Ba nutrients MBPY

Review

The Effects of Physical Activity and Diet Interventions
on Body Mass Index in Latin American Children and
Adolescents: A Systematic Review and Meta-Analysis

Andrés Godoy-Cumillaf (7, Paola Fuentes-Merino !, Armando Diaz-Gonzalez ?,
Judith Jiménez-Diaz 3, Vicente Martinez-Vizcaino ¥, Celia Alvarez-Bueno 5%
and Ivan Cavero-Redondo %%

1 Grupo de investigacion en Educacién Fisica, Salud y Calidad de Vida, Facultad de Educacién, Universidad

Auténoma de Chile, Temuco 4810101, Chile; andres.godoy@uautonoma.cl (A.G.-C.);
paola.fuentes@uautonoma.cl (P.F.-M.)

Secretaria de Esportes Taubaté, Sao Paulo 12030-670, Brazil; diazgonzalez73@gmail.com

Escuela de Educacion Fisica y Deportes, Universidad de Costa Rica, San Jose 11-501-2060, Costa Rica;
judith.jimenez_d@ucr.ac.cr

4 Health and Social research, Universidad de Castilla-La Mancha, 16071 Cuenca, Spain;
vicente.martinez@uclm.es (V.M.-V.); ivan.cavero@uclm.es (I.C.-R.)

Universidad Politécnica y Artistica del Paraguay, Asuncién 001518, Paraguay

Correspondence: Celia.alvarezbueno@uclm.es; Tel.: +34-969-179-100

check for
Received: 30 March 2020; Accepted: 8 May 2020; Published: 12 May 2020 updates

Abstract: The objective of this systematic review and meta-analysis is to compare the effect of physical
activity only with that of physical activity plus diet interventions on body mass index (BMI) in Latin
American children and adolescents. We searched the Medline, Embase, Scopus, Web of Science,
and Scielo databases from their inception until March 2020, including studies examining the effect
of physical activity or physical activity plus diet interventions on BMI in children and adolescents
and based on data from intervention studies. The DerSimonian and Laird method was used to
compute a pooled standardized mean difference for BMI in terms of effect size (ES) and respective
95% confidence intervals (Cls). Eighteen studies were included. Analyses were performed based on
intervention (four studies were included for physical activity only and four studies were included
for physical activity plus diet). In the analysis of physical activity only versus control, there was no
effect on BMI (ES = 0.00; 95% CI —0.17-0.17, 1? = 0.0%; p = 0.443). In the analysis of physical activity
plus diet versus control, there was a decrease in BMI in favour of the intervention group (ES = —0.28;
95% CI —0.42——0.14, 12 = 74.5%; p = 0.001). When ES was estimated considering only the effect in
intervention groups, there was no evidence of a decrease in BMI (ES = —0.17; 95% CI —-0.44-0.11,
12 = 84.5%; p < 0.001) for physical activity only (eight studies). However, there was a statistically
significant decrease in BMI (ES = —0.30; 95% CI —0.50-0.11, I? = 95.8%; p < 0.001) for physical activity
plus diet (ten studies). Some limitations of this review could compromise our results, but the main
limitation that should be stated is the quality of the studies (mainly medium/moderate), especially
as physical activity and diet interventions cannot be blinded, compromising the quality of these
studies. In summary, this meta-analysis offers evidence that physical activity plus diet interventions
produced a reduction in BMI in Latin American children and adolescents, but physical activity only
interventions did not.
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1. Introduction

The levels of overweight and obesity in children and adolescents in Latin America have been rising
significantly over the last few years, becoming an important public health problem [1,2]. It has been
estimated that between 20% and 25% of Latin American children and adolescents are overweight or
obese, as established according to body mass index (BMI) [3]. Overweight and obesity affect children’s
health in both the short and long term, increasing the prevalence of muscle pain, lesions, or fractures [4],
obstructive sleep apnoea [5], and worse self-esteem and quality of life [6]. Furthermore, overweight
and obesity increase the risk of cardiovascular disease [7], high blood pressure [8], some types of
cancer [9], and all causes of premature death [10], factors which are maintained and increased during
adulthood [11,12].

BMI has commonly been used to estimate the prevalence of overweight or obesity in childhood
and adolescence [13-15], as it is a good indicator of general adiposity [16-18]. Despite its value as an
indicator, it should be cautiously interpreted because it does not accurately reflect changes in adiposity
in children and adolescents [19], especially in boys who are underweight [20]. However, it is still one
of the most sensible and widely used methods to measure adiposity in children and adolescents [14].

Physical activity is recommended to prevent overweight and obesity in children and
adolescents [21-23], as it plays an important role in reducing BMI and health risk factors [24,25].
Furthermore, a healthy diet is one of the basic conditions for a healthy population which is prepared
to prevent most highly prevalent diseases, such as obesity, diabetes, hypertension, or high levels of
cholesterol [26].

Previous studies analyzed the effect of physical activity interventions versus interventions that
combine physical activity plus diet on BMI, showing a higher effect in the physical activity plus diet
interventions groups [27,28]. In Latin America, four previous systematic reviews on interventions aimed
at increasing physical activity in children have been performed, some of which were combined with
diet intervention [29-32]. These systematic reviews showed that when physical activity interventions
are combined with a nutritional component, they are more effective in producing favourable changes
in adiposity (i.e., body parameters, body composition, and BMI). However, none of the four previously
mentioned reviews performed meta-analyses to compare physical activity versus physical activity plus
diet versus control groups. Thus, it is a complex task to evaluate whether the physical activity and diet
interventions in Latin America have produced an impact on BMI, or in which population (underweight,
normal, overweight, or obese), or what type of physical activity intervention (complemented with
diet interventions) had the best results. For these reasons, the objective of this systematic review and
meta-analysis is to compare the effect of physical activity only with that of physical activity plus diet
interventions on BMI in Latin American children and adolescents.

2. Materials and Methods

This study was developed following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [33] and the suggestions of the Cochrane Collaboration
Handbook [34]. PROSPERO (CRD42019077702) was used to register the systematic review and
meta-analysis. Its protocol has been previously published in [35].

2.1. Search Strategy

A literature review was conducted independently by two researchers in the following databases:
Medline (via PubMed), Embase, Scopus, Web of Science, and Scielo. Eligible articles were those which
examined the effect of physical activity or physical activity plus diet interventions on BMI in children
and adolescents and which were based on data from intervention studies. The search strategy was
based on the terms described in Table 1. The citations in the articles considered to be eligible for the
systematic review were checked to complement the literature search.
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Table 1. Search strategy for the MEDLINE database.

Search Set Medline Search Set Medline
#1 physical activity [tw] #18 paediatric obesity [mh]
#2 physical exercise [tw] #19 adolescents [tiab]
#3 physical performance [tw] #20 youth [tiab]
#4 exercise program* [tiab] #21 14OR150R 16 OR 17 OR 18 OR 19 OR 20
#5 physical fitness [mh] #22 underweight [tw]
#6 exercise [mh] #23 normal weight [tw]
#7 1OR20OR30OR40OR50R6 #24 overweight [tw]
#8 training program* [tiab] #25 BMI [tiab]
#9 prevention program* [tiab] #26 obesity [tiab]
#10 intervention program* [tiab] #27 body mass index [mh]
#11 promotion [tw] #28 22 OR 23 OR 24 OR 25 OR 26 OR 27
#12 strategy [tw] #29 studies [tiab]
#13 8OR9OR100OR 11 OR 12 #30 randomised controlled trials [tiab]
#14 childhood obesity [tiab] #31 RCT [tiab]
#15 obese children [tiab] #32 non-randomised experimental [tiab]
#16 obesity prevention [tiab] #33 single-arm pre-post [tiab]
#17 obesity review [tiab] #34 29 OR 30 OR 31 OR 32 OR 33
#35 7 AND 13 AND 21 AND 28 AND 34

mh: MeSH terms; tiab: title/abstract; tw: text word. * is used to search for or all terms that begin with a word
(e.g., “training program*” would return results such as “training programs” and “training programme”).

