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Abstract

Background Childhood obesity remains a significant public health concern. Sleep duration and quality among chil-
dren and youth are suboptimal worldwide. Accumulating evidence suggests an association between inadequate
sleep and obesity risk, yet it is unclear whether this relationship is causal. This systematic review examines the effi-
cacy of sleep interventions alone or as a part of lifestyle interventions for the management of overweight or obesity
among children and adolescents.

Methods A keyword/reference search was performed twice, in January 2021 and May 2022 in MEDLINE/PubMed,
EMBASE/Ovid, PsycINFO/EBSCO, The Cochrane Library, Web of Science Core Collection/Web of Science, SCIELO/Web
of Science, and CINAHL/EBSCO. Study eligibility criteria included youth with overweight or obesity between 5 and 17,
were RCTs or quasi-randomized, and focused on the treatment of overweight and obesity with a sleep behavior inter-
vention component. Risk of bias was assessed using the Cochrane Risk of Bias assessment tool (RoB2). A Meta-analysis
was conducted to estimate the effect of interventions with a sleep component on BMI. The study protocol was regis-
tered in PROSPERO (CRD42021233329).

Results A total of 8 studies (2 quasi-experiments, 6 RCTs) met inclusion criteria and accounted for 2,231 participants
across 7 countries. Only one study design isolated the effect of sleep in the intervention and reported statistically
significant decreases in weight and waist circumference compared to control, though we rated it at high risk of bias.
Our meta-analysis showed no significant overall effect on children’s BMI as a result of participation in an interven-
tion with a sleep component (Cohen’s d=0.18, 95% Cl=-0.04, 0.40, Z=1.56, P=.11), though caution is warranted due
to substantial heterogeneity observed across studies (Tau?=0.08; X*=23.05, df=7; 1> =83.73%).

Conclusions There were mixed results on the effect of sleep interventions across included studies on BMI, other
weight-related outcomes, diet, physical activity, and sleep. Except for one study at low risk of bias, three were rated
as‘'some concerns’and four‘high risk of bias. Findings from this study highlight the need for additional RCTs isolating
sleep as a component, focusing on children and adolescents living with overweight and obesity.
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Background

Childhood obesity remains a significant public health
concern worldwide. The prevalence of overweight and
obesity in children ranges from 15.3 to 25.6% in Europe
[1]. In the United States, the prevalence of obesity among
children and youth aged 2 to 19 years has increased from
17.7 to 21.5% from 2011 to 2020 2. Youth living with
obesity are more likely to experience impairments in
endocrine, metabolic, cardiovascular, pulmonary, neuro-
logical, immunologic, and gastrointestinal functions [2].
Therefore, there is an urgent need for innovative inter-
ventions that can mitigate the trajectory of accelerated
weight gain among children.

Emerging evidence has demonstrated that short sleep
duration and poor sleep quality are associated with child-
hood obesity [3-7]. Reduced sleep duration is associ-
ated with lower circulating leptin and increased ghrelin
concentrations, which are anorexigenic and orexigenic
hormones, respectively [8]. Thus, it is plausible that dis-
rupted hormonal control of satiety via reduced sleep time
results in increased food intake and induces hedonic eat-
ing rather than hunger-driven eating [9, 10]. Reduced
sleep duration results in fatigue which is associated
with reduced energy expenditure thereby contributing
to a positive energy balance [3, 11-13]1. Obesity is also
an independent risk factor for obstructive sleep apnea
[14], potentially perpetuating a cycle of disrupted sleep
and weight gain in adolescents. Thus, there is significant
observational and mechanistic evidence that reduced
sleep duration and obesity are related and that interven-
tions targeting sleep duration may be efficacious for the
treatment of overweight and obesity in children and ado-
lescents. A randomized cross-over study elucidating the
relationship between sleep duration and dietary intake
corroborates this notion; children in the increased sleep
phase of the study exhibited reduced caloric intake and
reduced weight [15]. In addition to sleep duration, sleep
quality is also emerging as a modifiable lifestyle factor
associated with obesity in adolescents. Sleep quality can
be measured objectively (i.e., sleep latency, sleep, wake
after sleep onset, and the number of awakenings greater
than 5 min) [16] and subjectively (i.e., a feeling of sleepi-
ness or fatigue upon awakening and throughout the day)
[17]. Meta-analytic data suggests an association between
poor sleep quality and overweight and obesity among
youth [7]. This association persisted independent of sleep
duration in some studies [7]. The US Preventative Ser-
vices Task Force characterizes inadequate sleep as a key
risk factor for obesity [18].

