jobli, E. A multihealth behavior intervention
integrating physical activity and substance use prevention for adolescents. Prev. Sci. Off. J. Soc. Prev. Res.
2005, 6, 213–226. [CrossRef] [PubMed]
De Bourdeaudhuij, I.; Maes, L.; De Henauw, S.; De Vriendt, T.; Moreno, L.A.; Kersting, M.; Sarri, K.;
Manios, Y.; Widhalm, K.; Sjostrom, M.; et al. Evaluation of a computer-tailored physical activity intervention
in adolescents in six european countries: The activ-o-meter in the helena intervention study. J. Adolesc. Health
2010, 46, 458–466. [CrossRef] [PubMed]
Prins, R.G.; Brug, J.; van Empelen, P.; Oenema, A. Effectiveness of youraction, an intervention to promote
adolescent physical activity using personal and environmental feedback: A cluster rct. PLoS ONE 2012, 7,
e32682. [CrossRef] [PubMed]
Jemmott, J.B., 3rd; Jemmott, L.S.; O’Leary, A.; Ngwane, Z.; Icard, L.; Bellamy, S.; Jones, S.; Landis, J.R.;
Heeren, G.A.; Tyler, J.C.; et al. Cognitive-behavioural health-promotion intervention increases fruit and
vegetable consumption and physical activity among south african adolescents: A cluster-randomised
controlled trial. Psychol. Health 2011, 26, 167–185. [PubMed]
Cui, Z.; Shah, S.; Yan, L.; Pan, Y.; Gao, A.; Shi, X.; Wu, Y.; Dibley, M.J. Effect of a school-based peer education
intervention on physical activity and sedentary behaviour in chinese adolescents: A pilot study. BMJ Open
2012, 2. [CrossRef] [PubMed]
Latif, H.; Watson, K.; Nguyen, N.; Thompson, D.; Baranowski, J.; Jago, R.; Cullen, K.W.; Baranowski, T.
Effects of goal setting on dietary and physical activity changes in the boy scout badge projects. Health Educ.
Behav. Off. Publ. Soc. Public Health Educ. 2011, 38, 521–529. [CrossRef] [PubMed]

Int. J. Environ. Res. Public Health 2016, 13, 664

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.
35.

36.

37.
38.