2.2. Study Selection

To be included, studies needed to meet the following criteria: (1) participants from a Latin
American country; (2) participants aged between 4-18 years old; (3) addressing physical activity
interventions (physical endurance, sports, or alternative exercise such as games, dancing, optimised
physical education classes; including or not diet intervention); (4) randomised controlled trial (RCT),
non-randomised controlled trial (non-RCT), or single-arm pre-post study; (5) showing BMI before and
after the intervention; (6) studies written in Spanish, English, or Portuguese; and (7) published prior to
March 2020.

Additionally, the exclusion criteria were: (1) participants younger than four years or older than
18 years; or (2) self-reported BMI.

After exclusion of duplicate studies, titles and abstracts of the included articles were evaluated by
two researchers to identify eligible studies. Abstracts partially fulfilling the inclusion/exclusion criteria
(i.e., which did not provide enough information) were evaluated through reading of the complete text.
Subsequently, the same two researchers examined the included and excluded studies to verify the
reason for each decision. A third researcher made the final decision by analyzing and resolving the
inconsistencies between the two researchers, strictly based on the inclusion/exclusion criteria.

2.3. Data Extraction and Quality Assessment

The following data were extracted from the original articles: (1) year of publication; (2) country;
(3) study design; (4) age of participants; (5) sample size; (6) type of population (normal, overweight, or
obese); (7) type of physical activity intervention; (8) characteristics of physical activity intervention;
(9) type of diet intervention; and (10) characteristics of the diet intervention.

The methodological quality of randomised controlled trials (RCTs) was assessed using the Cochrane
Collaboration tool for assessing risk of bias (RoB2) [36], according to the Cochrane Collaboration
Handbook recommendations. RoB2 evaluates the risk of bias according to six domains: randomisation
process, assignment to intervention, adhering to intervention, missing outcome data, measurement of
the outcome, and selection of the reported result. Overall bias was considered as one of the following:
“low risk of bias” (the study is classified as “low risk” in all domains), “some concerns” (at least one
domain with a rating of “some concern”), and “high risk of bias” (at least one domain with “high risk”
or several domains with “some concerns”, considered critical to the result validity).
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The methodological quality of the non-RCTs was assessed using the quality assessment tool for
quantitative studies [37]. This tool assesses six domains: selection bias, study design, confounders,
blinding, data collection method, and withdrawals and drop-outs. Each domain can be scored as
strong, moderate, or weak. If no domain is qualified as weak, a study is scored as strong; it is scored
as moderate if one domain is qualified as weak; or it is scored as weak if two or more domains are
qualified as weak.

The quality assessment was independently done by two reviewers (A.G.-C and A.D.-G), and
inconsistencies were resolved by consensus or with the participation of a third researcher (I.C.-R).

2.4. Statistical Analysis

The DerSimonian and Laird method was used to compute a pooled estimate of effect size (ES) and
respective 95% confidence intervals (Cls). Analyses were performed based on the type of intervention
(physical activity only or physical activity plus diet). When studies were RCTs, a standardised mean
difference value was calculated for BMI using Cohen’s d index as the ES statistic [38]. In addition,
Cohen’s d index (as the ES statistic) was used to estimate pre-post physical activity intervention changes
in BMI. Cohen’s d values around 0.2 were considered to indicate a weak effect, values around 0.5
were considered to indicate a moderate effect, values around 0.8 were considered to indicate a strong
effect, and values larger than 1.0 were considered to indicate a very strong effect. The heterogeneity
of the results across the studies was evaluated using the 12 statistic, with an I? value between 0%
to 30% heterogeneity representing “not important”, 30-50% representing moderate heterogeneity,
50-80% representing substantial heterogeneity, and 80-100% representing considerable heterogeneity.
The corresponding p values and ES 95% for I? were also considered [33]. Furthermore, a sensitivity
analyses were performed using the restricted maximum likelihood (REML) method to estimate the
heterogeneity variance [39]. Additionally, when studies included two intervention groups, their data
were analysed as independent samples.

To assess the robustness of summary estimates and to detect whether any particular study
accounted for a large proportion of heterogeneity, sensitivity analyses were conducted. Performance of
sub-group analyses were based on sex, study design (RCT, non-RCT, or single-arm pre-post study),
and weight status (overweight/obese or general population). Both analyses were defined as post-hoc.

Finally, publication bias was evaluated through visual inspection of funnel plots, as well as using
the method proposed by Egger [40]. Statistical analyses were performed using the STATA®SE software,
version 15 (StataCorp, College Station, TX, USA).

3. Results

3.1. Systematic Review

The systematic review and meta-analysis flow diagram is presented in Figure 1. Eighteen studies
published between 2006 and 2016 were included. Six studies were performed in Chile, five in Brazil, five
in Mexico, and two in Colombia. Ten of the studies only measured subjects in the intervention group,
while the remaining eight studies also had a control group. However, only six of the aforementioned
groups were randomised studies.

The sample sizes ranged from nine to 2527. In eight studies, the participants were overweight
and/or obese, while in the other 10 studies, the weight status of participants was not specified (Table 2).
Regarding the physical activity interventions, the length of intervention ranged from two to 36 months,
including different types of exercise, such as increment in the number of physical education classes,
recreational activities during recess or school breaks, recreational sports, dance, games, hikes, relaxation,
and even strength and flexibility training. The duration of the sessions was between 20 and 120 min,
with frequency of 2-7 days a week.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram of identification, screening, eligibility, and inclusion of studies.

Ten of the interventions were complemented with diet intervention, which had the objective
of modifying diet or teaching about healthy diet and nutrition. Diet interventions included diet
intervention, nutritional education, nutritional counselling, and educational group meetings.

Additionally, 13 studies were conducted in the school, two in physical activity laboratories at a
university, two in clinical settings, and one outdoors (walking), through counselling on how to increase
physical activity.
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Table 2. Characteristics of studies included in the systematic review and/or meta-analysis.

6 of 16

Population Characteristics

Intervention Characteristics

. . . Physical .
Reference Country  Study Design . A'ge . Sar}1p1e Type qf Physical Ac.t tvity Activity Diet . Diet Characteristics
Distribution Size Population Intervention . Intervention
Characteristics
Alves et al. . .
2008 Brazil RCT 510 78 Overweight In school, 150 min/week, ) )
[41] and obese RS 24 weeks total
Alvirde-Garcia 0 intervention  provided, nformative
etal. 2013 Mexico RCT 1224 General In school, LA Not specified o P L
[42] (average) and nutritional texts provided to
education students
Balas-Nakash .
clal. 2010  Mexico L rePost 8-12 319 General In school, Gym, - 20-40 min/week, - -
[43] intervention AER, and dance 12 weeks total
Déamaso et al. . . Nutritional counselling
2006 Brazil . Pre-pogt 15-18 28 Obese In PAL, 120 min/week, . Diet . every 3 weeks with a
intervention RS 12 weeks total intervention .
[44] specialist
Farias et al. In school, 120 min/week
2009 Brazil Non-RCT 10-15 383 General monitored ’ - -
. .. 48 weeks total
[45] physical activity
Kain et al. . .. Educational material
2008 Chile Non-RCT 6-12 2039 General In school, 90 min/weelk, Nutrltl(?nal provided to students,
SW 44 weeks total education .
[46] teachers, and guardians
. .. Educational materials
Kain et al 2009 Chile . Pre—pos_t 4-9 522 General In school, Not specified Nutrlhgnal provided to students
[47] intervention SW education
and teachers
Lobos et al. In school, . . Educational materials
2013 Chile . Pre-pogt 4-11 796 General physical 240 min/week, Nutr1t1(?nal about how to select
intervention : 72 weeks total education
[48] education classes healthy foods
Macias et al. 180 min/week
2010 Mexico RCT 6-9 76 General In school, LA ! - -

[49]

