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Interventions to Treat Obesity in Mexican Children and
Adolescents: Systematic Review and Meta-Analysis

Magaly Aceves-Martins , Lizet L�opez-Cruz, Marcela Garc�ıa-Botello, Yareni Yunuen Gutierrez-G�omez,
and Carlos Francisco Moreno-Garc�ıa

Context: Prevalence of overweight and obesity has been rising in the past 3 deca-
des among Mexican children and adolescents. Objective: To systematically review
experimental studies evaluating interventions to treat obesity in Mexican children
and adolescents (�18 years old). Data Sources: For this study, 13 databases and
1 search engine were searched. Data Analysis: A total of 29 studies met the inclu-
sion criteria. Overall, 2302 participants (age range, 8–16 years) from 11 states in
Mexico were included. Most of the studies (n ¼ 17 of 29) were provided in a clinical
setting. A random-effect meta-analysis of 4 randomized controlled trials was
conducted and a significant effect was found on body mass index reduction that
favored the intervention group (�1.52; 95%CI, �2.15 to �0.89) for short-term
(�6 mo) interventions. Conclusions: A multicomponent, multidisciplinary, and in-
dividualized intervention that includes dietary modifications, physical activity prac-
tice, behavioral strategies, and active parental involvement might help treat child-
hood obesity in Mexico. However, long-term results need to be produced to identify
effectiveness pointers that might help establish an integrated, long-lasting care
model to treat obesity.

INTRODUCTION

Mexico is an upper-middle-income Latin American

country, and it has been experiencing the double bur-
den of malnutrition in recent decades.1 Specifically,

childhood overweight and obesity rates have been in-
creasing in the population younger than 19 years.

According to the latest results from the National Health
and Nutrition Survey 2018, it is estimated that in

Mexico, 8.2% of infants (0–4 years old), 35.6% of chil-
dren (5–11 years old), and almost 40% of the adoles-

cents (12–19 years old) present overweight or obesity.2

These increasing levels position Mexico among the

countries with higher levels of overweight worldwide.3

According to the Organization for Economic

Cooperation and Development ’s estimations, such
rates will continue to increase if no effective strategies

are implemented.4 Currently, no national intervention
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or guideline exists targeting obesity treatment among
children and adolescents.

Excess body fat in children and adolescents can
lead to a variety of clinical conditions and psychosocial

disorders. Children with obesity might have significant
reductions in quality of life and a greater risk of early

discrimination, low self-esteem, and depression.
Children and adolescents with overweight and obesity

are likely to maintain their weight status into adulthood
and are at higher risk of development of chronic dis-

eases, contributing to increased morbidity or premature
death.5

Lifestyle interventions can lead to improvements in
weight and cardiometabolic outcomes in children or
adolescents.6 However, effectiveness can be smaller

compared with pharmacologic or surgical interven-
tions.7 Still, most of the evidence shows short-term

effects, with limited evidence about long-term efficacy.
In addition, the safety of such pediatric obesity treat-

ments remains unclear.7

Because of the severity of the consequences child-

hood obesity has on the child’s health and well-being, it
is essential to identify interventions that can treat obe-

sity in the short and long term.8 The “Childhood and
Adolescent Obesity in Mexico: Evidence, Challenges,

and Opportunities” (COMO) Project aims to synthesize
and use data to comprehend the extent, nature, effects,

and costs of childhood or adolescent obesity in
Mexico.9 This article is part of the COMO project. In

this study, we aimed to systematically review experi-
mental studies assessing lifestyle, environmental,

behavioral, pharmacologic, or surgical interventions to
treat obesity in Mexican children and adolescents

(<18 years old).

METHODS

This systematic review has been registered with the

International Prospective Register of Systematic
Reviews (PROSPERO registration no.

CRD42019154132).10 Also, it has been reported accord-
ing to Preferred Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA) guidelines.11 The
systematic review strategy was based on the Population,

Intervention, Comparator, Outcomes, Study (PICOS)

design framework (Table 1). For more details on the
methods we used, see Appendix 1.

