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Summary

Objective

This review and meta-analysis aim at updating a previous meta-analysis carried out by
Waters et al. on the efficacy of interventions aimed at preventing childhood obesity and
at identifying predictors of outcome.

Methods

Using an ad-hoc search string, PubMed database was searched for studies assessing
body mass index reduction associated with programmes lasting ≥12 weeks in
overweight and obese children aged 2–18 years. Studies designed for children with
eating disorders or relevant comorbidities were excluded. Studies meeting inclusion
criteria were classified according to patient age (<6, 6–12 and 13–18 years), and
intervention type (physical activity, diet or both), setting (educational, family or both)
and duration (≤1 or >1 year). The search was also extended to other databases. Hand-
searching techniques were also applied. The Cochrane ‘risk of bias’ was applied for
quality assessment.

Results

Seventy-two studies were meta-analysed. Overall, the best results were achieved by
programmes combining diet and physical activity (n = 39). With regard to the setting,
programmes involving both school and family and lasting ≤1 year were the most
efficacious for 6- to 12-year-old children (n = 26); family-based-only interventions were
also effective in children <6 years old (n = 2), although results have to be interpreted
cautiously because of the small number of patients enrolled and the high study
heterogeneity. In 13- to 18-year-old patients, interventions delivered at school (n = 8)
were substantially unsuccessful.

Conclusions

Interventions for childhood obesity prevention should include both diet and physical
activity, be preferentially targeted towards school age children and involve both the
school and family setting. However, because of the important methodological limitations
associated with currently available literature, additional studies are needed to draw
definite conclusions.
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Introduction

In the last decades, overweight and obesity have
exponentially grown worldwide, in both genders and

across all ethnicities, reaching epidemic proportions in
adults (1) but also in adolescents and children (2–5).
Approximately 24% and 13% of the paediatric population
is currently over the body mass index (BMI) standards for
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age and sex in developed and developing countries,
respectively (1). Alarming increasing trends have been
observed in developing countries, while rates tend to
gradually decrease or be stable in Europe, USA and
Australia (1).

Childhood obesity predisposes to adult obesity (6–8)
but also early-onset and late-onset cardiovascular and
metabolic diseases (i.e. hypertension, atherogenic
dyslipidemia and type 2 diabetes (9–13)); pulmonary
(14), hepatic (15), renal (16) and musculoskeletal
complications (17,18); and premature death (19). Finally,
it has been associated with poor health-related quality
of life because of social stigmatization (20,21) and
negative emotional states (i.e. diminished perception of
health and self-esteem).

Once established, childhood obesity is very difficult to
be reversed because of the poor long-term compliance
to lifestyle interventions. Moreover, a very limited number
of efficacious drugs are available, and surgery is invasive
and presents important side effects (22,23).

Based on these evidences, the governments of several
countries have implemented strategies to prevent
childhood obesity through the promotion of healthy
lifestyles in schools and primary care settings (24–28).

Waters et al. (24) recently revised and meta-analysed
data on the effectiveness of the various educational and
lifestyle interventions aimed at preventing child obesity.
After stratifying studies for programme context and
duration and patient age, authors concluded about the
overall effectiveness of the proposed interventions in
reducing BMI, particularly of those targeting school-aged
children (6 to 12 years).

Study objective

The aims of the present study are (i) to update the results
of a previous meta-analysis by Waters et al. (24), including
both RCTs and non-randomized trials published up to
June 2015; (ii) to confirm and define the effectiveness of
specific interventions stratifying by patient age, and
intervention setting and duration; and (iii) to conduct
subgroup analyses to explore the effects of specific
interventions in each age group.

Materials and methods

The definition of ‘overweight’ and ‘obesity’, based on BMI
cut-offs, has changed over time (29–32). In this study,
following Barlow et al. classification (30), ‘overweight’
was defined as a BMI between the 85th and 94th
percentile for age and sex and ‘obesity’ as a BMI >95th
percentile.

The standardized BMI (body mass index Z-score or
body mass index standard deviation score [BMI-SDS])
was identified as the most appropriate outcome measure
for the purpose of our analyses (24).