12 weeks total
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Table 2. Cont.
Population Characteristics Intervention Characteristics
Marin et al. In school, . -, Handing out
2011 Chile in{)ei‘tgr?tsiz)n 6-18 268 Obese physical activity, 1660‘/@?12\,’?;1;’1 l\elggclgg 221 educational material for
[50] AER, ANAER students and guardians
Patifio et al. .. .
. Pre-post Health clinic, 270 min/week,
2[[(5)}? Colombia intervention -1 9 Obese AER, S 12 weeks total ) )
Perichart et al. In school, . - .
2007 Mexico . Pre-pos.t 8-14 360 General exercises: S, FLEX, 100 min/week, Nutrltlopal Messagesldurmg class
intervention . 16 weeks total counselling time
[52] B, and relaxation
Prado et al. .
2009 Brazil RCT 8-12 48 Obese ~ MPAL/AER and - 60 min/week, - -
G 16 weeks total
[53]
Preciado et al. .
2016 Colombia ~ Non-RCT 6-17 1003 General In school, 240 minjweek, - .
[54] beginners’ sports 8 weeks total
Educational meetings
Ratner et al. . .
2013 Chile Pre-post 6-9 2507 General In school, games 90 min/week, Nutritional and about breakfast,
[55] intervention and dance 40 weeks total diet education nutritional labels, and
snacks, among others
Shamah et al Lowering the caloric
etak . Overweight  Inschool, games 30 min/week Diet content of breakfast
2012 Mexico RCT 10-14 997 . . . . . .
[56] and obese during recess 24 weeks total intervention and including fruits
and vegetables
Counselling,
Stabelini et al. increasing the Everv da
2016 Brazil RCT 8-10 19 Obese number of steps y cay - -
12 weeks total
(571 taken every other
day, and games
Visquez o al Information about
g ' . Pre-post In school, 135 min/week, Educational nutrition and healthy
2013 Chile . . 8-13 120 Obese L. . .
(58] intervention strength training 12 weeks total ~ group meetings diet for students and
guardians

PAL: Physical Activity Laboratory; RS: Recreational Sports; S: Strength; FLEX: Flexibility; B: Balance; SW: Sports Workshop; OPEC: Optimised Physical Education Classes; AER: Aerobics;
ANAER: Anaerobic; UNILAB: University Laboratory; G: Games; LA: Leisure Activities.
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3.2. Quality Assessment

According to the assessment using the RoB2 [36] tool for the risk of bias in randomised studies
and the tool for the assessment of quantitative studies [37] (Table 3), 27.8% of the studies had a high
risk of bias, 61.1% had moderate risk, and 11.1% had a low risk.

Table 3. Quality Assessment.

COCHRANE Selection  Performance Detection Attrition Reporting Other Bias Risk of
COLLABORATIONS Bias Bias Bias Bias Bias Bias
Alves et al. 2008 [41] Low Low Low Low Unclear Unclear Low
Alvirde et al. 2013 [42] High Unclear Low High Unclear Unclear High
Macias et al. 2009 [49] Unclear Unclear High Low Unclear Unclear High
Prado et al. 2009 [53] Unclear Low Unclear Unclear Unclear Unclear High
Shamah et al. 2012 [56] Low Low Low Low Unclear Unclear Low
Stabelini et al. 2016 [57]  Unclear Low Unclear Unclear Unclear Unclear High
EPHPP Sele.ctlon Study design Confounders  blinding Dati.l Withdrawals/ R1s.k of
bias collection drop-outs bias
Balas et al. 2010 [43] Moderate Weak Moderate Weak Strong Moderate Moderate
Damaso et al. 2006 [44] Moderate Moderate Strong Moderate Strong Moderate Moderate
Farias et al. 2009 [45] Low Strong Moderate Moderate Low Moderate Moderate
Kain et al. 2008 [46] Low Moderate Moderate Low Moderate Moderate Moderate
Kain et al. 2009 [47] Strong Moderate Moderate Strong Moderate Strong Moderate
Lobos et al. 2013 [48] Moderate Weak Strong Moderate  Moderate Moderate Moderate
Marin et al. 2011 [50] Strong Moderate Moderate Moderate Moderate Moderate Moderate
Patifio et al. 2013 [51] Weak Weak Moderate Moderate  Moderate Weak Weak
Perichart et al. 2008 [52] Moderate Weak Weak Moderate  Moderate Moderate Moderate
Preciado et al. 2016 [54] Moderate Weak Moderate Moderate Strong Moderate Moderate
Ratner et al. 2013 [55]  Moderate Moderate Strong Strong Strong Moderate Moderate
Vasquez et al. 2013 [58] Strong Moderate Moderate Strong Strong Moderate Moderate

3.3. Meta-Analysis

For the analysis of physical activity interventions versus control, the ES on BMI was 0.00 (95% CI
—0.17-0.17) with no heterogeneity (I = 0.0%; p = 0.443). Furthermore, for the analysis of physical
activity plus diet versus control, the ES on BMI was —0.28 (95% CI —0.42——0.14) with substantial
heterogeneity (I> = 74.5%; p = 0.001; see Figure 2). After using REML method, ES and heterogeneity
was not modified for physical activity interventions versus control (ES = 0.00; 95% CI —0.17-0.17;
I2 = 0.0%; p = 0.443) and slightly modified for physical activity plus diet versus control (ES = 0.28;
95% CI —0.42— —0.13; 12 = 76.7%; p = 0.001).

Additionally, when ES was estimated considering only the effect in intervention groups, the ES
on BMI was —0.17 (95% CI —0.44-0.11) for physical activity; and the ES on BMI was —0.30 (95% CI
—0.50——0.11) for physical activity plus diet, both with substantial heterogeneity (I* = 84.5%; p < 0.001 and
12 = 95.8%; p < 0.001, respectively; see Figure 3). After using the REML method, ES and heterogeneity
were rather modified for physical activity interventions versus control (ES = —0.36; 95% CI —1.07-0.36;
I2 = 98.0%; p < 0.001) and slightly modified for physical activity plus diet versus control (ES = —0.37;
95% CI —0.79-0.05; 12 = 99.2%; p < 0.001).

3.4. Sensitivity Analysis

The pooled ES estimates were not significantly modified in magnitude or direction when individual
study data were removed from the analysis one at a time, both for the analysis of intervention versus
control and for pre-post intervention.

3.5. Sub-Group Analysis

Sub-group analysis based on sex showed that when both analyses (i.e., intervention versus
control and pre-post intervention) were performed separately for boys and girls, there were no effects.
Additionally, in the sub-group analysis based on study design, the effect was modified for non-RCT
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study design (ES = 0.22; 95% CI 0.15-0.29) for physical activity plus diet pre-post intervention. Finally,
when weight status was analysed, the effect was modified in the general population (ES = 0.08; 95% CI
—0.01-0.16; see Table 4).

Effect %
Reference size (95% Cl) Weight
|
Physical activity only .
Alves et al 2008 : -0.14 (-0.59, 0.30) 5.30
Farias et al 2009 (boys) —E—-i -0.02 (-0.30, 0.25) 9.16
Farias et al 2009 (girls) s -0.05 (-0.34, 0.25) 8.63
Macias et al 2009 E 0.38 (-0.01, 0.89) 5.23
Stabelini et al 2016 - -0.30 (-1.22, 0.60) 1.68
|
Subtotal (I-squared = 0.0%, p = 0.443) E<> 0.00 (-0.17, 0.17) 30.00
i
Physical activity plus diet :
Alvirde-Garcia et al 2012 4‘% -0.28 (-0.40, -0.16) 14.49
Kain et al 2008 (boys) 4:—k -0.10 (-0.23, 0.02) 14.23
Kain et al 2008 (girls) —— -0.12 (-0.27, 0.03) 13.44
Prado et al 2009 : -0.28 (-0.92, 0.36) 3.03
Shamah et al 2012 (boys) —_— : -0.43 (-0.61, -0.26) 12.38
Shamah et al 2012 (girls) — E -0.50 (-0.67, -0.32) 12.42
Subtotal (I-squared = 74.5%, p = 0.001) <> -0.28 (-0.42, -0.14) 70.00
i
Overall (I-squared = 67.8%, p = 0.001) 0 -0.19 (-0.32, -0.07) 100.00
|
i
T T ’ T

-1.25 -6 0 9

Figure 2. Forest plot for the randomised controlled trial studies. Diamond symbols represent the
pooled effect size and 95% confidence interval; the lines with a solid square represent the effect size for
each study and 95% confidence interval.

