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Abstract

Background: Children and adolescents who are overweight and obese represent a growing public health issue. The use of
step-monitoring devices as an intervention tool may be a simple, cost-effective, and easily replicable solution for addressing
obesity in children and adolescents. No prior systematic reviews have evaluated the effectiveness of utilizing step-monitoring
devices as an intervention method for obesity in children and adolescents.

Methods: Previous studies on using step-monitoring devices to prevent and treat obesity in children and adolescents were
identified in the following databases: Web of Science, EMBASE, PubMed, Cochrane Library, SPORTDiscus, and SCOPUS. The
search period for each database ranged from the year of their inception to 8 March 2023 (updated in June 2024). Meta-ana-
lyses were performed for mean differences (MDs) in body mass index (BMI), BMI z-score (BMI-Z), body fat, waist circum-
ference, and body weight.

Results: From 12,907 relevant records, 23 studies were included in this meta-analysis. The included studies were mainly at
low risk of bias, except for blinding. Step-monitoring device-based interventions had significant effects in reducing BMI-Z
(MD —0.06; 95% Cl —0.10 to —0.02), body fat (MD —0.95%; 95% Cl —1.35 to —0.54), and body weight (MD —1.23 kg; 95% ClI
—2.36 to —0.10). However, there was no significant effect on BMI (MD —0.16 kg/mz; 95% Cl —0.55 to 0.22) and waist cir-
cumference (MD —0.33 c¢m; 95% Cl —1.23 to 0.58). Subgroup analyses indicated that participants who were overweight
or obese showed greater intervention effects on BMI and BMI-Z compared to participants with normal weight. The programs
with an intervention duration of <6 months presented a greater intervention effect on BMI-Z than those with an intervention
duration of more than 6 months. The programs that established goals had a greater intervention effect on body fat than those
that did not.

Conclusions: Step-monitoring devices may be an effective and generalizable intervention tool for the prevention and treat-
ment of obesity in children and adolescents. Future studies should further explore how to set step goals and the duration of
interventions to achieve better intervention effects.
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Introduction

Globally, more than 340 million children and adolescents
were classified as overweight or obese in 2016." Children
and adolescents with overweight and obesity represent a
large public health issue, while obesity in childhood and
adolescence increases the risk of obesity in adulthood,’
and it is strongly associated with incidences of chronic
disease (e.g. cardiometabolic disease,’ type 2 diabetes,*
and hypertension®). Physical activity is important in the pre-
vention and treatment of obesity in children and adoles-
cents.® However, based on data from the World Health
Organization, more than 80% of adolescents are insuffi-
ciently physically active.” Many studies use physical activ-
ity interventions to achieve weight loss in children and
adolescents. However, these interventions are often labor-
intensive and costly, and are difficult to implement on a
large scale.'®'* Therefore, identifying innovative and
effective physical activity intervention strategies to
address obesity in children and adolescents is urgent.

Walking is a common, safe, convenient, and free form of
physical activity that can be incorporated into daily life and
easily controlled in duration and intensity.'>"'” Notably, it
is considered close to being the perfect physical activ-
ity.!> 101819 Eyrthermore, previous studies have published
guidelines on public health physical activity for children
and adolescents in steps.zo*23 Moreover, the recommended
standard of 10,000 or 12,000 steps per day is easier to
understand for children and adolescents than the recom-
mended standard of 60 min of moderately intense physical
activity per day. Thus step-counting interventions may be
more appropriate for child and adolescent popula-
tions.”***2” Additionally, technological advancement in
a number of step-monitoring devices (e.g. pedometers,
smartwatches, wristbands, and smartphone applications)
have increased their popularity among children and adoles-
cents, whereby they do not only objectively measure steps
but also improve physical activity levels through self-
monitoring, feedback, and goal-setting.%’zg_31 Therefore,
using step-monitoring devices to promote physical activity,
increase energy expenditure, and thus weight loss may be a
simple, cost-effective, and easily scalable option for addres-
sing obesity in children and adolescents.

Many studies have been conducted to explore the effects
of using step-monitoring devices to prevent and treat
obesity in children and adolescents.>?*? However, the
results of these studies have been largely inconclusive.
Some studies into interventions, using step-monitoring
devices, have effectively improved obesity-related indica-
tors in children and adolescents.***%%° For example, a
study by Staiano et al. showed that the intervention group
using a pedometer with established goals demonstrated sig-
nificant reductions in BMI z-scores (BMI-Z) (P =0.01) and
body mass index (BMI) (P = 0.02).>* However, some studies
have not achieved positive effects from inte:r\/e:ntions,36’41’42

such as the study by Bowen-Jallow et al., which suggested
that there were no significant decreases in BMI, waist circum-
ferences, and body weights in a Fitbit intervention group,
whose goal was 10,000 steps per day.** Therefore, there is a
need for a systematic review and meta-analysis to objectively
analyze all available findings, and provide more accurate and
convincing evidence for the public and researchers. Although
previous meta-analyses have explored the effects of using ped-
ometers to prevent and treat obesity, these meta-analyses were
conducted using adult populations and only included ped-
ometers, meaning other emerging step-monitoring devices
(e.g. wristbands or smartphone applications) were not
included.*** In addition, previous systematic reviews and
meta-analyses have focused on exploring the use of wearable
activity trackers (including step monitoring and physical activ-
ity monitoring) to promote physical activity in children and
adolescents, with little attention paid to the use of wearable
activity trackers to prevent and treat obesity in children and
adolescents, 3% Therefore, it is necessary to conduct an
updated meta-analysis to explore the effectiveness of utilizing
step-monitoring devices to prevent and treat obesity in chil-
dren and adolescents.

The objectives of this study were to (1) assess the effect-
iveness of step-monitoring device-based interventions on
obesity-related outcomes in children and adolescents, (2)
identify whether the characteristics of the intervention
population (e.g. weight status and age) influenced the
effect size, and (3) determine whether the features of the
intervention program (e.g. duration and goal-setting) influ-
enced the effect size. The findings of this study will provide
guidance to the public and researchers on whether to choose
step-monitoring devices and how to use them to prevent and
treat obesity in children and adolescents.

Methods

Study design

We performed and reported this systematic review follow-
ing the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines*® (PRISMA
checklist in Multimedia Appendix 1). The review protocol
was registered with PROSPERO (CRD42024496990).