15 of 17

McCallum, Z.; Wake, M.; Gerner, B.; Baur, L.A.; Gibbons, K.; Gold, L.; Gunn, J.; Harris, C.; Naughton, G.;
Riess, C.; et al. Outcome data from the LEAP (live, eat and play) trial: A randomized controlled trial of a
primary care intervention for childhood overweight/mild obesity. Int. J. Obes. 2007, 31, 630–636. [CrossRef]
[PubMed]
Araujo-Soares, V.; McIntyre, T.; MacLennan, G.; Sniehotta, F.F. Development and exploratory
cluster-randomised opportunistic trial of a theory-based intervention to enhance physical activity among
adolescents. Psychol. Health 2009, 24, 805–822. [CrossRef] [PubMed]
Pettee Gabriel, K.K.; DiGioacchino DeBate, R.; High, R.R.; Racine, E.F. Girls on the run: A quasi-experimental
evaluation of a developmentally focused youth sport program. J. Phys. Act. Health 2011, 8, S285–S294.
[PubMed]
Sacher, P.M.; Kolotourou, M.; Chadwick, P.M.; Cole, T.J.; Lawson, M.S.; Lucas, A.; Singhal, A. Randomized
controlled trial of the mend program: A family-based community intervention for childhood obesity. Obesity
2010, 18, S62–S68. [CrossRef] [PubMed]
Epstein, L.H.; Paluch, R.A.; Kilanowski, C.K.; Raynor, H.A. The effect of reinforcement or stimulus control to
reduce sedentary behavior in the treatment of pediatric obesity. Health Psychol. Off. J. Division Health Psychol.
Am. Psychol. Assoc. 2004, 23, 371–380. [CrossRef] [PubMed]
Plachta-Danielzik, S.; Pust, S.; Asbeck, I.; Czerwinski-Mast, M.; Langnase, K.; Fischer, C.; Bosy-Westphal, A.;
Kriwy, P.; Muller, M.J. Four-year follow-up of school-based intervention on overweight children: The kops
study. Obesity 2007, 15, 3159–3169. [CrossRef] [PubMed]
Plachta-Danielzik, S.; Landsberg, B.; Lange, D.; Seiberl, J.; Muller, M.J. Eight-year follow-up of school-based
intervention on childhood overweight—The kiel obesity prevention study. Obes. Facts 2011, 4, 35–43.
[CrossRef] [PubMed]
Deforche, B.; De Bourdeaudhuij, I.; Tanghe, A.; Hills, A.P.; De Bode, P. Changes in physical activity and
psychosocial determinants of physical activity in children and adolescents treated for obesity. Patient Educ.
Couns. 2004, 55, 407–415. [CrossRef] [PubMed]
Hermann, J.R.; Parker, S.P.; Brown, B.J.; Siewe, Y.J.; Denney, B.A.; Walker, S.J. After-school gardening
improves children’s reported vegetable intake and physical activity. J. Nutr. Educ. Behav. 2006, 38, 201–202.
[CrossRef] [PubMed]
Stahl, C.E.; Necheles, J.W.; Mayefsky, J.H.; Wright, L.K.; Rankin, K.M. 5-4-3-2-1 go! Coordinating pediatric
resident education and community health promotion to address the obesity epidemic in children and youth.
Clin. Pediatr. 2011, 50, 215–224. [CrossRef] [PubMed]
Schwarzer, R.; Cao, D.S.; Lippke, S. Stage-matched minimal interventions to enhance physical activity in
chinese adolescents. J. Adolesc. Health 2010, 47, 533–539. [CrossRef] [PubMed]
Spruijt-Metz, D.; Nguyen-Michel, S.T.; Goran, M.I.; Chou, C.P.; Huang, T.T. Reducing sedentary behavior
in minority girls via a theory-based, tailored classroom media intervention. Int. J. Pediatri. Obes. 2008, 3,
240–248. [CrossRef] [PubMed]
Francis, M.; Nichols, S.S.; Dalrymple, N. The effects of a school-based intervention programme on dietary
intakes and physical activity among primary-school children in trinidad and tobago. Public Health Nutr.
2010, 13, 738–747. [CrossRef] [PubMed]
Balamurugan, A.; Oakleaf, E.J.; Rath, D. Using paid radio advertisements to promote physical activity among
arkansas tweens. Prev. Chronic Dis. 2005, 2, A08. [PubMed]
Chen, J.L.; Weiss, S.; Heyman, M.B.; Vittinghoff, E.; Lustig, R. Pilot study of an individually tailored
educational program by mail to promote healthy weight in chinese american children. J. Spec. Pediatr. Nurs.
JSPN 2008, 13, 212–222. [CrossRef] [PubMed]
McDermott, R.J.; Davis, J.L.; Bryant, C.A.; Courtney, A.H.; Alfonso, M.L. Increasing physical activity in
children 8 to 12 years old: Experiences with verb summer scorecard. Percept. Motor Skills 2010, 111, 240–248.
[CrossRef] [PubMed]
Manios, Y.; Kafatos, I.; Kafatos, A. Ten-year follow-up of the cretan health and nutrition education program
on children’s physical activity levels. Perv. Med. 2006, 43, 442–446. [CrossRef] [PubMed]
Pate, R.R.; Saunders, R.; Dishman, R.K.; Addy, C.; Dowda, M.; Ward, D.S. Long-term effects of a physical
activity intervention in high school girls. Am. J. Perv. Med. 2007, 33, 276–280. [CrossRef] [PubMed]

Int. J. Environ. Res. Public Health 2016, 13, 664

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.
51.

52.

53.

54.

55.

56.

