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Treatment of overweight and obesity in children and youth:
a systematic review and meta-analysis

Leslea Peirson PhD, Donna Fitzpatrick-Lewis MSW, Katherine Morrison MD, Rachel Warren MA,
Muhammad Usman Ali MD, Parminder Raina PhD

Background: Childhood obesity is a public health concern. One-third of North American children and youth are overweight or obese. We
reviewed the evidence of behavioural and pharmacological weight-management interventions on body mass index (BMI), BMI z-score
and the prevalence of overweight and obesity in children and youth.

Methods: We updated the search of a previous review. We searched 4 databases up to August 2013. We included randomized trials
of primary care—relevant behavioural (diet, exercise, lifestyle) and pharmacological (orlistat) interventions for treating overweight and
obesity in children and youth aged 2—18 years if 6-month post-baseline data were provided for BMI, BMI z-score or prevalence of over-
weight and obesity. In addition, we examined secondary health outcomes such as lipid and glucose levels, blood pressure, quality of
life and physical fitness. We included any study reporting harms. We performed meta-analyses when possible, and we examined the
features of interventions that showed benefits.

Results: Thirty-one studies (29 behavioural, 2 pharmacological and behavioural) were included. Both intervention types showed a
significant effect on BMI or BMI z-score in favour of treatment (behavioural: standardized mean difference [SMD] —0.54, 95% confi-
dence interval [CI] —0.73 to —0.36; orlistat plus behavioural: SMD —0.43, 95% CI —0.60 to —0.25). Studies reported no significant dif-
ference between groups in the likelihood of reduced prevalence of overweight or overweight and obesity. Pooled estimates for
blood pressure and quality of life showed significant benefits in favour of treatment (systolic blood pressure mean difference [MD]
—-3.42, 95% Cl —6.65 to —0.29; diastolic blood pressure MD —-3.39, 95% CIl —5.17 to —1.60; quality of life MD 2.10, 95% CI 0.60 to 3.60).
Gastrointestinal difficulties were more common in youth taking orlistat than in the control group (risk ratio 3.77, 95% CI 2.56 to 5.55).
We saw much variability across efficacious interventions.

Interpretation: Low- to moderate-quality evidence suggests behavioural treatments are associated with a medium effect in terms of
reduced BMI or BMI z-score compared with a small effect shown by combined pharmacological-behavioural interventions. Future
research should evaluate active weight maintenance interventions in adolescents with longer follow-up and examine the effectiveness
of combined pharmacological and behavioural interventions. Registration: PROSPERO no. CRD42012002754

ccording to the World Health Organization, school-

aged children and youth (aged 5-19 years) whose

weight is greater than the 85th centile are over-
weight, and those whose weight is above the 97th centile
are obese; younger children (aged 2-5 years) must be over
the 97th centile to be considered overweight and more than
the 99.9th centile to be considered obese.! A recent Canadian
Health Measures Survey (2009-2011) reported obesity
prevalence among 5- to 17-year-olds at 11.7%, with an addi-
tional 19.8% classified as overweight.? In the United States,
obesity prevalence among 2- to 19-year-olds (2009-2010)
was reported at 16.9%, with another 14.9% considered over-
weight.? Obesity that begins in childhood usually persists into
adulthood* and is associated with adverse outcomes including
metabolic, cardiovascular, musculoskeletal, neurologic, gas-
trointestinal, respiratory and psychosocial disturbances.’!
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The predicted increase in childhood obesity has intensified
the urgency of improving treatment approaches for the
pediatric population.

Treatment of childhood and adolescent obesity is an
active area of research, and a number of systematic reviews
have been published recently.!'"!7 Comprehensive behav-
ioural interventions including changes in diet, physical activ-
ity and lifestyles involving individual patients or families are
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commonly used and generally considered primary modes of
treatment.’®?! Recent research has focused on establishing
the efficacy of combining pharmacological agents such as
orlistat with conventional behavioural interventions, espe-
cially in adolescents with severe obesity, but these drugs are
associated with potential adverse events.”””** We aimed to
provide an updated synthesis of the evidence on benefits and
harms of overweight and obesity treatment interventions for
children and adolescents feasible for use in or referral from
primary care, and we examined the features of efficacious
interventions.

Search strategy

A recent high-quality review (9/11 AMSTAR? rating) by the
US Preventive Services Task Force examined the effectiveness
of weight management programs for children with overweight
and obesity.!” We evaluated their search and determined that it
addressed our key questions. To avoid duplication, we planned
to bring forward any of their included studies that met our cri-

teria. To update the evidence we used the same search strategy
with 3 modifications: we did not use the Database of Abstracts
of Reviews of Effects (DARE) or Education Resources Infor-
mation Center (ERIC) database, but we added Embase; we
changed the dates covered in the search; and we added a filter
to limit studies to those published in English or French given
our limited resources for handling papers in multiple languages.
We searched Embase, MEDLINE, the Cochrane Central
Register of Controlled Trials and PsycINFO from Jun. 10,
2008 (the date of the last US Preventive Services Task Force
search) to Aug. 28, 2013 (our search strategy is outlined in
Appendix 1, available at www.cmajopen.ca/content/3/1/E35
/suppl/DCI1). In addition, we searched the reference lists of
included studies and pertinent reviews for additional relevant
studies not captured by our search.

Inclusion and exclusion criteria

Details regarding the population, interventions, comparators,
outcomes and settings (PICOS) criteria for this review are
provided in Box 1, and the inclusion and exclusion criteria are
shown in Box 2.

