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Abstract
Background  The goal of this systematic review is to synthesize the published meta-analyses assessing the role of nutritional, 
behavioral and physical activity factors/interventions on the prevention or treatment of pediatric and adolescent obesity.
Methods  An online search was conducted in PubMed (end-of-search: September 30, 2015); English-language meta-analyses 
pooling observational and/or interventional studies examining weight-related indices on children and adolescents were 
included.
Results  Sixty-six meta-analyses corresponding to more than 900,000 children and adolescents were retrieved. The major-
ity of meta-analyses included interventional studies most of which referred to mixed or combined interventions, including 
components such as diet, physical activity and sedentary behavior reduction. Discrepancies between meta-analyses on 
observational and interventional studies were noted. Combined interventions including physical activity and nutritional 
modifications seemed to represent the most effective means for tackling childhood obesity.
Conclusions  Synthesis of interventional or observational evidence may yield discrepant results. The combination of enhanced 
physical activity and improved nutrition emerged as a promising intervention in the fight against childhood/adolescent obesity. 
However, further research is needed about the most effective multidimensional prevention strategy.
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Introduction

According to the World Health Organization, overweight 
and obesity are defined as the abnormal and the excessive 
fat accumulation, respectively, that may impair health [1]. A 
child or adolescent is considered overweight if it is above the 
85th percentile and obese if it is above the 95th percentile 
[2]. Childhood and adolescence obesity has skyrocketed dur-
ing the latest decades and has become extremely prevalent in 
the developed world leading to a modern “obesity epidemic” 
[3]. Four out of ten children in North America, in Europe, 
and almost three out of ten in the western Pacific were pre-
dicted to have abnormally high weight by 2010 [4]. Child-
hood obesity is associated with various morbidities later in 
life such as adulthood obesity [5] and diabetes mellitus [6]. 
The subsequent health consequences [7–9] including the 
increased mortality risk [10] are currently considered among 
the major public health challenges [2, 7, 11].

To tackle this progressing problem, a great number of 
trials, meta-analyses and systematic reviews have been 
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published. Many interventions including diet, increase in 
physical activity and behavioral modifications have been 
proposed either separately or combined [12, 13]. Given 
that high quality metaanalyses play a central role in shap-
ing “level A” grades of recommendations [14], the present 
systematic review focuses especially on the published meta-
analyses that summarized observational and/or interven-
tional evidence on nutritional, physical activity and behav-
ioral factors regarding the prevention and/or treatment of 
childhood and adolescent obesity. Drug interventions were 
beyond the scope of the present study.

Methods

Search strategy and eligibility of studies

The present systematic review was performed following the 
guidelines of the PRISMA statement [15]; the PRISMA 
Checklist is provided as supplementary material. A system-
atic search was conducted in PubMed (end-of-search: Sep-
tember 30, 2015) using the following search algorithm: (child 
OR childhood OR children OR adolescent OR adolescents 
OR puberty OR pubertal) AND (obese OR obesity OR over-
weight OR “body mass”) AND (diet OR dietary OR nutrition 
OR nutritional OR eating OR food OR foods OR protein OR 
proteins OR lipid OR lipids OR fat OR fats OR macronutrient 
OR macronutrients OR micronutrient OR micronutrients OR 
vitamin OR vitamins OR milk OR dairy OR fruit OR fruits 
OR vegetable OR vegetables OR meat OR poultry OR fish 
OR grain OR grains OR legumes OR juice OR breakfast 
OR dinner OR water OR alcohol OR beverage OR bever-
ages OR coffee OR tea OR chocolate OR sweet OR sweets 
OR exercise OR “physical activity” OR sedentary) AND 
(meta-analysis OR meta-analyses OR “systematic review”). 
A detailed list of nutritional terms was included due to the 
anticipated heterogeneity of nutritional terminology that is 
applied across the studies in contrast to studies regarding 
physical activity. Studies pertaining exclusively to behavioral 
changes were anticipated to be included in the search results 
since the vast majority of behavioral interventions concern 
either dietary modifications or physical activity or sedentary 
life interventions. Subsequently, the reference lists of the 
retrieved articles were searched in a “snowball procedure”, 
to include further eligible articles in this review.