Search strategy

Previous studies on using step-monitoring devices to
prevent and treat obesity in children and adolescents were
identified in the following web-based databases: Web of
Science, EMBASE, PubMed, Cochrane Library,
SPORTDiscus, and SCOPUS. The search period for each
database ranged from the year of their inception to 8
March 2023. An updated search was conducted in June
2024 and four eligible studies were found. Each search
was conducted using a combination of subject and free
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terms, and the search strategies were formulated according
to the characteristics of the different databases. The search
strategies for all databases are available in Multimedia
Appendix 2. We also performed a “snowball search” to
identify additional studies by searching the reference lists
of the included studies and earlier reviews and searching
the reference citations in the Web of Science database.

Inclusion and exclusion criteria

According to the PICOS (population, intervention, com-
parison, outcomes, and study) model, the inclusion criteria
were as follows:

—_

Population: Children and adolescents aged 3—18 years

2. Interventions: Intervention groups that used step-
monitoring devices (e.g. pedometers, wristbands or
smartphone applications) as motivational tools to
promote physical activity

3. Comparison: Control groups that did not involve step-
monitoring devices (e.g. usual care, control or no
intervention)

4. Outcomes: Primary outcomes included obesity-related
anthropometric indicators (e.g. BMI, body fat, body
weight, BMI-Z, and waist circumference)

5. The study used a randomized controlled trial (RCT)

design.

The exclusion criteria were as follows:

The participants were adults.

Step-monitoring devices in the intervention groups were

used to obtain objective measurements of physical

activity rather than as intervention tools to promote
physical activity.

3. The outcome did not include obesity-related anthropo-
metric indicators (e.g. blood pressure, stress parameters,
and chronic low back pain).

4. The study design was not an RCT.

5. Studies that were reviews or conference papers.

N =

Data extraction

The results of the literature searches in the different data-
bases were combined to create a database of information
in EndNote X9 software. According to the inclusion and
exclusion criteria, two researchers independently screened
the literature and read the full texts to determine whether
to include or exclude each study. Where a disagreement
occurred, a consensus was reached through discussion or
reference to third-party opinions.

Two researchers created their extraction forms and
extracted the following information: basic information on
the included literature: first author, year of publication,

country, and study title; basic information of the partici-
pants: sample size, sex, age, and weight status; intervention
design: intervention method, intervention duration, and
intervention tool; outcome indicators: BMI, BMI-Z, body
fat, body weight, and waist circumference.

Cohen’s kappa coefficient was used to test for differ-
ences between the two authors in data screening and
selection.

Risk of bias assessment

The quality of the included literature was evaluated accord-
ing to the criteria of the Cochrane Handbook for Systematic
Reviews, version 5.1, which included seven items:
sequence generation, allocation sequence generation, blind-
ing of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective outcome
reporting, and other sources of bias. Meeting a criterion
was considered low risk, while not meeting a criterion
was considered high risk. It was noted as uncertain, along-
side a reason if it was not mentioned in the text. Two inves-
tigators evaluated the quality of the literature independently,
and in the case of a disagreement, a third investigator was
added to discuss and reach a unified opinion.*’

Statistical analysis

Review Manager (RevMan) 5.4.1 was used for the
meta-analysis, publication bias testing, and sensitivity ana-
lysis. Continuous variables were used as the outcome indi-
cators in the included literature. Therefore, this study
calculated pooled effect sizes using mean differences
(MDs) with 95% confidence intervals (ClIs). P statistics
and Cochran’s Q test measured the heterogeneity between
studies. It was categorized as unimportant, moderate, sub-
stantial, and considerable if the I values were 0%—-30%,
30%-60%, 60%—75%, and 75%—100%, respectively.*® If
there was no statistical heterogeneity between studies, a
fixed effects model was used for the meta-analysis. If
there was statistical heterogeneity among studies, a
random effects model was used. If the study has multiple
intervention groups, the data from each intervention
group will be treated as an independent sample, and the
sample size of the control group will be equally distributed
to each intervention group. If the study had multiple meas-
urement time points, immediate post-intervention data were
used for meta-analysis. We converted these data to SD for
included studies that reported standard error (SE) or 95%
CI. Subgroup analyses were performed to determine
whether the characteristics of the included studies (e.g.
weight status, age, duration, and goal-setting) influenced
the effect size. According to the Stages of Behavioral
Change Model, the 6-month duration was used as the
cut-off point for dividing into short term and long
term.*>° Publication bias was evaluated by visually
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inspecting funnel plot symmetry. The stability of the pooled
results was tested by removing the studies with an assessed
risk of bias for the sensitivity analysis.

Results

Study selection

The process of selecting the studies for inclusion is pre-
sented in Figure 1. A total of 12,754 related records were
retrieved from 6 databases. An additional 153 records
were found through a “snowball search.” After deleting
duplicates, 6870 records remained. After screening the
titles and abstracts, 6402 records were excluded. The
remaining 468 studies were assessed based on their full
texts. A further 135 studies were excluded owing to the par-
ticipants being older than 18 years, 109 studies were
excluded because they did not use step-monitoring
devices to promote physical activity, 122 studies were
excluded as their results did not include obesity-related
anthropometric indicators, and 79 studies were excluded
because they were not RCTs. Ultimately, 23 studies were
included in this meta-analysis. The Cohen’s kappa coeffi-
cient between the two authors was 0.92, suggesting high
consistency.

Study characteristics

Table 1 summarizes the study characteristics included in the
systematic review. The 23 included studies were published
between 2008 and 2024. Eight were conducted in
Australia,38’39’41’5 1-55 three in the United States,32*34 three
in the United Kingdom,“*58 with three in Spadn,“o’sg’60
one in China,®' one in Germany,37 one in Switzerland,*®
one in New Zealand,36 one in Thailamd,62 and one in
Singapore.*? A total of 4817 participants were enrolled in
this study, and the average age was 12.1 years (3.9-18
years). The dropout rate for the included studies averaged
15.67% (755/4817) and ranged from 0% (0/31) to 61.7%
(29/47). The average intervention duration was 5.45
months (1.5-13 months). Participants in 16 of the 23
included studies had normal weight,%’”’”"‘1’42’51*61
whereas participants in seven studies were either over-
weight or obese.>? 3284062 pedometers were used as the
intervention tool in 19 of the studies,33’34’364‘2’5 1-58,61,62
while the four remaining studies used other step-monitoring
devices (e.g. Fitbit and App).*>¥-*% A total of 14 studies
employed step intervention goals (e.g. 10,000 steps or 500
steps/day increase each week above the baseline) as the
intervention strategy,32’3‘F37’39’40’42’56%0’62 while 9 studies
used only step monitoring without goals.>*8415175361

terms of outcome indicators, 14 studies included
BMI,32:34:38-42,51-53.56,59-61 11 studies included
BMI-Z,3334363931557 13 gtudies  included  body

33,3
fat, 3,35,3741,51,54,56,58,60,62 11

studies included waist

32,35,38,39,41,52,53,56,59-61
32,34,38,39,59-61

circumference, and 7 studies

included body weight.

