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Abstract

Sedentary behavior is emerging as an independent risk factor for pediatric obesity. Some evidence
suggests that limiting sedentary behavior alone could be effective in reducing body mass index
(BMI) in children. However, whether adding physical activity and diet-focused components to
sedentary behavior reduction interventions could lead to an additive effect is unclear. This meta-
analysis aims to assess the overall effect size of sedentary behavior interventions on BMI
reduction, and to compare whether interventions that have multiple components (sedentary
behavior, physical activity, and diet) have a higher mean effect size than interventions with single
(sedentary behavior) component. Included studies (N=25) were randomized controlled trails of
children (<18 years) with intervention components aimed to reduce sedentary behavior and
measured BMI at pre- and post-intervention. Effect size was calculated as the mean difference in
BMI change between children in an intervention and a control group. Results indicated that
sedentary behavior interventions had a significant effect on BMI reduction. The pooled effect
sizes of multi-components interventions (g=—.060~-.089) did not differ from the single-
component interventions (g=-.154), and neither of them had a significant effect size on its own.
Future pediatric obesity interventions may consider focusing on developing strategies to decrease
multiple screen-related sedentary behaviors.
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Introduction

Overweight and obesity in childhood are known to have detrimental effects on both physical
and psychosocial health. Problems in cardiovascular (e.g., hypercholesterolemia,
hypertension) and endocrine functioning (e.g., hyperinsulinism, impaired glucose tolerance,
type 2 diabetes mellitus) as well as and mental health concerns (e.g., depression, low self-
esteem) are common in obese children and adolescents.? These comorbidities will likely
persist into adulthood.2 Moreover, obesity in childhood is known to be an independent risk
factor for adult obesity. Being obese in childhood is also believed to be an important early
risk factor for adult morbidity and mortality.3# Unfortunately, successful treatments for
obesity have been elusive. In addition, only about 10% of obese children seek weight loss
treatment.® Therefore, much effort has been devoted to developing obesity prevention
programs, in the hope that this strategy will be more effective to solve obesity as a public
health problem. In fact, prevention in children is viewed as the best approach to reverse the
rising global prevalence of obesity.6

Interactions between genetic, biological, psychological, sociocultural, and environmental
factors are evident in childhood obesity.1:” The rapid increase of overweight and obese
children during the past two decades suggests that environmental factors may play a greater
role than genetic factors.8 The increasing prevalence of obesity is believed to be a result of
an increase in the energy content of dietary intake, decrease in level of physical activity, and
increase in sedentary behavior.?-11 Behavioral methods have been the predominant
approach to preventing obesity and often involve dietary modification and efforts to promote
physical activity.12 However, some researchers argue that reducing sedentary behavior alone
should lead to a reduction in obesity.® A study by Epstein and collegues!3 found that a
consistent reduction of daily sedentary time may be as or more important than short periods
of vigorous activity for maintaining a long-term energy balance. A recent systematic review
on 232 studies done by Tremblay and colleaguesl4 revealed a dose-response relation
between increased sedentary behavior and negative physical and psychosocial health
outcomes. Specifically, more than 2 hours per day of sedentary behavior (assessed primarily
as TV viewing) was associated with unfavorable body composition, decreased fitness,
lowered self-esteem and decreased academic achievement in children aged 5-17 years.
Another systematic review of prospective studies also suggests a moderate evidence (i.e.,
consisting findings across multiple high- and low-quality studies) for a longitudinal inverse
relationship between sedentary time and aerobic fitness during childhood.1®

In the past years, it was generally believed that the links between sedentary behavior and
childhood obesity include displacement of physical activity, increased energy intake due to
unhealthy food choices during TV watching, effects of food advertising, and decreased
metabolic rate while watching TV.16-18 However, it is now recognized that one’s level of
sedentary behavior may be relatively independent of physical activity level. A cross-national
study showed that spending more than 2 hours daily in screen-based sedentary behaviors
was not consistently associated with lower level of physical activity among children.19
Findings from a study by Wong and Leatherdale?0 also support the notion that being highly
sedentary is not equivalent to a lack of physical activity among children. These results
suggest that there is time for both sedentary and active behaviors through the day for
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children, and sedentary activity is not simply the lack of physical activity. Moreover,
elevated likelihood of being overweight or obese was found in those who were sufficiently
active but who had high levels of sedentary behaviors.21 Therefore, sedentary behavior is
emerging as an important risk factor for obesity independent of physical activity.22

In recent years, there has been increased interest in understanding the effectiveness of
obesity interventions aiming to reduce sedentary time among children. A number of
narrative reviews conducted in the past few years concluded that interventions with an
emphasis on decreasing sedentary behavior have resulted in positive health behavior change
(i.e., decreased sedentary time) and were associated with improvement of weight
parameters.23-25 More recently, several meta-analytic reviews have also been conducted to
evaluate the effectiveness of sedentary behavior interventions among children in a more
systematic way.26-29 These studies all found a small but statistically significant effect size
for a reduction in sedentary time among the intervention groups, although Wabhi et al., found
such effect existed only among preschool children. Only two of these meta-analytic

reviews 2829 examined the intervention effects on children’s weight parameters (i.e., body
mass index [BMI]), which is a more direct indicator of intervention success in terms of
obesity prevention. van Grieken et al., found a significant difference in mean BMI change at
post-intervention in favor of the intervention groups among the 14 studies reviewed.
However, this meta-analysis excluded interventions for overweight and obese children. On
the other hand, Wahi et al., failed to find a significant difference in mean BMI change at
post-intervention between the intervention and control groups among the 6 studies reviewed.
Moreover, this review combined multifaceted interventions aiming to modify several
behaviors including dietary habits, physical activity, and sedentary behaviors with
interventions that solely focusing on a single behavior, reducing sedentary time. Therefore,
it is not clear which behavior change contributed the most to weight improvement, or
whether it was additive effect of change in all three behaviors that led to the BMI change.
The inconsistent finding in BMI may partly due to the different inclusion/exclusion criteria
that the van Grienken et al. and Wahi et al. meta-analytic reviews applied. Meanwhile, since
the last literature search cut-off date for the two meta-analyses (April, 2011), results from at
least 10 new sedentary intervention studies for children have been published. Inclusion of
these new studies may help us to better elucidate the effects of sedentary interventions on
BMI change among children.

The primary aim of the present meta-analysis was to summarize and compare the effects of
three different types of sedentary behavior interventions to reduce body fat in children: (1)
interventions solely aiming to reduce sedentary behaviors (SB), (2) interventions aiming to
reduce sedentary behaviors in combination with the promotion of physical activity (SB
+PA), and (3) interventions aiming to reduce sedentary behaviors, in combination with
promoting physical activity and improving dietary habits (SB+PA+diet). Since body mass
index (BMI=Kg/m?) was used most consistently as the primary indicator of body fat in these
studies, BMI reduction served as the primary outcome in this meta-analysis. It was
hypothesized that interventions targeting multiple behavioral factors (SB+PA+diet) would
have a greater effect on reducing BMI than interventions that only target one behavioral
factor (SB), given that sedentary behavior, physical activity, and diet are thought to have
independent and possibly additive effects on childhood obesity risk.8:10 The secondary aim
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of this study was to explore the effects of variables that may potentially moderate the
intervention outcomes including (a) demographic characteristics of study participants (e.g.,
age, weight status); (b) intervention features and design (e.g., type of sedentary behaviors
targeted, intervention delivery setting, intervention intensity, intervention duration, retention
rate) and (c) outcome reporting features (e.g., format of BMI reported, whether standard
deviation of the BMI change was reported). It is anticipated that results from this study will
provide promising directions for future childhood obesity prevention research.