Box 1: PICOS (population, interventions, comparators,
outcomes and settings) criteria

Population

¢ Children and youth aged 2—18 yr with overweight or obesity
(body mass index [BMI] > 85th percentile for age and sex)

Interventions

¢ Behavioural (diet, exercise, lifestyle), pharmacological (orlistat)
or combined treatments for weight loss or management

Comparators

¢ Treatment effectiveness: no intervention, usual care, placebo
or minimal intervention (e.g., newsletter or single information
session on healthy living)

e Treatment harms: any type of comparison group or no
comparison group

Qutcomes

¢ Treatment effectiveness: primary weight outcomes: changes in
BMI, BMI z-score and prevalence of overweight or obesity;
secondary health outcomes: changes in total cholesterol, high-
and low-density lipoproteins, triglycerides, fasting blood
glucose, systolic and diastolic blood pressure, overall quality of
life and physical fithess (measured using the multistage 20-
metre shuttle run test)?

e Treatment harms: any adverse events, serious adverse events
(requiring admission to hospital or urgent medical care),
gastrointestinal events, withdrawal from study due to adverse
events

Settings

¢ Generalizable to Canadian primary care or feasible for use in
or referral from primary care; interventions should be initiated
through (or feasible within) a primary care setting and (could
be) delivered by a health care professional (e.g., physician,
psychologist, nurse, dietician)

¢ Surgical and metabolic unit interventions were excluded as
representing a level of obesity and comorbid conditions that
would be less commonly used as referral point from primary
care

Box 2: Inclusion and exclusion criteria

Studies were included if they met the following criteria:

* Trials of behavioural (diet, exercise, lifestyle strategies),
pharmacological (orlistat) or combined (behavioural and
pharmacological) weight loss treatment or management

* Intervention targeted children and youth aged 2—18 yr with
overweight or obesity (body mass index [BMI] > 85th
percentile for age and sex)

¢ Randomized controlled trial with a no intervention, usual care,
placebo or minimal component (e.g., single newsletter or
information session on general health) comparison group

* Reported data for one or more specified weight outcomes
(change in BMI, BMI z-score or prevalence of overweight or
obesity)

* Reported data for outcomes of interest at least 6 months after
baseline assessment

* Enrolled at least 10 participants in each group

e If a study reported data for harms of treatment, they were
included regardless of the above restrictions on study design,
comparison group, weight outcome reporting, timing of
assessment or sample size

* Results were published in English or French
Studies were excluded if:

e Treatment involved changes in the built environment (e.g.,
neighbourhood design, transportation options, access to
playgrounds or green space), surgery or drugs other than
orlistat (i.e., drugs not approved for weight loss by Health
Canada)

e The study specifically enrolled participants who had an eating
disorder or a condition in which weight gain was a cardinal
manifestation (e.g., Prader-Willi syndrome, polycystic ovarian
syndrome, pregnancy)

* Intervention was conducted in an inpatient hospital setting or
involved a faith-based program

* Published results were only available in a language other than
English or French
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Study selection, quality assessment and data
abstraction

Titles and abstracts were reviewed in duplicate. Citations
marked for inclusion by either team member underwent full-
text screening, which was also done independently by 2 peo-
ple. One person completed full abstraction, and a second per-
son verified extractions. Data were checked again before
analysis. We assessed randomized controlled trials using the
Cochrane risk-of-bias tool.?”” We determined the overall
strength of the evidence using the Grading of Recommenda-
tions Assessment, Development and Evaluation system
(GRADEpro version 3.2); we applied ratings of high, moder-
ate, low or very low based on assessments of 5 domains of the
evidence (risk of bias, indirectness, imprecision, inconsistency
and reporting bias). We resolved all conflicts through discus-
sion between raters and, if necessary, through consultation
with review team members.

Data analysis

For meta-analyses, we used means and standard deviations (SD)
for continuous outcomes (e.g., BMI) and counts data for binary
outcomes (e.g., prevalence, adverse events). Whenever possible,
we used immediate posttreatment data; otherwise, we selected
the data point closest to the end of the intervendon and at least
6 months after baseline. If studies reported results for boys and
for girls, we entered these data separately. For studies with mul-
tiple intervention arms, we combined data from similar groups
(e.g., 2 lifestyle arms, 1 delivered to families, 1 delivered only to
parents) to do a pairwise comparison with the control group.?”’
We used Cochran Q (o0 = 0.05) and P (= 75% = high heteroge-
neity) statistics to quantify statistical heterogeneity between
studies. We used RevMan version 5.3, STATA version 12 and
GRADEpro for statistical analyses.