Risk of bias assessment

A summary of the risk of bias is provided in Multimedia
Appendix 3. Due to the nature of the interventions, all
studies were determined to have a high risk of bias in blind-
ing participants and personnel. Most of the studies (20/23)
were determined to have a low risk of bias in random sequence
generation, except for 3 studies, which had a high risk of
bias.>**®®! In the allocation concealment, 9 studies were
rated with a low risk of bias,37’41’42’5 152.5455,57:38 11 studies
were rated with an unclear risk of bias,3>3>-38:40.33.56.59.60.62
and 3 studies were rated with a high risk of bias.****°' Due
to the objective outcome measures, all studies were considered
to have a low risk of bias in terms of blinding of outcome
assessment. Five studies had a high risk of bias regarding
incomplete outcome data,32’33’37’38’62 all of which had a high
attrition rate (>20%). Due to the baselines in the intervention
and control groups being significantly different, five
studies were assessed as having a high risk for other
sources of bias.***®37%¢1 Al studies had a low risk of bias
regarding selective outcome reporting.

Effects of intervention

BMI. Fourteen studies assessed the effects of step-
monitoring device-based interventions on BMI.?*3*%
42.51-53.59-61 The intervention group did not show a signifi-
cant reduction in BMI (MD —0.16 kg/mz; 95% CI —0.55 to
0.22; P=0.41) compared to the control group; heterogen-
eity was considerable and significant (I* =82%; P <0.01)
(Figure 2). There was no publication bias in BMI based
on the visual assessment of the funnel plot (Multimedia
Appendix 4).

BMI-Z. Eleven studies assessed the effects of step-monitoring
device-based interventions on BMI-Z.3334363%51557 The inter-
vention group showed a significant reduction in BMI-Z (MD
—0.06; 95% CI —0.10 to —0.02; P<0.01) compared to the
control group; heterogeneity was moderate and significant
(12=47%; P <0.05) (Figure 3). There may be publication
bias in BMI-Z due to the visual assessment of the funnel
plot (Multimedia Appendix 5).

Body fat. Thirteen studies assessed the effects of step-
monitoring device-based interventions on body fat.>*>*>3"
41.51.54.56.58.60.62 The intervention group showed a significant
reduction in body fat (MD —-0.95%; 95% CI —1.35 to
—0.54; P<0.01) compared to the control group; heterogeneity
was unimportant and insignificant (F=10%; P=0.33)
(Figure 4). There was no publication bias in body fat by
visual assessment of the funnel plot (Multimedia Appendix 6).
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Identification of studies via databases ’ ( Identification of studies via snowballing search
) Records identified from database Records identified from
= (n=12,754) snowballing search
o Web of science (n=3,573) Embase (n=153)
‘cé (n=713) Pubmed (n=2,307) Scopus Reference list (n=87)
= (n=4,616) Citation searching (n =66)
t Cochrane Library (n=1,143)
2 SPORTDiscus (n=402)
v
— v Reports sought for retrieval | ] Reports not
) Records after duplicates (=155) relieved.n=0)
removed
(n=6,717)
v
Reports assessed for eligibility Reports excluded:
A 4 (n=153) (n=131)
Records screened with title Ratncipants
and abstract (n=6,717) aged >_18 years
(n=34)
Step monitoring
oo Records excluded devices not as
< i (n=6,402) intervention tools
g (n=47)
3 Full-text articles assessed The outcomes were
for eligibility Full-text articles excluded, not obesity-related
(n=315) with reasons anthropometric
(n=294) indicators (n=41)
»> Participants aged >18 No RCT design
v years (n=101) (n=29)
o ] Step monitoring devices
Studies included in not as intervention tools
qualitative synthesis (n=62)
(n=21) The outcomes were not
— obesity-related
. anthropometric indicators
(n=81)
No RCT design (n=50)
°
L Studies included in
3 quantitative synthesis
£ (meta-analysis) <
(n=23)

Figure 1. The process of selecting the studies for inclusion.
RCT: randomized controlled.

Waist circumference. The effects of step-monitoring device-
based interventions on waist circumference were assessed
in 11 studies.?%35-383941:52.33.56.39-61 The intervention group
did not show a significant reduction in waist circumference
(MD —0.33 cm; 95% CI —1.23 to 0.58; P=0.48) compared
to the control group; heterogeneity was substantial and

significant (P=68%; P<0.01) (Figure 5). There was no pub-
lication bias in waist circumference by visual assessment of
the funnel plot (Multimedia Appendix 7).