Electronic searches

Terms such as “overweight,” “obesity,” “child,”
“adolescent,” “intervention,” “program,” “Mexico” in

the search strategy. The databases searched included
Medline, Embase, the Cochrane Library, Global Health

Library, LILACS, CINAHL, CAB abstracts, ERIC,
PsycINFO, ScienceDirect, Scopus, AGRICOLA, and

SciELO Citation Index. Also, relevant material was
searched in the search engine Google Scholar. When

possible, searches were also conducted in Spanish to
capture relevant references. No inclusion study design

restrictions were applied. Full reports and conference
abstracts were included if these met the inclusion crite-

ria. Reference lists of included studies also were scruti-
nized for additional publications. Searches were

performed in January 2020 and updated in January
2021.

Selection criteria

Reports from 1995 onward in English, Spanish, or
Portuguese were considered in this review. Following

the PICOS framework (Table 1), the inclusion criteria
were as described in the following paragraphs.

Population Children and adolescents from zero to
18 years old (mean age at the start of the study or evalu-
ation) from any ethnicity or sex living in Mexico were

considered in this review. Studies including children
and adolescents with overweight or obesity (defined as

body mass index [BMI] above a healthy weight range;
BMI z-score> 1; clinical diagnosis; or study population

reported as having overweight or obesity) were in-
cluded. Mexican children living in a different country

were excluded from this review to conceptualize the
obesity problem within the country sociodemographic

characteristics and avoid confounding information in-
herent to migration phenomena. Studies in which chil-

dren were analyzed under severe conditions (eg, HIV,
cancer, fibrosis, Down syndrome), premature babies,

and pregnant adolescents were excluded.

Table 1 PICOS framework
Population Children and adolescents from zero to 18 years old (mean age at the start of the study or evaluation)

from any ethnicity or sex living in Mexico, with overweight or obesity, were included.

Interventions Studies testing obesity treatment through lifestyle, environmental, behavioral, pharmacologic,
or surgical interventions, delivered in any setting, were considered.

Comparator Studies with or without a control group were considered.
Outcomes Weight-related outcomes (eg, body mass index,, body mass index z-score)
Study design Experimental studies
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Studies Studies in which obesity treatment was tested
through lifestyle, environmental, behavioral, pharmaco-

logic, or surgical interventions were considered. Studies
delivered in any setting (eg, home, school, clinic, com-

munity) or digital domains (eg, mobile-phone-network
interventions) were considered.

Comparator Studies with or without a control group
were considered.

Outcomes Effectiveness measurements included anthro-

pometric changes (eg, weight, BMI, BMI z-score).
Because of the type of interventions considered in this

review, any lifestyle changes (eg, dietary, physical activ-
ity, behavioral outcomes) were also recorded.

Study design Experimental studies were considered in

this review.

Data extraction

Titles and abstract screening and full-text review was
performed by 2 reviewers (L.L.-C., M.G.-B.) and 100%

checked by a third reviewer (M.A.-M.). Two reviewers
(M.A.-M. and L.L.-C.) extracted data independently

from included papers. In case of any disagreement, a
third author was contacted (Y.Y.G.-G.). A data extrac-

tion form was created based on the Effective Public
Health Practice Project Quality Assessment Tool12 and

the Template for Intervention Description and
Replication.13 Data on the main components of the

studies were extracted and categorized according to the
components included: nutritional (eg, diet prescrip-

tions, nutritional advice); physical activity (PA; eg, PA
practices, PA advice); behavioral or psychological (eg,

psychological, family, or behavioral therapy); environ-
mental (ie, changes in children’s settings to promote a

weight change); pharmacologic (eg, sibutramine); or
bariatric surgery. Any theory or framework used in the

design or delivery of the intervention was recorded.

Risk of bias

Following the Cochrane Handbook’s recommendation
for Systematic Reviews of Interventions for health pro-

motion interventions,14 the Effective Public Health
Practice Project Quality Assessment Tool12 tool was

used. Evidence was rated as strong, moderate, or weak
on the basis of their selection bias; study design; con-

founders; blinding; data collection methods; with-
drawals and drop-outs; intervention integrity; and

analysis. Also, funding sources and reported conflicts of
interests were extracted and considered in this review.

For more details, see Appendix 1.