We chose standardized mean difference (SMD) as a sum-
mary measure of effect to allow us to combine data for BMI
and BMI z-score in a single meta-analysis; if a study reported
both outcomes, we used the nonstandardized data. This strat-
egy, which is consistent with the approach taken in other
reviews'”?® increases the pool of studies, thereby increasing
the power to detect a difference in weight change between
groups. We used the DerSimonian and Laird random effects
model with inverse variance” to generate SMDs for BMI and
BMI z-score (< 0.2 = very small effect; > 0.2 to < 0.5 = small
effect; > 0.5 to < 0.8 = medium effect; > 0.8 = large effect).’
We used this same random effects model® to generate sum-
mary measures of effect in the form of mean differences
(MDs) for the other continuous outcomes and risk ratios
(RRs) for binary outcomes. For harms, we calculated absolute
risk increase (ARI) and number-needed-to-harm (NNH); the
latter were calculated using the absolute numbers computed
by the GRADE software. GRADE estimates the absolute
number per million using the control group event rate and
RR with the 95% confidence interval (CI) obtained from the
meta-analysis. For BMI and BMI z-score, we conducted sub-
group analyses based on the focus of intervention — behav-
ioural or pharmacological (orlistat) plus behavioural — and
then only for behavioural approaches based on intervention
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type (diet, exercise, diet plus exercise, lifestyle), intervention
duration (< 12 mo, > 12 mo), age group (2-12 yr, 13-18 yr),
intervention target (individual, family) and study risk of bias
rating (low, unclear, high).

Efficacious interventions were identified from studies in the
BMI and BMI z-score meta-analysis that significantly favoured
treatment. Our choice of intervention characteristics to exam-
ine (target sex and age, estimated number or frequency of ses-
sions, group sessions, family involvement and staff training)
was informed by a similar list in a previous systematic review,!’
to which we added intervention duration, type and setting,
based on our belief that primary care professionals might want
to consider these additional features when making referrals or
recommending programs to patients and their families.

Search and selection

We conducted title and abstract screening on 2716 citations
located through our updated search (Figure 1). We added
15 older studies that appeared in the US Preventive Services
Task Force review!” to the pool of recently published papers
retained for full-text screening (z = 319). We included
31 studies (published in 37 papers) in our analysis, 9 of which
were brought forward from the US Preventive Services Task
Force review,’** and 22 of which were identified from the
more recent literature.***! Characteristics of included studies
Characteristics of the included studies are summarized in
Table 1. All but 1 study* included both male and female par-
ticipants. Most (# = 23) studies involved elementary school-
aged children (mean age at baseline 5-12 yr), 19 studies
involved children and youth with overweight or obesity, and
11 targeted children and youth with obesity only. Multicom-
ponent behavioural interventions (lifestyle or diet plus exer-
cise) were used in 26 studies, and a combined pharmacological
(orlistat) and behavioural approach was used in 2 studies.
Interventions targeted families in 18 studies and individuals
in 13 studies. Almost all (z = 28) of the interventions lasted
one year or less, and more than half (z = 18) lasted between
2 and 6 months. Additional details of the individual studies are
provided in Appendix 2 (available at www.cmajopen.ca
/content/3/1/E35/suppl/DCI).

Twenty-eight of the studies were rated as having unclear or
high risk of bias for the weight outcomes (Table 2), primarily
due to the lack of informatdon about or lack of procedures to
ensure random sequence generation, allocation concealment
and blinding of participants, personnel and outcome assessment.

Change in BMI and BMI z-score

Thirty studies were included in the meta-analysis assessing
change in BMI and BMI z-score.’'-® We found a signifi-
cantly lowered BMI and BMI z-score in the intervention
group compared with the control group with a medium size
of effect (Figure 2 and Table 3). The subgroup analysis based
on intervention focus (i.e., behavioural alone v. pharmacolog-
ical plus behavioural) showed no difference in reduction of
BMI and BMI z-score (Table 3). Further sensitivity analyses
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for behavioural intervention studies showed no difference in
reduction of BMI and BMI z-score across treatment types,
intervention duration, participants’ age or risk-of-bias rating
(Table 3). There was, however, a difference in reduction in
BMI and BMI z-score depending on the target of interven-
tion; treatments focusing on the individual children (e.g.,
classroom interventions with no parent involvement) had a
large effect, whereas family-based approaches (e.g., active
parent involvement) showed a smaller, but still significant,
effect (Table 3). The study that could not be pooled found
no significant (p = 0.86) treatment effect on BMI z-score for a
6-month lifestyle intervention targeted at children aged
5-8 years.®!

Four trials reported follow-up data (6-12 mo postinterven-
tion).?>#15760 Meta-analysis showed significantly lower BMI
and BMI z-score in the intervention group compared with the
control group by the end of treatment (Table 3). However,
there was no difference in BMI and BMI z-score between
groups at the time of postintervention to 1-year follow-up.

Change in BMI

We included 21 trials that assessed change in BMI in our
meta-analysis.}1:323437:394243-53,56-39 Tntervention participants
had a significantly greater reduction in BMI compared with
participants in the control groups (Table 4). Our subgroup
analysis based on intervention focus (i.e., behavioural alone v.
pharmacological plus behavioural) showed no significant dif-
ference in reduction of BMI.

Change in prevalence of overweight/obesity

Three low-quality trials (downgraded for risk of bias and
imprecision) provided results for change in prevalence of
overweight or obesity that could not be pooled because they
used different weight categories (overweight, overweight/obe-
sity, obesity), and 1 study did not provide events data.’¥3¢30
The 2 studies that included elementary school-aged children
reported prevalence 9 months after 3-month family-based
interventions involving diet and exercise. No difference
between groups was seen in 1 study (z = 242) (RR 0.93, 95%

Unique records
identified through
database search

n=2716

Additional records brought
forward from the US
Preventive Services Task
Force Review n =15

Y

Titles and abstracts

screened
n=2731
Excluded n =2398
e Not relevant n =2397
¢ Record could not be retrieved n =1
Y

