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Abstract

Purpose: This systematic review evaluates the relationship between resistance training and
metabolic function in youth.

Methods: PubMed, Embase, Cochrane Library, Web of Science, CINAHL, and
ClinicalTrials.gov were searched for articles that: (1) studied children; (2) included resistance
training; (3) were randomized interventions; and (4) reported markers of metabolic function. The
selected studies were analyzed using the Cochrane Risk-of-Bias Tool.

Results: Thirteen articles met inclusion criteria. Mean age ranged from 12.2-16.9 years, but
most were limited to high school (N=11) and overweight/obese (N=12). Sample sizes (N= 22—
304), session duration (40-60min), and intervention length (8-52 wks) varied. Exercise frequency
was typically 2-3 d/wk. Resistance training was metabolically beneficial compared to control or
resistance plus aerobic training in 5 studies overall and 3 out of the 4 studies with the fewest
threats to bias (P< 0.05); each was accompanied by beneficial changes in body composition, but
only one study adjusted for change in body composition.

Conclusions: Limited evidence suggests that resistance training may positively affect metabolic
parameters in youth. Well-controlled resistance training interventions of varying doses are needed
to definitively determine whether resistance training can mitigate metabolic dysfunction in youth
and whether training benefits on metabolic parameters are independent of body composition
changes.
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Introduction

Childhood obesity rates in the United States and elsewhere remain at all-time highs. Despite
difficulty in reaching consensus on the definition and cut points for insulin resistance (IR)
and metabolic dysfunction in children, overweight and obesity have been clearly associated
with metabolic dysfunction in children across the globe (38). Excess adiposity in childhood
clearly tracks with adiposity in adulthood (29, 32) and may track with the development of
metabolic syndrome and other significant cardiometabolic outcomes in adulthood even when
metabolic dysfunction is absent during childhood (28, 36).

Metabolic dysfunction has been proposed as a link between obesity and chronic conditions
such as cardiovascular disease and several cancers (4, 27). Early onset and persistence of
metabolic dysfunction threatens to increase the prevalence of chronic diseases and
accompanying morbidity and mortality earlier in life. Many studies and public health
programs have targeted weight management as a means to reduce obesity and thereby
mitigate its effects on chronic disease. Unfortunately, these efforts have not had long-term
success, as evidenced by weight regain across trials (5) and no real change in the prevalence
of obesity (26).

In the absence of sustained weight loss it is prudent to identify a means of mitigating the
consequences of overweight/obesity, independent of weight loss. Aerobic and circuit
training interventions have been more commonly tested for this purpose and have
demonstrated mixed results in terms of improving metabolic function in overweight and
obese youth (20, 39). More so than aerobic exercise, resistance training increases muscle
mass, and thereby may provide a more effective mechanism for improved glucose disposal
(14, 17, 25) and potentially other cardiometabolic outcomes, independent of weight loss (14,
17, 25). In cross-sectional studies, relative muscle mass has been inversely associated with
several cardiometabolic markers [blood pressure (BP), C-reactive protein (CRP), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL), triglycerides (TG), and insulin] among youth aged 8-20yrs (NHANES
1999-2004) (19). Resistance training may be more appealing to those who experience
difficulty participating in aerobic training, particularly the obese (30, 31).

The purpose of this systematic review was to determine if resistance training improves
metabolic function among youth, including metabolic syndrome, insulin resistance, or any
component of their definitions (i.e. levels of insulin, glucose, HbALC, lipids, blood pressure,
waist circumference). Although a meta-analysis on physical activity and insulin resistance
was published in 2014 (12), the last systematic reviews inclusive of metabolic syndrome, its
components, and/or insulin resistance examined studies that were published prior to 2010,
and therefore did not include the majority of the articles identified herein (7, 15), in
particular the largest randomized controlled trial to date (N=304)(35). These prior reviews
had limited data on the effects of resistance training alone from randomized controlled trials,
as they included various study designs, and were dominated by aerobic and mixed mode
training, making it difficult to tease out the effects of resistance training. In this systematic
review, we examined the effects of resistance training specifically, as well as compared
resistance training to aerobic training across studies in which both groups were included.

Pediatr Exerc Sci. Author manuscript; available in PMC 2018 November 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bea et al.

Methods

Page 3

Therefore, this systematic review updates previous reviews with new robust trials, isolates
the contribution of resistance training, and includes studies that assessed metabolic
syndrome and its individual components, in addition to insulin resistance.