Data synthesis and analysis

A narrative synthesis was conducted across all the in-

cluded studies. From those randomized controlled trials
(RCTs) in which the mean difference and its standard

deviation of BMI were reported or could be calculated,
a meta-analysis was conducted. Whenever provided,

intention-to-treat data were used. WebplotDigitizer
software was used to extract data when data were pro-

vided in graphs. The formulas from the Cochrane
Guidelines were used to estimate the effect size.15,16

Lifestyle interventions in obesity are quite heteroge-
neous; hence, we chose a random effect model for this

analysis.17,18 Because of the small sample sizes, the
Hedges estimator19 was used to fit the random-effect

model. The analysis was done using R statistical soft-
ware, using the library “metafor”.

RESULTS

Through the searches, 7363 references were identified,
from which 1432 were retrieved for full-text review.

Overall, 886 references were identified by reporting
obesity-related data in Mexican children and are in-

cluded in the COMO database. From these, 29 studies
(presented in 31 publications)20–50 met the inclusion

criteria (Figure 1). Most of the publications were full-
text papers, except for 3 abstracts,24,32,45 1 doctoral the-

sis,46 and 1 letter to the editor.50 Ten studies were
RCTs,20,21,25,26,34,40–43,48 3 were controlled clinical tri-

als,27,29,35 3 were cohort analytic studies with >1 group
(2 or 3 groups, before and after),32,39,46 and 13 were co-

hort analytic studies with a single group (before and af-
ter).22–24,28,33,36–38,44,45,47,49,50

Overall, the 29 identified studies included 2302 par-
ticipants (age range, 8–16 years) recruited from 11 states

of 32 states in Mexico (Figure 2). Most of the studies
were conducted in a clinical setting (n ¼ 17); some (n

¼ 7) in a school setting. One included both settings (ie,
school and clinic).40 In 1 study, participants were
recruited in a school, but activities were delivered out-

side school hours.41 Two studies were conducted in
summer camps39,46; the setting was unclear in 1 of the

studies24 (Table 2).20–50

Overall, 20 of the 29 studies included a nutritional

component, 19 included a PA component, 8 included a
psychological or behavioral component, and 3 studies

included pharmacologic treatment. The effects of 2 dif-
ferent bariatric surgeries among participants were

reported in 1 study32; however, this was 1 of the in-
cluded abstracts, and it was poorly reported. None of

the included studies reported an environmental change
to aid the weight-loss process. In 16 studies, parents or

siblings were included. The duration of the 29 studies
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ranged from 1 week to 12 months. There was no long-
term (>12 mo) study identified in this review. An ap-

proximate number of sessions was calculated from
reported information in the publications, and this num-

ber varied from 4 to 106 sessions. See Table 2 or
Table S1 in Appendix 2 in the Supporting Information

online.
Significant reductions in anthropometric outcomes

were reported in 10 of the 29 studies,21–23,25,33,36,38,47–49

9 reported no significant changes,20,26,27,34,35,40,41,43,44

and the effect of the intervention was unclear in 5 stud-
ies.24,32,37,39,45 In 2 studies,28,50 significant changes were

reported in some, but not all, of the anthropometric

outcomes considered (eg, changes in skin folds, but not
in BMI). Two studies29,46 reported effectiveness only in

those participants who finished the intervention. For
more details on the outcomes see Table S2 in Appendix

2 in the Supporting Information online.
Of the 29 included studies, 10 were RCTs; however,

only 4 were included in the meta-analysis.20,21,40,48 One
was excluded because it comprised a pharmacologic

therapy (ie, sibutramine, banned since 2010 in
Mexico).25 Three provided nutritional supplementation

(with some generic dietary advice, but not a lifestyle in-
tervention).26,34,43 One did not provide sufficient infor-

mation to calculate the effect size.41 The study of

Records identified through 
database searching

(N = 9755)

Additional records identified 
through other sources

(n = 73)

Total records
(n = 9828)

Records (after deduplication) 
screened

(n = 7363)

Records excluded
Irrelevant title or abstract

(n = 5934)

Full-text articles assessed for 
eligibility
(n = 1432)

Full-text articles 
excluded, with reasons

(n = 546)
Not Mexico n = 73

Not related to childhood or 
adolescent overweight or 

obesity n = 104
Not eligible population n = 107
Review, protocols, or comment 

paper n = 68
No weight or adiposity data 

presented for Mexican children 
or adolescents n = 145

No weight or adiposity data 
classification n = 49

Studies included in the 
COMO Project database

(n = 886)