16 of 17

McKenzie, T.L.; Li, D.; Derby, C.A.; Webber, L.S.; Luepker, R.V.; Cribb, P. Maintenance of effects of the
catch physical education program: Results from the catch-on study. Health Educ. Behav. 2003, 30, 447–462.
[CrossRef] [PubMed]
Webber, L.S.; Osganian, S.K.; Feldman, H.A.; Wu, M.; McKenzie, T.L.; Nichaman, M.; Lytle, L.A.;
Edmundson, E.; Cutler, J.; Nader, P.R.; et al. Cardiovascular risk factors among children after a 2 1/2-year
intervention-the catch study. Perv. Med. 1996, 25, 432–441. [CrossRef] [PubMed]
Haerens, L.; De Bourdeaudhuij, I.; Maes, L.; Cardon, G.; Deforche, B. School-based randomized controlled
trial of a physical activity intervention among adolescents. J. Adolesc. Health 2007, 40, 258–265. [CrossRef]
[PubMed]
Baranowski, T.; Baranowski, J.; Thompson, D.; Buday, R.; Jago, R.; Griffith, M.J.; Islam, N.; Nguyen, N.;
Watson, K.B. Video game play, child diet, and physical activity behavior change a randomized clinical trial.
Am. J. Perv. Med. 2011, 40, 33–38. [CrossRef] [PubMed]
Horne, P.J.; Hardman, C.A.; Lowe, C.F.; Rowlands, A.V. Increasing children’s physical activity: A peer
modelling, rewards and pedometer-based intervention. Eur. J. Clin. Nutr. 2009, 63, 191–198. [CrossRef]
[PubMed]
Hardman, C.A.; Horne, P.J.; Fergus Lowe, C. Effects of rewards, peer-modelling and pedometer targets on
children’s physical activity: A school-based intervention study. Psychol. Health 2011, 26, 3–21. [CrossRef]
[PubMed]
Ezendam, N.P.; Brug, J.; Oenema, A. Evaluation of the web-based computer-tailored fataintphat intervention
to promote energy balance among adolescents: Results from a school cluster randomized trial. Arch. Pediatr.
Adolesc. Med. 2012, 166, 248–255. [CrossRef] [PubMed]
Wake, M.; Baur, L.A.; Gerner, B.; Gibbons, K.; Gold, L.; Gunn, J.; Levickis, P.; McCallum, Z.; Naughton, G.;
Sanci, L.; et al. Outcomes and costs of primary care surveillance and intervention for overweight or obese
children: The LEAP 2 randomised controlled trial. BMJ 2009, 339. [CrossRef] [PubMed]
Colchico, K.; Zybert, P.; Basch, C.E. Effects of after-school physical activity on fitness, fatness, and cognitive
self-perceptions: A pilot study among urban, minority adolescent girls. Am. J. Public Health 2000, 90, 977–978.
[PubMed]
Wilson, D.K.; Van Horn, M.L.; Kitzman-Ulrich, H.; Saunders, R.; Pate, R.; Lawman, H.G.; Hutto, B.; Griffin, S.;
Zarrett, N.; Addy, C.L.; et al. Results of the ”active by choice today” (act) randomized trial for increasing
physical activity in low-income and minority adolescents. Health Psychol. 2011, 30, 463–471. [CrossRef]
[PubMed]
Erwin, H.E.; Beighle, A.; Morgan, C.F.; Noland, M. Effect of a low-cost, teacher-directed classroom
intervention on elementary students’ physical activity. J. Sch. Health 2011, 81, 455–461. [CrossRef] [PubMed]
Gutin, B.; Owens, S. Role of exercise intervention in improving body fat distribution and risk profile in
children. Am. J. Hum. Biol. 1999, 11, 237–247. [CrossRef]
Jones, R.A.; Riethmuller, A.; Hesketh, K.; Trezise, J.; Batterham, M.; Okely, A.D. Promoting fundamental
movement skill development and physical activity in early childhood settings: A cluster randomized
controlled trial. Pediatr. Exerc. Sci. 2011, 23, 600–615. [PubMed]
Burke, V.; Milligan, R.A.; Thompson, C.; Taggart, A.C.; Dunbar, D.L.; Spencer, M.J.; Medland, A.; Gracey, M.P.;
Vandongen, R.; Beilin, L.J. A controlled trial of health promotion programs in 11-year-old using physical
activity ”enrichment” for higher risk children. J. Pediatr. 1998, 132, 840–848. [CrossRef]
Hopper, C.A.; Munoz, K.D.; Gruber, M.B.; Nguyen, K.P. The effects of a family fitness program on the
physical activity and nutrition behaviors of third-grade children. Res. Q. Exerc. Sport 2005, 76, 130–139.
[CrossRef] [PubMed]
Manios, Y.; Moschandreas, J.; Hatzis, C.; Kafatos, A. Health and nutrition education in primary schools of
crete: Changes in chronic disease risk factors following a 6-year intervention programme. Br. J. Nutr. 2002,
88, 315–324. [CrossRef] [PubMed]
Taylor, R.W.; McAuley, K.A.; Barbezat, W.; Strong, A.; Williams, S.M.; Mann, J.I. Apple project: 2-y findings
of a community-based obesity prevention program in primary school age children. Am. J. Clin. Nutr. 2007,
86, 735–742. [PubMed]
Webber, L.S.; Catellier, D.J.; Lytle, L.A.; Murray, D.M.; Pratt, C.A.; Young, D.R.; Elder, J.P.; Lohman, T.G.;
Stevens, J.; Jobe, J.B.; et al. Promoting physical activity in middle school girls: Trial of activity for adolescent
girls. Am. J. Perv. Med. 2008, 34, 173–184. [CrossRef] [PubMed]