Body weight. The effects of step-monitoring device-based
interventions on body weight were assessed in seven
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Experimental Control Mean Difference Mean Difference
Study or Subarou Mean _SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random. 95% ClI
8.2.1 participants with overweight or ohese
Bowen-Jallow 2021 -0.25 6.52 10 -2.77 9.92 12 03% 252[-4.40,9.44] * *
Martinez-Lopez 2013 (1) -0.31 279 31 012 376 34 37% -043[-2.03,1.17)
Staiano 2017 (1) -0.24 078 22 043 082 7 786% -067[1.36 002
Stalano 2017 (2) -0.37 0892 45 043 0B2 10 82% -0B80[1.37,-0.23]
Tsiros 2008 -16 09 10 03 1.65 8 48% -1.80[317,-0.63] Y
Subtotal (95% Cl) 118 71  245% -0.83[-1.25,-0.42] -
Heterogeneity: Tau®=0.01, Chi*= 4.08, df= 4 (P = 0.40), F= 2%
Test for overall effect: Z= 3.97 (P < 0.0001)
8.2.2 participants with normal weight
Eyre 2018 -0.21 088 55 -1.94 093 30 90% 1.73[1.32,2.14] -
Finkelstein 2013 -0.04 521 138 011 458 113 5.0% -0.15 [-1.36, 1.06)
Lubans 2011 -07 246 50 0 1086 50 7.3% -070[1.44,004)
Lubans 2012 06 471 141 078 453 153 57% -018[1.24, 088] —
Lubans 2016 1.5 858 121 16 BO7 143 2.7% -010[212,1.92)
Mateo-Orcajada 2023 012 07 240 -024 076 160 9.9% 0.12[-0.03,0.27) i
Mateo-Orcajada 2024 (1) 009 287 129 026 37 40 49% -017 [-1.42,1.08]
Mateo-Orcajada 2024 (2) 02 354 33 026 37 40 37%  -006[-1.66,1.54)
Mateo-Orcajada 2024 (3) 0.02 505 33 026 37 40 26% -028[2351.79
Mateo-Orcajada 2024 (4) 017 3.63 39 026 37 40 36% -0.09 }1.71,1.53]
Morgan 2014 -03 043 72 -01 232 B0 81% -0.20[-0.80,040] _g
Smith 2014 06 121 133 061 1.07 154 96% -001[027 025] S
Wang 2021 -1.9 396 32 -18 282 32 34% -010[1.78,1.58]
Subtotal (95% Cl) 1228 1055 75.5% 0.08 [-0.34, 0.50] ‘
Heterogeneity: Tau®= 0.33; Chi*=67.19, df= 12 (P < 0.00001); F= 82%
Testfor overall effect: Z=0.38 (P=0.70)
Total (95% Cl) 1346 1126 100.0%  -0.16 [-0.55, 0.22] q
Heterogeneity: Tau®= 0.39; Chi*= 9361, df= 17 (P < 0.00001); F= 82% s g : 1 ]
Test for overall effect: Z=0.82 (P=0.41) -
Test for subaroun differences: Chi*= 9.26. df= 1 (P= 0.002). = 89.2% Favolrs (expermentall Fevaurs fcontial

Figure 2. Forest plot of the effect of step-monitoring device-based interventions on BMI (kg/m?).

studies.***3%-39-39¢1 The intervention group showed a sig-
nificant reduction in body weight (MD —1.23 kg; 95% CI
—2.36 to —0.10; P<0.05) compared to the control group;
heterogeneity was substantial and significant (I* = 65%; P
<0.05) (Figure 6). There may be publication bias in body
weight due to the visual assessment of the funnel plot
(Multimedia Appendix 8).

Subgroup analyses. The subgroup analyses indicated that
the participants who were overweight or obese showed
greater intervention effects on BMI (MD —0.83 kg/m?; P
<0.01) and BMI-Z (MD —-0.04; P <0.01) compared to par-
ticipants with normal weight. However, participants who
were obese or overweight did not show greater intervention
effects on body fat, waist circumference, and body weight.

The participants with a mean age >12 years showed
greater intervention effects on BMI (MD —0.32 kg/m?; P
<0.05) and BMI-Z (MD —-0.08; P <0.01) compared to par-
ticipants with a mean age <12 years. However, regardless
of whether the participants had a mean age of >12 years
or <12 years, all of the intervention groups achieved signifi-
cant intervention effects on body fat.

The programs with an intervention duration of <6
months (MD —0.06; P <0.01) presented a greater interven-
tion effect on BMI-Z compared to the programs with an
intervention duration of more than 6 months. However,

all intervention groups presented significant intervention
effects on body fat, regardless of whether the programs
had an intervention duration of <6 months or more than 6
months. On the contrary, the intervention groups did not
achieve a significant intervention effect on BMI.

The programs that established goals had a greater inter-
vention effect on body fat (MD —1.11%; P<0.01) than
those that did not. However, the programs that did not
establish goals had a greater intervention effect on BMI-Z
(MD -0.04; P<0.01) than those that did. Regardless of
whether the programs established a goal, all of the interven-
tion groups did not achieve a significant intervention effect
on BMI (Table 2).

Discussion

Main findings

This study summarized the evidence on the effectiveness of
step-monitoring device-based interventions in improving
obesity-related indicators in children and adolescents. The
meta-analysis showed that step-monitoring device-based
interventions significantly reduced BMI-Z, body fat, and
body weight. However, there was no significant effect on
BMI and waist circumference. The subgroup analyses indi-
cated that the participants who were overweight or obese
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
2.2.1 participants with overweight or ohese
Patrick 2013 (1) -02 0.3 14 0 036 5 10% -020[-055 015
Patrick 2013 (2) -01 037 17 0 036 5 10% -010[-046,0.26]
Patrick 2013 (3) -01 037 17 0 036 6 1.1% -0.10[-044,0.24]
Staiano 2017 (1) -0.03 0.04 22 001 004 7 189% -004[-007,-0.01] =5
Staiano 2017 (2) -0.03 005 45 001 0.04 10 19.9% -0.04 [-0.07,-0.01] -
Subtotal (95% CI) 115 33 41.9% -0.04[-0.06,-0.02] ¢
Heterogeneity: Tau*= 0.00; Chi*=1.00, df=4 (P=0.391); F=0%
Test for overall effect Z= 3.69 (P = 0.0002)
2.2.2 participants with normal weight
Eyre 2016 -018 039 55 -002 048 30 28% -0.16[-0.36, 0.04) —
Guagliano 2020 (1) 0.08 0.25 30 -0.01 034 15  31% 0.09[-010,0.28) S
Guagliano 2020 (2) -0.14 036 22 -0.01 034 14 22% -013[-0.36,0.10] =
Lubans 2011 -03 018 50 -0.1 D18 50 123% -0.20[-0.27,-0.13] =
Lubans 2012 -0.06 114 141 003 117 153 18% -0.09[-0.35 017] A
Lubans 2016 005 269 121 002 241 143 03% 0.03[-0.59, 0.65) +>
Morgan 2014 -018 032 72 -0.08 027 60 83% -010[-0.20,0.00] —
Morgan 2019 -0.06 018 74 -005 D18 79 1486% -001[-0.07,005] =
Morgan 2022 -0.01 032 51 0 032 52 6.3% -0.01[013 011] 3
Newton 2009 0.006 0.24 38 0.016 03 40 65%  -0.01[-0.13,011) =
Subtotal (95% CI) 654 636 58.1% -0.07 [-0.14, -0.00] >
Heterogeneity: Tau*= 001, Chi*= 23.22, df=9 (P=0.006), F=61%
Test for overall efiect. Z=1.98 (P = 0.05)
Total (95% CI) 769 669 100.0% -0.06[-0.10,-0.02] L 2
Heterogeneity: Tau®= 0.00; Chi*= 26.39, df= 14 (P=0.02); = 47% e P 5 558 s
Test for overall effect Z=3.30 (P = 0.0010) . PR it
Testfor subaroun differences: Chi*= 0.56. df=1 (P = 0.45). = 0% TR e O P