Effect %
Reference size (95% Cl) Weight

Physical activity only

Alves et al 2008
Balas-Nakash et al 2010 (a)
Balas-Nakash et al 2010 (b)
Farias et al 2009 (boys)
Farias et al 2009 (girls)
Macias et al 2009

Patifio et al 2013 -0.16 (-1.08,0.77)  1.65
Prado et al 2009 -4.66 (-5.82, -3.49) 1.22

i
1
— -0.09 (-0.54,0.35) 3.04
4
—
|
.
1
1
!
1
1
Preciado et al 2016 (boys) :* -0.09 (-0.22, 0.04) 3.96
p—

— 0.00(-0.33,0.33)  3.43
— 0.00(-0.29,0.29) 355
— 0.03(-0.25,0.31)  3.58
— 0.08(-0.22,0.37) 355
=—  0.17(0.03,066)  3.49

Preciado et al 2016 (girls) r*—  0.17 (-0.32, 0.66) 2.88
Stabelini et al 2016 -0.11(-0.99, 0.77) 1.75
Subtotal (I-squared = 84.5%, p = 0.000) P -0.17 (-0.44, 0.11) 32.11

. 1
Physical activity plus diet !
Alvirde-Garcia et al 2012 : - -0.07 (-0.16, 0.02)  4.02
Damaso et al 2006 (boys) — -0.45(-1.26,0.36) 1.91
Damaso et al 2006 (girls) 4‘% -0.36 (-1.06,0.34) 2.22
Kain et al 2008 (boys) | 0.22(0.11,0.32) 4.00
! 0.23 (0.12, 0.33) 4.00
L -0.07 (-0.35,0.21)  3.59
-0.04 (-0.23,0.15) 3.84
0.03 (-0.16, 0.22) 3.83

-
Kain et al 2008 (girls) -
-
- 0.24(0.11,037)  3.95
.
L
L
L

(
Kain et al 2009 (a)
Kain et al 2009 (b)
Kain et al 2009 (c)
Lobos et al 2013 (boys)
Lobos et al 2013 (girls)
Marin et al 2011
Perichart et al 2007 (boys)

1
)
1
1
1
' 0.29 (0.15, 0.44) 3.93
1
1
1

Perichart et al 2007 (girls) [
1
1
1
1
1
1
1
1

-0.01(-0.18,0.16)  3.88
-0.00 (-0.21,0.20) 3.81
-0.03 (-0.24,0.19)  3.78
0.00(-0.14,0.14)  3.94
0.00(-0.15,0.15)  3.92

Ratner et al 2013 (boys)
Ratner et al 2013 (girls)

Shamah et al 2012 (boys) —- -0.76 (-0.94,-0.58) 3.86
Shamah et al 2012 (girls) - -0.56 (-0.73,-0.38) 3.87
Vasquez et al 2013 (a) B 2.91(-3.43,-240) 280
Vésquez et al 2013 (b) —_— -3.14 (-3.68,-2.61) 273
Subtotal (I-squared = 95.8%, p = 0.000) < -0.30 (-0.50, -0.11)  67.89
f
Overall (I-squared = 94.1%, p = 0.000) O -0.26 (-0.41,-0.10)  100.00
1
T T T T
-5.85 -2.85 -.85 0 .85

Figure 3. Forest plot for the single-arm pre-post studies. Diamond symbols represent the pooled effect
size and 95% confidence interval; the lines with a solid square represent the effect size for each study
and 95% confidence interval.
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Table 4. Sub-group analyses for study design, sex, and weight status.

Physical Activity Only Physical Activity Plus Diet
ES ES
Subgroup " (95%CI) 12 NG e ) 12 b
Intervention versus control effect
Study design
0.05 —-0.38
RCT 3 (=036, 0.46) 40.8 0.185 4 (=0.50, ~0.26) 36.3 0.194
-0.03 —-0.11
Non-RCT 3 (~0.23,0.17) 0.0 0.902 2 (=021, —0.01) 0.0 0.887
Sex
-0.02 -0.26
B - -
oys 1 (C030,0.25) 2 (~059,006 28> 0003
. —-0.05 } B -0.30
Girls 1 (034, 0.25) 2 (=0.67, 0.07) 90.1 0.002
0.05 —-0.28
Both 3 (~0.36, 0.46) 40.8 0.185 2 (~0.40, —0.16) 0.0 0.991
Weight status
. -0.17 -0.46
@) ht/ob.
verweight/obese 2 (<0.57, 0.23) 0.0 0758 3 (=058, —0.33) 0.0 0.772
. 0.05 -0.17
G 1 lat
eneral population 3 (=0.17,0.27) 27.9 0.250 3 (=029, —0.06) 56.9 0.098
Pre-post intervention effect
Study design
-1.05 -0.46
RCT 4 (=233, 0.24) 95.1 <0.001 3 (=0.90, —0.01) 96.5 <0.001
-0.04 0.22
Non-RCT 4 (~0.15, 0.07) 0.0 0.552 2 (0.15, 0.29) 0.0 0.859
. -0.01 —-0.38
le- -post stud
Single-arm pre-post study 3 (=0.22,0.21) 0.0 0948 14 (~0.64, 0.11) 95.5 <0.001
Sex
-0.07 —-0.09
B
oys 2 (~0.19, 0.05) 0.0 0.451 6 (039, 0.21) 94.8 <0.001
. 0.10 —-0.04
Girls 2 (~0.15, 0.35) 0.0 0.756 6 (~0.30,0.23) 92.9 <0.001
—-0.49 —-0.80
Both 7 (~1.06,0.08) 90.4 <0.001 7 (=128, -0.33) 97.5 <0.001
Weight status
. -1.20 -1.16
(@) ht/ob.
verweight/obese 3 (~2.89, 0.49) 94.4 <0.001 7 (~1.80, —0.52) 97.2 <0.001
. —-0.01 0.08
1 lat
General population 7 (~0.11, 0.08) 0.0 0729 12 (=001, 0.16) 76.3 <0.001

3.6. Publication Bias

Evidence of publication bias was found by funnel plot asymmetry and the Egger test for physical
activity plus diet pre-post intervention effects (p = 0.007).
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4. Discussion

This systematic review and meta-analysis aimed to compare the effect of physical activity only with
that of physical activity plus diet interventions on the BMI of Latin American children and adolescents.
Our findings showed that physical activity combined with diet interventions was effective at reducing
BMI in Latin American children/adolescents. Furthermore, the findings showed that physical activity
plus diet interventions were more effective at reducing BMI among overweight and obese participants
when the study was designed as an RCT and when girls and boys were analysed together.

Regarding the effect of physical activity plus diet interventions in the treatment of overweight and
obesity, our findings agree with previous investigations that studied non-Latin American populations,
which reported an association between physical activity and BMI, as well as such interventions being an
efficient way of lowering the percentage of adipose tissue [24,59-63]. Regarding the participants in the
interventions, those who were overweight and obese achieved a larger reduction of BMI in comparison
to participants with a normal weight, in agreement with previous evidence [25,64]. Physical activity
and diet interventions help children who are overweight or obese to expend more energy than usual,
causing a reduction of excess adipose tissue. However, this arises to a lesser degree in those with a
normal weight, as they have less adipose tissue.

Our results on the effect of physical activity plus diet agree with previous meta-analyses that
have analyzed non-Latin American populations [65,66], highlighting that physical activity is one of
the central elements of weight loss. However, when combined with diet intervention, the reduction
ranged from 3.2% to 20% more, underscoring that the best results are achieved when calories are
restricted. All this confirms the necessity of designing interventions which combine physical activity
with a nutritional component, as was done in three of the studies included in this meta-analysis, which
concluded that subjects that included physical activity plus diet programs proved to be more efficient
in decreasing BMI values in children and adolescents [42,53,56].