This systematic review has been registered with the International Prospective Register of
Systematic Reviews, PROSPERO (registration number: CRD42015024433; http://
www.crd.york.ac.uk/PROSPERO).

Article selection

A literature review was planned and performed using methods specified in the “PRISMA
statement for reporting systematic reviews and meta-analyses” (23). Both controlled
vocabulary terms (e.g., MeSH) and key words were utilized to search the following
databases for studies that included data on the effect of resistance training interventions on
metabolic function in children and adolescents <18 years of age: Ovid/MEDLINE (1946-
2015); Elsevier/Embase (1947-2015);Wiley/Cochrane Library (1898 —2015); Thomson-
Reuters/Web of Science (1898-2015); EBSCO/CINAHL (1937-2015); and
ClinicalTrials.gov (1997-2015). Literature searches were completed on January 5, 2016.
The complete Ovid/MEDLINE search strategy, analogous to the other database searches, is
available in the Electronic Supplementary Material. Reference lists of, and citations to, the
articles ultimately selected from the database searches were also screened.

Inclusion criteria were (1) study focused on children, adolescents, and young adults <18
years of age; (2) interventions included, but were not necessarily limited to resistance
training of any kind (e.g. calisthenics, bands, machine weights, circuit training, and free
weights); (3) study designs were randomized trials with at least two groups, either control
and intervention groups or =2 interventions; (4) parameters measured were metabolic
syndrome score, individual components of metabolic syndrome, or any measure of insulin
resistance. Criteria for exclusion were (1) studied adults only; (2) subjects were individuals
with Type 1 diabetes mellitus (DM) only; (3) interventions were diet modification, aerobic,
or a combination of aerobic and resistance exercise only; (4) no markers of metabolic
function such as glucose (GLU), TG, HDL, waist circumference (WC), BP, insulin levels,
HbA ¢ levels were measured. No publication date or language limits were applied.
Identified reviews and meta-analyses were not included in this synthesis, but their reference
lists were included in the citation tracking component of study identification.

Two independent reviewers initially screened titles and abstracts of retrieved references for
relevance (JWB, MHR for MEDLINE; RB, MHR for other databases). In case of
disagreements, a third reviewer (RB for MEDLINE, JWB for other databases) determined if
it advanced to the next stage. The full texts of the articles selected were then more
thoroughly analyzed by two independent reviewers to see if they met full inclusion criteria,
with a third reviewer determining final selections if disagreements occurred. Letters, case
studies, review articles, case-control studies, resistance training (RT) interventions without a
comparison group, and cohort studies were excluded. Publications stemming from the same
study were linked to avoid including data from the same study more than once.
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Two authors independently read the final selection of articles and completed an assessment
bias using the Cochrane criteria (1). Disagreements regarding bias assessment were resolved
by discussion and consensus (JWB, MHR, RB). Similarly, data were extracted
independently by two reviewers and disagreements resolved by discussion with the third
reviewer. Standard extraction forms developed and pilot-tested for this specific systematic
review were used. For each study the following information was extracted: study design,
intervention (frequency, intensity, duration, type), number of participants, mean age, sex,
and difference in means for outcomes related to metabolic syndrome, including individual
components such as fasting glucose, HDL cholesterol, triglycerides, blood pressure, waist
circumference, and insulin resistance related markers. If body composition and BMI data
were available within the articles meeting inclusion criteria for the primary outcomes, they
were also extracted. Comparisons between intervention and control or between multiple
intervention groups were extracted, as available, with a focus on determining the effect of
RT compared to other individual or combination interventions.

We found 3655 studies through database searches. Citation tracking of the included articles
and selected reviews revealed an additional 52 articles. Of the 2620 articles that remained
after duplicates were removed, 2477 were excluded because of irrelevance to the topic
(Figure 1). Strict inclusion criteria, as outlined above, were applied to the full text of 143
articles. Of these, 13 met the full set of criteria. All of the studies meeting our selection
criteria for metabolic outcomes also reported anthropometric or body composition outcomes.