Literature search strategy was performed according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines (33) using a specific
protocol.

A PICO(S) question based on the following components
was developed:

• P (population): obese and overweight children and
adolescents;

• I (intervention) and C (comparison): educational,
lifestyle and health promotion; psychological and
motivational interventions, directed to children/
adolescents and/or their families, focusing on diet
and/or physical activity;

• O (outcome): obesity reduction, measured as
reduction in standardized BMI score; and

• (S) (study type): randomized and non-randomized
intervention studies.

After the proper identification of the major elements of
the PICO question, natural language terms were
translated to subject descriptors, Medical Subject
Heading terms or descriptors. Terms in each field were
selected by two readers (D. G. and F. G.). Any
discrepancy in the selection of terms was addressed
through discussion.

Literature search was performed using an ad-hoc
search string (Table S1) that expanded the one used by
Waters et al. (24). PubMed database (http://www.ncbi.
nlm.nih.gov/pubmed) was initially searched (last update
31 June 2015) to identify articles written in English
comparing interventions to prevent paediatric obesity.
The search was also extended to the Embase database
(https://www.elsevier.com/solutions/embase-
biomedical-research) and the Cochrane Library (http://
www.cochranelibrary.com).

Two of the authors (D. G. and F. G.) independently
identified relevant articles by abstract reading. To find
additional studies of interest, the reference list of each
paper retrieved was hand searched using the methods
described by Greenhalg et al. (34)

The inclusion and exclusion criteria and the algorithm
followed for study retrieval and selection are reported
in Figure 1. Briefly, interventions lasting ≥12 weeks,
performed in overweight and obese children aged
2–18 years, were included. Studies designed for children
with eating disorders or had relevant comorbidities were
excluded.
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Data extraction and selection

For each article that met inclusion criteria, two of the
investigators (G. M. and S. C.) independently extracted:
first author, year, country, sample size, description of
the intervention, age group (<6, 6–12 and 13–18 years
old), type of intervention (physical activity, diet or both),
setting (educational, family or both), duration of the
intervention (≤1 or >1 year) and change in BMI.

Statistical analysis

The meta-analyses reported in this paper evaluated the
effect of each type of intervention on BMI-SDS reduction
using REVMAN version 5.2.11 (http://tech.cochrane.org/
revman). Data entered in REVMAN included pre-change/
post-change in BMI-SDS for the intervention and the
control groups, the number of participants for each
treatment group in the trial and standard deviations
(SDs). In case of missing SD, the SD was estimated by
imputing SDs of other studies using the same outcome
measures.

First, the 37 studies included in Waters’ meta-analysis
(24) were compared with the 35 of the studies published
after February 2010. Then, data from all studies (n = 72)
were analysed after stratifying by

• patient age (<6, 6–12 and >12 years old);
• intervention setting (educational setting, family or

both);
• type of intervention (physical activity, diet and

combined); and
• intervention duration (≤1 or >1 year).

These variables were selected among other possible
modifiers of outcome, because they were considered of
major interest for informing health professionals on
preventive activities and health policymakers in planning
preventive strategies.

A fixed-effect model was initially used for the meta-
analyses. χ2-test was used to test mean subgroup
differences in BMI-SDS, and Z-test was used to test the
overall effect of interventions in specific subgroups.
Heterogeneity was measured using I2-test. If significant
heterogeneity was present (p < 0.05 from the χ2-test), a
random-effect model was used (35). The random effect
model was also used when heterogeneity was not
significant, but the number of studies was ≤5, as the test
for heterogeneity is known to have low power when the
number of studies is small. Forest plots were used to
illustrate results from meta-analyses (36). An I2 between
50% and 90% was assumed as ‘substantial’ (37).

Study quality

The ‘risk of bias’ tool, developed by the Cochrane
Collaboration (38), was applied to each study to identify
potential biases of selection, performance, attrition,
detection and reporting that could undermine study
validity. The assessment was performed by two authors
(G. M. and S. C.); disagreement was resolved by
discussion. Additional meta-analyses, including only
high-quality studies – defined using the risk of bias tool
(41) – and comparing them to low-quality studies, were
lastly carried out.