Literature Search Strategy

A literature search was conducted following the recommendations of Lipsey and Wilson.30
First, a computer search was conducted in Ovid Medline, PsycINFO, Web of Science, and
Google Scholar from the first available year to July 2012 and restricted to articles published
in the English language only. The following keyword combinations were used: Sedentary
Behavior, Sedentary Lifestyle, Physical Inactivity, Television, or Screen Time, and Obesity
or Overweight, and Children, Youth, Teens or Adolescence (see Table S1 for sample full
search strategy used for OVID Medline). Titles and abstracts identified through the search
process were reviewed to identify relevant articles. A related records search was performed
through Web of Science for identified articles. Second, the table of contents for journals that
commonly publish articles in the area were reviewed (e.g., Obesity, American Journal of
Preventive Medicine, Journal of Pediatrics). Finally, bibliographies of narrative reviews and
all identified articles were examined to achieve any additional studies.

Inclusion and Exclusion Criteria

Inclusion criteria for this meta-analysis were: (1) all study participants must be children age
18 or younger; (2) the study must be a randomized controlled intervention with a no-
treatment control; and (3) the intervention must have components to reduce sedentary
behaviors such as watching TV/DVD/VCR, playing sedentary video/computer games, and
sitting time in general. Studies were included if children were randomly assigned to an
intervention and to either an active control group that received some non-obesity prevention
related information (e.g., a general parenting skill training, or a fire drill training), or a
control group with usual-programming (e.g., standard physical education classes or any
standard school curriculum classes), or an assessment-only control group. Random
assignment to condition is crucial because it is the best way to generate a comparison group
that is equal on any potential confounding variables at baseline, especially when intervention
effects were accessed based on significant differences in change over time across conditions.
Studies were excluded if: (1) the intervention used physical activity promotion as a method
to reduce sedentary behaviors rather than specifically designed to limit time spent in
sedentary behaviors, (2) the study did not report measurement of BMI before and after the
intervention separately for the intervention and control groups, and (3) if the study only
reported adjusted (for covariates such as baseline BMI, ethnicity, and household income)
BMI at post-intervention.
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The outcome variable for this meta-analysis was defined as the intervention vs. control
group difference in BMI change scores before and after the intervention period. The
predictor variable was the sedentary behavior intervention type: SB only intervention, SB
+PA intervention, or SB+PA+diet intervention.

Data Extraction

Risk of Bias

A coding form was developed for data extraction and analysis purposes. The following
information was extracted from each study by two reviewers independently: (a) study
identification information (e.g., authors, year of publication, publication form); (b) sample
characteristics (e.g., mean and range of age, country participants live in, gender composition
of the sample, percent overweight at baseline of the sample); (c) study characteristics (e.g.,
type of intervention, intervention delivery setting, type of sedentary behaviors targeted,
duration of intervention, frequency of intervention sessions, type of control group, attrition
rate, presence of study follow-up) and (d) effect size information (e.g., format of reported
BMI, mean BMI and standard deviation for each group at each time point). Agreement
among reviewers for each item ranged from 90% to 100%, and all discrepancies were
resolved through discussions that led to a consensus.

Assessment

The Quality Assessment Tool for Quantitative Studies was used to assess study quality.31
For each study, six domains were scored with high, moderate, or low for risk of bias:
selection bias, study design, confounders, blinding, data collection methods, and
withdrawals and drop-outs. An overall rating of the study quality was then assigned based
on scores from these six domains. The quality assessment was performed independently by
two reviewers and the findings were compared and discussed until consensus was achieved.

Effect Size Calculation

Effect sizes were computed as d indices and expressed the difference in mean of the BMI
change between children in an intervention and a control group, with negative values
indicating a better outcome (a greater BMI decrease) for the intervention group. The d
indices were calculated from the means and standard deviation of the BMI change scores
(the difference between pre-intervention and post-intervention). When the standard
deviation of the change score was not reported, the pooled standard deviation of the pre- and
post-intervention was estimated by assuming the correlation between the two was equal to .
90. When BMI change scores and standard deviation were only reported by subgroups (e.g.,
by gender), a combined effect across subgroups was computed.32 Effect sizes were corrected
for small-sample bias by transforming the standardized mean difference, d, to Hedge’s g
before analysis.30 Each effect size was weighed by the inverse of its variance to provide a
more efficient estimation of true population effects by giving greater weight to studies with
larger samples.

Summary of Meta-Analytic Data Analyses

The data analyses included (a) calculation of weighted effect sizes and 95% confidence
intervals; (b) use of homogeneity analysis to test effect sizes variation; and if significant
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heterogeneity exists, an exploration of potential moderators; and (c) examination of potential
publication bias. All meta-analytic tests were analyzed using a random-effects model, which
assumes an underlying distribution of true effect sizes from which the included studies are
drawn, and accounts for variability in effect sizes caused by both sampling error and true
differences in effect sizes between studies.33

The homogeneity of mean corrected effect sizes was examined to determine if the variability
in outcomes was greater than expected from sampling error and measurement artifacts. Q-
statistics and I-squared were used to determine heterogeneity among studies. A significant
Q-statistic (within-group) indicates heterogeneity of effects. I-square reports the extent of
such heterogeneity. Potential moderators were determined a priori and included participants’
mean age, population (general population vs. overweight/obese children only), type of
sedentary behaviors targeted (TV viewing only vs. multiple sedentary behaviors),
intervention delivery setting (school-, home-, clinic-based, vs. mixed), intervention intensity
(average sessions per week), intervention duration (in weeks), retention rate, format of BMI
reported (raw scores vs. standardized z-score) and whether standard deviation of the BMI
change score was reported or estimated. Moderators were examined using an omnibus test
of between-group difference in mean effects (Qp). In addition, to explore the relationship
among moderators (e.g., what type of intervention features might co-exist), bivariate
correlation test was also performed.

Publication bias was examined using Egger’s test of the regression intercept and funnel
plots. If either a small-study effect or an asymmetric shape of funnel plot was present,
possible publication bias was suspected and trim and fill method was used to adjust the
estimates.32 Effect size calculation and publication bias tests were conducted using Stata
(Version 12), and meta-regression was run using SPSS (Version 17.0).

Sample Characteristics

A total of 25 unique studies were included in this meta-analysis: five were SB only
interventions,34-38 ten were SB+PA interventions,3%-48 and ten were SB+PA+diet
interventions.#9-58 Figure 1 shows the flowchart for retrieving the articles. Table 1
summarizes the general characteristics of the final 25 studies. All studies were published in
peer-reviewed journals, and five were results from pilot studies. Most of the studies were
published fairly recently (16 were published between year 2008 and year 2012). Table 2
provides more details for each intervention study.

Risk of Bias Assessment

Table 3 shows the results of the quality assessment for each study. Selection bias was low
(rating of strong) for studies where participants were randomly selected from a
comprehensive list of individuals and participation rate was high (>80%). Selection bias was
high (rating of weak) for studies where participants were self-referred or the selection of
participants was not described adequately. Since our search criteria only included
randomized control trails, all of the included studies were strong in study design. However,
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only 11 of the 25 studies reported sequence generation of the randomization. Most of the
studies (88%) had comparable intervention and control groups on key demographic
variables and study outcomes at baseline (rating of strong on confounders). Seven studies
reported that the outcome assessors were not aware of the group assignment, four studies
reported the opposite, and the rest of the studies did not describe the blinding of the outcome
assessor. Only one study reported that the study participants were not aware of the primary
research question, two studies reported the opposite, and the rest of the study did not
describe such information. All studies used valid and reliable data collection methods.
Furthermore, most studies (92%) had good retention rate (at least 80%) post-intervention.
Overall, ten studies were rated strong for study quality, four studies were rated weak, and
the others were rated moderate.