Figure 3. Forest plot of the effect of step-monitoring device-based interventions on BMI z-score.

showed greater intervention effects on BMI and BMI-Z
compared to participants of normal weight. The participants
with a mean age >12 years showed greater intervention
effects on BMI and BMI-Z than those with a mean age
<12 years. The programs with an intervention duration of
<6 months presented a greater intervention effect on
BMI-Z than the programs with an intervention duration of
more than 6 months. Moreover, the programs that estab-
lished goals were found to have a greater intervention
effect on body fat than the programs in which no goals
were established. However, the programs that did not estab-
lish goals had a greater intervention effect on BMI-Z than
those that did.

Our results showed that step-monitoring device-based
interventions led to statistically significant reductions in
BMI-Z (-0.06) and body weight (-1.23 kg) in children
and adolescents. However, according to previous studies,
a reduction of at least 0.25 BMI-Z is clinically meaningful
for improving cardiovascular health in children and adoles-
cents.>~% Our pooled effect sizes were small and lack of
clinical significance. Although our results are not clinically
meaningful, we still recommend using step-monitoring
devices to prevent and treat obesity in children and adoles-
cents. Because step-monitoring device-based interventions
are easy to incorporate into your life and don’t require con-
siderable changes to your life, and a small change can have
a positive effect, we think this is a recommendable
option.®>® In addition, there are two advantages to

utilizing step-monitoring devices when preventing and
treating obesity in children and adolescents: (1) step feed-
back is simpler and easier to understand for children and
adolescents compared to metrics such as moderate-intensity
physical activity, calories, and heart rate; (2) step-
monitoring devices are popular and step-monitoring
interventions are cost-effective and easy to implement
on a large scale.'”-20-22:24.27

Our meta-analysis showed that step-monitoring device-
based interventions led to significant reductions in
BMI-Z, body fat, and body weight of children and adoles-
cents, which was in accordance with the results of two pre-
vious meta-analyses.***** The meta-analysis by Richardson
et al. showed that pedometer-based walking interventions
achieved an average weight loss of 1.27 kg (95% CI
—1.85 to —0.70; P<0.01) in adults with overweight or
obese.** Furthermore, the findings by Cai et al. study
demonstrated that pedometer-based interventions signifi-
cantly decreased weight (MD —0.65 kg; 95% CI —1.12 to
—0.17; P<0.01) in adults with overweight or obese.**
This suggests that step-monitoring devices can be used as
intervention tools in weight loss programs for adults, chil-
dren, and adolescents. According to the Behavioral
Intervention Technique Model, step-monitoring devices
are used mainly through self-monitoring, feedback, goal-
setting, and competition to motivate participants to
engage in physical activity, reduce their sedentary time,
and increase their energy expenditure, to ultimately
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Experimental
Study or Subgroup Mean SD_Total
3.2.1 participants with overweight or obese
Martinez-Lépez 2013 (1) -056 463 31
Martinez-Lopez 2013 (2) -059 555 37
Patrick 2013 (1) -0.7 5459 14
Patrick 2013 (2) -2 647 17
Patrick 2013 (3) -27 642 17
Stasinaki 2021 -25 275 18
Suksong 2024 129 4.44 18
Tsiros 2008 -35 151 10
Subtotal (95% Cl) 162
Heterogeneity: Chi*=4.72, df=7 (P=0639), F=0%
Test for overall effect. Z=1.69 (P=0.09)
3.2.2 participants with normal weight
Duncan 2024 -07 514 30
Eyre 2016 -446 477 55
Isensee 2018 111 6509 649
Lubans 2011 -67 405 50
Lubans 2012 314 622 141
Mateo-Orcajada 2024 (1) -0158 947 129
Mateo-Orcajada 2024 (2) -0.95 999 39
Mateo-Orcajada 2024 (3) -0.31 1075 33
Mateo-Orcajada 2024 (4) -1.98 91 39
Morgan 2022 -03 604 51
Smith 2014 13 47 139
Subtotal (95% CI) 1355

Heterogeneity: ChiF= 1527, df=10 (P=0.12); F=35%

Test for overall effect. Z=4.25 (P < 0.0001)

Total (5% Cl)

Heterogeneity: Chi*=19.99, df=18 (P=033); F=10%

Testfor overall effect: Z= 4.57 (P < 0.00001)

1517

Test for subaroun differences: Chi*=0.00. df=1 (P=0.97). F=0%

Control Mean Difference Mean Difference
Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
D39 419 17 25% -095[3521.62) =
039 419 17 23% -0.98[366,1.70]
-05 595 5 05% -020[-618,578 >
-05 5.95 5 05% -1.50[-7.48,4.48) ¢
-05 595 6 05% -22007.86346) ¢
-33 6.25 12 12% 0.80[296, 4.56)
0.55 2.66 15 27% 074[171,319] |
4.2 2.52 8 42% -230[4.28,-032
85 143% -0.92[-2.00,0.15] )
03 376 30 32% -1.00[3.28,1.28] —
-1.08 277 30 6.4% -3.37 [[4.97,-1.77]
2 5 371 398% -0.89[1.53,-0.25) ——
-49 387 50 68% -180[335,-025
424 636 153 79% -1.10[254,034) a
-031 1086 40 12% 016[3.49,381)
-0.31 1086 40 08% -0.64[518,3.90]
-0.31 1086 40 07% 000[(4.92 492
-0.31 106 40 09% -167[602 268 *
-0.8 593 52 31% 050[1.81,281)
13 442 154 150% 0.00[1.051.05] T
1000 85.7% -0.95[-1.39,-0.51] <&
1085 100.0% -0.95[-1.35,-0.54] <
A
Favours [experimental] Favours [control]

Figure L. Forest plot of the effect of step-monitoring device-based interventions on body fat (%).