Inclusion criteria were as follows: (1) the study had to be a 
meta-analysis published in English language; (2) meta-analy-
ses synthesizing interventional as well as observational studies 
were deemed eligible; (3) the study subjects or a fraction of 
them should be children and adolescents according to the age 
range definition provided by each study separately and there 
should be a specific subgroup analysis for this age range; (4) if 
the intervention/exposure was multifactorial, it should include 

at least a modification of one diet-related or physical activity-
related factor. These included also behavioral modifications on 
parents/children aiming at nutrition/dietary modifications of 
children, increase in physical activity and sedentary life reduc-
tion; (5) the outcome should pertain to the prevention or treat-
ment of obesity [in terms of weight change, body mass index 
(BMI), Z scores, overweight/obesity status, fat mass reduc-
tion, central obesity]. Although we acknowledge the inherent 
limitations of assessing each of the abovementioned obesity 
indices separately, we opted to include all the relevant stud-
ies to provide a more complete overview of the available evi-
dence and formulate enhanced directions for future research. 
Proxy outcomes such as eating habits, quantity of meals, etc., 
were not included; (6) meta-analyses examining surgical or 
drug-related interventions for obesity were not included. Two 
reviewers (ST and MK) independently performed the selection 
of studies; in case of disagreement, final decision was reached 
by team consensus.

Data extraction and effect estimates

The extraction of data comprised the first author’s name, pub-
lication year, description of the population, time frame and 
eligibility criteria regarding the studies included in each meta-
analysis, type and description of the intervention/exposure as 
well as the corresponding outcomes, number of studies/sub-
jects, and the results of each meta-analysis. Effect estimates 
yielded by random effects models were preferred over the 
fixed-effect ones, due to the superiority of the first in accom-
modating the heterogeneity. Studies describing provision of 
meals or implementation of specific physical activity programs 
were referred to as “actual” interventions, whereas studies con-
cerning behavioral or educational interventions were allocated 
in the corresponding subcategory. Regarding physical activ-
ity interventions, “actual” were considered those interventions 
pertaining to specific exercise programs implementation such 
as those in the context of the school curriculum, whereas the 
remaining interventions such as the family-based ones were 
included in the behavioral and educational groups.

If the required data for the review were not readily available 
in the published article, the corresponding authors were con-
tacted twice (a reminder e-mail was sent after the first e-mail). 
Two reviewers (ST and MK) independently performed data 
abstraction, and, in case of disagreement, final decision was 
reached by team consensus.

Results

Description of eligible studies

The f lowchart describing the subsequent steps of 
the selection of eligible studies is presented as a 
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Supplementary Fig. 1. Through the algorithm, 933 arti-
cles were retrieved, among which 711 were considered 
irrelevant to the present topic and 154 were relevant 
but were not meta-analyses. Four studies [16–19] were 
excluded due to overlap with more updated articles by the 
same research teams [20–23]. In particular, a Cochrane 
meta-analysis [16] was updated [21] in 2009, a report by 
Wang et al. [17] overlapped with a newer study by the 
same team [20], the Cochrane report [18] by Langford 
et al. overlapped with a newer article [22] and the study 
by Collins et al. [19] was excluded due to overlap with 
another more recent study [23] by the same authors. One 
meta-analysis was excluded due to language [24], one due 
to insufficient data regarding children and adolescents 
[25] and another one because it was a letter to the editor 
[26]. Two corresponding authors replied and provided 
further data for their studies [27, 28]. After adding five 
articles from the snowball procedure [29–33], 66 articles 
were finally included in the review [20–23, 27–88].

Dietary factors and interventions (Table 1, 
Supplementary Table 1)

Meta‑analyses including only non‑interventional studies

Increased dietary energy density (DED) is a relatively 
new parameter associated with obesity [89]. It is cal-
culated by dividing total food energy (kJ) by total food 
weight (g) excluding beverages. A meta-analysis [41] of 
six cross-sectional studies including 6800 children in 
the age group of 4–11 years showed a marginal posi-
tive correlation between DED and children’s fat mass 
index (FMI = fat mass in kg/height in m2) [change in 
FMI = 0.064, 95% confidence interval (CI) 0.01–0.11, 
P = 0.013]. However, the results became statistically 
non-significant when they were adjusted for internal and 
external biases.

The impact of meal frequency on childhood obesity has 
been the topic of two meta-analyses [28, 46]. Hammons 
et al. [46] analyzed eight studies with 44,016 children and 
suggested that having three or more family-shared meals 
per week reduced the possibility of a child becoming obese 
by 12% in comparison with those that consumed less than 
three family meals per week. Similar results came up 
from Kaisari et al. [28] who investigated the total number 
of meals/eating episodes consumed on a daily basis on 
18,849 children and adolescents. An inverse association 
between eating frequency and overweight/obesity status 
emerged, increased eating frequency, as compared with the 
lowest category, was associated with 22% lower likelihood 
of being overweight/obese [log(odds ratio) = − 0.24, 95% 
CI − 0.41 to − 0.06].