Sources of Bias

Six specific sources of bias were examined and rated for each study (random sequence
generation, allocation concealment, blinding of participants and personnel, blinding of
outcome assessment, selective reporting), with an additional category entitled “other
sources” of bias according to the Cochrane guidelines (Table 1) (1). Physical activity
interventions require that instructional staff and participants are aware of group assignment,
introducing increased risk of performance bias due to lack of blinding of both participants
and personnel across all of the studies reviewed. Eight of the 13 randomized controlled trials
were rated as having limited risk of bias due to positive ratings for at least three of the five
remaining potential sources of bias. Within these studies there were no “high risk of bias”
ratings, but rather lack of detail in the manuscript text for some categories making potential
risks of bias unclear. Across studies, the categories most often lacking detailed information
were random sequence generation, allocation concealment, and blinding of outcome
assessment, potentially indicating selection bias and detection bias, respectively. The vast
majority of studies presented intent-to-treat analyses, provided specific reasons for dropout
that were unlikely to influence outcomes, had equal dropout rates across groups, or did not
experience dropout and were, therefore, rated as having low risk of bias due to attrition.
Reporting bias was not an issue across the studies reviewed. Several studies were conducted
in a clinical setting where physicians addressed individual issues throughout the study (2, 8,
11). This practice was essential for clinical care, but it was difficult to determine if it
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introduced other potential forms of bias that were not addressed without seeing data such as
the distribution of additional clinical advice or therapies across groups.

Trial Designs

Of the 13 randomized trials identified (Table 2) 10 included comparisons between resistance
training and control, with or without a background dietary component in each arm. The
other three randomized studies included combined resistance training plus aerobic training
versus aerobic training, and other comparisons. Across trial types, the interventions ranged
from 8-52 weeks, and included training sessions typically lasting 40-60 minutes, 2—4 days
per week. There appeared to be no attempt to standardize energy expenditure across
comparative intervention groups, but rather to equalize duration of training per session in
most studies. If the intervention group was resistance training plus aerobic training the time
tended to be split equally between the two types of training. Ages across studies ranged from
10.9 — 19 yrs (mean 12.2-16.9 yrs). Although most studies were limited to high school aged
adolescents (2, 8-11, 16, 18, 33, 35), some studies were conducted in middle school aged
children, (6, 37) or included broader age ranges of youth (21, 22). The majority of studies
included both males and females, but five studies were limited to a single sex (N=2 female
only (10, 22); N=3 male only (18, 21, 33)). The effect of sex on metabolic outcomes was not
directly examined in these studies.

The metabolic outcomes reported varied between studies. Not all studies reported each of
the components included in the NCEP ATP Il1 score for metabolic syndrome (WC, TG,
GLU, BP, HDL) or the score itself (Table 3). The measures of glucose tolerance and insulin
sensitivity/resistance varied in terms of participant burden and precision, including: fasting
glucose and insulin, oral glucose tolerance test (OGTT), frequently sampled intravenous
glucose tolerance test (FSIVGTT) and the hyperinsulinemic euglycemic clamp. Total body
composition, if evaluated, was also measured in a variety of ways: dual energy X-ray
absorptiometry (DXA), magnetic resonance imaging (MRI), bioelectrical impedance (BIA),
air displacement plethysmography (i.e. BODPOD™), skin folds, and hydrostatic weighing.
Each variable reported is labeled according to the technique used and the units of measure
(Table 3).

Metabolic changes with resistance training in studies with the fewest threats to bias

We focused on comparisons between RT and control groups, and studies with designs that
made it possible to isolate the effect of RT (i.e. RT+AT versus AT as a comparative
intervention group). Detailed comparisons are given in Table 3. Of the four studies with the
fewest threats to bias (6, 21, 22, 35), two demonstrated significant decreases in the metabolic
syndrome component of waist circumference, but no other metabolic syndrome components
(6, 35). Of the other two studies with the fewest threats to bias, results were mixed. One
study by Lee et al. (2012), among males only, demonstrated significant improvement in
insulin sensitivity with RT versus control (21), while another study by Lee et al. (2013),
among females only, demonstrated 7o improvements in metabolic parameters with
resistance training (22).
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None of these studies adjusted metabolic models for body composition as a potential
modifier, though all of them demonstrated beneficial effects of resistance training on body
composition. However, a secondary analysis in the male only study from Lee et al. found
that changes in insulin sensitivity were inversely correlated with changes in visceral adipose
tissue (kg) when the groups were combined (r = -0.47; P = 0.003) (21).

Three of the four studies with minimal threats to bias demonstrated beneficial changes in
other metabolic parameters with RT compared to control (6, 22, 35), although the changes
did not reach statistical significance. The increase in HDL was nearly significant in one
study (p=0.08) (6) and the increase in hepatic insulin sensitivity was nearly significant in
another (p=0.08) (22).