Experimental studies identified 
n = 58 studies

(Presented in 74 publications)

Interventions to treat obesity 
(Targeting participants with overweight or obesity) 

n = 29 studies
(Presentedin 31 publications)

Intervention studies to 
prevent overweight and 
obesity in children and 

adolescents with or 
without obesity 
n = 29 studies

(Presented in 43
publications)

Figure 1 PRISMA flowchart. COMO, Childhood and Adolescent Obesity in Mexico: Evidence, Challenges, and Opportunities.
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Rosado et al42 was excluded from the meta-analysis be-
cause in that study, the aim was to increase ready-to-eat

cereals as a strategy to reduce excess body weight, and
no individualized nutritional advice was provided to

participants.
The population included in the 4 RCTs included in

the meta-analysis was 237 participants (age range, 11–
13 years old). The duration of these 4 RCTs varied from

3 months to 12 months. The intensity and frequency of
sessions also varied, from 5 to 100 sessions. In the D�ıaz

et al21 study, children with obesity participated in the
intervention frequently during the first 12 weeks, and

then the intensity decreased to monthly visits. The D�ıaz
et al21 study was the only 1 presenting 6 and 12 months

of data. Because the remaining studies included in the
meta-analysis lasted 3.5 or 4 months, 2 analyses were

done: 1 including data from D�ıaz et al 21 recorded at 6
months (Figure 3)20,21,40,48 and another with data at

12 months (Figure 4).20,21,40,48 Overall, there was a sig-
nificant effect (�1.52; 95%CI, �2.15 to �0.89; I2 ¼
66%) (Figure 3) on BMI in the short term (�6 mo) fa-
voring the intervention groups. The effect was dimin-
ished but remained significant when including the 12

months of data from D�ıaz et al21 (�1.31; 95%CI, �1.73
to �0.89; I2 ¼ 50%) (Figure 4).

Overall, 6 of the 29 studies were considered of
strong quality,25,29,34,40,42,47 5 of moderate qual-

ity,20,35,36,38,44 and the rest (n ¼ 18) were considered of
low quality. In 11 studies,20,21,25,26,34,40–43,48 participants

were randomly assigned into different study groups; in
7 of these, the randomization methods were reported,

and in 6,21,25,34,40,42,47 blinding of participants and per-
sonnel was reported. In most of the included studies

(n ¼ 20),20–23,25–29,33–36,38,40–42,47,48,50 individuals were
somewhat likely to represent the target population. In

12 of the 29 studies, some relevant confounders were

identified and controlled for.21,25,26,29,34,35,40,42,44,46,49 In
most of the included studies, the data collection tools

were valid and reliable. Data collection for anthropo-
metric measurements did not raise any quality uncer-

tainties, because all the studies collected data according
to international protocols. However, lifestyle outcome

measurements were very heterogeneous across studies,
and the validity of tools was not reported in most cases.

Withdrawals and drop-outs reported in 17 of the stud-
ies. When analyzing data, intention-to-treat analysis

was used in only 3 studies.21,25,49 (Table 3).20–50

Thirteen of the 29 studies did not report any fund-

ing source, and 3 reported not receiving funding for the
intervention.22,33,41 For 1 study, authors reported re-

ceiving funding from the food industry,42 and in an-
other, authors reported receiving funding from a

pharmaceutical company.25 National funding was
reported in 2 studies,26,43 and for 1 study, authors

reported receiving support from international organiza-
tions.21 Six of the 29 studies reported28,29,34,35,40,48 re-

ceiving funding from public institutions (eg, public
hospitals, public universities), and 123 reported receiv-
ing funding from private institutions (eg, private uni-

versities, insurance companies). The authors’ conflicts
of interest were not reported in 17 studies. In those

studies that reported it, no conflict of interest was
declared.