Meta‑analyses including interventional studies with actual 
interventions

Two meta-analyses [23, 27] pooling the effects of dietary 
randomized controlled trials (RCTs) concluded that diet 
alone could produce significant weight loss and reduce 
many obesity-related outcomes in children and adolescents. 
These effects were observed among children above 5 years 
of age and adolescents. Collins et al. [23] found that these 
outcomes were not only reduced [standardized mean differ-
ence (SMD) = − 1.82, 95% CI − 2.40 to − 1.23, P < 0.001], 
but also the result could be maintained during the follow-up, 
to a lesser extent (SMD = − 0.64, 95% CI − 0.89 to − 0.39, 
P < 0.001). However, some dietary interventions with active 
components did not achieve statistically significant results 
[22, 45], others’ results were marginally clinically signifi-
cant [47] and some meta-analyses had a limited number of 
included studies to provide a safe conclusion [88].

Meta‑analyses including interventional studies 
with behavioral and/or educational interventions

Nutritional education alone [36] yielded a mean BMI reduc-
tion of 0.33 kg/m2 (95% CI − 0.55 to − 0.11) in a meta-anal-
ysis including eight RCTs and 8451 participants. Despite 
that, the majority of dietary behavioral modification studies 
did not show any statistically significant effect on various 
weight-related outcomes [40, 44, 48, 80, 83, 84].

Meta‑analyses including both interventional 
and non‑interventional studies

Forshee et al. [51] found a very weak association between 
the sugar-sweetened beverages’ (SSB) consumption and 
children and adolescents BMI [effect size (ES) = 0.017 kg/
m2 change in BMI (95% CI − 0.009 to 0.044) during the 
time period defined by the study for each serving per day 
change in SSB consumption]. Another meta-analysis [58] 
with the same topic indicated that SSBs could cause weight 
gain: one daily serving of SSBs could lead to a 0.06-unit 
increase in BMI (95% CI 0.02–0.10) over a year’s period, 
and a 0.07-unit increase in BMI (95% CI 0.01–0.12) over the 
time period of each study, whereas replacing SSBs with non-
caloric beverages could induce a reduction in BMI of about 
0.34 kg/m2 (95% CI − 0.50 to − 0.18). However, another 
meta-analysis [42] did not find any correlation between 
dietary sugars and children’s BMI/BMI-Z score.

High frequency of cereal consumption [43] seemed to be 
associated with lower BMI and BMI-Z scores (ES = − 1.13 
units; 95% CI − 0.81 to − 1.46, P < 0.0001) and may halve 
the possibility of becoming overweight.

Another meta-analysis [71] regarding the efficacy of 
nutritional school programs and policies including children 
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Physical activity: behavioral and/or educational 
interventions

The meta-analysis of Katz et  al. [47] showed diversity 
between the effects of behavioral interventions targeting 
increase in physical activity. In populations including both 
sexes, there was an increase in absolute weight in kilograms 
(SMD = 1.87, 95% CI 1.31–2.42); in girls’ population, abso-
lute weight slightly fell (SMD = − 0.38, 95% CI − 0.74 to 
− 0.02), whereas in boys’ population it was not affected sig-
nificantly (SMD = − 0.14, 95% CI − 0.17 to 0.44). Luckner 
et al. [45] investigated the effects of exercise-promoting 
educational interventions in the general population which 
significantly reduced both BMI (WMD = − 0.15, 95% CI 
− 0.34 to 0.04) and body fat percentage (WMD = − 0.7, 95% 
CI − 1.05 to − 0.31) in subjects up to 18 years old. It should 
be noted, however, that such physical activity interventions 
based solely on behavioral/educational modification often 
failed to elicit significant results [40, 83] and, in addition, 
the number of eligible studies included in some of the meta-
analyses was very limited [47, 80, 84].

Combination of physical activity and dietary 
interventions (Table 3—upper panels, 
Supplementary Table 3)

Two meta-analyses [32, 59] including participants aged 
above 5 years found that interventions combining diet and 
exercise yielded a better outcome when compared to exer-
cise-only interventions or a no-intervention group. How-
ever, the same combination was not proven to be superior 
to diet alone [38]. Resistance training alone or added to 
diet increased lean body mass over a period of 4 months 
compared to diet only (pooled difference = 0.44 kg, 95% 
CI 0.04–0.84), and reduced body fat percentage more, in 
comparison with diet-only interventions (pooled differ-
ence = − 2.73%; 95% CI − 4.38 to − 1.09) [38]. In turn, Clark 
[27] showed that the combination of diet with resistance 
and endurance exercise could cause a remarkable decrease 
in fat mass and in BMI among children older than 5 years 
and adolescents.