Despite the growing support for the link between
inadequate sleep and obesity risk, the sleep duration
and quality among children and youth are suboptimal
worldwide, particularly on weekdays [19]. The American
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Academy of Sleep Medicine recommends that children
between the ages of 6-12 years achieve between 9 and 12
h of sleep for optimal health and 8 to 10 h in teens aged
13-18 years [20]. A study with a multi-cohort, nationally
representative sample of more than 270,000 adolescents
in the United States found that more than 50% of ado-
lescents aged 15 and 19 years reported less than 7 h of
sleep nightly, which is lower than the recommendations
for this age group. Further, less than half of adolescents
aged 12-19 reported regularly getting more than 7 h of
sleep [21]. A systematic review and meta-analysis sum-
marizing findings from studies published during the
COVID-19 pandemic (2020 and 2022) showed reduced
sleep quantity and quality among children and adoles-
cents [22]. Moreover, children and adolescents with obe-
sity are more likely to report poor sleep quality [23, 24].

Yoong et al. have reviewed the impact of randomized
controlled trials (RCT) of interventions with a sleep com-
ponent on child BMI, diet, and physical activity [25].
While findings from one of the included studies showed
significant improvements in BMI, and one showed sig-
nificant improvements in the sleep outcomes, the pooled
results from the meta-analysis did not yield significant
effects on BMI. Additional trials have been conducted
since this review, thus, we undertook this systematic
review and meta-analysis to evaluate the efficacy of sleep
interventions, either focusing on sleep duration or sleep
quality, or both, for the treatment of overweight and
obesity among children and adolescents aged from 5 to
17 years. Findings from this study will elucidate the rel-
evance of sleep as an intervention for treating childhood
obesity.

Methods

Protocol registration

The protocol for this review was registered with the
international prospective register of systematic reviews
(PROSPERO;  Registration ID: CRD42021233329).
This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. We prespecified change in body
mass index (BMI) (including BMI SDS units, and BMI
percentile) as the primary outcome. The secondary out-
comes of interest included change in body composi-
tion using validated anthropometry measurements (not
self-reported) such as skinfold thickness, bioelectri-
cal impedance, waist circumference, and dual-energy
X-ray absorptiometry (DEXA); reduction in morbidity,
changes in reported or quantified (i.e., accelerometers)
sleep duration, changes in self- or parent-reported sleep
quality, either qualitatively (i.e., questionnaires) or quan-
titatively (i.e., accelerometer-defined sleep efficiency);
changes in self- or parent-reported daytime sleepiness;
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changes in biochemical measures of circadian phase (e.g.,
melatonin); cost of intervention; intervention adherence
and compliance; change in health-related behavior (diet,
physical activity); change in health-related quality of
life; change in adverse events; and satisfaction with care
outcome.

Eligibility criteria

Studies were included if they met the following criteria:
(1) Study participants youth with overweight or obe-
sity with a mean age between 5 and 17 at the start of the
intervention; (2) Study design was a randomized con-
trolled trial or quasi-randomized trial (including indi-
vidual and cluster randomized) focusing in the treatment
of overweight and obesity in children and adolescents
which includes a sleep behavior intervention alone or as
one component of a multi-component intervention; (3)
Intervention comparator (i.e., control group treatment)
was no treatment or wait-list control, usual care, or a
separate concurrent intervention (e.g., head to head tri-
als); and (4) Article was published in English. There was
no restriction placed on the time when studies were pub-
lished, where the studies were conducted (i.e., country),
where the intervention was delivered, who delivered the
intervention, or the duration of the intervention.