Metabolic changes with resistance training compared to aerobic training in studies with
the fewest threats to bias

Three (21, 22, 35) of the four studies with minimal threats to bias included an aerobic
training alone or resistance training plus aerobic training group. Insulin sensitivity was not
associated with aerobic training in the Lee et al. study of adolescent males, though, as noted
above, resistance training improved insulin sensitivity compared to control (21). Conversely,
insulin sensitivity was improved with aerobic training in the Lee et al. study of adolescent
females, though resistance training did not improve insulin sensitivity in this group
compared to control, as noted above (22). Resistance training and aerobic training were not
directly compared in either study (21, 22). Sigal et al. found that reduction in waist
circumference was significantly greater for aerobic versus control conditions, similar to
resistance training versus control, but resistance training alone versus aerobic training alone
were not directly compared(35). However, when comparing resistance combined with
aerobic training versus aerobic training alone, systolic blood pressure was reduced
significantly more with aerobic training alone (35). There were no blood biomarker
differences between any groups in the Sigal et al. study, which was the largest study
(N=304)(35).

Other potential modifiers of metabolic changes with resistance training in studies with the
fewest threats to bias

Across the four studies with minimal threats to bias, no systematic differences between
session duration, frequency, compliance, or age, could be determined. The intervention
lengths ranged from 8-24 weeks, with the trial without metabolic improvement being 13
weeks. The single null study was female only. In the other studies, there was a general lack
of direct statistical comparisons between demographic groups, though age and sex were
included as covariates in two studies (6, 35), as well as an additional covariate of maturation
in one of them (6).

Metabolic changes with resistance training and potential modifiers in the remaining

studies

Overall, ignoring the bias ratings, an additional study by Shaibi et al. among males only,
demonstrated improvements in metabolic function with resistance training compared to
control. This study also demonstrated concomitant improvements in body composition. It
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was the only analysis that adjusted for change in total body lean and fat masses. Importantly,
the insulin sensitivity improvements demonstrated were measured by the gold standard
method of FSIVGTT, although the sample size was small (N=22) and the intervention was
relatively brief (16 weeks)(33).

Another study with both males and females, but divided by non-alcoholic fatty liver disease
(NAFLD) status, also demonstrated significant metabolic improvements in both groups,
although they were different. Those without NAFLD demonstrated improved fasting insulin
and HOMA-IR with combined resistance and aerobic training compared to aerobic training
alone, while those with NAFLD demonstrated improved fasting glucose in the combined
training group compared to aerobic training alone (11).

These two additional studies bring the total to five studies that improved metabolic
syndrome components and/or insulin sensitivity without respect to bias ratings.

Of the remaining studies that demonstrated no significant improvements in metabolic
parameters, two of the studies demonstrated improvement in body composition (2, 8) and
five did not (9, 10, 16, 18, 37). Of the latter, four did adjust metabolic models for BMI or
body composition, but not change in BMI or body composition, likely due to lack of
beneficial change in BMI or body composition with intervention in those studies (9, 10, 16,
37).

The five studies that benefitted neither metabolic function nor body composition were <16
weeks in duration (9, 10, 16, 18, 37), while the two that improved body composition, but not
metabolic parameters were =24 weeks (2, 8); no systematic differences between session
duration, frequency, compliance, age, or sex could be determined.

Discussion

Overall, resistance training had significant positive effects on metabolic parameters in fewer
than half of the studies reviewed (5 of 13), though among the studies with the fewest threats
to bias, 3 of 4 demonstrated improvements in a component of metabolic syndrome and/or
insulin resistance. Despite the addition of more recent studies, our results are in alignment
with a previous systematic review of both metabolic syndrome and/or insulin resistance in
which mixed results made it difficult to definitively determine if physical activity positively
influences metabolic parameters (15). However, a meta-analysis of physical activity effects
on insulin resistance alone was more clear; a small to moderate effect was found for physical
activity on improving insulin resistance in youth (Hedges’ d effect size = 0.31 [95%
confidence interval: 0.06-0.56], P < .05)(12). Unfortunately, these reviews and others did
not evaluate resistance training specifically; they combined various types of training and
study designs (12, 15, 39). Although Benson et al. attempted to target resistance training in
their systematic review, only one of the randomized controlled trials they were able to
include was rot a circuit-based program with aerobic components (7). What was noted by
Benson et al. in 2008 regarding children and adolescents unfortunately remains equally true
today: “More robustly designed single modality randomized controlled trials utilizing
standardized reporting and precise outcome assessments are required to determine the extent
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of health outcomes attributable solely to resistance training and to enable the development of
evidence-based obesity prevention and treatment strategies ...” (7).