Int. J. Environ. Res. Public Health 2016, 13, 664

57.

58.
59.

60.

61.

62.

63.

17 of 17

Kalavainen, M.P.; Korppi, M.O.; Nuutinen, O.M. Clinical efficacy of group-based treatment for childhood
obesity compared with routinely given individual counseling. Int. J. Obes. 2007, 31, 1500–1508. [CrossRef]
[PubMed]
Toruner, E.K.; Savaser, S. A controlled evaluation of a school-based obesity prevention in Turkish school
children. J. Sch. Nurs. 2010, 26, 473–482. [CrossRef] [PubMed]
Balas-Nakash, M.; Benitez-Arciniega, A.; Perichart-Perera, O.; Valdes-Ramos, R.; Vadillo-Ortega, F. The
effect of exercise on cardiovascular risk markers in mexican school-aged children: Comparison between two
structured group routines. Salud Publica Mex. 2010, 52, 398–405. [CrossRef] [PubMed]
Okely, A.D.; Collins, C.E.; Morgan, P.J.; Jones, R.A.; Warren, J.M.; Cliff, D.P.; Burrows, T.L.; Colyvas, K.;
Steele, J.R.; Baur, L.A. Multi-site randomized controlled trial of a child-centered physical activity program, a
parent-centered dietary-modification program, or both in overweight children: The hikcups study. J. Pediatr.
2010, 157, 388–394. [CrossRef] [PubMed]
Martinez Vizcaino, V.; Salcedo Aguilar, F.; Franquelo Gutierrez, R.; Solera Martinez, M.; Sanchez Lopez, M.;
Serrano Martinez, S.; Lopez Garcia, E.; Rodriguez Artalejo, F. Assessment of an after-school physical activity
program to prevent obesity among 9- to 10-year-old children: A cluster randomized trial. Int. J. Obes. 2008,
32, 12–22. [CrossRef] [PubMed]
DeVault, N.; Kennedy, T.; Hermann, J.; Mwavita, M.; Rask, P.; Jaworsky, A. It’s all about kids: Preventing
overweight in elementary school children in Tulsa, OK. J. Am. Diet. Assoc. 2009, 109, 680–687. [CrossRef]
[PubMed]
Taylor, R.W.; McAuley, K.A.; Barbezat, W.; Farmer, V.L.; Williams, S.M.; Mann, J.I. Two-year follow-up of an
obesity prevention initiative in children: The apple project. Am. J. Clin. Nutr. 2008, 88, 1371–1377. [PubMed]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