Literature search

A search strategy was developed by the research team
(HVB, CJV, RF) with support from a library scientist
(Supplemental Table 1). The first literature search was
run on January 10, 2021 on the following databases:
MEDLINE/PubMed, EMBASE/Ovid, PsycINFO/EBSCO,
The Cochrane Library [comprising the Cochrane Data-
base of Systematic Reviews, the Cochrane Central Regis-
ter of Controlled Trials (CENTRAL), and the Cochrane
Methodology Register], Web of Science Core Collection/
Web of Science, SCIELO/Web of Science, and CINAHL/
EBSCO. The following sources were also searched for eli-
gible studies: Global Index Medicus, the reference lists of
eligible studies, and the conference proceedings of select
obesity and sleep societies. On January 10, 2021, the ini-
tial search was run in duplicate by two members of the
research team (HVB, CJV) and results from one member
(HVB) were saved for further screening. The search was
re-run on all databases described above on May 12, 2022,
for articles published since January 10, 2021, after con-
sulting with an evidence synthesis librarian at the home
university of the first author. The references of all included
studies were reviewed to identify any potentially missed
studies based on the inclusion and exclusion criteria.
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Study selection

Searches were de-duplicated using Zotero and uploaded
into Covidence for the title and abstract screening. Title
and abstract screening were completed by at least two
members of the research team (RF, HVB, CJV, JG, and
RL). Review authors were blinded to each other’s decision
during screening. Disagreements regarding the inclu-
sion of articles between review authors were resolved by
team consensus. The full-text review was subsequently
conducted in Covidence in duplicate following the same
blinding approach described above. Data from dupli-
cate or companion publications stemming from a single
protocol were merged as one single dataset/study for
analysis. If consensus for any study was not achieved
through discussion and analysis of the manuscripts, a
third reviewer was consulted to achieve consensus (LE).
All studies included and excluded at each stage of the
review are presented in alignment with PRISMA report-
ing requirements [26].

Data extraction

Two review authors independently extracted the follow-
ing categories of data from all included studies using a
standardized data extraction template: source, eligibil-
ity, methods, study design details, participant informa-
tion, interventions, outcomes, results, and miscellaneous
information such as funding source, key conclusion, and
other comments. Study authors were contacted when
necessary to request information that was not provided
in the acquired published articles or publicly available
databases.

Risk of bias

For all included studies, a risk of bias assessment was
conducted by two research team members using the
Cochrane Risk of Bias assessment tool (RoB2) [27]. The
RoB2 covers five evaluation domains: selection bias, per-
formance bias, detection bias, attrition bias, and report-
ing bias. Each domain and overall risk of bias can be
judged as “low risk of bias’, “some concerns’, or “high
risk of bias” Disagreements in evaluating the risk of bias
were resolved by team consensus. When a consensus
was not reached, the disagreements were resolved by a
third reviewer (LE). Data on the results of the risk of bias
assessment are shown in Fig. 1.

Meta-analytic strategy

Stata 17 was used to conduct a quantitative synthesis of
the studies that met inclusion criteria. A meta-analysis
was conducted using a random-effects model to estimate
the effect of interventions with a sleep component on
body composition outcomes (i.e., BMI). A Chi-squared
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test was used to examine heterogeneity and I* statistic
[28] was observed to assess if variation across studies was
due to heterogeneity.

Results

Search results and selection of studies

After removing 2439 duplicates, a total of 8328 articles
were imported for screening. Title and abstract screen-
ing resulted in 56 articles for full-text review, of which 8
studies were included. A flowchart detailing the screen-
ing process is in Fig. 2.

Study characteristics

The eight studies included 2231 participants and were
conducted in 7 countries, including the United States,
Switzerland, New Zealand, Mexico, Canada, Italy, and
Norway. Two studies had a quasi-experimental design,
one of which was intended as an RCT but had to adopt a
nonrandomized protocol during the course of the study
due to low recruitment and logistical challenges [29]. The
other 7 studies followed the RCT design (five were rand-
omized on the individual level and two were randomized
on the cluster level). One RCT excluded enrolled par-
ticipants based on a weekly assessment of adherence to
the protocol. Participants who failed to complete at least
80% of the prescribed diet and sleep intervention (N =56,
51.2%) were excluded and replaced by new participants
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[30]. All but one study were multi-component lifestyle
interventions with a sleep component, ranging from
4 weeks to 3 years in length. One study had sleep as a
stand-alone intervention [30]. Besides sleep, factors
accounted for in the interventions included diet, physi-
cal activity, sedentary activity, media use, stress man-
agement, parenting, and screen time. All but one study
were family-based interventions involving at least one
parent in the education component of the interventions.
A description of the intervention characteristics can be
found in Table 1.