Due to the mixed results of beneficial versus null effects of resistance training on metabolic
parameters, we looked for intervention differences (bias, sample size, study duration, age,
sex, etc.) to help illuminate our unexpected findings. Certainly beneficial effects of
resistance training on components of metabolic syndrome and/or insulin resistance seemed
to be demonstrated more often in those studies with the fewest threats to bias (3 of 4). Of
note, however, the significant beneficial change in metabolic syndrome parameters was
limited to waist circumference in two of the studies with the fewest potential threats of bias.
Since waist circumference is a marker of central adiposity, these data suggest that potential
changes in metabolic syndrome score, if computed, may be driven by body composition
changes with resistance training. Unfortunately these studies did not account for changes in
body composition in their analytical models.

The results from the remaining studies with good designs but insufficient description of
some of the potential threats to bias, also demonstrated mixed results. There were no
beneficial changes in either metabolic or body composition parameters (i.e. coupled) with
resistance training in several studies (5/9), two studies showed benefit to both metabolic
parameters and body composition (i.e. coupled), and two studies showed no beneficial
changes in metabolic parameters, but beneficial change in body composition (i.e.
uncoupled). Across all studies, regardless of bias ratings, it was extremely rare for
researchers to examine change in body composition as an effect modifier of metabolic
change within these studies. The variation in outcomes across all studies made it difficult to
determine if resistance training can beneficially shift metabolic parameters independent of
changes in body composition.

Study demographics varied and planned comparisons between different age groups and
sexes were nearly absent from the literature, although two of the three studies that
demonstrated beneficial effects of resistance training on metabolic parameters beyond waist
circumference were in males only (21, 33). The female only studies showed no metabolic
benefits of resistance training (10, 22). Further, it is important to interpret the mixed results
across studies in the context of maturation, regardless of age or sex. Children experience
pubertal maturation at different ages, and it is difficult to account for pubertal changes in
these studies, which frequently take age and sex into consideration in analytical models, but
not maturation stage. The variable nature of glucose and insulin levels common during peak
growth and maturation, including decreased insulin sensitivity (24), may make it difficult to
detect lasting improvement in metabolic function with physical training among a group of
youth spanning various stages of maturation regardless of the mode of training. There may
be a greater lag between detecting improvements in body composition and subsequent
improvements in metabolic parameters among youth during puberty compared to adults.

There was no clear systematic difference between studies that demonstrated beneficial
effects of resistance training on metabolic function in terms of training frequency. The
length of the intervention and sample sizes were considered, as well, in determining why
some interventions were successful in shifting metabolic parameters and others were not.
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The studies that failed to show significant changes in metabolic parameters tended to last 16
weeks or less, which may be too short a training period to accommodate expected
fluctuations in metabolic homeostasis during maturation, although some of the relatively
brief studies did report beneficial metabolic outcomes. One may postulate that lack of effect
of resistance training on metabolic parameters in some of the studies may be due to power
limitations, yet beneficial effects of resistance training were seen across widely varying
sample sizes.

Although studies in this and previous systematic reviews largely fail to show statistical
significance in terms of the ability of resistance training to positively shift metabolic
markers, it remains unclear if they might nonetheless be clinically significant. Contributing
to this lack of clarity is the overall paucity of pediatric research related to the necessary shift
in metabolic markers in childhood to reduce future chronic disease risks in adulthood
Certainly, standardizing the definition of metabolic syndrome internationally, which has yet
to occur, will support the conduct and interpretation of clinical trials, as well as diagnosis
and management of metabolic dysfunction among youth (13).

Comparisons between studies was further complicated due to lack of systematic
quantification of exercise volume, energy expenditure or setting intervention groups at
similar energy expenditure targets, and compliance. In addition, there was wide variability in
the measurement techniques. The metabolic measures varied from simple fasting glucose
and insulin to increasingly precise techniques such as OGTT, FSIVGTT, and the
hyperinsulinemic euglycemic clamp, in addition to individual components of metabolic
syndrome, which were not always measured. Although the inclusion of each variable
depended on the goals of the individual study, the lack of a unified or even similar
systematic approach made it difficult to summarize the literature and precluded doing a
meta-analysis.