Mean Effect Sizes for SB only vs. SB+PA vs. SB+PA+diet Interventions

Across all studies, the total number of participants (intervention + control group) with
complete data was 389 for SB only interventions, 2,805 for SB+PA interventions, and 3,851
for SB+PA+diet interventions. When the three types of intervention studies were combined
together, the pooled effect size from all 25 studies was significant (g = -.073, p = .021),
indicating an overall effect of sedentary behavior intervention on BMI reduction among
children (see Table 3). This effect size indicates that the mean BMI reduction for the
intervention groups was .10 (kg/m?) greater compared to the control groups. However, when
examined separately, the effect sizes were not significantly different from zero for SB only
interventions (g = —.154, p = .129), SB+PA interventions (g = -.089, p = .125), and SB+PA
+diet interventions (g = -.060, p = .214). No significant difference was found for mean
effect size among SB interventions, SB+PA interventions, and SB+PA+diet interventions
(Qp = 32.05, p=.126). Figure 2 shows the adjusted effect size for each study by intervention

type.

Heterogeneity and Moderator Analyses

Table 3 shows that the effects of studies were homogeneous within SB interventions (Q =
1.19, p = .879), SB+PA interventions (Q = 15.18, p = .086), and SB+PA+diet interventions
(Q=14.17, p=.117) in the random-effects model. The heterogeneity observed in the pooled
estimate was low (12 = 25%, p = .126; see Figure 2). Since insignificant heterogeneity was
observed, the moderator analyses set a priori to explain heterogeneity were not explored.
Bivariate correlations showed that only intervention delivery setting was significantly
associated with intervention type (Spearman’s Rho = .565, p = .003). All of the clinic-based
intervention studies had multiple components (SB+PA+diet). Most (80%) of the school-
based interventions were SB+PA type. Among the moderators, participants’ age was
associated with type of sedentary behaviors targeted (r = .568, p = .004). Interventions with
older participants were more likely to target multiple sedentary behaviors. Intervention
delivery setting was associated with intervention intensity (r = —.809, p <.001). The clinic-
based interventions had the lowest intensity (i.e., less than one session per week).
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Publication Bias

The Egger’s regression test showed small-study effects (i.e., small studies produce larger
effect size) for the 25 studies (bg = —.887, p = .037). The funnel plot of effect size from each
study is in general symmetrical (see Figure 3), suggests the absence of publication bias. A
further trimmed-and-filled analysis also confirmed that there was no publication bias.

Discussion

Results from this meta-analysis of 25 studies suggest that interventions seeking to decrease
sedentary behaviors among children significantly reduced BMI when compared to children
in control groups. Although the observed magnitude of BMI mean differences (g = -.073, p
=.021) between intervention and control groups at post-intervention may not achieve a level
considered to be clinically significant (a minimum of .25 standardized BMI unit reduction)
for the treatment of obese children,>? it may be approaching the magnitude of change
required to achieve population-level public health significance in obesity prevention
interventions among non-obese children, which is not entirely known.

When looking at each type of intervention studies (SB, SB+PA, and SB+PA+diet)
separately, none had a significant effect in BMI reduction. Further, contrary to our
hypothesis, multi-components interventions (SB+PA or SB+PA+diet) were not more
effective in BMI reduction than SB only interventions in this sample of studies. This result
is consistent with van Grieken’s28 findings. However, another meta-analytic study of the
obesity interventions for children showed that the mean effect sizes for three- or four-
component intervention were much greater than the one- or two-component interventions.50
In this review, there was only one study with four intervention components (physical
activity, nutrition, counseling, and medication) among the 40 studies under examination, and
the difference between one- and two-component interventions was not significant. Our
results also showed that the SB only interventions had a larger mean effect size (g = -.154)
than the SB+PA (g = -.089) and SB+PA+diet (g = —.060) interventions, although none of
the subgroup effect sizes was statistically significant. This finding is similar to a narrative
review article examining obesity prevention programs in children, which suggested that
intervention studies focusing on single behavior change had a stronger impact on BMI than
those focused on multiple behavior changes.10 It is possible that for children, altering one
behavior is easier to accomplish than altering two or more behaviors at the same time. In
fact, most multiple health behavior change interventions in children failed to achieve
significant changes, and the successful ones were all found among adults.1 Thus, multi-
component obesity interventions might not be more effective than a single-component
intervention among children. However, it is important to note that in the present meta-
analysis, the effect of the interventions on targeted behavior change (i.e., sedentary behavior,
physical activity, dietary intake) was not evaluated. Therefore, it is not clear whether the
BMI reduction in multi-component interventions was a result of a decrease in sedentary
behaviors, an increase in physical activity, an improvement in diet, or any combination
thereof. Furthermore, it is also possible that we were not able to detect a significant
difference between the three types of interventions due to limited power.
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We did not observe a significant heterogeneity among the studies in this analysis. Only 25%
of the variation in the overall effect size was attributable to between-studies heterogeneity
(p-value n.s.). Nevertheless, the studies included in our analysis encompass interventions of
different characteristics and purposes. For example, we included both prevention studies
(interventions that targeted the general population) and treatment studies (interventions that
were exclusively for overweight and obese children). Inclusion of both prevention and
treatment studies could attenuate the observed effect of BMI reduction since the effect size
is generally higher in treatment studies.®C Indeed, the two studies that had a significant effect
size in BMI reduction in our sample were both treatment programs targeting overweight and
obese children.4849 However, the primary focus of our meta analysis was to assess the
overall effect of sedentary behavior interventions (regardless of prevention or treatment
orientation) on BMI reduction, and how such effect sizes may differ between single- versus
multi-component interventions.

A particularly interesting finding from our analysis was that all of the clinic-based
interventions included three components (SB+PA+diet). It is possible that given the short
contact period (total intervention sessions raged from 4 to 11 times, with an average of
meeting once every three weeks) with children, practitioners tried to give out as much
helpful information as they could during each encounter. It is also possible that medical
practice emphasizes the provision of all available evidence-based strategies for BMI
reduction to patients. However, since results from the current meta-analysis suggest that the
multi-component interventions did not exceed (and the mean effect size was even lower
than) the single-component interventions on BMI reduction, and given the limited contact
time, clinical health practitioners might want to consider focusing solely on limiting
sedentary behaviors to reduce BMI for their pediatric patients.