Full-text articles
assessed for eligibility

n =333
Excluded n =296
¢ Not population of interest n = 41
* No weight outcomes at6 mo n =77
e Intervention and/or setting do not meet criteria n =9
¢ Not an RCT with a no intervention control group n = 100
e <10 participants perarm n=5
¢ Systematic reviews n =64

Y

Studies included in the
systematic review
n =31 (published in
37 papers)

Figure 1: Selection of studies for inclusion in the systematic review and meta-analyses.
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CI 0.82 to 1.06);*° in the second study (z = 40), there was a
5%—-6% reduction in obesity prevalence in the intervention

group.’® The third study reported no significant difference in

change in prevalence between intervention and control
groups 3 months after a 4-month lifestyle program for youth

Change in other health outcomes
We examined changes from baseline to postintervention in
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with overweight or obesity youth (z = 38) (RR 0.90, 95% CI
0.54 to 1.46).%

Table 1: Characteristics of included studies’
Intervention
Mean age at  No. of Baseline weight
Study baseline, yr participants category Type Target Comparator Length, mo  Location Date
Backlund et al.5? 10 105 Overweight + obese  Lifestyle Family  No intervention 24 Sweden 2011
Bryant et al.*° 11 70 Obese Lifestyle Family Wait list 12 UK 2011
Chanoine et al.?' 14 539 Obese Orlistat, Individual Placebo 12 US + Canada 2005
diet+exercise
Coppins et al.* 10 65 Overweight + obese  Lifestyle Family  No intervention 12 UK 2011
Croker et al.*2 10 72 Obese Lifestyle Individual Wait list 6 UK 2012
DeBar et al.*! 14 208  Overweight + obese  Lifestyle  Individual Minimal us 2012
component
Doyle et al.®” 15 83 Overweight + obese  Lifestyle Individual Minimal 4 us 2008
component
Ebbeling et al.5” 15 224 Overweight + obese Diet Individual No intervention 12 us 2012
Epstein et al.®® 6 70 Overweight + obese  Lifestyle Family Minimal 24 us 2008
component
Golley et al.®® 8 111 Overweight + obese  Lifestyle Family Minimal 12 Australia 2007
component
Janicke et al.> 1 93 Overweight + obese  Lifestyle Family Wait list us 2009
Lisén et al.®® 11 110 Overweight + obese Diet+exercise Individual ~ Usual care Spain 2012
Lochrie et al.®® 10 130 Overweight + obese  Lifestyle Family Minimal 6 us 2013
component
Maahs et al.®® 16 40 Overweight + obese  Orlistat, Individual Placebo 6 us 2006
diet+exercise
Maddison et al.*® 12 322 Overweight + obese  Exercise  Individual No intervention 6 New Zealand 2011
McCallum et al.®* 7 163 Overweight + obese  Lifestyle Family  No intervention 3 Australia 2007
Nemet et al.®® 1 54 Obese Diet+exercise  Family Usual care 3 Israel 2005
O’Connor et al.®! 7 40 Overweight + obese  Lifestyle Family Wait list 6 us 201
Racine et al.*° 62 Overweight + obese Diet Individual Placebo 6 us 2010
Reinehr et al.*® 11 71 Overweight Lifestyle Individual No intervention 6 Germany 2010
Sacher et al.%® 10 116 Obese Lifestyle Family Usual care 6 UK 2010
Saelens et al.*® 14 44 Overweight + obese  Lifestyle Individual ~ Usual care 4 us 2002
Savoye et al.®? 12 174 Obese Lifestyle Family Usual care 12 us 2007
Taveras et al.* 5 445 Overweight + obese  Lifestyle Family Usual care 12 us 2011
Toulabi et al.%® 16 152 Obese Diet+exercise Individual No intervention 24 Iran 2012
Vos et al.®® 13 81 Obese Lifestyle Family Wait list Netherlands 2011
Wafa et al.* 10 107 Obese Lifestyle Family  No intervention Malaysia 2011
Wake et al.®° 258 Overweight + obese Diet+exercise  Family Usual care Australia 2009
Wake et al.®® 118 Obese Lifestyle Family  No intervention 12 Australia 2013
Waling et al.*” 10 105 Overweight + obese Diet+exercise Family  No intervention 12 Sweden 2010
Weigel et al.*' 11 73 Obese Diet+exercise Individual No intervention 12 Germany 2008
CMAJ OPEN, 3(1) E39
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cardiometabolic outcomes associated with treatment. Blood
pressure outcomes were reported in 5 studies,’’*31:3355 and
significant changes in systolic (MD -3.42, 95% CI -6.65 to
-0.29) and diastolic (MD -3.39, 95% CI -5.17 to —1.60) blood
pressure were seen (Table 4). No significant differences in any
lipid variables (total cholesterol, low- or high-density lipopro-
teins or triglycerides) were seen (Table 4).31323%414955 One
study provided data on fasting glucose levels, and no signifi-
cant difference was seen (Table 4).! None of the included

studies reported changes in physical fitness as measured by
laps or stages of the multistage fitness test.?