Quality assessment

The overall risk of bias was rated as “low” for one study
[31], “some concerns” for three studies [29, 32, 33], and
“high” for four studies [30, 34—36]. The risk of bias raised
from the randomization process is related to the quasi-
experimental design [29, 34], using a pseudo-random
number generator to assign participants [32], and the
substitution of nonadherent participants with new par-
ticipants [30]. Deviations from the intended interven-
tions were observed, largely due to a lack of blinding
participants and intervention-delivering staff from the
intervention groups [32, 35, 36]. Some concerns were
observed for attrition bias due to substantial loss-to-
follow-up without sufficient explanations for drop-out
reasons [34]. Reporting bias exists in four studies, related
to deviations from the intended analysis protocol [33, 35,
36] and a lack of preregistration and protocol [30].

Intervention effect

Body weight and composition

All but one study [30] reported at least one of the BMI
measures (BMI, BMI z-score, BMI standard deviation
scores). Waist circumference was measured in five stud-
ies. Other anthropometric measures included tricep skin-
fold thickness, the sum of four skinfolds, waist-to-height
ratio, percentage body fat, and neck circumference. Only
one study [30] studied sleep in isolation compared to a
multicomponent format. This study, by Moreno-Frias
et al. [30], showed a significantly greater weight (p <.04)
and waist circumference (p<.0009) reduction in the
experimental group (n=25) vs. control (n=27) after 4
weeks of intervention. Other studies included sleep as
part of a multicomponent intervention but did not iso-
late the sleep component against a similar control group
without the sleep component. In the Ballabeina study
[35], at 9.5 months post-intervention children who were
overweight (regression coefficients —2.19, 95%CI [-3.18,
-1.20], p<.0001) showed a greater reduction in waist cir-
cumference compared to children (-0.67 [-1.24, -0.11],
p=.02) who were normal weight (intervention-group x
BMI-group, p=.001). Improvements in the sum of four
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skinfolds were observed in both the overweight (-3.63
[-6.45, 0.81], p=.01) and normal groups (-2.46 [-3.91,
-1.01], p=.0001). No change in BMI was observed in
either group. Taylor et al. [33] found significantly greater
improvements in BMI (difference —0.34, 95%CI [-0.65,
-0.03]), BMI z-score (-0.12 [-0.20, -0.04]), waist circum-
ference (-1.5 cm [-2.5, -0.5]), and waist-to-height ratio
(-0.01 [-0.02, -0.00]) in the experimental group (n=96)
compared to the control group (n=97) at 24 months.
Taveras et al. [32] found increases in BMI and decreases
in BMI z score units in all groups (usual care, clinical
decision support (CDS), CDS plus health coaching) at
12 months. The increase in BMI was the greatest in the
usual care group (+1.2) (n=171), followed by the CDS
plus health coaching group (+0.9) (n=164), and the CDS
group (+0.7) (n=183). The two experimental groups had
a greater reduction in BMI z-score units than the usual
care group, though the greatest reduction was observed
in the group without health coaching (-0.06, 95%CI
[-0.11, —0.02]). Bovi et al. [34] compared three groups in
two phases, standard treatment (CG1.1 and CG1.2), con-
trol plus personalized messaging (IG1.1), and IG1.1 plus
monthly recall visits (IG1.2). IG1.1 vs. CG1.1 and 1G1.2
vs. CG1.2 were compared in phases 1 and 2, respectively.
At 3 months, greater improvements in BMI, excess waist
circumference, and excess neck circumference were
observed in 1G1.1 (n=24) compared to CG1l.1 (n=25).
However, the improvements did not sustain at 6 months.
BMI mean change at 6 months was significantly differ-
ent between 1G1.2 (-4.6, n=30) and CG1.2 (+2.7, n=24)
(p=.003). Skjakodegard et al. [36] found significant dif-
ferences in mean change in BMI standard deviation
scores (0.19 units, p<.001) and the proportion of partici-
pants above the International Obesity Task Force cut-off
for overweight (5.48%, p<.001) between the experimen-
tal (n=59) and control (n=55) groups at 12 months. No
statistically significant differences were found in BMI
measures and anthropometric measures posttreatment
in the other studies [29, 31].