The significant results found in the reduction of BMI by combining physical activity with diet
are important from a clinical point of view, as evidence has been provided that will help to prevent
and treat overweight and obesity in children and adolescents, and which may also reduce the risk of
acquiring metabolic and cardiovascular diseases, consequently reducing the economic expenditure on
health that is currently generated by childhood overweight and obesity [67].

Our results demonstrate that boys and girls had similar reductions in their values of BMI,
in agreement with previous findings [68-71]. This finding demonstrates that when the characteristics
of the intervention are the same for both sexes, there are no significant differences between them in
terms of weight loss.

When individuals participated in randomised interventions, the effect size was greater than
that when the participants were not randomly assigned. This design characteristic agrees with what
was found in a previous meta-analysis that only included RCTs, reporting significant effects on BMI
reduction [72]. Furthermore, a previous study which compiled the results of RCT and non-RCT studies
showed significant reductions in the former and slight reductions in the latter [73]. Our findings
highlight the need to standardise the design of the interventions, in order to obtain better results.
It should be pointed out that, as a product of the poor quality of the included studies, the findings of
this meta-analysis should be cautiously considered.

Among the relevant aspects of this systematic review is that the majority of the studies analysed
were conducted in schools, which is a good setting, as previous evidence has shown [29,72,74,75].
Schools provide greater support for improving both nutritional habits and physical activity while, at
the same time, integrating the family, which causes the impact of the intervention to be sustainable
over time.

The presence of overweight or obesity during childhood and adolescence is related to a higher
risk of tracking this condition into adulthood [76], which leads to a higher probability of premature
death [10]. Taking into account that currently 58% of Latin Americans are overweight and 23%
are obese [23,77], this is a concern that makes the implementation of a greater number of weight
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management interventions in children and adolescents in Latin America imperative, which could be
designed by taking into consideration the results of the present investigation.

The limitations of this review that could compromise its results should be stated. First, a potential
source of bias could come from data extraction being non-blinded. Second, the studies were of medium
quality overall. Third, the interventions were heterogeneous regarding type, length, and intensity,
making the size of some groups very small for sub-group analysis. Fourth, the studies did not assess
the daily physical activity of subjects performed outside of the interventions (either by questionnaire
or accelerometer); thus, this confounding effect outside of the interventions could not be controlled.
Fifth, given that a limited number of studies included in this meta-analysis assessed the BMI Z-score, it
was not possible to perform analyses based on this indicator. Therefore, it is suggested that, in future
studies performed in Latin American children, the BMI Z-score should be incorporated, as this indicator
reflects the changes produced by growth and maturation in more detail. Sixth, there was publication
bias on physical activity plus diet pre-post intervention effects, due to the lack of studies with low ES
and high sample size.

5. Conclusions

To summarise, this meta-analysis offers evidence that physical activity plus diet interventions
produced a reduction in BMI, but physical activity only interventions did not. Furthermore, the effect
on BMI was higher when the interventions were performed with overweight or obese participants.
Based on these positive findings, it is necessary to implement more physical activity plus diet
interventions in Latin America, in order to help in reducing the high levels of overweight and obesity
that are found in this region.

Author Contributions: A.G.-C., and I.C.-R. performed the literature search, data extraction, screening, software,
and manuscript writing; PE-M., and A.D.-G. contributed to the methodology, supervision, and epidemiological

support. JJ.-D., C.A.-B., and V.M.-V. contributed to the methodology and manuscript writing and revision.
All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Rivera, J.A.; Cossio, T.G.; Pedraza, L.S.; Aburto, T.C.; Sanchez, T.G.; Martorell, R. Childhood and adolescent
overweight and obesity in Latin America: A systematic review. Lancet Diabetes Endocrinol. 2014, 2, 321-332.
[CrossRef]

2. Swinburn, B.A,; Sacks, G.; Hall, K.D.; McPherson, K.; Finegood, D.T.; Moodle, M.L.; Gortmaker, S.L.
The global obesity pandemic: Shaped by global drivers and local environments. Lancet 2011, 378, 804-814.
[CrossRef]

3. Gakidou, E.; Afshin, A.; Abajobir, A.A.; Abate, K.H.; Abbafati, C.; Abbas, K.M.; Abd-Allah, F; Abdulle, A.M.;
Abera, S.F,; Aboyans, V,; et al. Global, regional, and national comparative risk assessment of 84 behavioural,
environmental and occupational, and metabolic risks or clusters of risks, 1990-2016: A systematic analysis
for the Global Burden of Disease Study 2016. Lancet 2017, 390, 1345-1422. [CrossRef]

4. Paulis, WD,; Silva, S.; Koes, B.W.; Van Middelkoop, M. Overweight and obesity are associated with
musculoskeletal complaints as early as childhood: A systematic review. Obes. Rev. 2014, 15, 52-67.
[CrossRef] [PubMed]

5. Arens, R.; Muzumdar, H. Childhood obesity and obstructive sleep apnea. |. Appl. Physiol. 2010, 108, 436—444.
[CrossRef] [PubMed]

6.  Griffiths, L.J.; Parsons, T.J.; Hill, A.]J. Self-esteem and quality of life in obese children and adolescents:
A systematic review. Int. ]. Pediatr. Obes. 2010, 5, 282-304. [CrossRef]

7. Freedman, D.S.; Mei, Z.; Srinivasan, S.R.; Berenson, G.S.; Dietz, W.H. Cardiovascular Risk Factors and
Excess Adiposity Among Overweight Children and Adolescents: The Bogalusa Heart Study. ]. Pediatr.
2007, 150, 12-17. [CrossRef]


http://dx.doi.org/10.1016/S2213-8587(13)70173-6
http://dx.doi.org/10.1016/S0140-6736(11)60813-1
http://dx.doi.org/10.1016/S0140-6736(17)32366-8
http://dx.doi.org/10.1111/obr.12067
http://www.ncbi.nlm.nih.gov/pubmed/23941399
http://dx.doi.org/10.1152/japplphysiol.00689.2009
http://www.ncbi.nlm.nih.gov/pubmed/19875714
http://dx.doi.org/10.3109/17477160903473697
http://dx.doi.org/10.1016/j.jpeds.2006.08.042

Nutrients 2020, 12, 1378 13 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Collaboration, P.S.; Whitlock, G.; Lewington, S.; Sherliker, P; Clarker, R.; Emberson, J.; Halsey, J.; Qisilbash, N.;
Collins, R.; Peto, R.; et al. Body-mass index and cause-specific mortality in 900 000 adults: Collaborative
analyses of 57 prospective studies. Lancet 2009, 373, 1083-1096. [CrossRef]

Wormser, D.; Kaptoge, S.; Di Angelantonio, E.; Wood, A.M.; Pennells, L.; Thompson, A.; Sarwar, N.;
Kizer, J.R.; Lawlor, D.A.; Nordestgaard, B.G.; et al. Separate and combined associations of body-mass index
and abdominal adiposity with cardiovascular disease: Collaborative analysis of 58 prospective studies.
Lancet 2011, 377, 1085-1095.