In summary, some, but certainly not all, studies and study designs supported resistance
training for inducing beneficial changes in metabolic syndrome, insulin resistance, and their
individual components. The literature was not consistent, and the required dose and duration
of resistance training to achieve significant, as well as clinically meaningful benefit remains
unclear. The benefits of resistance training on body composition may contribute to lasting
improvement in metabolic parameters if training is continued due to the importance of both
body fat and skeletal muscle in glucose storage and disposal(34), but it has not been
evaluated. Potential gains in core and limb control, kinesthetic awareness, and muscular
endurance, as well as improved self-concept, may encourage youth who became proficient
in resistance training to undertake aerobic training—which may otherwise be quite
challenging prior to resistance training, especially among those who are overweight, obese,
or previously sedentary (30, 31). Interventions that use resistance training to prepare
overweight, obese, or previously sedentary youth for other types of training and combination
training deserve further testing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:
AT

BIA
CON
CRP
DM
DBP
Diet

DI

DXA

F
FSIVGTT
GLU
HDL-C
I

IS

IS

IR

ITT
LBM
LPA
LDL-C
M
MetS
NHANES

NAFLD

aerobic training group

bioelectrical impedance

control group

C-reactive protein

diabetes mellitus

Diastolic Blood Pressure

diet group

disposition index

dual-energy X-ray absorptiometry
female

frequently sampled intravenous glucose tolerance test
glucose

high-density lipoprotein cholesterol
insulin

insulin sensitivity

Insulin Sensitivity Index

insulin resistance

lean body mass

intent to treat

leisure physical activity
low-density lipoprotein cholesterol
male

metabolic syndrome

National Health and Nutrition Examination Survey

non-alcoholic fatty liver disease
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Records identified through database
searching
(n =3655)

Additional records identified through
citation analysis of relevant articles

(n=52)

Duplicates (n=1087)

Records after duplicates removed
(n =2620)

l

Records screened
(n =2620)

A

Full-text articles assessed

Records excluded (not
relevant per titles/abstract)

(n=2477)

for eligibility
(n=143)

I

Full-text articles that met
inclusion criteria
(n=13)

I

Articles included for

qualitative synthesis after
quality review (n=13)

Figure 1:

Full-text articles excluded (n=130)

Reasons:
1. Adults only (n=2)
2. Commentary (n=2)
3. Cross-sectional design (n=2)
4, Duplicate study or data (n=7)
5. Insufficient data {e.g. conference abstract with minimal

data or clinical trial with unpublished data) {n=30)

No control group or no appropriate control group {(n=3)
No metabolic outcomes (n=6)

No resistance training {(n=14)

No way to tease out effects of resistance training {(n=26)

. Pre-post design {n=18)

. Non-randomized design {n=5)
. Review (n=10)

. Type 1 DM only (n=5)

Flowchart of the process of literature search and extraction of studies meeting the inclusion

criteria
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Bias assessment of resistance training studies with metabolic outcomes among children and adolescents using
the Cochrane Collaboration criteria.

Allocation Blinding of Blinding Incomplete outcomedata | Selective Reporting | Other bias

Random concealment | participants | of

sequence & outcome
Source generation personnel assessment
Ackel-D’Elia, 2014%(2) ? ? - ? ? + ?
Benson, 2008(6) + + - + + + +
Damaso, 2014%(8) ? ? - * * + ?
Davis, 2009(9) ? ? - ? + + +
Davis, 2009(10) ? ? - 2 " . N
de Piano, 2012%(11) ? ? - ? * + ?
Hasson, 2012%(16) ? ? - ? + + +
Kelly, 2015(18) 2 + _ 0 N ; "
Lee S, 2012(21) + + - 2 + + N
Lee S, 2013(22) + + - ? + + +
Shaibi, 2006(33) ? ? - + + + +
Sigal 2014(3, 35) + + - + + + N
Suh, 2011(37) + 2 _ B N R N

(+) = low risk of bias; (-) = high risk of bias; (?) = unclear risk of bias

aThe Inter-disciplinary Obesity Program of the Universidade Federal de Sao Paulo-UNIFESP project (GEO) has been conducted annually since

2004,

Latino population overlaps with Davis, Obesity, 2009 article; African American population does not overlap. Each individual study fully design is

described in Table 2.
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