School-based combined interventions were also effec-
tive in reducing multiple obesity-related indices [56] 
(r = 0.128, 95% CI 0.126–0.171, P < 0.001) and especially 
BMI according to Lavelle et al. [57] (overall BMI reduc-
tion = − 0.17 kg/m2, 95% CI − 0.29 to − 0.06, P < 0.001) 
and Wang et al. [20] (overall BMI reduction = − 0.30 kg/
m2, 95% CI − 0.45 to − 0.15). School-based combined 
interventions also reduced absolute body weight in 
kilograms [47] in mixed boys’ and girls’ populations 
(SMD = − 0.29 kg, 95% CI − 0.45 to − 0.14, P = 0.0002).

Combined interventions with or without family partic-
ipation might reduce multiple obesity-related outcomes 

4–11 years old did not show any significant results, except 
for the implementation of the School Breakfast Pro-
gram according to the Dietary Guidelines for Americans 
[weighted mean difference (WMD) = − 0.08 (95% CI − 0.14 
to − 0.02)]; however, the results suffered from a significant 
degree of heterogeneity among the pooled studies. Finally, 
no association was found between dairy product consump-
tion and adiposity-related outcomes in children [76]; never-
theless, an inverse relation appeared (ES = − 0.26, 95% CI 
− 0.38 to − 0.14, P < 0.0001) in adolescents.

Physical activity‑related factors and interventions 
(Table 2, Supplementary Table 2)

No pure observational meta-analyses were yielded by the 
search strategy. Regarding interventional approaches, the 
results are summarized below.

Physical activity: actual interventions

Various exercise intensities and modalities (e.g., aerobic, 
resistance or a combination of both) have been shown to 
positively affect body composition [33] by reducing body 
fat [61, 63, 77] while increasing fat-free mass [59]. Further-
more, body fat percentage was reduced to a greater extent 
when aerobic activity was combined with resistance exer-
cise (ES = 1.20 ± 0.35, 95% CI 0.34–2.10) than when aerobic 
activity was implemented alone (ES = 0.58 ± 0.31, 95% CI 
0.18–0.90), it was also inversely correlated with the intensity 
of the program [59] (low intensity ES = 0.97 ± 0.33, 95% 
CI 0.31–1.90 vs high intensity ES = 0.29 ± 0.10, 95% CI 
0.01–0.35). Body fat percentage reduction might be main-
tained for a significant period of time [60] (ES after 1 year 
follow-up = 0.84 ± 0.51; 95% CI 0.22–0.94).

Physical activity could often reduce fat mass per se [27, 
48, 68, 70] but, on the other hand, the effect on lean mass 
was not always statistically significant [65, 68, 70, 79]. Phys-
ical activity alone often did not have a notable effect on 
BMI in pediatric and adolescent populations [44, 48, 64, 71, 
72, 78]. Only few meta-analyses indicated a significant BMI 
reduction [22, 57, 79], while others showed that exercise and 
especially resistance exercise could even increase it [27, 59, 
68]. As for absolute body weight, the results were mixed as 
well. There was absolute weight loss in two meta-analyses 
[47, 79], whereas some showed that physical activity could 
cause weight gain [27, 47, 59] especially when resistance 
training was included [68] and others showed no effect at all 
[27, 61, 63, 73]. Two meta-analyses referred to waist circum-
ference but the results were not statistically significant [68, 
79]. Furthermore, it has to be noted that most of the eligible 
meta-analyses in this category reported on studies whose 
participants were above 4 years old; thus the results should 
be extrapolated with caution to younger ages.
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such as BMI, percentage of overweight or body fat per-
centage [48]. The largest effect size was observed in 
young children between 2 and 8 years old (ES = − 0.70, 
95% CI − 1.00 to − 0.40). It has to be noted that among 
the included studies only this meta-analysis by McGovern 
et al. provided subgroup analyses according to different 
age groups (2–8 and 9–18 years old). Interestingly, com-
bined lifestyle interventions produced significant results 
irrespective of the age group.

School-based behavioral interventions which improved 
dietary habits and increased physical activity were effec-
tive both in preventing weight gain [83] (reduction on 
BMI/BMI-Z score = − 0.10, 95% CI − 0.17 to − 0.03, 
P < 0.001) and in causing weight loss [84] (BMI/BMI-
Z score reduction = − 1.09 units, 95% CI − 1.84 to 
− 0.34, P < 0.001). Similar effectiveness in BMI reduc-
tion [44] was observed by combining nutritional edu-
cation and physical exercise in students’ population 
(SMD = − 0.37 kg/m2, 95% CI − 0.63 to − 0.12, P < 0.01). 
However, three meta-analyses [22, 40, 73] showed inef-
fectiveness on BMI alone and another one [71] in BMI-
SDS (standard deviation score) reduction by combining 
the aforementioned interventions.