Several limitations of the current study need to be noted. BMI reduction was the only
parameter used to evaluate the effectiveness of interventions in this study. It is possible that
an intervention may successfully reduce children’s time spent in sedentary behaviors in the
absence of significant BMI change. Also, the intervention effect on BMI reduction was
assessed by comparing the BMI change scores between the intervention and control group.
It is possible that children in both intervention and control groups have increased BMI, but
the intervention group has a smaller increase than the control group. In this case, the
intervention is effective in slowing down the increase of BMI (rather than reducing BMI in
children), and attenuating the rate of BMI increase in children also has health benefits.52
Children in this sample of studies were relatively young (participants for most studies aged
from 4-12 years). Therefore, findings from this study may not be applied to children in older
age groups. Moreover, demographic features of study participants, such as ethnicity and
socioeconomic status, were often not reported in the primary studies; make it difficult to
know how results generalize to other populations. Almost all of the studies included in the
present meta-analysis were interventions carried out in developed countries within North
America and Europe. Childhood obesity is a global problem, and the prevalence rate has
been increasing steadily in some developing countries.63:64 Children’s lifestyles may be
quite different across countries and cultures. Therefore, lifestyle interventions to prevent
childhood obesity, such as sedentary behavior interventions, may not be universally
effective. Lastly, we used the unadjusted mean BMI scores to calculate effect size, and
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excluded studies that only reported adjusted post-intervention outcomes. Although adjusting
for covariates (e.g., demographic variables, baseline BMI) is a preferred way to present
intervention results since it controls for potential cofounders, these adjusted results would
not be comparable to the other majority studies that reported unadjusted results.

In summary, interventions that target to reduce sedentary behaviors among children are
effective in reducing BMI. However, adding a physical activity promotion and diet
improvement component to the intervention program did not appear to have an additive
effect. A comprehensive sedentary behavior intervention that targets to reduce multiple
sedentary activities may be as effective as multi-component programs in BMI reduction, and
could be a promising way to prevent obesity in children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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database searching
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192 studies identified through
additional resources

screening after duplicates removed

128 potentially relevant studies identified through abstract

v

A4

81 studies retained and full-
text versions obtained for
more detailed evaluation

47 studies excluded:

No sedentary
behavior component

v

25 studies retained for analysis

Figure 1.
Flowchart for literature search.

56 studies excluded:

Non-randomized (n=6)
No control group
(n=14)

Active control (n=5)
No BMI measurement
was reported (n=16)
No post-intervention
BMI was reported
(n=10)

Reported BMI was
adjusted for
covariates (n=5)
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Figure2.

Effect size on BMI reduction by intervention type.
Note: I-square — the variation in pooled effect size attributable to heterogeneity within that

group.
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Figure 3.
Funnel plot for BMI reduction, by intervention type.
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Table 1

General Characteristics of Included Studies

Characteristics Number of Studies

Publication Year

Prior to 2000 1

2001-2005 4

2006-2010 14

2011-2012 6
Country of Study

North America (U.S. or Canada) 14

Europe 6
Australia and New Zealand 4
Asia 1

Mean Age of Study Sample

< 6 years 5

6-12 years 15

> 12 years 5
Targeted Sample

General population 16

Overweight or obese children only 9

Setting of Intervention

School-based 5

Home-based 9

Clinic-based 5

Mixed@ 6
Sedentary Behaviors Targeted

TV viewing only 10

TV viewing and other screen-related activities 15
Duration of Intervention

< 3 months 8

3 months — 6 months 9

> 6 months 8
Intervention Follow—upb

Has follow-up 9

No follow-up 16
Format of BMI Reported

Raw BMI score 14

Age/gender standardized z-BMI score 11

Note:
a . -
Interventions that had both school/clinic component and home component.

bStudies that had follow-up measurements of height and weight after the end of intervention.

Obes Rev. Author manuscript; available in PMC 2015 March 01.



Page 18

PMC 2015 March 01.

in

available

Obes Rev. Author manuscript

papinoud
Sem Jojluow
awn AL
ou ‘Buiyorem uonejndod asaqO
‘sdnoJb AL 9sealosp "UaIp[Iyd J1ay} Joy ssa| Jo Aep Jad unoy T 01 ueadoin3 0459 :90eY
]0J3UOD pUB UOUBAIBIUI o} salfelens  Bulydrem AL 1913sa) 0} pabeinodus atam pue ‘18bpng 3[eW 929 :XaS
Uaamiaq abueyd a109s lesauab uo a1} 8y} JO [043U0J B} peY Slualed ‘AL 01 $S809e ¥°0T :9be uea|\
-Z |ING pue 8109S mel |INg 80IAPE [eqUaN S, UJp|Iyd 1wWi| 03 papiAoid sem Jojuow swin AL 21-6 :9bues aby 6002 ‘Ie
U1 92UBJaIp JUBdIHIUBIS ON auoN 9 anIgdal Alup  ‘paiy1oads salioay} abueyd JoiAeyaq ON “paseq-awoH 62=N 4as 18 NYAINYN
"JUBLUUOJIAUS
awoy abuelieas 01 MOY INOCe UOIBWIOMI YHM
sjuaued 03 JUSS BIaM SIBIBISMBU AJUIUOIA "SI0IABYS(
anleusaye ul buibebus Joy pue awn Buimain 8|nusosad |INg G2
-/\L paonpaJ 10} UaJp|1yd pasteld Sjuased Masm  8AOQe IO Je NG UIp[IuD
‘dnosb Jad 00'z$ 01 dn “186pnq Japun Jnoy ey yoes Joy alym Ajsow :aoey
10J3U09 8y} yum patedwiod GZ'0$ pautes ualpjiyD awi Buimain-A L S,Uaipjiyd 3Bl 9HES :XaS
Se 9109S-Z ||Ng Ul asealdsp 196pnq 01 dn 18s sem aoueMo|e AL ‘Bwil Buimain 9 :(1eak) abe uesy
jueaiyiubis e pey dnoib -AL S.UaJp|1yd uo paseq dn 18s SeMm WaISAS premal e /—v :abuel aby 8002
UONUBAJIBIUL B} Ul UBIP[IYD BUON 0T sWIeal} ON ‘paiy1oads sali0ay) abueyd Joineyaq ON “paseq-awoH 0/=N as  “[e1s ulasdy
‘3woy 0} Juas
9I9M SJ1aNI3ISMau dn-mojjo4 "asn Jaindwod pue AL
s, UuaJp1yo Buniwi) pue Butionuow djay o3 pajjeisul
919M $891A3P BuI20]-JeIndwod pue AL “ash eIpawl uonejndod |elsus
21U0J199]9 SZIWIUIW O} SSBUSJBME 3SeaIoul pue awi} aym
Buimaln-A L 8onpas 0) paubisep UOISSaS 8AIIdBIBIUI (9608<) Ajsow :a0ey
‘sdnoJb paJauRd-Ajiwe) papusie syuated pue ualp|iyd aJew |[e :xas
]0J3UOD pUB UOUSAIBIUI '8N aZIW1uiwW 0} sjeob 18 03 pue aSN BIPaW J1U0II3|D 6'6 :(Jeak) abe ueay
U99MIaQ 8103S Mel [N 10 SSaUaIeME 3dUBYUS 0) pallle UOIUBAISIUI 1T-8 :9bues aby 8002
ur abueyo jueaijiubis oN LN 0z JusLWIeal] ON ‘paiy10ads sali0ay) abueyd J01ARYag ON "Paseq-sWwoH 22=N as “le 18 ppoL
*Bunabpng yum diay
0} Jafleurw aWI} UOISIAS]9] D1UOJI3]3 U PAAISJa) uoneindod [esausn
‘dnoif os[e pjoyasnoy yae3 186pnq uiynum Aels uaipjiyo alym Apsow :aoey
10J3U03 3y} yum patedwiod djay 01 syuased 03 Juss a1am sianv|sMau ‘(salbarens 3Bl 9ES :XaS
Se |9 MeJ Ul asealdsp Buruiodal-yjas pue Burioyiuow-jjas) awi Buiyorem 6°6 :(1eak) abe uea|y
jueaiyiubis e pey dnoib AL 186pnq 01 pajeanpa aJam ualp|iyd ‘Aloayy 0T-8 :9buel aby 666T ‘|2
UOIUAAJBIUL BU} Ul UBIP[IYD BUON (74 Juswieals} oN aANIUB0D [B100S UO pPaseq "paseq-awoy pue |00YdS 86T=N 4as 18 Uosulgoy
"ualpjiyo
pue sjuased usaMIag UOISSNISIP J8)S04 0} swoy
JUSS 8JaM SBIIIAIIOR pUE S|elIaJewW ‘SSe|d Yaes Jayy
‘awin BuIMaIA-A L 39npal 01 parednpa aq 03 weiboud uonejndod |elausn
'sdnoub UOISSaS-/ © papualie uap|iyD “S||IXS [e190S padueyus alym Ajisow :adey
]0JJU0D pUB UOUBAIBIUI pue s||ys AoeJall| panoidwi se yans ‘Buimaln 3eW %6Y :XaS
uaamiaqg abueyd 8102s AL 01 SalIAIIOR aAIeUIa)e aAlIsod ay) sluased pue  :(Jeak) abe uea|y
-Z |INg pue 8109s Mel |ING JJe1s jooyosald moys 0} pawile uonusAIsUl pal1oads G'G—G'z :abuel aby 002 ‘e
U1 92UaJaIp JUBdIHIUBIS ON auoN 6¢ Juswieal} ON  S8140ay} afueyd JoiAeyaq ON "Paseq-awoy pue |00yds 222=N 4as 18 uosiuuaQg
pludUWs Inses N (S>eem) adA1
1INgG U0 S12)13 dn-mojjo4 uoireIng |011Uu0D UolUBABIU | sjuedpilfed  UONUBARIU| Apnis