Danaei, G.; Ding, E.L.; Mozaffarian, D.; Taylor, B.; Rehm, J.; Murray, C.J.; Ezzati, M. The Preventable Causes
of Death in the United States: Comparative Risk Assessment of Dietary, Lifestyle, and Metabolic Risk Factors.
PLoS Med. 2009, 6, €1000058. [CrossRef]

Wang, L.Y.; Chyen, D.; Lee, S.; Lowry, R. The Association Between Body Mass Index in Adolescence and
Obesity in Adulthood. J. Adolesc. Heal 2008, 42, 512-518. [CrossRef] [PubMed]

Ward, Z.].; Cradock, A.L.; Gortmaker, S.L.; Resch, S.C.; Long, M.W.; Giles, C.M. Simulation of Growth
Trajectories of Childhood Obesity into Adulthood. N. Engl. J. Med. 2017, 377, 2145-2153. [CrossRef]

Dietz, W.H.; Robinson, T.N. Use of the body mass index (BMI) as a measure of overweight in children and
adolescents. ]. Pediatr. 1998, 132, 191-193. [PubMed]

Cole, T].; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and
obesity. Pediatr. Obes. 2012, 7, 284-294. [CrossRef] [PubMed]

Cole, T.J.; Faith, M.S.; Pietrobelli, A.; Heo, M. What is the best measure of adiposity change in growing
children: BMI, BMI %, BMI z-score or BMI centile? Eur. J. Clin. Nutr. 2005, 59, 419-425. [CrossRef] [PubMed]
Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child overweight
and obesity worldwide. BM] 2000, 320, 1240-1243. [CrossRef]

Poskitt, E. Body mass index and child obesity: Are we nearing a definition? Acta Paediatr. 2007, 89, 507-509.
[CrossRef]

Pietrobelli, A.; Faith, M.S.; Allison, D.B.; Gallagher, D.; Chiumello, G.; Heymsfield, S.B. Body mass index as a
measure of adiposity among children and adolescents: A validation study. J. Pediatr. 1998, 132, 204-210.
[CrossRef]

Maynard, L.M.; Wisemandle, W.; Roche, A.E.; Chumlea, W.C.; Guo, S.S.; Siervogel, R.M. Childhood body
composition in relation to body mass index. Pediatrics 2001, 107, 344-350. [CrossRef]

Demerath, E.W.; Schubert, C.M.; Maynard, L.M.; Sun, S.S.; Chumlea, W.C.; Pickoff, A.; Czerwinski, S.A.;
Towne, B.; Siervogel, R M. Do changes in body mass index percentile reflect changes in body composition in
children? Data from the Fels Longitudinal Study. Pediatrics 2006, 117, 487-495. [CrossRef]

McGovern, L.; Johnson, ].N.; Paulo, R.; Hettinger, A.; Shinghal, V.; Kamath, C.; Erwin, PJ.; Montori, V.M.
Treatment of pediatric obesity: A systematic review and meta-analysis of randomized trials. J. Clin.
Endocrinol. Metab. 2008, 93, 4600-4605. [CrossRef]

Kamath, C.C.; Vickers, K.S.; Ehrlich, A.; McGovern, L.; Shinghal, V.; Paulo, R.; Hettinger, A.; Erwin, PJ.;
Montori, V.M. Behavioral interventions to prevent childhood obesity: A systematic review and metaanalyses
of randomized trials. J. Clin. Endocrinol. Metab. 2008, 93, 4606—4615. [CrossRef] [PubMed]

Lipnowski, S.; LeBlanc, C. Healthy active living: Physical activity guidelines for children and adolescents.
Paediatr. Child. Health 2012, 17, 209-210. [CrossRef]

Kelley, G.A.; Kelley, K.S. Effects of Exercise in the Treatment of Overweight and Obese Children and
Adolescents: A Systematic Review of Meta-Analyses. J. Obes. 2013, 2013, 1-10. [CrossRef] [PubMed]
Jakicic, J.; Davis, K. Obesity and Physical Activity. Psychiatr. Clin. N. Am. 2011, 34, 829-840. [CrossRef]
World Health Organization (WHO). Estrategia Mundial Sobre Regimen Alimentario, Actividad Fisica Y
Salud. Resolucion 57.17. Available online: https://www.who.int/dietphysicalactivity/strategy/eb11344/
strategy_spanish_web.pdf (accessed on 21 January 2020).

Bleich, S.N.; Vercammen, K.A.; Zatz, L.Y.; Frelier, ]. M.; Ebbeling, C.B.; Peeters, A. Intevrentions to prevent
global childhood overweight and obesity: A systematic review. Lancet Diabetes Endocrinol. 2018, 6, 332-346.
[CrossRef]

Friedrich, R.; Schuch, I.; Wagner, M. Effect of interventions on the body mass index of school-age students.
Rev. Saiide Puiblica 2012, 46, 551-560. [CrossRef]


http://dx.doi.org/10.1016/S0140-6736(09)60318-4
http://dx.doi.org/10.1371/journal.pmed.1000058
http://dx.doi.org/10.1016/j.jadohealth.2007.10.010
http://www.ncbi.nlm.nih.gov/pubmed/18407047
http://dx.doi.org/10.1056/NEJMoa1703860
http://www.ncbi.nlm.nih.gov/pubmed/9506622
http://dx.doi.org/10.1111/j.2047-6310.2012.00064.x
http://www.ncbi.nlm.nih.gov/pubmed/22715120
http://dx.doi.org/10.1038/sj.ejcn.1602090
http://www.ncbi.nlm.nih.gov/pubmed/15674315
http://dx.doi.org/10.1136/bmj.320.7244.1240
http://dx.doi.org/10.1111/j.1651-2227.2000.tb00327.x
http://dx.doi.org/10.1016/S0022-3476(98)70433-0
http://dx.doi.org/10.1542/peds.107.2.344
http://dx.doi.org/10.1542/peds.2005-0572
http://dx.doi.org/10.1210/jc.2006-2409
http://dx.doi.org/10.1210/jc.2006-2411
http://www.ncbi.nlm.nih.gov/pubmed/18782880
http://dx.doi.org/10.1093/pch/17.4.209
http://dx.doi.org/10.1155/2013/783103
http://www.ncbi.nlm.nih.gov/pubmed/24455215
http://dx.doi.org/10.1016/j.psc.2011.08.009
https://www.who.int/dietphysicalactivity/strategy/eb11344/strategy_spanish_web.pdf
https://www.who.int/dietphysicalactivity/strategy/eb11344/strategy_spanish_web.pdf
http://dx.doi.org/10.1016/S2213-8587(17)30358-3
http://dx.doi.org/10.1590/S0034-89102012005000036

Nutrients 2020, 12, 1378 14 of 16

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Hoehner, C.M.; Soares, J.; Parra-Pérez, D.; Ribeiro, I.C.; Joshu, C.E.; Pratt, M.; Legetic, B.D.; Malta, D.C.;
Matsudo, B.R.; Ramos, L.R.; et al. Physical Activity Interventions in Latin America. Am. |. Prev. Med.
2008, 34, 224-233. [CrossRef]

Nagle, B.J.; Holub, C.K,; Barquera, S.; Sanchez-Romero, L.; Eisenberg, C.; Rivera-Dommarco, J.; Mehta, S.;
Lobelo, E; Arredondo, E.; Elder, ]. Interventions for the treatment of obesity among children and adolescents
in Latin America: A systematic review. Salud Publica Mex. 2013, 55, 434-440. [CrossRef]

Navarrete, J.A.M.; Villamil, S.S.G.; Bautista, J.LE.C.; Meneses-Echavez, J.F.; Gonzalez-Jiménez, E.;
Schmidt-Riovalle, J. Efectividad de las intervenciones educativas realizadas en América Latina para la
prevencion del sobrepeso y obesidad infantil en nifios escolares de 6 a 17 afios: Una revision sistematica.
Nutr. Hosp. 2015, 31, 102-114.

Lobelo, E; Garcia de Quevedo, I.; Holub, C.K.; Nagle, B.J.; Arredondo, E.M.; Barquera, S.; Elder, J.P.
School-based programs aimed at the prevention and treatment of obesity: Evidence-based interventions for
youth in latin america. J. Sch. Health 2013, 83, 668-677. [CrossRef] [PubMed]

Moher, D.; Larissa, S.; Clarke, M.; Ghersi, D.; Liberati, A.; Peticrew, M.; Stewart, L.A.; PRISMA-P, G. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev.
2015, 4, 1. [CrossRef] [PubMed]

Higgins, J.; Green, S. Cochrane Handbook for Systematic Review of Interventions. 5.1.0. (Updated March 2011).
The Cochare Collaboration, UK. 2011. Available online: https://handbook.cochrane.org (accessed on
1 May 2019).