Combination of physical activity or diet 
plus another intervention (Table 3—lower panels, 
Supplementary Table 3)

Three meta-analyses [45, 59, 74] investigated the poten-
tial of combining diet or physical activity plus another 
intervention. LeMura et al. [59], who included parental 
and family behavioral interventions in addition to exer-
cise among participants older than 4 years, found a sig-
nificant boost to the body fat percentage reduction com-
pared to the one caused by exercise alone. Luckner et al. 
[45] examined two combinations, namely education plus 
physical activity, as well as education plus diet, but nei-
ther combination elicited statistically significant differ-
ence in BMI and body fat percentage. The combination 
of sedentary behavior reduction combined with exercise 
[74] induced mild changes in ΒΜΙ (ES =  − 0.089, 95% 
CI − 0.202 to 0.025, P = 0.125). The pooled results [74] 
of the combinations of sedentary behavior reduction 
with either diet or physical activity or both produced an 
overall BMI reduction of 0.073 kg/m2 (95% CI − 0.135 to 
− 0.011, P = 0.021).

Sedentary behavior reduction interventions 
(Table 4, Supplementary Table 4)

The search strategy did not yield any pure observational 
meta-analyses. Regarding interventional approaches, Ta
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Meta‑analyses collectively reporting on “any” type 
of interventions (Supplementary Table 6)

Meta‑analyses collectively reporting on school‑based 
interventions

Many mixed interventions were organized within a school 
environment. A meta-analysis [30] of nineteen RCTs includ-
ing 9302 children showed that school-based interventions 
with dietary and/or physical activity components could 
reduce the incidence of obesity by 26%, while classroom 
activities and physical education by 27%. Mixed programs 
conducted both during and after school hours [56] were asso-
ciated with very small reductions in various weight-related 
outcomes, but they were all statistically significant. School-
based obesity prevention [29] and treatment [57] programs 
managed to lower BMI and BMI-Z scores in 31,059 students 
and in 36,579 students, respectively. Educational programs 
[37] reduced waist circumference by 3.21 cm (95% CI − 6.34 
to − 0.07) and BMI by 0.86 kg/m2 (95% CI − 1.59 to − 0.14). 
Other mixed multi-interventional studies were only mildly 
effective [55] in obesity prevention or not effective at all [52, 
82] in reducing indices such as BMI. However, these results 
should be interpreted with caution due to the inherent limita-
tions of using BMI among children and adolescents. School 
nutritional education plus physical activity [73] failed to 
reach statistical significance in a large meta-analysis with 
47 studies and 41,634 participants.

Meta‑analyses collectively reporting on behavioral or/and 
educational interventions

Two meta-analyses [83, 84] conducted by Peirson et al. had 
multiple behavioral modification arms. Such modifications such 
as diet, exercise, social support or lifestyle strategies, alone or in 
combination [83], resulted in a small-scale reduction in BMI/
BMI-Z score in 56,342 children and adolescents (ES = − 0.07, 
95% CI − 0.10 to − 0.03), in BMI alone (ES = − 0.09 kg/m2, 
95% CI − 0.16 to − 0.03) and in the prevalence of overweight 
and obesity (relative risk = 0.94, 95% CI 0.89–0.99). The meta-
analysis of behavioral treatment of obesity [84] yielded clini-
cally greater results. The overall reduction of BMI/BMI-Z score 
reached 0.54 units (95% CI − 0.73 to − 0.36).

Joint analyses of studies assessing nutritional education 
combined with either behavioral therapy or physical activity 
education provided as a very low-intensity intervention [80] 
did not seem to affect BMI-Z score in overweight/obese young 
children aged 3–8 years. On the other hand, lifestyle modifica-
tion [53] did reduce various obesity-related outcomes in older 
overweight/obese children and adolescents up to 19 years old.

the reduction of sedentary lifestyle has been purported 
to aid weight loss and prevent or treat obesity through 
many direct and indirect ways. Seven meta-analyses 
[45, 47, 48, 66, 74, 85, 86] with a sedentary behavior 
reduction arm were identified. Screen time and sitting 
time reduction [74] did not produce statistically signifi-
cant reduction in BMI (ES = − 0.154, 95% CI − 0.354 
to 0.045, P = 0.129). Another meta-analysis [66] com-
bining multiple behavioral interventions reduced the 
target population’s BMI by 0.25 kg/m2 (95% CI − 0.40 
to − 0.09, P = 0.002). Other meta-analyses [45, 85] 
indicated a BMI reduction up to 0.89 kg/m2 (95% CI 
− 1.67 to − 0.11) but absolute body weight [48] was not 
affected. Finally, reducing screen time specifically in 
children 4–12 years old did not seem to affect BMI [86]. 
It should be noted that the included studies reporting on 
screen time reduction did not provide detailed informa-
tion about what behaviors were substituted for that time, 
thus the effect of confounders could not be extensively 
determined.