Liao et al.

SUOIUBAIBIU| 83U} JO So1ISIIBloRIRYD
zalqeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 19

Liao et al.

usamyaq abueyo 8102s-z |NG

pue sBulueaw aAllIsod asealoul 0} pawile UolusAlslul
3y} ‘Jo1Aeyaq Jo sBuluesw Jo A10ay) ay) pue

62T :(1eak) abe ueal
€127 :abuel aby

8002 “[e 18

10 20UBIBYIP WedIHIUBIS ON €T J99M 1 BWIeal} ON  AJIOBY} UOITRUILWLIB)SP 4[9S BY} U0 paseq "paseq-|o0yds 657=N Vd+as  z18N-Minids
'SIN0Y |00YdS Jalje pue swinyoun| Je
papinoid atem Alanoe [eaisAyd Joy senunyuoddo pue
J01ARYaq Arejuapas pue Alanoe eaisAyd uo Buisnooy
Sjuauodwod [euOITeINPS UE PAPN|OUl UOIUBAIBIUI
3L "SuonIpuod [eluswuoIAUG (g) pue ‘uoddns uonejndod |elausn
‘dnoub j01ju02 1e190s (2) ‘Auanae eaisAyd spJemol uoneanow alym Apsow :aoey
aU1 yum pasedwod se 8100s pue sja1jaq ‘sapnimne ‘abpajmouy| (T) :s1ebiey alew 9%/ 9 :Xas
-Z |ING Ul 85eaJ2Ul J3|[eWwS lediounid saiy yum Ananoe [eaisAyd Jo syueuiwlslop 9'TT :(4eak) abe ueay
eaiubis e pey dnoib [EIUBLLILIOJIAUS UTBLI3 pue [e190S ‘[euostadenul ay} 8'¢1-6'6 :9buel aby 8002
UOIUBAIBIUI 8Y} Ul UBIPIIYD ETIN] 802 JuswIeas} ON 108)Je 0} pawlre welboud [aAs|lINW Vv “Paseq-]00ydS $56=N vd+4S ““[e 18 uowIs
uonejndod |elausn
alym Ajsow :a0ey
'sdnoJf uonuaAIRuI aJeW 95/ G :XaS
puUe [0JJU0D UBBMIB] 's|1s Bumas [eob pue ‘Bulio}UOW-4|3S ‘|0JIU0I-}|BS 2'0T :(4eak) abe ueay
abueyd 2100s mel [INgG uo paziseydwa UORUBAIBIUI Pa]-1aYdes) ‘U0ossa|-0T 1T-6 :9bues aby 9002 “'[e
U1 82UaIBIp JuedIHUBIS ON auoN 9T JuswWIeas} ON ayy ‘A1oayy aAubod [e10s uo paseq ‘paseq-|00yIs 21e=N Vd+4S 19 UOSLLIeH
‘AAnoe
1ea1sAyd 01 pajejas sajqelieA [e190soydAsd Jaye
*dnouf jou09 ay) yum pue ‘I1oiAeyaq Alejuapas asealdsp ‘AlAnae [eaisAyd
patedwod se 8109s-z NG Ul JO S]aA8] asealoul 03 Bulwre s199dse [ejusuoIIAUS
asealdap Jabue| Apuedaiyiubis pue ‘Aoed14)a-4|9s ‘Juswadloyulal ‘Buriojuow
e pey dnolb uonuaniaIul -J18s ‘Buimas eob ‘Buijapow pue Ajigeded
3y} Ul S)uspnis afewaS JeJoIneyaq ‘saroueidadxa awodno Buipnjour A1oayl uoneindod [esaus9
'sdnoJb aA111ubod [e190S 40 S)UBWA|S parelodiodul Uossa| oluedsiH Ajisow :a0ey
]0J3U0D pUE UOLUSAIBIUI o€ "SaM g JSA0 PaAISAIIBP 8IaM SjuswubIsse a[eW 90p XS
uaamiaq abueyd 8103s paseq-Ajiwe) JN0j pue ‘SU0SSa| WO0JSSe|d ¥'6 :(1eak) abe ues\
-Z |INg pue 2100S Mel [N 1IN0y ‘sU0Ssa| parewiue aAndeIaUl NOY-AD 1'11-8'8 :9buel aby 5002
U1 82UaIaIp JuedIHubIS ON auoN 8 swieass oN  ybis ‘A10ay 8AIIUBOI [e190S UO paseq “Pased-100yds 602=N vd+4S e 19 UeI09)
uonejndod |elausn
awn alym Ajsow :a0ey
'sdnoJf uonuaAIRuI Arejuspas aanpai pue AJIAIe AJISUB)UI BeIapoL aJewW 95/ 9 :XaS
puUe [0JJU0D UBBMIB] -01-1ybi1) abeinooua 01 ualp|Iyd 03 UBAIB sem ‘aureh 2'6 :9be uea\
abueyo a100s mel |ING 03pIA palsamod-dals e ‘(90I) ad1nap Jelaydiiad e 01—8 :9buel aby 0102
U1 82UaIBIp JuedIHUBIS ON auoN 4 JuswIeas} ON ‘paiy10ads sa110ay} abueyd JoIAeyaq ON “Paseq-awoH ‘86=N Vd+9S  “[e19 seAelD
uonejndod |elausn
‘dnoif 'syuared Aq pasinladns ‘paplodal sem Aejd uonnjonsy alym Apsow :aoey
103U03 8y} yum patedwiod 90ueQ 99UEBQ JO SAINUIW AJ1Ep pue UOIIN|OASY a[eW 9505 :X8S
Se 8103S MeJ [|Ng Ul 8sealdsp 8oue( aaueq 40 ydam Jad sainuiw ozt Aeid 0} G/ :(1eak) abe ues\
jueayiubis e pey dnoib uaip|1yd 03 uanIfb sem uonduasaid uerdisAyd usnum 8-/ :abuel aby 800Z “'Ie
UOIUBAIBIUI 8Y} Ul UBIPIYD 8T Y99M 0T JuswIeas} ON ‘paiy10ads sa110ay} abueyd JoIAeyaq ON “Paseq-awoH 09=N vd+9S 19 Asuofey
awn Buimain A1 Buronpal pue Aejd ybnoayy Auanoe uonejndod |elausn
[ea1sAyd Buiseasoul Je pawire UoILINPa Yljeay paseq alym Ajsow :a0ey
'sdnoub jonuod -awoy snjd (s)aam g J9A0 XaaM € SUOISSas UIW-0E aJeW 940G :XaS
puUe UOIUBAJIBIUI UdBMIB] 8a4y1) A1asinu ui weaboud Aanoe jeaisAyd paoueyus Z'v :(4eak) abe ueay
abueyd 2100s mel [INgG papnjoul siuauodwod uonuaAIBUL ‘palyIoads G- :abuel aby 9002
U1 82uaIBIp JuedIHUbIS ON 82 Y99M 74 JusWieal} ON  Sa11oay) abueyd J0IABYSg ON “Paseq swoy pue |00ydS GvS=N vd+9S “le 19 )19y
pluawe Inses (s>pam) adA L
1IN U0 S19)43 dn-mojjo4  uoireng 104U0D UoIUBA B | sjuedpilfed  UONUBARIU| Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2015 March 01.