Results

A total of 1,723 articles of potential interest were initially
identified. Based on the pertinence of the abstract,
1,524 of them were excluded; the remaining 190 were
read in extenso. Thirty-five of them (22,39–72) were
considered pertinent (1 non-randomized trial and 34
randomized controlled trial [RCT]) and were thus included
in the meta-analyses, together with the 37 studies (31

Figure 1 Flowchart showing the process of article selection.
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RCT and 6 non-randomized trial) already included in
Waters et al. meta-analysis (24).

The main features of the studies included in the meta-
analyses are reported in Table S1. Eight studies included
a dietary intervention (8 RCT), 22 an intervention based on
physical activity (20 RCT and 2 non-randomized clinical
trial) and 42 both (37 RCT and 5 non-randomized clinical
trial). These interventions were compared with standard
care, consisting of BMI assessment at specific time points
and general recommendations on healthy lifestyles.

The dietary intervention, in the majority of the studies,
consisted of a prescribed daily diet of 1,500 to 1,800
calories intake, with a balance of nutrients and calories
across the day (i.e. breakfast, lunch, dinner and snacks).
The most common way of monitoring diet adherence
was carried out through a detailed nutrition diary, with
feedback provided by the study dietician or the operator

involved. In the majority of the studies, the nutritional
interventions were carried out following recognized
guidelines and with specifically trained operators. As far
as physical activity interventions, most of the studies
implemented programmes of 20/30 min medium-intensity
to high-intensity physical activity, 5 to 7 times a week,
mostly adopted in the school context or through
information and recommendations to families.

When studies included in Waters’ meta-analysis (24)
were compared with those published later, the more
recent studies, although associated with a significant
BMI reduction, proved to be significantly less effective
than the older ones and more heterogeneous (�0.07
[�0.09, �0.05] vs. �0.14 [�0.18, �0.09]; χ2 = 6.92,
p < 0.001; Figure 2a,b).

The meta-analysis by age group revealed the strongest
effect in children 6–12 years old (mean BMI reduction:

Figure 2 (a) Subgroup analysis of new studies included; (b) subgroup analysis of older studies already included in other meta-analyses.
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�0.28 [�0.36, �0.20]). Weaker, although significant,
effects were found in the groups aged 2–5 and
13–18 years old (�0.24 [�0.42, �0.06] and �0.26,
[�0.41, �0.11], respectively). A moderate mean BMI-
SDS reduction was found for interventions based on
physical activity or diet alone (�0.22 [�0.34, �0.11] and
�0.17 [�0.30, �0.04], respectively), and a higher
reduction was achieved by combined programmes
(�0.29 [�0.38, �0.19]). Because the presence of a
behavioural component was considered to play an

important role in the determination of the efficacy of the
intervention, an exploratory sensitivity subgroup analyses
comparing interventions including and non-including a
behavioural component was performed. However, no
significant differences between groups was identified
(p = 0.66, I2 = 0%) (Figure S2). Stratification by
intervention setting pointed out the highest effectiveness
of programmes delivered both at children’s family and
educational setting (i.e. schools or kindergartens) (mean
BMI-SDS reduction: �0.48 [�0.70, �0.26]), followed by

Figure 2 (Continued)
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interventions delivered only at family setting (�0.30
[�0.48, �0.11] and, lastly, at educational setting �0.22
[�0.34, �0.11]).

The intervention duration had also a strong impact on
outcome: the mean BMI reduction associated with
interventions lasting ≤1 year was almost twice higher than
those lasting >1 year (�0.32 [�0.41, �0.24] vs. �0.17
[�0.30, �0.05]; χ2 = 3.49, p < 0.01).