Diet, physical activity and a third component: 
multidimensional interventions (Table 5, 
Supplementary Table 5)

There were four meta-analyses [45, 56, 74, 80] which 
provided results of multidimensional interventions 
(namely three or more interventions) on obesity-related 
outcomes.

Luckner et  al. [45] showed that the combination of 
physical activity, education and nutrition resulted in a 
small reduction in BMI in six studies including 10,257 
subjects (mean difference = − 0.10, 95% CI − 0.16 to 
− 0.04), but it did not reduce body fat percentage. Simi-
larly, the combination of physical activity, lifestyle modi-
fication and nutrition in the school and after-school inter-
vention programs [56] produced a small positive effect 
on various weight-related outcomes (r = 0.047, 95% CI 
0.023–0.070, P < 0.001) in children and adolescents up to 
19 years old. No effect was observed [74] by the combi-
nation of sedentary behavior reduction, physical exercise 
and nutrition.

Lastly, physical exercise combined with diet and behav-
ioral therapy [80] reduced BMI-Z score in eleven studies 
with 1015 children 3–8 years old by 0.25 BMI-Z score units 
(95% CI − 0.36 to − 0.14) but the heterogeneity was high 
(I2 = 100%), and, thus, the reliability of the results is rather 
questionable, taking into consideration the limitations of 
BMI use in young ages.
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Active behavioral interventions [31] yielded positive 
effects in all comparisons versus the control or education-
only groups. In the same way, combinations of behavioral 
modification with additional components [62] such as cogni-
tive ones or parental participation were better than behav-
ioral interventions without additional components. Further-
more, mixed behavioral interventions [87] were effective 
against obesity when parents were also participants, even 
optionally (WMD = 0.30, SE = 0.11, P = 0.027).

A collective analysis on various modalities of family 
behavioral treatment [50] indicated mild reductions in vari-
ous weight-related outcomes among children 5–12 years 
old. Solely educational interventions [45] did induce BMI 
reduction in 5667 children 0–18 years old (ES = − 0.18 kg/
m2, 95% CI − 0.30 to − 0.05), but they did not affect body fat 
percentage (ES = 0.13, 95% CI − 0.04 to + 0.3).

Meta‑analyses collectively reporting on “lifestyle” 
interventions without further specification

A Cochrane meta-analysis [21] pooled the results of seven-
teen RCTs including 5230 children regarding the effects of 
various lifestyle interventions on BMI or BMI-SDS). The 
intervention groups showed greater reductions than the con-
trol ones in almost all measurements conducted both after 6 
and 12 months of follow-up.

Another Cochrane meta-analysis [75] including only a 
few studies with lifestyle modifications did not affect obesity 
in children between 3 and 18 years old.

A larger scale meta-analysis [54] of thirty-seven studies 
with 27,946 children up to 18 years old underscored this 
protective effect of lifestyle programs on BMI/BMI-Z score 
(SMD = − 0.15 kg/m2, 95% CI − 0.21 to − 0.09).

A collective analysis on various “lifestyle” interventions 
[49] suggested that they could effectively cause weight loss 
in kilograms (ES = − 0.95, 95% CI − 0.79 to − 1.11) in mid-
dle-school/pre-teen children younger than 16 years old and 
reduce BMI [69] by − 0.08 kg/m2 (95% CI − 0.16 to − 0.01, 
P = 0.02). However, effectiveness was not observed in older 
children and teenagers [39], but we should note that in this 
study participants were aged up to 22 years old that poses 
limitations in the interpretation of the results.

A meta-analysis [34] specifically targeting US (United 
States) minority children aged 6–19 years old did not reveal 
any effectiveness of one-component or multiple component 
interventions.

Discussion

Addressing separately interventional and non-interventional 
evidence, this systematic review highlights the discrepancies 
between meta-analyses pooling these two types of studies. 

Indeed, this notion has been the base of a vivid debate in 
the field of childhood obesity epidemiology [90]. Among 
the factors and interventions that were examined in the pub-
lished meta-analyses, the combination of enhanced physi-
cal activity and improved nutrition emerged as a promising, 
effective intervention against childhood/adolescent obesity. 
A variety of multidimensional interventions have also been 
examined in the literature, nevertheless, the optimal scheme 
remains to be shaped in the future.