in

available

Obes Rev. Author manuscript



Page 20

Liao et al.

usamiag abueyd 8100s

[eaisAyd uo SeoUBN|JUI [IUBLLLIOIIAUS PUR ‘[eloIARYSq

Z'€T :(1eak) abe uea

-Z |INg pue 8109s Mel |ING ‘[ea1BojoyoAsd pajebie uonuaAlalul ay) ‘Aloay) 12T :9bues aby 2102
U1 92UaIaIp JUedIHIUBIS ON auoN 25 Juswieas} oN aAIUb0I [B120S UO paseg "Pased-awoy pue |00yds ‘JGE=N  1Ip+Vd+dS  “[e 18 sueqn
‘Runnoe
1ea1sAyd Aj1ep Jo |9A8] pue uolleINp 8y} asealoul
pue ‘BuIMBIA UOISIAS]S] 89NpPaJ ‘aXelul Je} 9SeaId9p
'sdnoib jo13u0d $1aq1y pue ‘sajqelaban ‘siny Jo uondwnsuod asealoul
pue UOIUBAIBIUI UdaMIa( 01 SI0IARYSQ PJIYd J13198ds payabie) Jusuodwiod
abueyd a102s-z |\ g pue pIyD @) abenbue) ysiueds e Agq payuswajddns yioq uonejndod essuse
8100S MeJ [\g Ul 3dUBIayIp ‘U01Ssas AlARIE [edlsAyd pue uondNIISUI UOKLINU oluedsiH :aoey
Jued1y1ubIS ON "8102s papnjoul WNINJLLIND UOIUBAIBIU| “palesodiodul 3leW 950G :X8S
-Z |INg pue 8109S Mel NG uoreINpa 0S| aJaMm A108Y} UOITRUIWIB)BP-}]8S PUE [apow S :(Jeak) abe uesy
pasealoap sdnoib j013u0d Yyeay |esauab 191199 Ya[eay ay Jo susuodwiod JueAs|al pue ‘A1oay} G—¢ :abuel aby 2102 “'Ie
pue UONUBAIBIUI AU} Yylog 26 M99\ ar FINEETTY 3AIUBOI [e120S UO paseq "Paseq-awoy pue |00YdS ‘82T=N  10Ip+vd+gS 18 uoqqibzi4
"91A1s941] 8A1OR AUijeay Jo sjeob wisi-buo|
pue wial-loys Buneald pue ‘sfeaw pauue|d-Ajiwey
‘uoreaNPa |00Ys ‘spaemal-jas Buisn Aq 81A1sayl
Ayyeay o1 1depe 03 pabeinodus a1am ualpjIyd uonejndod essuse
'syuiod abelans| Arepuodass ayy se Loddns Aunwiwiod 3lIUM 0406 898y
'sdnoJb jo13u0d SE ||3M Se SAAIUSdUI pue JUBWAJI0IBI Paseq %/ X8S
pUB UOIIUBAJSIUI U3aMIB] -|ooyds pue ‘quiod abesans Arewiid ayp se saljiwey 9'6 :(Jeak) abe uea\
abueyd 2100s mel [ING paabirel uonuanIBuIl Y ‘Yiomawely [ed160]02a 12119 :a9buel aby 6002
ur souasayIp weaiubis oN 92 MddM o€ Juswiesl) ON |100S 3y} U0 pased "paseq-swoy pue |0oyds ‘€ZET=N  BIP+Vd+dS  “[e 18 8]nU8D
uonejndod
9590 J0 JyBlamIsnO
ueadoing 95/ 996y
"dnoiB uonuaAIzIul BY) YNM "} Buluaalds aseasdap ‘8JeW 0HE/ XS
pasedwoo se a103s-z |ING pue AuAnae eaisAyd asealoul 0} wayy abeinosua 9'TT :(1eak) abe uea
ul asealoul Juealyiubis e pey 0} UaJp]Iy9 01 UBAID a1am sawwed 0apIA aAIjoe $T-0T :9bues aby 1702 “I°
dnouf 103U0d 8y} Ul UBIPIIYD BUON 74 Juswieal} ON  ‘panidads sarioay) abueyd Joineyaq ON ‘paseq-awoH ‘228=N vd+4S 1 UOSIPPEIN
*(anyeay xaeqpaay dooj-uado ayy) serousbunuod uonejndod
ay1 pajuswajdwi pue Junowe AjARde [ealsAyd 9590 pue 1yblramianQ
"dnoib 3y} Pamalnal sjualed Wil AAQ/IIA/AL 0 Inoy alym Ajisow :aoey
10J3U09 3y} yum patedwiod T pauJea siajawopad uo AlAnoe [eaisAyd Jo sjunod a[eW %Y :XaS
Se 9100S MeJ [|Ng Ul asealdsp 00F Pare|NWNIde UaIp|IyD "WaisAs yoeqpasy dooj G'0T :(1eak) abe ueaj
jueoiyiubis e pey dnolb -uado Ue yum ‘JuawaalouIal Jo A103Y) [eI0INRYa] 218 :9buel aby 9002 e
UONUBAJBIUL 3} Ul UBIP[IYD SUON 8 sWIeal} ON 3} U0 Paseq Sem UOIUBAIRIU| ‘Paseq-aWoH 0e=N Vd+4S 18 pI3YPI0D
uore|ndod 8seqO
‘[ING MeJ Ul asealoul 0jul OU :92eYy
ue pey dnoib jo13u0d ‘AL J0 Jamod areAnoe a[eW 950/ :XaS
3yl Ul UaJp|Iyo sealaym [INgG 01 Ja1awWohIa 81942 paelq AjJea1u0.1198]8 8y} UO 0T :(1eak) abe ues|y
MeJ U1 9seaJ2ap e pey dnolb pajepad UaJp[IyD JUaWaI0UIBI JO A10BU} [BIOIABYS] 21-8 :9bues aby 1002
UONUBAJIBIUL 3} Ul UBIP[IYD SUON 01 sWIeal} ON 3} U0 Paseq Sem UOIUBAIRIU| ‘Paseq-aloH 0T=N Vd+4S “[e 18 yie
awin Buimain-A L pue Auanae eaisAyd
u1 Juawiabebus papoddns 1eyy saniAnoe Buluies)
u1 pajedioiued pue UoIIRINPa WOOISSE|I SIOIARYS]
Arejuspas 1ay1o pue Buimain-A L pue AlAnoe [eaisAyd uonejndod |elsusn
'sdnoib paseq-eIpaw INOge UOIIeWIOJUl PAAISIaI SUBpPMS auedsiH Ajisow :a9ey
]0J3U0D pUB UOUBAIBIUI "AlIA19e [e21SAYd 10} UOBAIIOW J1SULUl alowoid a[ewsay |[e :xas
pIUOUBINSEBOIN  (sxm0m) adAL
1IN U0 S19)43 dn-mojjo4  uoireing j01u0D UoIUBA B | sjuedpilfed  UONUBARIU| Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2015 March 01.

in

available

Obes Rev. Author manuscript



Page 21

Liao et al.