Sleep outcomes

Out of the five studies that assessed sleep, two found
improvements in sleep. Moreno-Frias et al. collected self-
report sleep-related outcomes by telephone interviews,
including sleep duration, time in bed, time awake in bed,
and sleep efficiency (percent of sleep time concerning the
total time in bed). Significant improvements in overall
sleep duration, weekend sleep duration, and sleep effi-
ciency were observed in both the experimental (n=25)
and control (n=27) groups at 4 weeks. The experimen-
tal group also showed significant improvements in week-
day sleep duration, time in bed, and time awake in bed.
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However, participants who did not adhere to the sleep
extension intervention by at least 80% were swapped
with new participants during the study [30]. Skjakode-
gard et al. [36] measured sleep duration and timing using
wrist-worn accelerometers (Actiwatch 2) for 7 days. Sleep
timing was defined as the midpoint between sleep onset
time and wake-up time. There was a significant difference
in mean changes in sleep timing from baseline to post-
treatment between the experimental (n=59) and control
(n=55) groups (—26.3 min, p=.037) at 12 months. In
the study targeting urban youth [31], sleep durations on
weekends and weekdays were measured using accelerom-
eters (GT3X + monitor) hip-worn by children for 7 days.
Parents reported on children’s sleep quality and duration.
No significant differences were found between the exper-
imental and control groups in these outcomes. Taylor
et al. [33] measured sleep duration using hip-worn accel-
erometers (ActiGraph GT3X) for 7 days and 8 nights.
No evidence of a difference in sleep duration was found
when comparing the two groups after the intervention
(p=.317)®. In the PediaFit study [34], participants self-
reported the number of hours of sleep per night. There
were no significant differences between the experimental
and the control groups at three months (p=.55) or six
months (p=.8).

Dietary outcomes

Five studies reported dietary outcomes. Intakes of fruits,
vegetables, and sugary beverages were the most reported
variables. Children’s Dietary Questionnaire [37] was
completed by parents to estimate child intakes of “recom-
mended” foods (fruits, vegetables, water, and reduced fat
products), and “discouraged” foods (high fat/sugar foods/
noncore foods, and sweetened beverages) over the past
week in Taylor et al. [33]. Results showed that children
in the experimental group (n=89) had greater improve-
ments in fruit and vegetable intake (difference 1.0, 95% CI
[0.0, 2.1]) and noncore food intake (-0.3, [-0.5, -0.0]) com-
pared to those in the control group (n=92) at 24 months.
However, the 95% confidence intervals for both outcomes
contain zero, indicating that the evidence for an effect is
weak. At 3 months, Bovi et al. [34] found significant dif-
ferences between IG1.1 (#=12) and CGl.1 (#=6), as
well as between 1G1.2 (n=12) and CG1.2 (n=6) in sug-
ary drink consumption (IG1.1 vs. CG1.1 p=.002, IG1.2
vs. CG1.2 p=.02) and fruit and vegetable consumption
(IG1.1 vs. CG1.1 p=.040, IG1.2 vs. CG1.2 p=.04). How-
ever, there was no difference in these dietary outcomes
at 6 months except for fruit and vegetable consumption
between 1G1.2 (n=9) and CG1l.2 (n=2) (p=.02). No
significant intervention effect on dietary outcomes was
found in other studies.
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Physical activity

Three studies measured physical activity using accel-
erometry data, and two studies used self-report survey
data. The accelerometry data collected by Taylor et al.
[33] showed that children in the experimental group
(n=289) were more physically active (higher mean counts
per minute) than those in the control group (n=92) (dif-
ference 60, 95% CI [4, 115]) at 24 months. No significant
differences were found in the moderate-to-vigorous-
physical-activity (MVPA) level. Perdew et al. measured
MVPA using the Physical Activity Questionnaire for
Older Children (PAQ-C). Children in the experimental
group (n=438) significantly increased their weekly MVPA
duration (0.75 + 1.5 min) while the opposite is true for
those in the control group (#=23) (-0.74 + 1.6 min)
(p=.001) at 10 weeks [29]. Parents in the study led by
Bovi et al. [34] reported minutes of child physical activ-
ity per day per week. The findings showed a significant
difference in change in weekly physical activity duration
between 1G1.2 (n=12) participants (71.85 + 118.0 min)
and CG1l.2 (n=6) participants (-30 + 111.0 min) at 3
months (p=.03). There was no between-group difference
at 6 months. No significant intervention effect on physi-
cal activity was found in other studies.