The combination of physical activity and diet was proven 
an effective tool against obesity regarding both prevention 
[83] and treatment [84], according to evidence stemming 
from interventional studies. It was commonly implemented 
within school settings in the synthesized meta-analyses [20, 
47, 56, 57]. This combination may improve numerous meta-
bolic outcomes, causing mild weight loss [38, 91], preserv-
ing lean mass and protecting from weight regain that may 
appear when diet is implemented alone [92]. When the inter-
vention targeting physical activity and diet was based on a 
behavioral approach, the findings of relevant meta-analyses 
were rather conflicting with protective [44, 83, 84] or neutral 
results [22, 40, 71, 73]. On the other hand, results derived 
from combining physical exercise or diet with a second com-
ponent like education or sedentary behavior reduction were 
associated with smaller effect sizes [45, 59, 74].

Adding a third component to the combination of physi-
cal activity and diet generated significant results in some 
weight-related indices [45, 56, 74, 80], but effect sizes 
were often small. The explanation may be small number 
of included studies in the subgroup analyses [45, 80], high 
degree of heterogeneity [45, 80] and lack of methodological 
rigor [56]. Therefore, the optimal combination that would 
further boost the effectiveness remains an issue under 
investigation.

Interesting nutritional aspects associated with childhood 
obesity emerged from our review. Regarding interventional 
meta-analyses with actual dietary interventions, there were 
conflicting results; since some [23, 27] found significant and 
durable positive effect on weight-related indices, but others 
did not [22, 45]. Dietary behavioral modification did not 
seem to have any effect on obesity-related outcomes [40, 44, 
48, 80, 83, 84]. This may be due to methodological issues 
regarding the length of follow-up, characteristics of the tar-
get population and the intensity [40, 48] of the intervention, 
as well as the subjects’ compliance [44].

When interventional studies were pooled with non-inter-
ventional ones, the findings should be examined critically. 
Forshee et al. published a meta-analysis [51] which found 
that SSBs had almost no effect on BMI of children and ado-
lescents. This study was challenged [26, 93] on the ground 
that it had not taken into account the amount of calories of 
the SSBs and the phenomenon of underreporting. Α similar 
meta-analysis [58] clearly indicated their replacement with 
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non-SSBs results in weight loss. Interestingly, dietary sugars 
per se showed no effect on children’s BMI and BMI-Z score 
according to a synthesis of interventional and non-interven-
tional studies [42]. Milk and dairy product consumption 
was effective only in adolescent populations regarding the 
reduction in BMI/BMI-Z scores, and this was attributed to 
the molecular ingredients of milk as well as methodologi-
cal issues [76]. Cereals consumed in breakfast may affect 
body weight by increasing energy expenditure through the 
day and reducing appetite, but it should be noted that the 
large number of included observational studies prevents the 
establishment of a causational relation and gives ground to 
many forms of bias [43].

Regarding meta-analyses on non-interventional studies, 
two of them [28, 46] found an inverse association between 
the frequency of family-shared meals and the risk of obesity. 
Overall, families that ate five or more meals together had 
children who were 25% less likely to encounter nutritional 
issues than children who ate only one meal with their fami-
lies [46], while increased eating frequency was associated a 
24% lower likelihood of being overweight/obese [28]. This 
phenomenon may be explained by the fact that such per-
sons are more likely to develop healthy eating behaviors 
[94]. Observational studies regarding dietary energy density 
showed a positive association with weight gain; neverthe-
less, the effect of external and internal bias was considerable 
[41].

An interesting remark on the topic of nutritional meta-
analyses would be that many interventional studies did not 
reach either clinical or statistical significance in their results; 
however, observational studies had much more prominent 
effects. This phenomenon has been underscored in terms 
of the effectiveness of breakfast in obesity-related indices 
[90]. In this context, an ongoing debate about the reliability 
of results of non-interventional studies, compared to those 
of interventional ones, has been triggered.

No observational studies were found regarding the impact 
of physical activity on obesity-related outcomes. As for 
interventional studies, physical activity seems to be mildly 
to highly effective in improving body composition [33], 
especially resistance exercise, by reducing body fat [48, 59, 
70] and simultaneously increasing lean mass [59]. A direct 
effect of the latter is that BMI and body weight may not be 
affected by PA or they can even increase [27, 68]. Nonethe-
less, a considerable number of actual interventional studies 
and/or part of their subgroup analyses did not manage to 
prove the effectiveness of physical activity [40, 44, 61, 64, 
65, 68, 71, 73, 78]. Similarly, indirect increase of physical 
activity through purely educational and behavioral interven-
tions did not produce significant results either [40, 83]. Sev-
eral reasons may pertain to this, such as RCTs of severely 
low methodological quality included in the meta-analyses 
[40], high level of heterogeneity [45, 47], limited number 

of studies available [80], mixed populations of overweight/
obese and non-overweight children and adolescents [83], 
as well as inadequate description of the interventions [40]. 
Finally, it should be highlighted that other reviews [95-97], 
as well as a review of meta-analyses [98] about physical 
activity in childhood obesity, have shown similar results.