DISCUSSION

In this systematic review and meta-analysis of evidence

from studies of obesity in Mexican children and adoles-
cents, we found a significant short-term (�12 mo) effec-

tiveness on BMI reduction. However, these results need
to be cautiously interpreted in the light of the analysis’

limitations. Only 4 RCTs,20,21,40,48 with an overall

Figure 2 Map of the Mexican 11 states from which evidence was reported.
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sample of 237 participants (age range, 11–13 years old),

were suitable to be included in a meta-analysis, and
only 2 of these were of strong quality. Moreover, these 4

RCTs were delivered in different settings. Also, from
the 29 studies included in this review, evidence regard-

ing weight-related outcomes improvement was hetero-
geneous and inconclusive. Most of the evidence was of

low quality, which increased the risk of bias. Across all
the studies, several interventions with different dura-

tions and intensities were found. Still, no long-term

interventions (�12 mo) were identified in this system-

atic review.
Overall, the purposes of the interventions in the 29

studies identified mainly were to reduce energy intake,
increase energy expenditure, and decrease sedentary be-

havior. Some interventions (n ¼ 8) also included a psy-
chological or behavioral component, and 3 included

pharmacologic treatment. One abstract reported the
comparison of 2 types of bariatric surgery among ado-

lescents. There is still no gold standard childhood

Figure 3 Meta-analysis with 6 months’ data (I2 5 66%). Weight of each study: Ceballos-Gurrola et al,20 12.7%; Di�az et al,21 27.5%;
Rodr�ıguez-Mor�an et al,40 26.9%; Vel�azquez-L�opez et al,48 32.8%. Total number of participants in the intervention groups: 116; total number
of participants in the control groups: 121. EPHPP, Effective Public Health Practice Project CI, Confidence Interval.

Figure 4 Meta-analysis with 12 months’ data (I2 5 50%). Weight of each study: Ceballos-Gurrola et al,20 19.2%; Di�az et al,21 21.6%;
Rodr�ıguez-Mor�an et al,40 35.6%; Vel�azquez-L�opez et al,48 23.5%. Total number of participants in the intervention groups: 116; total number
of participants in the control groups: 121. EPHPP, Effective Public Health Practice Project, CI, Confidence Interval.
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obesity treatment. However, some effectiveness has

been shown in multicomponent interventions.51

In 12 studies, parents were included in the activi-

ties, and in 3, siblings were included as well. The in-
volvement of parents has been described as a critical

factor for the effectiveness of childhood obesity treat-
ments.52 Family-based obesity therapy provides inter-
ventions for both children and their parents, but

children benefit more compared with their parents.53

We found that most interventions to treat obesity

in Mexican children and adolescents were delivered in a
clinical setting (n ¼ 17 of 29). Also, from the included

studies, no environmental changes were identified.
Childhood obesity treatment ideally should be provided

within an integrated care system, including primary
care practice, a tertiary care center, and support at

home, school, and in community settings.51 The con-
ception of a support network for young people while

attempting to lose weight and maintain a healthy weight
needs to target different settings and include several

stakeholders. Likewise, environmental changes need to
be made to facilitate behavioral change.54

It is noteworthy that Mexico has led the implemen-
tation of different nationwide strategies to tackle obesity

among the general population. For instance, Mexico re-
cently introduced a 1 peso/L excise tax on sugar-

sweetened beverages.55,56 More recently, a front-of-pack
labelling system has been implemented.57 Still, effective

and targeted strategies are needed urgently to tackle this
problem among children and adolescents. Some institu-

tional documents about generic obesity prevention and
diagnostic procedures can be found.58–60 However,

such documents are not targeted to populations
<18 years old, do not contemplate a comprehensive

treatment of obesity, and are mainly limited to primary
health care.

From the 4 RCTs included in the meta-analysis, the
studies of Rodr�ıguez-Mor�an et al40 and Di�az et al21

showed the most beneficial effect across studies.
However, the Rodr�ıguez-Mor�an et al40 study was con-
sidered to have a strong quality, whereas the study of

Di�az et al21 was considered to be of low quality. The in-
tervention delivered by Rodr�ıguez-Mor�an et al40 in-

cluded an individualized low-calorie diet,
individualized PA advice, group exercise sessions (in-

cluding parents), and individualized cognitive behav-
ioral therapy as adjuvant treatment. This intervention

was delivered in a public clinic by a multidisciplinary
team (including doctors, psychologists, nutritionists,

and graduates in physical education and sport).
Although it was a short-term intervention (4 mo), the

frequency was greater than in other included studies.
Participants received 20 nutrition sessions (1 h/wk),

plus 80 after-school PA sessions, plus individualized
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cognitive behavioral therapy sessions (when necessary).