Experimental

SD_Total

Study or Subaroup Mean
5.3.1 participants with overweight or obese

Bowen-Jallow 2021 -959 818
Stasinaki 2021 -01 35
Tsiros 2008 -59 211

Subtotal (95% CI)

10
14
10
34

Heterogeneity: Tau®=55.33; Chi*= 28.46, df= 2 (P < 0.00001); F=383%

Test for overall efiect Z=0.50 (P=062)

5.3.2 participants with normal weight

Eyre 2016 -1.73  4.48
Lubans 2011 06 369
Lubans 2016 1.7 2556
Mateo-Orcajada 2023 -004 211
Mateo-Orcajada 2024 (1) 033 ©6.65
Mateo-Orcajada 2024 (2) -0.72 71
Mateo-Orcajada 2024 (3) 008 117
Mateo-Orcajada 2024 (4) -039 876
Margan 2014 -0.2 319
Smith 2014 0 443
Wang 2021 -1 1003

Subtotal (95% Cl)

55
50
121
240
129
39
33
39
72
139
32
949

Heterogeneity: Tau®= 0.00, Chi*= 974, df=10 (P = 0.46), F=0%

Testfor overall eflect. Z=038 (P=071)

Total (95% CI)

983

Heterogeneity: Tau®=1.33; Chi*= 40.23, df= 13 (P = 0.0001); F= 68%

Testfor averall effect. Z=0.71 (P=0.48)

Testfor subaroun differences: Chi*=0.26. df=1 (P =0.61.F=0%

Control Mean Difference Mean Difference
Mean SD_Total Weight IV, Random, 95% Cl IV, Random, 95% CI
01 2037 12 05% -969[-2228 2390 *
-55 45 11 52% 540(2.17,8.63] S
-03 33 8 B67% -560(-823,-297] ¥—————
31 125% -2.34[-11.57,6.90] N —
-0.21 349 30 100% -1.52[-3.24,0.20] =
-0.3 334 50 11.6% 0.90 [-0.48, 2.28) -
1.4 2287 143 20% 030[-560,6.20] *
-026 234 160 153% 0.22[-0.23,0.67] =
031 801 40 64% 0.02[-2.71,279)
031 BO01 40 50% -1.03[4.37,231]
031 80 40 30% -0.23[-4.93 4.47)
031 801 40 43% -070[-440, 300
06 271 60 132% -0.80[1.81,0.21] —
-05 415 154 133% 0.50 [-0.43, 1.49] ==
04 767 32 3.3% -1.40 [-5.77,2.97)
789 87.5% 0.07 [-0.28, 0.42] ‘
820 100.0%  -0.33[-1.23, 0.58] *

J
t
-4
Favours [experimental] Favours [control]

I
T T

B 0 2 4

Figure 5. Forest plot of the effect of step-monitoring device-based interventions on waist circumference (cm).
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Experimental Comtrol Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI

6.2.1 participants with overweight or obese

Bowen-Jallow 2021 417 2456 10 -513 32.82 12 0.2% 930[14.71,3331] ¢ >

Staiano 2017 (1) 023 187 22 142 1.9 7 155% -089[-250,072] =

Staiano 2017 (2) -049 206 45 112 19 10 17.3% -1.61[-2.93,-0.29 =5

Tsiros 2008 -43 469 10 39 598 8 41% -820[13.26,-314) &

Subtotal (95% Cl) 87 37 37.2% -2.16[-4.41,0.08] i

Heterogeneity. Tau*= 2.54; Chi*=8.07, df= 3 (P=0.04); F=63%

Test for overall effect: Z=1.89 (P = 0.06)

6.2.2 participants with normal weight

Lubans 2011 -02 317 50 22 282 50 182% -240[358,-1.22] _—

Mateo-Orcajada 2023 -092 184 240 -093 194 160 221% 0.01 [-0.37,039] *

Mateo-Orcajada 2024 (1) 087 983 129 105 1111 40 63% -018[-4.02 3.68)

Mateo-Orcajada 2024 (2) 088 11.58 39 1.05 1111 40 42% -017[-5.18,4.84)]

Mateo-Orcajada 2024 (3) 064 1815 33 1058 1111 40 23% -041[750 668

Mateo-Orcajada 2024 (4) 086 14.47 39 1.05 1111 40 34% -019[-5.89 551)

Wang 2021 05 8.7 32 1 652 32 64% -050[4.27 3.27] _

Subtotal (95% Cl) 562 402 62.8% -0.80[-2.18,0.57] -

Heterogeneity. Tau®=1.31, Chi*=14.63, df=6 (P=0.02), F=53%

Test for overall effect Z=1.15 (P=0.25)

Total (95% Cl) 649 439 100.0% -1.23[-2.36,-0.10] A 2

Heterogeneity: Tau?=1.47; Chi*= 28.90, df= 10 (P = 0.001); F= 65% == e 2 " pis

Test far overall effect Z=2.14 (P=003) - ; )

Testfor subaroun difierences: ChR=1.02. df=1 (P = 0.31). F=2.3% PRV IEMGSTMERIE], "Fevay e Earal)

Figure 6. Forest plot of the effect of step-monitoring device-based interventions on body weight (kg).

reduce obesity indicators.”**>*7~7> We also need to treat
this result with caution. Because some of the included
studies were multifaceted interventions and the step-
monitoring intervention was only one part of the multifa-
ceted intervention, we could not exclude the effects of
other components (e.g. diet control, parental involvement,
and reward) of the multifaceted interventions on the
obesity indicators, meaning that these could have poten-
tially affected the results of our meta-analysis.