Sedentary lifestyle has been positively correlated with 
body fatness in young people by both reducing energy 
expenditure and increasing energy intake [47]. Indeed, sev-
eral meta-analyses showed a reduction in BMI via sedentary 
behavior reduction interventions [45, 66, 85], but the effects 
were rather limited. Also, some others did not produce a 
significant effect [48, 74, 86].

It is noticeable that there were numerous meta-analyses 
which presented interventions and outcomes regarding “any” 
type of interventions collectively. Longer duration [23, 30, 
47, 55] and better structure [49] seemed to augment their 
effectiveness, as well as parental participation [87]. On the 
other hand, the heterogeneity and the various conditions, 
under which the interventions were organized, provided dif-
ferent results, many of which were not statistically signifi-
cant [30, 34, 39, 52, 62, 82]. From a methodological point 
of view, many of these meta-analyses presented a pooled 
effectiveness of various interventions grouped together, 
assessing an overall performance; this is a rather crude 
approach which does not allow the comparative evaluation 
of the heterogeneous group of adopted interventions. Other 
methodological concerns were conduction of completers’ 
analyses instead of intention-to-treat analyses [31], lack of 
clear description of the intervention [80], unclear assessment 
of risk of bias [83] and very high heterogeneity [84].

Such collective analyses of various interventional pro-
grams were very frequent in school-based studies, as it is 
easier to try multiple interventions within a school setting 
[47, 55]. Despite their popularity and anticipated effective-
ness, however, aspects such as study type, duration, interven-
tion type, number of intervention components and cost-effi-
cacy need to be taken into account during the planning and 
structuring of such meta-analyses. In these terms, several 
school-based studies did not elicit either statistically [52, 73] 
or clinically [29, 56] significant results, especially in their 
subgroup analyses. The ideal combination of interventions 
to be implemented in school-based settings remains elusive.

Purely behavioral and educational interventions also had 
mixed results, either significant [50, 53, 62, 87] or margin-
ally significant [45, 80, 83, 84]. However, this should not 
discourage their possible assessment because control groups 
receiving no intervention at all presented with gain weight 
and BMI increase [31].

Meta-analyses were exclusively used in our qualitative 
analysis since their results are considered to constitute 
highly reliable pieces of evidence [99]. Guidelines by vari-
ous Expert Panels, have been issued; these guidelines have 
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highlighted a variety of effective points in the prevention of 
childhood obesity, such as eating more frequently, including 
parents in the intervention programs, increasing exercise, 
decreasing caloric intake and decreasing screen time [100-
103]. However, the strict adherence of participants to the 
intervention programs represents a major obstacle regarding 
their effective implementation.

The search strategy included a variety of possible ways of 
fighting childhood and adolescent obesity. However, meth-
odological concerns and possible publication bias should 
be kept in mind. Moreover, some meta-analyses included 
several subgroup analyses based on a limited number of 
studies. It should be also highlighted that subgroup analy-
ses according to the age of the participants were not uni-
versally available in the included meta-analyses; therefore, 
this aspect should be addressed in future studies to reveal 
potential differentiations in the outcomes and determine the 
most effective, age-adapted interventions. Furthermore, a 
very commonly used outcome, namely BMI, is not always 
reliable in pediatric populations, as well as in tall and thin 
persons and those with high percentage of muscle mass, 
since it does not precisely reflect body composition [87]. 
Children and adolescents can have rapid changes in linear 
growth and, thus, changes in BMI cannot be safely attributed 
exclusively to an implicated external parameter. Therefore, 
studies should ideally report also results regarding the per-
centage change of body fat to provide a more robust descrip-
tion of the effects of the implemented intervention. Thus, the 
interpretation and generalization of the reported outcomes 
restricted to BMI should be extremely cautious.

In conclusion, synthesis of interventional or observational 
evidence may provide different results. Our findings con-
firm that the combination of increased physical activity and 
improved nutrition are currently utilized mainstream inter-
ventions against childhood/adolescent obesity. However, 
further research is needed to identify the most effective age-
specific multi-dimensional prevention strategy.
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