103U pUE UOIUSAIBIUI

Buriodxa ‘abueyd 01 uoieanow Buriojdxa Buipnjoul
sa1farelis [elolAByaq a|dn|nw pasn "suennaIp

3leW %Y :XaS
/'8 :(1eak) abe ueaj

usamiaq abueyd 8103s-z |ING 26 Yoam ougeipad Aq patanljap Buljasunod abueyo Joineyaq TT-G :9buel aby
J0 9oUBIBYIP JUBdIHUBIS ON pue GZ %99\ 9z Juswieas} oN ‘paJauad-Ajiwe} ‘92139e1d-158q v "Paseq-diul|d ¥E€T=N  10Ip+Vd+dS
‘181p pue
S101ABYaQ AJRIUBPaS JBY10 pue BuimsiA AL ‘AlIANOR
1ea1sAyd s, uaip|iyo anoidwi djay 03 pawire Yyarym
‘19p|0} Ajiwey abed-oz pazijeuosiad e Ag paisisse uonejndod asaqO
‘Aliwey ayy yum sjeob a1A1say1| Auyyesy ‘sreridoadde 0Jul OU :3JeYy
'sdnoib jo13u0d 10931 puke 33s 0} yoeoidde pasnaoy-uoinn|os Jauq 3[eW 98y XS
pue UOUBAIBIUI U3aMIa] B pasn siauonnoeld [e1auas) palyuap! aiem Alsago 2 :(1eak) abe ueay
abueyo a100s mel |ING GO Yoam 10 SjuBUILWLIRIEP [eloIARYaq 3|gelyipow ‘yoeoldde 6-G :abuel aby 1002 e
U1 92UaIaIp JUedIHIUBIS ON pue 6E %99 4 Juswieals} oN Buiddew uonuaniziul ue Buisn ‘paseq-o1ul|d €9T=N  1Ip+Vd+9dS 18 WnjeddN
1s1jeoadsgns
1o ueloLyeIpad
I
M $0342
1yBiam Joy “ayeiul Jebns
susunuiodde  pue pooy 1sey pue Buimain AL BuipieBal sisauonnoeld uone|ndod 1ybramiano
'sdnoJb dn-mojjoy  8sinu ougeipad Ag BuimaiAIBIUIL [BUOITBAIIOW PBAIBJAL ‘0Jul oU :30eY
10J3U0D pUE UOIUSAIBIUI pue Ss}SIA sal|1wey pue ‘Burinioniisal a1ed Arewrid sapnjoul ‘9leW 952G :XaS
usamiag abueyd a102s 3482 PJIYo-[|aMm UOIUBAIBIU| "WIBISAS a1ed Y3jeay ay) 0} sabueyd 6% :(Sieak) abe ueay
-Z |INg pue 2102S NG Med papnjoul yaiym PAAJOAUL UOIIUBAIBIUL 3Y} 4O Sluauodwiod Jofew 6'9—¢ :abuel aby 1102 “'[e
U1 82uaIaIp JuedIHubIs ON 3UON 25 aI1ed [ensn 3y} ‘|apow 81ed J1UOIYD Y} UO paseq "paseq-dlul|d ‘S/p=N  1Ip+Vd+4S 19 SeJane |
"SIaN8|SMaU
Ajyiuow pue ‘suoissas dnoif adey-01-a0ey ‘Alljige|ene uonejndod |elausn
pooy 1noge sauljapinb Jo uoisinoid ‘sedInap AIUM 948G :90eY
'sdnoub Buniwi-awn AL Jo uswade|d se yons syusuodwod 3JeW 94T9 :XaS
10J3U0D pUE UOHUBAIBIUI [eJ0INRY3( [3A8]-[ENPIAIPUL PUB JUSLUUOJIAUD 1'vT :(Jeak) abe ueay
usamiaq abueyd 8103s-z |ING pIoyasnoy yiog papnjoul UoIUaAIRIUI 8y} /T-2¢T :9buel aby 1102
U1 92UaIaIp JUedIHIUBIS ON auoN 25 Juswieall ON  “jJomawely AB0J0I3 [€190S By} UO paseq paseq-awoH 06=N 10Ip+vd+dS  “[e18 Yyoual4
‘(sewla1ayed
Jooyas punoJe pue ui sabueyd “a°1) Jusuodwod
[eIUSWIUOIIAUS Ue pue ‘(3usuodwod [enpiAlpul)
wesBoud [euoiedNpa Uk 0 PaISISUOD UORUSAIBIUI
3y "sabessaw pazijeuosiad pue Joineyaq uonejndod |elsus
Buipsebas uonewsogul ‘poddns [e1o0s ‘Juswabelnodus yoing
[e120s ‘sabueyd [eluawuoliAug ‘Buimas [eob JUIRISAAN AfIsow :aoey
'sdnoub jonuod ‘s||1xs Buisealoul ‘pJemal ‘uolrenjens-4|as ‘Buliojuow 3leW %G 61 :XaS
pUB UOIUBAJSIUI U3aMIB] J18s Buipnjoul ‘abueyd |eloineyaq Joy saibarens 12T :(1eak) abe ueay
abueyd 2100s mel [ING 26 >eam [eonaI10ay a1di3nw paydalas uonuaAsul ‘yoeoldde ¥T-2T :8bues aby 6002
10 8oualayIp Juealyubils oN pue /T %99\ Ge JusLWIeal] ON Buiddew uonuanisiul ue Buisn ‘paseq-jooyds 80TT=N  10Ip+Vd+dS “le 19 ybuis
‘Woddns [e100s 10y Buibessaw 1xa) pue ‘sias|smau
juated ‘s1ajawopad pue syoogpuey ‘SUOISSaS
Aianoe [eaisAyd awi-younj ‘sdoysyiom uonLinu
‘SIRUIWS dAI19BIBIUI ‘SUOISSaS 110ds |00Yds padueyua
papnjoul siuauodwod uonuandu| ‘Buires Ayieay
1500-M0] Buibeinodus pue ‘sioineyaq Aleiuspas uonejndod |elsusn
'sdnoub Buronpal ‘saianoe [eaisAyd awnayl| Bunowoid uo uelensny Ajisow :aoey
]0J3U0D pUE UOUBAIBIUI pasnaoy pue ‘abueyd JoIABYSg UORIINU pue AUAIOR a[ewsay |[e :xas
pIUOUBINSEBOIN  (sxm0m) adAL
1IN U0 S19)43 dn-mojjo4  uoireing j01u0D UoIUBA B | sjuedpilfed  UONUBARIU| Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2015 March 01.

in

available

Obes Rev. Author manuscript



Page 22

Liao et al.