Godoy-Cumillaf, A.; Diaz, A.; Alvarez-Bueno, C.; Martinez-Vizcaino, V.; Cavero-Redondo, 1. Effects of
physical-activity interventions on the body mass index of children and adolescents in Latin America:
A protocol for a systematic review and meta-analysis. BM] Open 2019, 9, e030332. [CrossRef] [PubMed]
Eldridge, S.; Campbell, M.; Campbell, M.; Dahota, A.; Giraudeau, B.; Higgins, J.; Reeves, B.; Siegfried, N.
Revised Cochrane risk of Bias Tool for Randomized Trials (RoB 2.0): Additional Considerations for
Cluster-Randomized Trials. The Cochrane Collaboration. Available online: https://www.riskofbias.info
(accessed on 13 November 2019).

Hamilton, O.; McMaster, U. National Collaborating Centre for Methods and Tool. Qual. Assess. Tool
Quant. Stud. 2008.

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Lawrence Earlbaum Associates:
Hillsdale, MI, USA, 1988; pp. 20-26.

Langan, D.; Higgins, ].P.T.; Jackson, D.; Bowner, J.; Kontopantelis, E.; Viechtbauer, W.; Simmonds, M.
A comparison of heterogeneity variance estimators in simulated random-effects meta-analyses.
Res. Synth. Methods 2019, 10, 83-98. [CrossRef]

Sterne, J.A.; Egger, M.; Smith, G.D. Systematic reviews in health care: Investigating and dealing with
publication and other biases in meta-analysis. BMJ 2001, 323, 101-105. [CrossRef]

Alves, J.G.B.; Galé, C.R;; Souza, E.; Batty, G.D. Efeito do exercicio fisico sobre peso corporal em criangas
com excesso de peso: Ensaio clinico comunitario randomizado em uma favela no Brasil. Cad. Saude Publica
2008, 24, 353-359. [CrossRef]

Alvirde-Garcia, U.; Rodriguez-Guerrero, A.].; Henao-Mordn, S.; Gomez-Pérez, EJ.; Aguilar-Salinas, C.A.
Resultados de un programa comunitario de intervencion en el estilo de vida en nifios. Salud Publica Mex.
2013, 55, 406-414.

Balas-Nakash, M.; Benitez-Arciniega, A.; Perichart-Perera, O.; Valdés-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]

Damaso, A.R,; Tock, L.; Tufik, S.; Prado, W.; Stella, S.; Fisberg, M.; Cintra, I.; Caranti, D.; Siquiera, K;
Nascimento, C.; et al. Tratamento multidisciplinar reduz o tecido adiposo visceral, leptina, grelina e a
prevaléncia de esteatose hepatica nao alcodlica (NAFLD) em adolescentes obesos. Rev. Bras. Med. Esporte.
2006, 12, 263-267. [CrossRef]

Farias, E.S.; Paula, E; Carvalho, W.R.G.; Gongalves, E.M.; Baldin, A.D.; Guerra, G. Efeito da atividade fisica
programada sobre a composiga o corporal em escolares adolescentes. J. Pediatr. (Rio ].) 2009, 85, 28-34.
Kain, J.; Uauy, R.; Leyton, B.; Cerda, R.; Olivares, S.; Vio, F. Effectiveness of a dietary and physical activity
intervention to prevent obesity in school age children. Rev. Med. Chil. 2008, 136, 22-30. [PubMed]


http://dx.doi.org/10.1016/j.amepre.2007.11.016
http://dx.doi.org/10.21149/spm.v55s3.5145
http://dx.doi.org/10.1111/josh.12080
http://www.ncbi.nlm.nih.gov/pubmed/23879787
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
https://handbook.cochrane.org
http://dx.doi.org/10.1136/bmjopen-2019-030332
http://www.ncbi.nlm.nih.gov/pubmed/31753871
https://www.riskofbias.info
http://dx.doi.org/10.1002/jrsm.1316
http://dx.doi.org/10.1136/bmj.323.7304.101
http://dx.doi.org/10.1590/S0102-311X2008001400020
http://dx.doi.org/10.1590/S0036-36342010000500007
http://dx.doi.org/10.1590/S1517-86922006000500008
http://www.ncbi.nlm.nih.gov/pubmed/18483650

Nutrients 2020, 12, 1378 15 of 16

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Kain, J.; Concha, F; Salazar, G.; Leyton, B.; Rodriguez, M.; Ceballos, X.; Vio, E. Prevencién de obesidad de
preescolares y escolares de escuelas municipales de una comuna de Santiago de Chile: Proyecto piloto 2006.
ALAN 2009, 59, 139-146.

Lobos, L.; Leyton, B.; Kain, J.; Vio, F. Evaluacion de una intervencién educativa para la prevencion de la
obesidad infantil en escuelas basicas de Chile. Nutr. Hosp. 2013, 28, 1156-1164.

Macias-Cervantes, M.H.; Malacara, J.M.; Garay-Sevilla, M.E.; Diaz-Cisneros, FJ. Effect of recreational physical
activity on insulin levels in Mexican/Hispanic children. Eur. J. Pediatr. 2009, 168, 1195-1202. [CrossRef]
Marin, B.V,; Rodriguez, O.L.; Buscaglione, A.R.; Aguirre, M.; Burrows, R.; Hodgson, M.; Pizarro, T. Programa
MINSAL-FONASA para Tratamiento de la Obesidad Infanto-Juvenil. Rev. Chil. Pediatria 2011, 82, 21-28.
[CrossRef]

Patifio, F.; Marquez, ].; Uscdtegui, R.; Estrada, A.; Agudelo, G.; Manjarrés, L.; Parra, B.; Parra, M.; Bedoya, J.;
Velasquez, C. Efecto de una intervencion con ejercicio fisico y orientacion nutricional sobre componentes del
sindrome metabdlico en jovenes con exceso de peso. Iatreia. 2013, 26, 34—43.

Perichart-Perera, O.; Balas-Nakash, M.; Ortiz-Rodriguez, V.; Moran-Zenteno, J.; Guerrero-Ortiz, J.;
Vadillo-Ortega, F. Programa para mejorar marcadores de riesgo cardiovascular en escolares mexicanos.
Salud Publica Mex. 2008, 50, 218-226. [CrossRef]

Prado, D.M.; Silva, A.G.; Trombetta, I.C.; Ribeiro, M.; Nicolau, C.; Guazzelli, I.; Matos, L.; Negrao, C.;
Villares, S. Weight loss associated with exercise training restores ventilatory efficiency in obese children.
Int. J. Sports Med. 2009, 30, 821-826. [CrossRef]

Preciado-Martinez, D.C.; Mancera-Soto, E.M.; Herndndez-Alvarez, E.D.; Zapata, D.M.; Mena-Bejarano, B.
Eficacia de las modalidades deportivas del programa 40 x 40 en escolares con sobrepeso y obesidad.
Rev. Fac. Med. 2016, 64, 143-150. [CrossRef]

Ratner, G.; Duran, S.; Garrido, M.J.; Balmaceda, S.; Jadue, L.; Atalah, E. Impacto de una intervencién en
alimentacién y actividad fisica sobre la prevalencia de obesidad en escolares. Nutr. Hosp. 2013, 28, 1508-1514.
Shamah, L.; Morales, C.; Amaya, C.; Salazar, A.; Jiménez, A.; Méndez, 1. Effectiveness of a diet and physical
activity promotion strategy on the prevention of obesity in Mexican school children. BMC Public Health
2012, 12, 152. [CrossRef] [PubMed]

Stabelini, A.; Corréa, R.C.; De Farias, ].P; Castilho, G.; Ferreira, C.; Marques, R.; Ferreira, W. Effects of an
intervention with pedometer on metabolic risk in obese children. Rev. Bras. Med. Esporte. 2016, 22, 476-479.
Vasquez, F; Diaz, E; Lera, L.; Meza, |.; Salas, L; Rojas, P.; Atalah, E.; Burrows, R. Impacto del ejercicio de
fuerza muscular en la prevencién secundaria de la obesidad infantil; Intervencion al interior del sistema
escolar. Nutr. Hosp. 2013, 28, 347-356.