Mobile health technology can be used to prevent and
treat obesity, mainly through three strategies: promoting
physical activity, enhancing communication and guidance,
and monitoring food consumption.”® Previous systematic
reviews and meta-analyses have summarized the evidence
for the effects of mHealth technology interventions on
obesity in children and adolescents. However, most of
these systematic reviews and meta-analyses involved a
mix of the three intervention strategies, and the results
were inconclusive. 48! Therefore, these cannot be used to
provide advice to the public and researchers on which strat-
egy is more appropriate for the prevention and treatment of
obesity in children and adolescents. In addition, the
meta-analysis by Park et al. summarized evidence on the
prevention and treatment of obesity in children and adoles-
cents only through enhanced communication and guidance
and showed no significant effects of information and com-
munication technology interventions on reducing BMI,
body weight, BMI-Z, waist circumference, and body
fat.®? However, the meta-analysis by Wang et al. summar-
ized the evidence on the prevention and treatment of
obesity in children and adolescents by only promoting
physical activity. It showed that using wearable devices

as physical activity interventions significantly reduced
body fat, BMI-Z, BMI, and body weight.** Similarly, our
meta-analysis also summarizes the evidence on the preven-
tion and treatment of obesity in children and adolescents by
only promoting physical activity and presenting positive
results. This suggests that the strategy of promoting phys-
ical activity is an appropriate choice for mHealth technol-
ogy to prevent and treat obesity in children and adolescents.

Our meta-analysis showed that step-monitoring device-
based interventions did not lead to a significant reduction
in BMI. This was inconsistent with the results of another
meta-analysis. The meta-analysis by Richardson et al.
showed that pedometer-based walking interventions signifi-
cantly reduced BMI (MD —0.15 kg/mz; 95% CI —-0.29 to
—0.02; P<0.01) in overweight and obese adults with type
2 diabetes.*? As this meta-analysis has a considerable and
significant heterogeneity, we must treat this result cau-
tiously. Moreover, as our study participants were children
and adolescents at a sensitive stage of physical develop-
ment, the use of BMI to evaluate their obesity status may
be inappropriate. In contrast, BMI-Z and body fat are
more sensitive and accurate indicators of obesity.3**>

Our meta-analysis showed that step-monitoring device-
based interventions did not lead to a significant reduction
in waist circumference. Waist circumference is an import-
ant indicator of abdominal obesity. However, no previous
meta-analyses have explored the effect of step-monitoring
device-based interventions on waist circumference, meaning
that we could not make any overall comparisons. Although
our results suggest that it is necessary to add specialized train-
ing movements and training programs for waist circumference
to reduce waist circumference, increasing physical activity
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Table 2. Results of subgroup analyses.

BMI (kg/m?) Participants with overweight or obesity
Participants with normal weight
Participants mean age <12 years
Participants mean age >12 years
Intervention duration <6 months
Intervention duration >6 months

Programs that did not include goal-setting
Programs that included goal-setting
BMI-Z Participants with overweight or obesity
Participants with normal weight
Participants mean age <12 years
Participants mean age >12 years
Intervention duration <6 months
Intervention duration >6 months

Programs that did not include goal-setting
Programs that included goal-setting

Body fat (%) Participants with overweight or obesity
Participants with normal weight
Participants mean age <12 years
Participants mean age >12 years
Intervention duration <6 months
Intervention duration >6 months

Programs that did not include goal-setting

Programs that included goal-setting

BMI: body mass index. BMI-Z: BMI z-score.

using step-monitoring devices alone is not feasible. Due to
the significant heterogeneity of this meta-analysis, we need
to treat this result with caution.

With the development of technology, newly emerging
step-monitoring devices (e.g. smartwatches, wristbands,
and smartphone applications) are becoming more popular

4 —0.83(-1.25 to -0.42) P<0.01 2%
10 0.08(-0.34 to 0.50) P=0.70 82%
[ 0.39(-0.90 to 1.68) P=0.56 91%
10 -0.32(-0.61 to -0.03) P<0.05 51%
10 -0.21(-0.80 to 0.38) P=0.48 87%
4 -0.03(-0.27 to 0.06) P=0.83 0%
7 -0.35(-0.75 to 0.05) P=10.09 43%
8 -0.00(-0.64 to 0.63) P=0.99 87%
2 -0.04(-0.06 to -0.00) P<0.01 0%
9 -0.07(-0.14 to 0.01) P=0.05 61%
5 -0.04(-0.09 to 0.02) P=0.17 19%
6 -0.08(-0.13 to -0.02) P<0.01 59%
7 -0.06(-0.11 to -0.02) P<0.01 69%
L -0.05(-0.16 to 0.06) P=0.35 0%
8 -0.04(-0.07 to -0.01) P<0.01 0%
5 -0.07(-0.17 to 0.02) P=0.14 81%
5 -0.92(-2.00 to 0.15) P=0.09 0%
8 -0.95(-1.39 to -0.51) P<0.01 35%
4 -1.38(-2.41 to -0.34) P<0.01 74%
9 -0.87(-1.31 to -0.43) P<0.01 0%
9 -1.35(-2.03 to -0.67) P<0.01 21%
4 -0.72(-1.22 to -0.21) P<0.01 0%
5 -0.59(-1.31 to 0.13) P=0.11 0%
8 -1.11(-1.60 to -0.62) P<0.01 14%

and offer functional advantages over traditional ped-
ometers.30 8 Therefore, in this meta-analysis, we tried to
use subgroup analyses to explore whether emerging
devices with functional advantages can achieve better inter-
vention outcomes. The results indicated that the use of trad-
itional pedometers could achieve better effects on body
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weight (-1.94 kg; P<0.01) and body fat (-0.98 kg; P<
0.01) than the use of emerging step-monitoring devices.
In previous systematic reviews and meta-analyses, it has
been suggested that the use of traditional pedometers can
better promote physical activity compared to the use of
emerging step-monitoring devices.® These results sug-
gested that using single-function pedometers may be more
effective than using multifunctional emerging step-
monitoring devices when we perform step-monitoring
interventions. However, because only four studies in this
meta-analysis used emerging devices as intervention
tools, we must treat this result with caution.’>33-5%:60
Therefore, future studies are needed to further explore the
efficacy of emerging step-monitoring devices as interven-
tion tools in the prevention and treatment of obesity in chil-
dren and adolescents.