Six trials examined changes in quality of life after treatment
for obesity. 34142443055 Five studies used the 23-item Pediatric
Quality of Life inventory (PedsQL),* and 1 study used the
37-item DISABKIDS Chronic Generic Measure.” Both tools
are validated instruments for use with children and adoles-
cents, and access domains of physical, emotional, social and
psychosocial functioning. Meta-analysis showed a significant

Table 2: Risk of bias assessment*” of included trials
Blinding of outcome assessors Incomplete reporting
Blinding of
Sequence Allocation  personnel/ Self- Self-  Selective Other
Study generation concealment participants Objective* Subjectivet reportedt Objective*Subjectivet reportedt reporting  bias
Backlund et al.5? U U H U L L L
Bryant et al.* L U H U H H H
Chanoine et al.%' u L u L u u H H H L H
Coppins et al.*® U U H U L L L
Croker et al.*? L U H L H H L L
DeBar et al.*! L U H L L H L L L L L
Doyle et al.” L L H L L L L
Ebbeling et al.?” U U H L H L L L L
Epstein et al.® L U H U L L L
Golley et al.® L L H L L L L
Janicke et al.>* u u H u L L H
Lisén et al.®® H H H U L L H
Lochrie et al.®° U U H U H L H
Maahs et al.*® u u L L L L L L L H
Maddison et al.*® L L H U U L L L
McCallum et al.®* L U H U L L L
Nemet et al.® L U H U L L L
O’Connor et al.®' L u H u L L H
Racine et al.*® U U H L U u L L U L H
Reinehr et al.*® L U H H L L H
Sacher et al.®® L U H L H H H L L
Saelens et al.*® L L H u L L H
Savoye et al.*? L L H L U H H L L
Taveras et al.* L U H U L L L
Toulabi et al.%® u u H u u L L
Vos et al.®® L U H L U H L L L L H
Wafa et al.* L L H L H H H L L
Wake et al.° L L H L H L L L U
Wake et al.>® L U H L H L L L H
Waling et al.#” U U L U H L L
Weigel et al.>' H H H U L L L
Note: H = high risk, L = low risk, U = unclear risk.
*Total cholesterol, triglyceride levels, high- and low-density lipoprotein levels, fasting glucose.
TWeight, blood pressure, quality of life, physical fitness, adverse effects.
tQuality of life, adverse effects.
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Experimental Control Eavours Favours
Study (subgroup) Mean*SD n MeantSD n SMD (95% Cl) experimentali control
Behavioural i
Backlund et al.5? 0.3 129 36 06+126 35 -0.23(-0.70t0 0.23) o
Bryantetal® (BMIz)  0.03 +0.21 27 -0.03+0.23 26  0.27(-0.27 t00.81) r
Coppins etal.® (BMlz) —0.17 +0.24 28 -0.08+041 27 —0.27 (-0.80to 0.27) o
Croker et al.#? -0.36 +*1.06 33 -0.03+1.07 30 -0.31(-0.80t00.19) . i
DeBar et al.*! (F, BMI z) —-0.12 +0.18 100 -0.06+0.17 95 -0.34 (-0.62 to —0.06) o
Doyle et al.3” -0.43 +3.41 33 0.74+3.01 33 -0.36(-0.85t00.13) ' i
Ebbeling et al.5” 0.06 *2.1 110 0.63+2.07 107 -0.27 (-0.54 to —0.01) v
Epsteinetal.® (BMlz) -0.24 +1.89 35 -0.13+x2.09 32 -0.05(-0.53t00.42) .
Golley etal.®® (BMlz) -0.26 *+0.33 60 -0.15+0.28 31 —-0.35(-0.781t0 0.09) " i
Janicke et al.5* (BMlz) -0.1 *0.21 50 0.02£0.17 21  -0.60 (-1.12 to —0.08) - :
Lison et al.56 -0.73 =1.71 86 1.6+1.74 24 -1.35(-1.84t0-0.86) " i
Lochrie et al.?° (BMlz) -0.13 +0.26 65 -0.03+0.26 65 —0.38(-0.73t0—-0.04) o
Maddison et al.*® -0.8 +1.79 160 0+1.9 162 —-0.43(-0.65t0-0.21) . i
McCallum et al.3* 05 114 73 0.8+0.98 80 -0.28 (-0.60to 0.04) v
Nemet et al.3¢ 24 £2.05 20 0.8+254 20 —1.36(—2.05to —0.66) . ;
Racine et al.4° 05 08 28 11+£14 25  —0.62 (-1.17 to -0.07) o
Reinehr et al.*8 -09 *0.67 34 0.8+0.93 32 -2.08(—2.69to—1.48) - ;
Sacher et al.® -15 *1.61 37 06+228 45 —1.04 (-1.50to-0.57) : :
Saelens et al.% 0.1 204 18 1.4+169 19 —0.68 (=1.35 to -0.02) T
Savoye et al.®? -1.8 34 105 1.9+3.6 69 —1.06 (—1.38t0-0.73) . i
Taveras et al.*5 (F) 0.3 +1.32 121 0.63+1.36 94 —-0.25(-0.52 to 0.02) . i
Taveras et al.*> (M) 0.33 *1.61 132 0.36+1.39 98 -0.02 (-0.28t0 0.24) 1:
Toulabi et al.5® 292 +146 76 -1.18+131 76 -1.25(-1.601t0-0.90) . i
Vos et al.55 (BMI z) -0.4 *056 32 -0.1+0.31 35 -0.66(-1.16t0-0.17) - ;
Wafa et al.* (BMI z) 0 072 34 0.1£05 45 —-0.16(-0.611t0 0.28) "
Wake et al.5° 03 +1.13 132 0.3£0.96 118  0.00 (-0.25 to 0.25) '
Wake et al.5 09 +1.81 56 0.8£2.08 49  0.05(-0.33 t0 0.43) "
Waling et al.#” 021 *1.07 35 0.31+1.25 31 -0.09 (-0.57 to 0.40) E
Weigel et al 5" -15 +1.46 36 28175 30 —2.66(-3.33t0—-1.99) . ;
Subtotal (95% CI) 1792 1554  -0.54 (-0.73 to —0.36) ‘ i
Heterogeneity: 12 = 85% ;
Test for overall effect: Z =5.76 (p < 0.00001) E
Pharmacological and behavioural i
Chanoine et al.?! -0.55+1.9 348 0.31+£1.9 180 -0.45(-0.63t0—-0.27) . E
Maahs et al.®® -1.3+282 16 -0.8+555 18 -0.11(-0.7810 0.57) i
Subtotal (95% CI) 364 198 -0.43 (-0.60 to —0.25) 0 ;
Heterogeneity: 2 = 0% ;
Test for overall effect: Z = 4.78 (p < 0.00001) E
Total (95% ClI) 2156 1752  -0.53 (-0.69 to —0.36) ‘ i
Heterogeneity: 12 = 83% T : T