This intervention’s effect size was significant, favoring
the intervention group, and might indicate the impor-

tance of an individualized, frequent, and multidiscipli-
nary effort, considering close relatives for treating

childhood obesity in a Mexican context. Nevertheless,
better-quality research needs to be done in Mexico to
determine the optimal length, intensity, and long-term

effectiveness of obesity treatment interventions among
children and adolescents.

A multicomponent and individualized study that
comprises dietary modifications, PA practice, behavioral

strategies, and active parental involvement has been
suggested in other countries.6,7,51 Long-term results are

needed to measure and identify effectiveness pointers,
and might help create an integrated long-lasting health

care model that aids in preventing and treating obesity.
Such a health care model should make available the in-

tegration of follow-up visits to monitor and maintain
behavioral change as needed, facilitating the provision

of the required intensity and frequency of treatment suf-
ficient to achieve meaningful outcomes.61,62

While conducting this systematic review, we found
some challenges, including for instance, the poor de-

scription of methods across the included papers. The
lack of high-quality RCTs also is noticeable. Ten of the

29 studies were RCTs, but only 4 could be included in a
meta-analysis. The sample sizes of the included RCTs

were relatively small. Few studies with small sizes could
introduce into the model bias or variability because of

sampling. Some other limitations of this systematic re-
view include the heterogeneity of included studies in

terms of intervention design, sample size and character-
istics, intervention approach, primary measures used to

assess intervention effects, length of follow-up, analyti-
cal approaches, and overall quality. Such variability

made it challenging for cross-comparisons. Also, the re-
trieved evidence came from 11 of 32 states in Mexico,

so the results might not reflect a nationwide picture.
This work’s strengths include, to our knowledge,

being the first systematic review conducted about inter-

vention to treat obesity in Mexican children and adoles-
cents. This is relevant considering that most of the

published systematic reviews include only English pub-
lications, excluding valuable evidence from non–

English-speaking low- or middle-income countries such
as Mexico. The exhaustive search for evidence was done

across 13 databases and 1 search engine, in 2 languages
(whenever possible), which helped us capture relevant

publications. The included studies’ particular character-
istics were extracted, and the quality of evidence was ap-

praised, which was considered in the synthesis.
No cost-effectiveness studies regarding Mexican

interventions to prevent or tackle childhood obesity

were identified in the COMO project. However, some

economic models have suggested that the costs of child-
hood obesity in Mexico from 2006 to 2050 (considering

only 2 comorbidities: diabetes and hypertension) will be
much higher than the health care system can stand,

jeopardizing the health and well-being of the popula-
tion.63,64 Early intervention is essential, because less
weight change is needed at younger ages to achieve a

healthy weight than the amount of weight loss necessary
at older ages.65 Moreover, it has been acknowledged

that the ability to estimate a national impact systemati-
cally and cost-effectiveness of implementation of child-

hood obesity interventions enables comparison within
and across sector-specific interventions to inform pri-

mary prevention investment.66

CONCLUSION

Efforts to identify vulnerable populations and imple-

mentation barriers among different populations are
needed in Mexico. Long-term nationwide interventions

and comprehensive recommendations that can guide
health professionals and other stakeholders in the obe-
sity treatment at individual and community levels are

essential to change the upward trends in obesity preva-
lence. Such efforts need to be comprehensive, multidis-

ciplinary, and target several risk factors in the long
term. This review is part of a broader project aiming to

synthesize and use data to comprehend the extent, na-
ture, effects, and costs of childhood or adolescent obe-

sity in Mexico (ie, the COMO Project).9 Because of the
increasing levels of obesity in Mexico, every action mea-

suring or attempting to tackle obesity in Mexico should
be acknowledged. Any effort should be considered an

experiment, where effects must be documented and
evaluated to benefit every other initiative or strategy.

Such efforts need to enhance their methodological qual-
ity, including different settings, stakeholders, and target

different health risk behaviors. Interventions should be
designed using a comprehensive approach within the

national sociopolitical, cultural, and economic contexts.

Supporting Information

The following Supporting Information is available

through the online version of this article at the publish-
er’s website.

Appendices 1 and 2 (which contain Table S1 and
Table S2) are supplied as supporting information.
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