Subgroup analyses were conducted to explore the
effects of specific interventions in each age group
(Table 1). In children aged 2–5 years old, only four RCTs
out of 10 studies reported the effectiveness of combined

interventions. Family setting appeared more suitable than
educational setting (Figure 3a,b) for this type of
intervention (mean BMI-SDS reduction: �0.36 [�0.65,
�0.07], I2 = 59% vs. �0.085 [�0.21, 0.0], I2 = 0%,
χ2 = 3.0, p = 0.08, I2 = 67%).

In the age group 6–12 years, comprising 47 studies
(65.3%) (41 RCT and 6 non-randomized trials), diet alone
was insufficient to significantly reduce BMI, regardless of
the intervention setting. Physical activity was extremely
effective when introduced in the educational setting,
either alone (mean BMI-SDS reduction: �0.13 [�0.19,
�0.06], I2 = 79%) or in association with diet (�0.11

Table 1 Summary of the main findings for the subgroup analysis

Setting
Type of

intervention

Age

Preschool School Adolescents

n Significance n Significance n Significance

Family Combined 2 * 7 NS
Diet 2 NS
Physical activity

School Combined 2 NS 12 * 8 NS
Diet 3 NS
Physical activity 14 *

Combined Combined 6 * 2 NS
Diet
Physical activity

*Significant results found in the meta-analysis.
n, number of studies; NS, no significant results found in the meta-analysis.

Figure 3 (a) Subgroup analysis of combined interventions in family setting in children <6 years; (b) subgroup analysis of combined interventions
in educational setting in children <6 years.
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[�0.16, �0.06], I2 = 91%) (Figure 4a,b), but not in the
family setting (�0.09 [�0.21, 0.03], I2 = 83%). The best
results were achieved by combined (diet + physical
activity) interventions delivered in the family and
educational settings (�0.15 [�0.22, �0.07], I2 = 94%)
(Figure 5).

In adolescents (age 13–18 years), combination
interventions (diet + physical activity) delivered at
educational or educational + family setting did not reduce
the BMI significantly (Figure 6a,b).

Lastly, stratification by study quality showed that, after
excluding 31 studies with unknown risk of bias, a
significant BMI-SDS reduction was achieved only in the
29 studies with low risk (�0.10 [�0.12, �0.08]; Z = 9.44;

p < 0.0001) and not in the 12 studies with high risk of bias
(�0.07 [�0.17, 0.03]; Z = 1.41, p = 0.16) (Figure 7). No
significant differences between subgroups were identified
(p = 0.66, I2 = 0%) (Figure S1).

Discussion

The present study extended Waters et al. meta-analysis
(24) to randomized and non-randomized trials published
between 2010 and 2015. Overall, 72 trials analysing the
effectiveness of preventive interventions for paediatric
obesity were identified, involving a total of 49,166 children
aged 2–18 years.

Figure 4 (a) Subgroup analysis of physical activity interventions in educational setting in children 6–12 years; (b) subgroup analysis of combined
interventions in educational setting in children 6–12 years.
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The first important finding is that more recent studies,
although associated with a significant BMI reduction,
were less effective than the less recent ones. A possible
interpretation of this result is that recent studies were very
heterogeneous (I2 = 94% vs. I2 = 82%), and the majority
were conducted on small samples (19/35 [54%] in recent
studies vs. 12/37 [32%] in older studies had a sample size
<100). In addition, low risk of bias was identified in a
higher number of recent studies (17/35, 49%) as
compared with older ones (12/37, 32%) (Figure S3).

As to pre-school children, the present study provides
new evidence on the effectiveness of the combination of

diet and physical activity for interventions carried out in
the family context. This result confirms that parental
involvement is a predictor of intervention success, in line
with evidence suggesting the prominent parental role in
the prevention of unhealthy dietary habits (73,74) and
promotion of physical activity (75) in young children.
However, the lack of studies exploring the effects of diet
alone or physical activity in this age group prevents from
drawing definite conclusions about the best intervention
strategy.

As to the age group 6–12 years, the current meta-
analyses by subgroups of interventions and setting

Figure 5 Subgroup analysis of combined interventions in combined settings in children 6–12 years.