‘Aue J1 ‘uonuanialul-1sod Je palinddo Juswainseaw dn-mojjo) ayl mm:mo_n:_m

910N

'S|I{S [eluased papuawiiodal Buipnjoul s1e8ys
UOIBLLIOJUI PAAIBD3I slualed "Buljasunod suoyd
A]>{9am pan1adal os|e Ualp|iyDd "uo1eanps JoiAeyaq
Arejuapas pue ‘191p ‘Aanoe jeaisAyd uo weiboid

uone|ndod 1ybramiano

Burjasunod paseq-1amndwiod e ul pabebus uaipjiy) ‘Buluuejdaid UM 9%G°0/ :90ey
*dnoJB 103u02 8y yum WbHram pue ‘pJemal-4|as ‘|0,u0d sninwins ‘Buinjos aeW 9%T'6S XS
paJedwod se 8100s-z [INg Ul uerdisAyd wajqo.d ‘Buimes [eob ‘Burionuow-y[as Buipnjoul 27T :(1eak) abe ueay
asea2ap b1s e pey dnoib 10 UOISS3S SIS [eJOIARYS(Q SSBIPPE 0} palule UOIUaAIBIUI 91—2T :abuel aby
UOIUBAIBIUI BY} Ul UBIP|IYD €299 /T albuis v ‘paiyioads salioay) abueyd JoiAeyaq ON “paseq-dlul|d vr=N  10Ip+Vvd+dS
‘S|eliajew Juswieal) uonrejndod aseqO
PaAIa2al OS[e SJualed "IoIABYaq AIeIUapas pue ‘0Jul OU :90eYy
‘sdnoub ‘Alanae [eaisAyd 81p BuiBueyd uo pasnaoy sUoISsas ‘9]eW 950G :X8S
]0J3U02 pUB UOUBAIBIUL dnoJb g papnjoul weiboud ay ) “A1oayr saniubod 8'6 :(Jeak) abe uea\
usamiaq abueyd 2102s-z NG [e120S pue [apouw [e2133103Y3-Suel} Uo paseq welboud 11—/ :9bues aby 1102
U1 82uaIaIp JuedIHubIS ON ET)N] 74 JusWIeal} ON pa|-uelo1BIp ‘palaiuad-juaied v ‘paseq-olul|d J0T=N  10Ip+Vd+4S “[e 19 eJe\
'SI0IABYaq AIeIUBpas Jauyio pue BuImain A L
‘Aianoe [eaisAyd ‘181p Ayipow 0 asdejas Bunuanaid
pue ‘Loddns [e190s ‘BulI0}IUOW-|3S ‘SpJemal
‘SyIuoW 2T pue ‘Buimas-jeob ‘siatlieq Buinjos-wajgqoid ‘abueyd uonendod 1ybiamiano
9 0] auljaseq wo.y sdnoib 01 sJallreq BuiAynuapi ‘abueyd Jo suod pue soid 0JUl OU :30eY
pluaWwe Inses N (s>pam) adA 1L
1IN U0 S19)43 dn-mojjo4  uolireing j01u0D UoIUBA B | sjuedpilfed  UONUBARIU| Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2015 March 01.

in

available

Obes Rev. Author manuscript



Page 23

Liao et al.

NIH-PA Author Manuscript

Buons Buons Buons  aresspoN bfuons  Buons  areiepoN 2002 “'[e 18 sus|aes
alelapoN Buons Buons  aresspoN Buons  Buons Neam TTOZ “'[e 18 BJeAN
ajeJapo 31eJapOIN fuons  aresspoN fuons  Buons  arelspoN 8002 "[e 38 saybnH
ajeIapo Buons fuons  aresspoN fuons  Buons NN 1002 "'[e 38 wnjeDon
dlelapoN Buons Buons  aresspoN Buons  Buons Neam TTOZ “'|e 10 Sedane |

SeaM fuons fuons  aresspoN seap\  Buons Seam 1T0Z “'[e 38 Youal
ajeIapo Buons Buons Sea ajesopolN  Buons  alesspon 6002 “'[e 38 ybuIs

Buons Buons Buons  aresspoN bfuons Buons  ereiepoN 2T0Z “"|e 18 sueqgn
91eIBPON Buons Buons Neap Buons  Buons Buons 2102 “'[e 18 uoqqibzi4

Buons Buons Buons  aresspoN bfuons  Buons  areIepoN 6002 “'1e 18 9|uUs)

Neam Buons Buons Neam Buons  Buons Neam TTOZ “'|e 18 UosIppelN
ajeIapo fuons SNeap\  8leIspo fuons  Buons  arelspo 9002 "'[e 18 PI3LPI0D
PLEIN Buons Yeap\  alesspoN yeapy  Buons eam T00Z “[e 18 Ulred

Buons Buons Buons  aresspoN Buons  Buons Buons 800z “Ie 18 z1oN-Minuds

Buons Buons Buons  areleapo Buons  Buons Buons 8002 '[e 18 uowIs

Buons Buons Buons  aresspoN bfuons  Buons  areIepoN 9002 “'[e 18 uosiieH

Buons Buons Buons  aresspoN bfuons  Buons  ereiepoN 500z “'Je 18 URIOD
ajeJapo 31eJapON fuons Sea fuons  Buons  arelapo 0T0Z "'[e 18 SeAeID
a]elapoN Buons Buons  aresspoN fuons  Buons Neam 800z “'Ie 10 Aauofe

Buons Buons Buons  aresspoN Buons  Buons Buons 900z “'[e 18 AJj19Y
ajeIapo fuons fuons  sresspolN fuons  Buons Seam 6002 "[e 38 NY2INYN

Meam Buons Buons Meam fuons  Buons Neam 800z “'Ie 18 ulaisdy
alelapoN Buons Buons  aresspoN Buons  Buons Neam 8002 ‘|2 18 ppoL

Buons Buons Buons Buons Buons  Buons  areIspPON 666T [e 18 uosuiqoy

Buons Buons Buons  aresspoN fuons  Buons Buons 002 “'[e 18 uosiuuaQg

Buirey swno-doi@ SpoyYP N ubsaq selg
[ego|D  puesfemelpyiip - uolodeled  Bulpullg  sepunojuod  ApniS  UoIBRS Apnis

€9lqel

NIH-PA Author Manuscript

SaIpNMIS Papnjou| 10 seig 10 %SIY JO JUBLLSSaSSY

NIH-PA Author Manuscript

Obes Rev. Author manuscript; available in PMC 2015 March 01.



Page 24

Liao et al.

NIH-PA Author Manuscript

9¢T°  S0'¢e Teor T€C TI0O--G€T- €L0- 9€C —9¥8'- G¥0'L G¢ 11BJI9AQ
LTT LTV vi¢  ¥vZ'T  ve0 —vST- 090'- 9€2°-2¢9L- 1G8'€ 0T 18Ip+vd+dS
980" 8T'GT GZT° €ST G20 —20z- 680- 80T —9¥8'- G08C OT Vvd+dS
6.8 6TT 6¢T° ¢9T Gv0 —vSe'- ¥GT'-  OTT —-T19¢-  68€ S as
d O fipuwsboeeH d z 1D %S6 ®)s3 obuel N b adAl

ues|N s3I pesnipy el UuonueARIU|

v alqel

(13pOIA s108133-wopuey) Arewwns (S3) az1S 10913

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Obes Rev. Author manuscript; available in PMC 2015 March 01.