The subgroup analyses indicated that participants who
were overweight or obese showed greater intervention
effects in reducing BMI and BMI-Z compared to the par-
ticipants of normal weight. This finding was consistent
with other systematic reviews and meta-analyses.’*%
The potential reason for this is that people with overweight
and obesity tend to be physically inactive and may not
realize that they are physically inactive.””®' Step-
monitoring devices can objectively record the user’s phys-
ical activity and quantify the gap between the current level
of physical activity and that recommended by the WHO,
which can motivate them to be more physically active.
Therefore, the intervention effect was significant.”*%?
Conversely, people with normal weight tend to be
physically active, meaning the quantified gap cannot
motivate them to be physically active, so the intervention
effect was not obvious.>>**®’ In addition, walking is a
simple and accessible form of physical activity for
people who are overweight and obese, and it is easy to
control the intensity and frequency of exercise.'”8%:%®
Therefore, the use of step-monitoring devices for treating
obesity is an ideal option, whereas the use of step-
monitoring devices for preventing obesity requires
further verification.

The subgroup analyses indicated that participants with a
mean age >12 years presented greater intervention effects
on BMI and BMI-Z than participants with a mean age
<12 years. Older adolescents should generally respond
better to step monitoring and goal setting/achievement
than younger children. Therefore, using step-monitoring
devices to intervene in adolescent populations can achieve
better effects than in children. We recommend parental par-
ticipation in the program for younger children, which may
yield desirable effects.

The subgroup analyses indicated that the short-term (< 6
months) programs presented a greater intervention effect on
BMI-Z than the long-term (>6 months) programs. This was
inconsistent with the results of another meta-analysis.*® A
study by Richardson et al. concluded that long-term

programs resulted in more weight loss than short-term pro-
grams. A possible reason for these contrasting findings was
that the participants in this meta-analysis were children and
adolescents who were more likely to lose interest and have
poorer compliance. Their interest in the step-monitoring
devices faded with interventions lasting longer than 6
months, thereby leading to a gradual diminution in the effect-
iveness of the intervention,**2%°71%1 1n addition, four of the
included studies performed additional follow-up measure-
ments after the intervention.*~>>*>> None of the intervention
groups in these four studies showed significant reductions in
BMI-Z and body fat at long-term follow-up compared to the
control group. These results suggest that the effectiveness of
step-monitoring device-based interventions to prevent and
treat obesity in children and adolescents may not be sustained
over time. We also must be cautious about the results of these
subgroup analyses because the length that an intervention is
more effective is also influenced by other factors (e.g. inter-
vention intensity, frequency, setting, and whether or not the
intervention design keeps the children and adolescents inter-
ested throughout).***1°%19 I addition, the subgroup ana-
lyses of BMI-Z and body fat did not further confirm this
finding. Therefore, future studies are needed to further
explore how to set the duration of interventions to achieve
better effects.

Our subgroup analyses showed that the programs that
established goals had greater intervention effects in
reducing body fat than those that did not. This was consist-
ent with another meta-analysis.** According to the
Behavioral Intervention Technique Model, goal-setting is
considered to be the most important behavioral change
technique for promoting physical activity, especially in
children and adolescents whose problem-solving and plan-
ning skills are limited.?’*%"'%* Goal-setting enhances
self-efficacy and promotes perseverance, which can lead
to better intervention effects.’****7 Surprisingly, the pro-
grams that did not establish goals had a greater intervention
effect on BMI-Z than those that did. A possible reason for
this was inappropriate goal setting. For example, setting
goals that are too high may lead to low program adherence
and high dropout rates, affecting intervention effective-
ness.***> The present study explored whether different
goal setting (e.g. adaptable versus fixed goals) impacted
the intervention effects through subgroup analyses. The
results suggested that the programs that established adapt-
able goals had greater intervention effects in reducing BMI
(-0.60 kg/mz; P<0.01) than those that established fixed
goals. Therefore, we recommend that the use of step-
monitoring devices for the prevention and treatment of
obesity in children and adolescents needs to be based on
self-monitoring and furthered by setting adaptable goals
to achieve the desired results. Moreover, future studies
should further explore how to set step goals to achieve
better effects in the intervention of obesity in children
and adolescents.
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Strengths and limitations

There are some advantages to our systematic review and
meta-analysis. First, to our knowledge, this systematic
review and meta-analysis are the first to summarize the evi-
dence regarding the effectiveness of utilizing step-
monitoring devices to prevent and treat obesity in children
and adolescents. Second, this study used subgroup analyses
to identify whether the characteristics of the intervention
population and features of the intervention program
impacted the effect size. Third, the intervention tools
chosen for this systematic review were step-monitoring
devices whose data feedback (steps) was simple and easy
to understand for children and adolescents, while these
tools are also cost-effective and easy to implement on a
large scale. Finally, all the studies included in this system-
atic review and meta-analysis were RCTs, meaning they
provided high levels of evidence.

However, despite these advantages, there are some lim-
itations within our systematic review. First, our systematic
review and meta-analysis focused solely on using step-
monitoring devices to promote physical activity to
prevent and treat obesity in children and adolescents. We
ignored the impact of other factors on the results (e.g.
diet, sleep, and environment). Second, four of the included
studies had a high risk of bias regarding incomplete
outcome data due to more than 20% dropout rates. Third,
the heterogeneity for the BMI, BMI-Z, waist circumference,
and body weight indicator in our meta-analysis was signifi-
cant, which meant that we must be cautious about the
results. Finally, sensitivity analyses showed that the
results of the BMI and body weight meta-analysis were
not robust. Future step-monitoring device-based interven-
tions should use multi-arm RCTs to assess how to set
step goals and the interventions’ duration most effectively
reduce obesity indicators. Moreover, we need to explore
how to integrate the step-monitoring device into our daily
lives perfectly, subconsciously enhance our awareness of
self-regulation, and improve our quality of life.

Conclusion

Our findings suggest that step-monitoring device-based
interventions significantly reduce BMI-Z, body fat, and
body weight in children and adolescents. However, there
was no significant effect on BMI and waist circumference.
Based on our results and on the cost-effectiveness of step-
monitoring devices, step-monitoring devices may be an
effective and generalizable intervention tool for the preven-
tion and treatment of obesity in children and adolescents.
The subgroup analyses indicate that participants who
were overweight or obese were better suited to use step-
monitoring devices to treat obesity. Moreover, short-term
step-monitoring device-based interventions may be more
effective in the prevention and treatment of obesity in

children and adolescents. Furthermore, the use of step-
monitoring devices for the prevention and treatment of
obesity in children and adolescents needs to be based on
self-monitoring and furthered by setting adaptable goals
to achieve the desired results. In future studies, we need
to further explore how to set step goals and the duration
of interventions to achieve better intervention effects.
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