Figure 6 (a) Subgroup analysis of combined interventions in educational setting in adolescent >6–12 years; (b) subgroup analysis of combined
interventions in combined settings in adolescent >6–12 years.
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emphasized that the most effective interventions proved
to be those combining diet with physical activity,
delivered in the family and the school setting, and
confirmed that school-age children are the best target
group for these interventions. This result is consistent
with the previous literature reviews (76–80) and meta-
analyses (81,82) and was the basis for the
recommendations issued by the American Academy of
Pediatrics (27) and the Endocrine Society (83) for
childhood obesity prevention. As Katz et al. (77,78)
emphasized, in school age children, the six daily hours
children spend in school more than half the year
constitute a substantive allocation of their time and their
lives, so it is important that the school responsibility to
educate includes also education on healthy lifestyles.
However, it may be both unrealistic and unreasonable to
expect that school-based interventions in isolation will
appreciably influence the health, or weight, of children.
In fact, children, like adults, are exposed to a large
number of obesogenic factors on a daily basis (from
ubiquitous access to highly palatable, energy-dense
foods to an ever proliferating array of labour sparing
technologies) out of the school time, and this points to

the need to involve families and school in the intervention
programme.

As to adolescents, evidence available from eight
studies using combination interventions showed no
effects on BMI reductions, confirming Waters’ results
based on six studies. Previous research studies have
demonstrated that there are many challenges in achieving
adolescents’ adherence to preventive programmes that
are intrinsic to their developmental stage and demands
for peer normalcy (84). Trapp et al. (85,86) argued that
successful interventions for teens tend to be those that
reduce the cognitive and emotional barriers associated
with a proper acceptance of their physical aspect, and
encourage a supportive environment at home, at school
and with peers, aimed at consolidating patients’
adherence to the suggested programme and motivate
behaviour changes.

Recent evidence highlights the association between
low socioeconomic status and higher BMI in children
aged 8–9 years in Italy (87) and 6–12 years in other
countries (88). Strategies for the reduction of overweight
and obesity rate, starting from childhood, could therefore
contribute to reduce health inequalities (88). Because of

Figure 7 (a) Subgroup analysis of intervention duration less than 1 year in adolescent >12 years; (b) subgroup analysis of intervention duration
longer than 1 year in adolescent >12 years.
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the expected significant reduction of short-term and long-
term healthcare costs associated with preventive
interventions for obese children (89), the identification of
effective interventions targeted to specific age groups
and settings is fundamental and urgent for a more
appropriate funding allocation, in times of budget
constraints and financial crisis. Future research should
focus on a more detailed description of the factors and
determinants of the ‘obesogenic environment’ to which
children are exposed, in order to assess feasibility and
sustainability of the suggested programmes.

Finally, the potential increase of risky eating behaviours
associated with programmes aimed at reducing obesity
has to be considered. Indeed, only few RCTs (carried
out in school age children) looked at whether
programmes were harmful (24). Results from these
studies suggest that obesity prevention strategies do
not increase the frequency of adverse effects such as
underweight, unhealthy eating practices, teasing,
stigmatization, body image perceptions, satisfaction and
self-worth.

Some important study strengths can be identified.
First, it was performed according to the authoritative
Cochrane guidelines and method for systematic reviews
and meta-analysis. To allow a direct comparison with a
previous work by Waters et al. (24), we initially applied
the same inclusion criteria during the selection of studies
published in the subsequent years to be included in the
analysis. Then, we analysed non-RCT to provide results
from the most comprehensive possible analysis of
available literature. Further subgroup analyses, based on
patients’ and study’s features, were performed to identify
predictors of study outcome. Finally, we assessed the risk
of bias for the various studies.

On the other hand, the results of our analyses should
be interpreted in light of some limitations. The first one
is data heterogeneity. The inclusion of the most recent
literature and the subgroup analyses confirmed, in fact,
the high study heterogeneity for both children and
intervention characteristics (i.e. amount, distribution and
quality of daily caloric intake; duration and type of
physical activity; time and type of educational
programmes; and categories of professionals involved).
The behavioural component did not contribute to
determine the heterogeneity of our study, as shown by
the exploratory sensitivity analysis (Figure S2).