—4 -2 0 2 4

Test for overall effect: Z=6.12 (p < 0.00001) SMD (95% Cl)
Test for subgroup differences: 12 = 0%

Figure 2: Effect of treatment interventions on body mass index and body mass index z-score (behavioural, pharmacological plus behavioural).
Note: BMI z = body mass index z-score, F = female, M = male, SMD = standardized mean difference.
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improvement in overall quality-of-life scores in the interven-
tion groups compared with the control groups (SMD 2.10,
95% CI 0.60 to 3.60, Table 4).

Harms

Nine studies provided data for adverse effects of treat-
ment.}13942:4649.5057-59 Meta-analyses showed no significant
differences between intervention and control groups for the
categories of any adverse events, serious adverse events
(requiring admission to hospital or urgent medical care) and
study withdrawal due to adverse events (Table 5). One study®!
reported that gastrointestinal disturbances (e.g., bloating and
diarrhea) were significantly more common with orlistat treat-
ment compared with the control (RR 3.77, 95% CI 2.56 to
5.55; number needed to harm 3, 95% CI 2 to 5) (Table 5).

Features of efficacious interventions
Sixteen studies showed a significant benefit for participants in
treatment arms compared with control arms in terms of reduced

BMI and BMI z-score (Figure 2). We designated the interven-
tions in these studies as efficacious (Table 6 and Appendix 3,
available at www.cmajopen.ca/content/3/1/E35/suppl/DC1).
The focus of the behavioural interventions varied and
included diet (z = 2), exercise (n = 1), diet and exercise com-
bined (z = 4) and lifestyle (2 = 8). Eleven interventions involved
group sessions, 5 used individual sessions, and almost all inter-
ventions (# = 12) incorporated parental or family involve-
ment.’?353641:484951,53-55,5860 "T'hree interventions used technol-
ogy to facilitate interaction between participants and study
personnel or as a means of delivering information or encour-
aging physical activity. Duration of interventions ranged from
3 months to 2 years. All but 1 intervention lasted 1 year or less,
and most (# = 11) were in place for 6 months or less. The
number and frequency of sessions varied; however, most strat-
egies involved weekly or biweekly contact with participants; a
few interventions were more intense, interacting with partici-
pants twice or more each week. Most interventions were
offered to male and female participants (z = 14) and two-thirds

Table 3: Overall and subgroup analyses for primary outcomes
Statistical
heterogeneity Test for between-
(within-group) group differences GRADE
Meta-analysis, standard No. of No. quality of
Outcome; group or subgroup mean difference (95% Cl) p value [?value, % p value [?value, % participants studies evidence*
Change in BMI and BMI z-score (baseline to end of intervention period)
Overall —0.53 (-0.69 to —0.36) < 0.001 83 NA 3908 30 Moderate
Behavioural —0.54 (-0.73 to —0.36) < 0.001 85 0.37 0 3346 28 Low
Pharmacological + behavioural —0.43 (—0.60 to —0.25) 0.34 0 562 2 Moderate
Behavioural
Diet —0.36 (—0.65 to —0.06) 0.27 19 0.36 6.8 270 2 Moderate
Exercise —0.43 (-0.65 to —0.21) NA 322 1 High
Diet + exercise —1.09 (—1.84 to —0.34) < 0.001 94 684 6 Moderate
Lifestyle —0.42 (-0.61 to —0.23) < 0.001 76 2070 19 Moderate
<12 mo —0.54 (-0.73 to —0.35) < 0.001 84 0.97 0 3056 25 Low
> 12 mo —0.53 (-1.31 to 0.26) < 0.001 90 290 3 Low
Aged 2—-12 yr —0.54 (-0.76 t0 —0.32) < 0.001 86 0.81 0 2612 22 Low
Aged 13—-18 yr —0.59 (-0.92 to —0.25) < 0.001 78 734 6 Moderate
Individually-focused —0.90 (-1.27 to —-0.53) < 0.001 89 0.007 86.2 1347 1 Moderate
Family-based —0.34 (-0.52 to —0.16) < 0.001 73 1999 17 Moderate
Low risk of study bias —0.41 (-0.59 to —0.22) 0.92 0 0.51 0 479 3 High
Unclear risk of study bias —0.49 (—0.68 to —0.30) < 0.001 81 2638 22 Low
High risk of study bias —1.24 (—-2.79 10 0.32) < 0.001 96 229 3 Very low
Weight loss maintenance: change in BMI and BMI z-score
Baseline to end of intervention —0.51 (-0.86 to —0.16) 0.001 81 NA 716 4 Moderate
period
End of intervention to 6-12 mo  0.08 (-0.07 to 0.23) 0.44 0 686 4 Low
follow-up
Note: GRADE = grading of recommendations assessment, development and evaluation, NA = not applicable.
*Rating reflects confidence in the estimate of effect assessed through 5 domains of the evidence (risk of bias, indirectness, imprecision, inconsistency and reporting bias) as
follows: high = no downgrades, moderate = downgraded for risk of bias, low = downgraded for risk of bias and imprecision, very low = downgraded for very serious risk of
bias (double downgrade) and imprecision.
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Table 4: Overall and subgroup analyses for primary and secondary outcomes