Meta-analysis

Table 2 summarizes the modeling results from the ran-
dom-effects meta-analysis, with the corresponding forest
plot shown in Fig. 3. A total of 2 studies were excluded
from the meta-analysis because these studies did not
adopt the same measure for an outcome (i.e., the pri-
mary outcome measure was not comparable to BMI)
[29, 30]. Five out of the eight studies that met inclusion
criteria were included in the meta-analysis, which com-
pared effect sizes from behavioral or multi-component
interventions with a sleep component relative to a con-
trol group providing standard of care [31-35]. Compared

Table 2 Results from meta-analyses using a random effects model
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with the control group, there was no significant overall
effect on children’s BMI as a result of participation in an
intervention with a sleep component (Cohen’s d=0.18,
95% Cl= -0.04, 0.40, Z=1.56, P=.11). Lastly, there
was substantial heterogeneity observed across studies
included in the meta-analysis (Tau?>=0.08; X2=23.05,
df=7; 1*=83.73%).

Discussion

Overall, our systematic review included eight stud-
ies across seven countries. There were mixed results on
the effect of sleep interventions across included studies
on BMI, other weight-related outcomes, diet, physical
activity, and sleep, and weight status. The result of the
meta-analysis did not identify a significant effect of sleep
interventions on the primary study outcomes. Except for
one study at low risk of bias, others were rated as ‘some
concerns’ or high risk of bias. Findings from this study
highlight the need for additional RCTs isolating sleep as
a component, focusing on children and adolescents living
with overweight and obesity.

A previous systematic review [25] found no signifi-
cant impact of sleep interventions on BMI among chil-
dren and adolescents with normal weight under the
age of 18. The inconsistencies in obesity metrics used
present challenges in interpreting the overall interven-
tion impact. One study found a reduction in adipos-
ity measures but not BMI [35]. There is no evidence
supporting the intervention effect on child dietary
behaviors in this review. Only one included study dem-
onstrated significant improvements in dietary intake
(i.e. fruit and vegetable intake) following the interven-
tion [34]. Yoong et al. observed some positive interven-
tion effects on child diet, but were unable to examine
the intervention impact on physical activity because
only one included study collected physical activ-
ity data. In the current review, three studies showed

Study Effect size [95% conf. interval] % Weight
Moore 2019 (Behavioral) [32] 0.026 -0.227,0.280 13.53
Moore 2019 (Systems) [32] -0.026 -0.277,0.225 13.57
Nieder 2013 / Puder 2010 [33] -0.046 -0.199,0.108 15.16
Taylor 2015 [35] 0.108 -0.174,0.389 13.02
Taveras 2015 (CDS) [34] 0.079 -0.123,0.280 14.44
Taveras 2015 (CDS + coaching) [34] 0.063 -0.145,0.271 14.33

Bovi (1.1) 2021 (Cohort 1) 0.676 0.109, 1.243 8.06

Bovi (1.2) 2021b (Cohort 2) 1.242 0.664, 1.821 7.89

Test of heterogeneity: Tau’ =0.08; Chi’=23.05, df=7; 1°=83.73%
Test for overall effect: Z=1.56 (P=.11)
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Treatment Control Cohen's D of Exp vs. Ctrl (for pre-post BMI) ~ Weight
Study N Mean SD N Mean SD with 95% CI (%)
Moore 2019 (Behavioral) 118 -821 499 119 -952 4.881 —.— 0.03[ -0.23, 0.28] 13.53
Moore 2019 (Systems) 123 -1.083 5.223 119 -952 4.881 —.— -0.03[-0.28, 0.23] 13.57
Nieder 2013 / Puder 2010 342 -1 2.052 310 0 2335 . -0.05[ -0.20, 0.11] 15.16
Taylor 2015 97 -8 414 96 -1.2 3.202 - 0.11[-0.17, 0.39] 13.02
Taveras 2015 (CDS) 194 -7 6.435 184 -1.2 6.229 '.‘ 0.08 [ -0.12, 0.28] 14.44
Taveras 2015 (CDS + coaching) 171 -8 6.435 184 -1.2 6.229 '.‘ 0.06 [ -0.14, 0.27] 14.33
Bovi (1.1) 2021 (Cohort 1) 24 299 547 25 -1 6.114 —— 0.68[ 0.11, 1.24] 8.06
Bovi (1.2) 2021 (Cohort 2) 30 46 494 24 27 6712 —— 1.24[ 0.66, 1.82) 7.89
Overall > 0.18 [ -0.05, 0.41]
Heterogeneity: 12 = 0.08, I> = 83.73%, H2=6.15
Test of 8, = 6;: Q(7) = 23.05, p = 0.00
Testof 6=0:z=1.56, p=0.12
- ) 1 2

Random-effects REML model

Fig. 3 Forest plot depicting the effect of obesity-related interventions with a sleep component on body mass index

improvements in physical activity after the interven-
tion. However, three different instruments, including
subjective and objective measures, were used in these
studies. Hence, more research using consistent physi-
cal activity measures is needed to explore the relation-
ship between sleep interventions and physical activity
further.