Gonzalez-Suarez, C.; Worley, A.; Grimmer-Somers, K.; Dones, V. School-Based Interventions on Childhood
Obesity. A Meta-Analysis. Am. J. Prev. Med. 2009, 37, 418-427. [CrossRef]

Lavelle, H.V,; MacKay, D.F; Pell, ].P. Systematic review and meta-analysis of school-based interventions to
reduce body mass index. J. Public Heal (United Kingdom) 2012, 34, 360-369.

Martin-Matillas, M.; Carbonell-Baeza, A.; Aparicio, V.A.; Delgado-Fernandez, M.; Rocha, D. Efectos de
los programas de intervencion enfocados al tratamiento del sobrepeso/obesidad infantil y adolescente.
Rev. Andaluza Med. Deport. 2014, 7, 33-43.

Pozuelo-Carrascosa, D.P,; Garcia-Hermoso, A.; Alvarez-Bueno, C.; Sénchez-Lopez, M.; Martinez-Vizcaino, V.
Effectiveness of school-based physical activity programmes on cardiorespiratory fitness in children:
A meta-Analysis of randomised controlled trials. Br. ]. Sports Med. 2018, 52, 1234-1240. [CrossRef]

Kelley, G.A; Kelley, K.S.; Pate, R.R. Exercise and BMI in Overweight and Obese Children and Adolescents:
A Systematic Review and Trial Sequential Meta-Analysis. Biomed. Res. Int. 2015, 2015, 1-17. [CrossRef]
Zolotarjova, ].; ten Velde, G.; Vreugdenhil, A.C.E. Effects of multidisciplinary interventions on weight loss and
health outcomes in children and adolescents with morbid obesity. Obes. Rev. 2018, 19, 931-946. [CrossRef]
Mead, E.; Brown, T.; Rees, K.; Azevedo, L.B.; Whittaker, V.; Jones, D.; Olajide, J.; Mainardi, G.M.; Corpeleijn, E.;
O’Malley, C.; et al. Diet, physical activity and behavioural interventions for the treatment of overweight or
obese children from the age of 6 to 11 years. Cochrane Database Syst. Rev. 2017, 22, CD012651. [CrossRef]
[PubMed]


http://dx.doi.org/10.1007/s00431-008-0907-7
http://dx.doi.org/10.4067/S0370-41062011000100003
http://dx.doi.org/10.1590/S0036-36342008000300005
http://dx.doi.org/10.1055/s-0029-1233486
http://dx.doi.org/10.15446/revfacmed.v64n3Sup.51059
http://dx.doi.org/10.1186/1471-2458-12-152
http://www.ncbi.nlm.nih.gov/pubmed/22381137
http://dx.doi.org/10.1016/j.amepre.2009.07.012
http://dx.doi.org/10.1136/bjsports-2017-097600
http://dx.doi.org/10.1155/2015/704539
http://dx.doi.org/10.1111/obr.12680
http://dx.doi.org/10.1002/14651858.CD012651
http://www.ncbi.nlm.nih.gov/pubmed/28639319

Nutrients 2020, 12, 1378 16 of 16

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Al-khudayry, L.; Loveman, E.; Colquitt, J.L.; Mead, E.; Johnson, R.E.; Fraser, H.; Olajide, J.; Murphy, M.;
Velho, RM.; O’Malley, C.; et al. Diet, physical activity and behavioural interventions for the treatment
of overweight or obese adolescents aged 12 to 17 years. Cochrane Database Syst. Rev. 2017, 22, CD012691.
[CrossRef] [PubMed]

Lehnert, T.; Sonntag, D.; Konnopka, A.; Riedel-Heller, S.; KéniG, H.H. Economic costs of overweight and
obesity. Best Pract. Res. Clin. Endocrinol. Metab. 2013, 27, 105-115. [CrossRef] [PubMed]

Biirgi, F; Meyer, U.; Granacher, U.; Schindler, C.; Marques-Vidal, P.; Kriemler, S.; Puder, J.J. Relationship of
physical activity with motor skills, aerobic fitness and body fat in preschool children: A cross-sectional and
longitudinal study (Ballabeina). Int. J. Obes. 2011, 35, 937-944. [CrossRef]

Tanaka, C.; Hikihara, Y.; Ohkawara, K; Tanaka, S. Locomotive and non-locomotive activity as determined by
triaxial accelerometry and physical fitness in Japanese preschool children. Pediatr. Exerc. Sci. 2012,24,420-434.
[CrossRef]

Tomporowski, P.D.; Davis, C.L.; Miller, PH.; Naglieri, ].A. Exercise and children’s intelligence, cognition,
and academic achievement. Educ. Psychol. Rev. 2008, 20, 111-131. [CrossRef]

Vameghi, R.; Shams, A.; Dehkordi, P.S. The effect of age, sex and obesity on fundamental motor skills among
4 to 6 years-old children. Pak. . Med. Sci. 2012, 29, 586-590. [CrossRef]

Brown, T.; Summerbell, C. Systematic review of school-based interventions that focus on changing dietary
intake and physical activity levels to prevent childhood obesity: An update to the obesity guidance produced
by the National Institute for Health and Clinical Excellence. Obes. Rev. 2009, 10, 110-141. [CrossRef]

Katz, D.L. School-Based Interventions for Health Promotion and Weight Control: Not Just Waiting on the
World to Change. Annu. Rev. Public Health 2009, 30, 253-272. [CrossRef]

Waters, E.; De Silva-Sanigorski, A.; Burford, B.J.; Brown, T.; Campbell, K.J.; Gao, Y.; Armstrong, R.; Prosser, L.;
Summerbell, C. Interventions for preventing obesity in children. Sao Paulo Med. ]. 2014, 132, 128-129.
[CrossRef]

Khambalia, A.Z.; Dickinson, S.; Hardy, L.L.; Gill, T.; Baur, L.A. A synthesis of existing systematic reviews and
meta-analyses of school-based behavioural interventions for controlling and preventing obesity. Obes. Rev.
2012, 13, 214-233. [CrossRef] [PubMed]

Singh, A.S.; Mulder, C.; Twisk, ] W.R.; Van Mechelen, W.; Chinapaw, M.].M. Tracking of childhood overweight
into adulthood: A systematic review of the literature. Obes. Rev. 2008, 9, 474-488. [CrossRef] [PubMed]
Organizacion de las Naciones Unidas para la Alimentacion y la Agricultura-FAO y la Organizacion
Panamericana de la Salud-OPS. Ameérica Latina y el Caribe: Panorama de La Seguridad Alimentaria y Nutricional;
Organizacién Panamericana de la Salud: Santiago de, Chile, 2017; Available online: http://www.fao.org/3/
CA2127ES/ca2127es.pdf (accessed on 10 January 2020).

® © 2020 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/).


http://dx.doi.org/10.1002/14651858.CD012691
http://www.ncbi.nlm.nih.gov/pubmed/28639320
http://dx.doi.org/10.1016/j.beem.2013.01.002
http://www.ncbi.nlm.nih.gov/pubmed/23731873
http://dx.doi.org/10.1038/ijo.2011.54
http://dx.doi.org/10.1123/pes.24.3.420
http://dx.doi.org/10.1007/s10648-007-9057-0
http://dx.doi.org/10.12669/pjms.292.3069
http://dx.doi.org/10.1111/j.1467-789X.2008.00515.x
http://dx.doi.org/10.1146/annurev.publhealth.031308.100307
http://dx.doi.org/10.1590/1516-3180.20141322T2
http://dx.doi.org/10.1111/j.1467-789X.2011.00947.x
http://www.ncbi.nlm.nih.gov/pubmed/22070186
http://dx.doi.org/10.1111/j.1467-789X.2008.00475.x
http://www.ncbi.nlm.nih.gov/pubmed/18331423
http://www.fao.org/3/CA2127ES/ca2127es.pdf
http://www.fao.org/3/CA2127ES/ca2127es.pdf
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Search Strategy 
	Study Selection 
	Data Extraction and Quality Assessment 
	Statistical Analysis 

	Results 
	Systematic Review 
	Quality Assessment 
	Meta-Analysis 
	Sensitivity Analysis 
	Sub-Group Analysis 
	Publication Bias 

	Discussion 
	Conclusions 
	References