Statistical heterogeneity Test for between-group

(within-group) differences GRADE
Outcome; group or Meta-analysis, No. No. of quality of
subgroup mean difference (95% ClI) p value ? value, % p value > value, % participants studies evidence*

Change in body mass index (kg/m?) (baseline to immediate post)

Overall -112 (-1.5210-0.72) < 0.00001 92 NA 3100 21 Moderate
Behavioural -115 (=159 t0 -0.72) < 0.00001 93 029 104 2538 19 Moderate
Pharmacological + -0.86 (-1.191to0-0.52) 0.81 0 562 2 Moderate
behavioural

Change in systolic blood pressure (mmHg) (baseline to immediate post)

Overall -3.42 (-6.65t0 —0.29) 0.003 75 NA 808 5 Moderate
Change in diastolic blood pressure (mmHg) (baseline to immediate post)

Overall -3.39 (-5.17 to —-1.60) 0.1 47 NA 808 5 Moderate
Change in total cholesterol (mmol/L) (baseline to immediate post)

Overall -0.06 (-0.19to 0.07) 0.03 63 NA 904 5 Low
Change in low-density lipoprotein cholesterol (mmol/L) (baseline to immediate post)

Overall 0.01 (-0.11t0 0.13) 0.009 70 NA 904 5 Low
Change in high-density lipoprotein cholesterol (mmol/L) (baseline to immediate post)

Overall —0.02 (-0.05t0 0.01) 0.16 37 NA 971 6 Low
Change in triglycerides (mmol/L) (baseline to immediate post)

Overall -0.02 (-0.12to 0.09) 0.19 35 NA 937 5 Low
Change in fasting glucose (mmol/L) (baseline to immediate post)

Overall 0.06 (-0.291t00.17) NA NA 528 1 Low
Change in overall quality of life (pediatric quality of life inventory or DISABKIDS questionnaire) (baseline to immediate post)

Overall 2.10 (0.60 to 3.60) 0.37 8 NA 777 6 Moderate

Note: GRADE = Grading of Recommendations Assessment, Development and Evaluation.

*Rating reflects confidence in the estimate of effect assessed through 5 domains of the evidence (risk of bias, indirectness, imprecision, inconsistency and reporting bias)
as follows: high = no downgrades, moderate = downgraded for risk of bias, low = downgraded for risk of bias and imprecision, very low = downgraded for very serious risk
of bias (double downgrade) and imprecision.

Table 5: Subgroup analyses for harms

Statistical heterogeneity Test for between-
Effect (within-group) group differences,
GRADE
Absolute risk No. needed to No. of No. of quality of
Outcome, subgroup  Risk ratio (95% CI) increase, % harm (95% Cl) pvalue [?value, % p value I? value, % participants studies evidence*

Any adverse events

Behavioural Not estimablet — — NA NA 482 3 Moderate
Pharmacological + 1.03 (0.99 to 1.08) — — NA 533 1 Low
behavioural

Serious adverse events

Behavioural 0.51 (0.09 to 2.73) — — NA 037 0 322 1 Moderate
Pharmacological + 1.25 (0.46 to 3.35) — — 056 0 573 2 Low
behavioural

Gastrointestinal events

Pharmacological + 3.77 (2.56 to 5.55) 36.7 3 (210 5) NA NA 533 1 Moderate
behavioural

Study withdrawal due to adverse events

Pharmacological + 2.49 (0.79 to 7.87) — — 045 0 NA 573 2 Low
behavioural

Note: GRADE = Grading of Recommendations Assessment, Development and Evaluation, NA = not applicable.

*Rating reflects confidence in the estimate of effect assessed through 5 domains of the evidence (risk of bias, indirectness, imprecision, inconsistency and reporting bias)
as follows: moderate = downgraded for risk of bias; low = downgraded for risk of bias and imprecision.

1No events reported in both groups in all studies.
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(n = 10) targeted elementary school-aged children. About half
(n = 7) of the interventions were done in the United States, and
one-third (z = 5) took place in European countries.

The efficacious intervention that used a pharmacological
plus behavioural strategy targeted male and female adolescents

with obesity in Canada and the United States. The treatment
combined a 120 mg dose of orlistat taken 3 times daily with a
standard dietary intervention and encouragement to engage in
regular physical activity. After a 2-week lead-in period, the
intervention ran for 1 year.