The current evidence base has several limitations.
First, the integration of sleep into interventions is not
consistent across the included studies. Only one study
had sleep as a stand-alone intervention, other interven-
tions included sleep as part of the education material
along with other variables such as diet, physical activ-
ity, and parenting. Improvements in sleep were observed
in only one study that included sleep as an education
component as a part of the intervention. This might
suggest that education alone is not sufficient to initi-
ate and maintain sleep behavior change. As such, more
studies that include sleep as a stand-alone intervention
are needed, which will then provide insight into the rela-
tionship between sleep and obesity treatment. Second,
sleep was assessed differently among included studies.
Three studies did not assess any sleep outcome vari-
ables. Without this data, it is challenging to delineate the
relationship between sleep interventions and changes in
obesity metrics. Third, of studies (n=3) that reported
sleep duration at baseline, on average participants were
meeting national requirements for sleep, ranging from
7.6 h [36] to 9.5 h [33]. Given that, it is plausible that the
lack of intervention effect was related to a ceiling effect
in sleep improvement and subsequently change in obe-
sity metrics. For this reason, future interventions should
consider enrolling youth with obesity and sleep insuffi-
ciency/poor sleep at baseline. Further, only two studies

[33, 36] used objective instruments (i.e. accelerometry)
to measure sleep. In some studies that relied on self-
report sleep outcomes, it was not clear whether the sur-
vey or diary was completed by the parent or the child.
Reporting bias, particularly overestimation, in self-
report sleep duration has been documented in adults.
The correlation between self-report duration and accel-
erometry data is moderate [38] to weak [39]. Although
the agreement between subjective and objective meas-
ures of sleep duration in children is unknown, it is rea-
sonable to suspect a similar extent of inconsistencies
as observed in adults. Whether it is the parent or child
reporting sleep duration could also introduce variability
in the data collected. Given that, future studies should
incorporate objective measures of sleep duration and
report who reported the data if using subjective instru-
ments. Lastly, only two studies measured sleep quality
by sleep efficiency [30] and sleep timing [36]. Both sleep
duration and quality are linked to sleep adequacy and
obesity in youth [7], therefore, measuring sleep quality in
addition to duration is needed in future studies to deter-
mine the efficacy of lifestyle interventions on improving
sleep as a treatment for children and adolescents living
with overweight and obesity.

This study has strengths and limitations. The study is
strengthened by our emphasis on sleep interventions,
rather than lifestyle interventions, which reveals the pau-
city of interventions that isolate sleep and underscores
a need for future sleep-focused interventions. Lastly,
to our knowledge, this is one of the first reviews focus-
ing on interventions to treat overweight and obesity in
childhood populations. We also acknowledge the high
heterogeneity in our meta-analysis from the studies that
met inclusion criteria in our study. Because of the variety
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of designs used, we are not confident that a meta-anal-
ysis (or subgroup analyses) is appropriate to summarize
the literature on this research question at this time. We
however present the results of the overall meta-analysis
for readers to make appropriate inferences based on our
results. Another limitation worth acknowledging are the
logistical challenges throughout stages of this review
involving scientists from various disciplines and across
at least 3 continents. Finalizing this review took much
collaboration and documentation to ensure the quality
of the process remained optimal. Evidence from this sys-
tematic review shows it remains unclear whether sleep
is an effective component of a lifestyle intervention or as
a stand-alone intervention on overweight or obesity for
children aged 5-17 years.

Conclusions

To conclude, this study finds no evidence of a signifi-
cant effect of sleep interventions on BMI other weight-
related outcomes across included studies for children
aged 5-17 years with overweight or obesity. Future
intervention studies with rigorous RCT design that
incorporate objective measures of sleep are needed to
inform guideline recommendations on sleep for youth
with overweight and obesity.
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