The presence of non-randomized trials and unadjusted
data for some studies may have significantly contributed
to the increase of heterogeneity in the meta-analyses.
For instance, in three out of seven non-randomized
studies, a selection bias was introduced by selecting
children with a BMI >75th percentile for inclusion in the
intervention group (39,90,91). Still, most of the studies

addressed attrition bias; some tried to analyse the
potential impact of missing data on their results and
provided information about the characteristics of
participants who did not complete post-intervention
evaluations. No differences were identified by the
sensitivity subgroup analysis (Figure S1), and the quality
of the included RCTs, assessed using Cochrane’s tool,
was good (low risk of bias) in 29 (40.2%) studies. The
second limitation is the use of BMI as the only
anthropometric measure used as outcome. Among the
various suggested anthropometric measures, BMI is the
most commonly used to assess overweight and
improvement associated with study intervention, but it
does not allow to assess body composition (i.e. adipose
vs. muscle tissue) (92).

Third, there is a large imbalance in the number of
studies carried out in each age group. Two-thirds of them
were, in fact, conducted in children aged 6–12 years, and
the limited number of studies in the age groups 2–5 and
13–18 years increases the risk of overestimating or
underestimating the effects of the interventions. As a
result, conclusions about the most appropriate and
advantageous interventions in terms of cost-
effectiveness and feasibility for pre-school children or
adolescents should be interpreted cautiously (93).

Finally, we must take into account that in order to
translate and address obesogenic factors at individual,
family and environmental level, an effective prevention
strategy must combine complementary strengths:
population approaches such as health promotion
campaigns, taxes and subsidies, or government
regulation such as regulation of food pricing, marketing
and advertising or implementation of food quality, with
individual approaches such as counselling by family
doctors, to change people’s perception about the norm
in healthy behaviour (89,94). Feasibility and sustainability
of interventions might take advantage of new ways of
ensuring that research findings benefit all children by
embedding and integrating all the successful and
effective programmes’ activities into everyday practice,
either for the different settings (homes and schools) and
in the healthcare system and more generally in the
community.

Conclusions

Evidence from the present study suggests that the
resources available to counteract childhood obesity with
preventive interventions should be preferentially targeted
towards school age children, using multicomponent
interventions involving schools and families, confirming
the results achieved by the previous meta-analysis that
this review updates. The additional stratified analysis by
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age group showed no significant effects achieved in the
adolescent group. In the small pre-school children group,
the study provides new evidence for the combination of
diet and physical activity interventions carried out in the
family setting. In the school age group, this study
demonstrates the effectiveness of physical activity
interventions carried out in the school context and of
interventions combining diet and physical activity carried
out both in the school setting only and in a setting that
involves school and families.
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Figure 1: Subgroup sensitivity analysis assessing
study risk of bias performed using the Cochrane
Risk of Bias Tool. Forest plot of individual and
pooled weighted mean differences measured as
BMI-SDS reduction. Studies are divided into two
groups, ‘LOW’ and ‘HIGH’ according to their risk of
bias. A negative mean difference favors the
intervention group. Data were pooled using a
random effects model. SD, standard deviation; IV,
inverse variance method; CI, confidence interval.
Figure 2: Subgroup sensitivity analysis comparing
studies that included (above) and did not include
(below) behavioural changes in the program. Forest
plot of individual and pooled weighted mean
differences measured in terms of BMI-SDS reduc-
tion. A negative mean difference favors the inter-
vention groups. Random effects model was used
to pool data. SD, standard deviation; IV, inverse
variance method; CI, confidence interval.
Figure 3: Subgroup sensitivity analysis comparing
studies included in a previous meta-analysis by
Waters et al. [24] (below) and subsequent studies
(published after 14th February 2010; above). Forest
plot of individual and pooled weighted mean
differences measured in terms of BMI-SDS reduc-
tion. A negative mean difference favors the inter-
vention groups. Random effects model was used
to pool data. SD, standard deviation; IV, inverse
variance method; CI, confidence interval.
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