Table 6: Common elements of efficacious behavioural interventions

et al.%

monthly parent meetings exercise

Mean Intervention Sessions
age at Baseline
baseline, weight Duration, Parental Technology-

Study Sex yr category mo Estimated no. of sessions Focus  Target Group Individual involvement based
DeBar Female 14  Overweight 6 28 total; 16 group meetings Lifestyle Individual Yes — Yes —
et al.4! + obese for teens, 12 parent sessions
Ebbeling Mixed 15 Overweight 12 3 check-in visits, 12 phone  Diet Individual Yes — — Yes
etal.¥” + obese calls
Janicke  Mixed 11 Overweight 4 12 group sessions Lifestyle Family Yes — Yes —
etal® + obese
Lison Mixed 1 Overweight 6 120 exercise sessions Diet + Individual — Yes — —
etal.%® + obese exercise
Lochrie  Mixed 10  Overweight 6 14 (8 weekly, 4 bimonthly, 2 Lifestyle Family Yes — Yes —
et al.®° + obese monthly)
Maddison Mixed 12 Overweight 6 Not specified: children Exercise Individual — — — Yes
et al.* + obese encouraged to meet

recommendations (60 min

moderate to vigorous

physical activity on most

days)
Nemet Mixed 1 Obese 3 34 total; 24 training sessions, Diet + Family Yes Yes Yes —
etal.® 6 individual meetings with  exercise

dietician, 4 evening lectures
Racine Mixed 9  Overweight 6 1 session with a dietician Diet Individual — Yes Yes —
etal.*® + obese
Reinehr  Mixed 1 Overweight 6 48 total; 37 sessions for Lifestyle Individual Yes — Yes —
etal.*® children, 6 for parents, 5 for

families
Sacher Mixed 10  Obese 6 18 sessions over 9 wk (2-h  Lifestyle Family Yes — Yes —
et al.5 group sessions held twice

weekly)
Saelens  Mixed 14 Overweight 4 1 meeting with pediatrician; Lifestyle Individual — Yes Yes Yes
etal.®® + obese 1 wk later meeting with

author, 11 calls from phone

counselor (10-20 min

weekly first 8x, biweekly last

3X)
Savoye  Mixed 12 Obese 12 2 sessions per week for first Lifestyle Family Yes Yes Yes —
etal.® 6 mo; biweekly next 6 mo
Toulabi Mixed 16 Obese 24 4 1-h weekly parents Diet + Individual Yes — Yes —
et al.%® sessions on nutrition; 8 exercise

45-min student sessions 2x/

wk on nutrition and physical

activity; exercises 1 h per

day, 3x/wk for 6 wk
Vos Mixed 13  Obese 3 7 group meetings for Lifestyle Family Yes Yes Yes —
et al.®s children, 5 for parents; 1 for

families (2 h 40 min

biweekly)
Weigel Mixed 1 Obese 12 2 sessions per week; Diet + Individual Yes — Yes —
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The meta-analyses of BMI and BMI z-scores in this updated sys-
tematic review of treatments for overweight and obesity in chil-
dren and youth showed moderate benefits for treatment com-
pared with control, and these findings are consistent with
previous reviews.!*1>176* We used a comprehensive approach of
subgrouping studies for behavioural interventions to reflect the
evidence in existing literature. In addition to conventional mea-
sures of obesity, such as BMI and BMI z-score, we looked at
prevalence of overweight and obesity to help quantify the clinical
significance of weight loss. Although limited in the number of
studies, our review of cardiometabolic outcomes suggests modest
declines in BMI are accompanied by declines in blood pressure,
which is consistent with other reviews.'*%* We also identified
improvement in quality-of-life scores. In contrast to weight loss
of 5%-10% in adults,”” a threshold associated with improved
health outcomes for children has not been established. In addi-
tion, Kolotourou and colleagues argue BMI is too restrictive an
outcome, and that additional outcomes such as fitness, self-
esteem, physical and sedentary activities should be measured.®

Four studies evaluated the sustainability of changes in BMI
after completion of weight-management programs. Unfortu-
nately, after 6 months, no impact of the interventions on BMI
was identified. Although this result is consistent with known
biological adaptations to weight loss, it highlights the chal-
lenge of introducing time-delimited weight management
interventions without follow-up, the need to introduce innova-
tive approaches to pediatric weight management and the need
to identify ways of maintaining interventions over the long-
term. Studies are not yet available in the pediatric population,
but it is apparent that sustained weight loss is possible in adults
when interventions are maintained at a lower intensity.*’

Limitations

Most of the evidence was taken from studies assessed as having
an unclear risk of bias, and potential reporting bias was identi-
fied across a number of outcome- and comparison-based study
groupings. In our main outcome of BMI and BMI z-score, sta-
tistical heterogeneity was high. In addition, the results pre-
sented for other health outcomes should be interpreted with
caution, because we only included studies that also reported our
weight outcomes. Finally, including papers published only in
English or French meant possible data for relevant interven-
tions available only in other languages were not captured.

Conclusion

Behavioural interventions for treating overweight and obesity
in children and youth are associated with a moderate treat-
ment effect in terms of a lowered BMI and BMI z-score. A
small treatment effect is seen in combined pharmacological
and behavioural interventions. The benefits of behavioural
approaches are achieved with minimal or no adverse effects,
and low-intensity behavioural interventions could readily be
implemented in certain primary care settings. Few studies fol-
lowed participants after completion of the intervention, but
those that did found differences in BMI between groups were

OPEN

not maintained. Given that few studies specifically targeted
youth or lasted more than 12 months, future research should
evaluate active maintenance interventions in adolescents with
longer follow-up. Furthermore, limited evidence as to the
effectiveness of combined pharmacological and behavioural
interventions warrants future research in this context.
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