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Summary
Background Physical inactivity in children and adolescents has become a pressing public health concern. Wearable 
activity trackers can allow self-monitoring of physical activity behaviour and promote autonomous motivation for 
exercise. However, the effects of wearable trackers on physical activity in young populations remain uncertain. 

Methods In this systematic review and meta-analysis, we searched PubMed, Embase, SPORTDiscus, and Web of 
Science for publications from database inception up to Aug 30, 2023, without restrictions on language. Studies were 
eligible if they were randomised controlled trials or clustered randomised controlled trials that examined the use of 
wearable activity trackers to promote physical activity, reduce sedentary behaviours, or promote overall health in 
participants with a mean age of 19 years or younger, with no restrictions on health condition or study settings. Studies 
were excluded if children or adolescents were not the primary intervention cohort, or wearable activity trackers were 
not worn on users’ bodies to objectively track users’ physical activity levels. Two independent reviewers (WWA and 
FR) assessed eligibility of studies and contacted authors of studies if more information was needed to assess eligibility. 
We also searched reference lists from relevant systematic reviews and meta-analyses. Systematic review software 
Covidence was used for study screening and data extraction. Study characteristics including study setting, participant 
characteristics, intervention characteristics, comparator, and outcome measurements were extracted from eligible 
studies. The two primary outcomes were objectively measured daily steps and moderate-to-vigorous physical activity. 
We used a random-effects model with Hartung–Knapp adjustments to calculate standardised mean differences. 
Between-study heterogeneity was examined using Higgins I² and Cochran Q statistic. Publication bias was assessed 
using Egger’s regression test. This systematic review was registered with PROSPERO, CRD42023397248.

Findings We identified 9619 studies from our database research and 174 studies from searching relevant systematic 
reviews and meta-analyses, of which 105 were subjected to full text screening. We included 21 eligible studies, 
involving 3676 children and adolescents (1618 [44%] were female and 2058 [56%] were male, mean age was 13·7 years 
[SD 2·7]) in our systematic review and meta-analysis. Ten studies were included in the estimation of the effect of 
wearable activity trackers on objectively measured daily steps and 11 were included for objectively measured moderate-
to-vigorous physical activity. Compared with controls, we found a significant increase in objectively measured daily 
steps (standardised mean difference 0·37 [95% CI 0·09 to 0·65; p=0·013]; Q 47·60 [p<0·0001]; I² 72·7% [95% CI 
53·4 to 84·0]), but not for moderate-to-vigorous physical activity (–0·08 [−0·18 to 0·02; p=0·11]; Q 10·26 [p=0·74]; 
I² 0·0% [0·0 to 53·6]).

Interpretation Wearable activity trackers might increase daily steps in young cohorts of various health statuses, but 
not moderate-to-vigorous physical activity, highlighting the potential of wearable trackers for motivating physical 
activity in children and adolescents. More rigorously designed trials that minimise missing data are warranted to 
validate our positive findings on steps and to explore possible long-term effects.

Funding The Hong Kong University Grants Committee and Seed Fund for Basic Research of the University of Hong 
Kong. 

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC 
4.0 license. 

Introduction
Physical activity is important for overall health and 
wellbeing, including in young populations. According to 
WHO, children and adolescents aged 5–17 years should 
accumulate a minimum of 60 min of moderate-to-
vigorous physical activity daily.1 However, children and 

adolescents increasingly show high levels of physical 
inactivity, defined as physical activity not meeting the 
WHO recommended levels. Worldwide data from 
1·6 million adolescent students (aged 11–17 years) in 
2016 showed that less than a fifth met WHO 
recommended physical activity levels.2 The COVID-19 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2589-7500(24)00139-0&domain=pdf
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pandemic has been associated with a further decline in 
physical activity levels due to social isolation policies.3 
Physical inactivity has been found to further increase as 
children enter adolescence, with physical activity levels 
reducing at an average rate of 7% per year between the 
ages of 10 years and 19 years.4 Physical inactivity can 
have serious consequences on the physical and mental 
health of young children that can extend into adulthood.5 
Due to its close association with non-communicable 
diseases, such as heart disease, type 2 diabetes, and 
cancers, physical inactivity has been estimated to 
contribute to approximately 10% of global mortality.6,7 
Physical inactivity is also associated with obesity,8 and 
has been linked to the accelerating global prevalence of 
childhood obesity since the 1980s.9 Excess adiposity in 

children is associated with an increased risk of mortality 
and cardiometabolic disease in later life.10–12 Consequently, 
increasing physical activity is widely acknowledged as an 
effective tertiary treatment and preventive measure for 
obesity.13 Increasing physical activity at a young age is 
particularly important to reduce the risk of developing 
obesity during prepubertal adiposity rebound14 and 
during adolescence when physical activity levels typically 
decrease.15 Intervening at a young age also holds great 
potential for eliciting behavioural changes to cultivate 
healthy lifestyle habits because behavioural development 
is more malleable at this age.13

Behavioural changes achieved through self-driven 
techniques, such as self-monitoring and goal setting, are 
important for increasing physical activity and making 

Research in context

Evidence before this study 
The potential of technology-based interventions, particularly 
the use of wearable activity trackers, to promote healthy 
physical activity behaviours has been highlighted. We searched 
PubMed, from database inception to Feb 3, 2023, without 
language restrictions, for studies on the use of wearable activity 
trackers to motivate physical activity behaviour using the 
search strategy: (“wearable activity”[Title/Abstract] OR 
“wearable device*”[Title/Abstract] OR “wearable 
technology*”[Title/Abstract] OR “activity track*”[Title/
Abstract] OR “fitness tracker*”[Title/Abstract] OR “commercial 
wearable*”[Title/Abstract] OR “fitbit”[Title/Abstract] OR 
“pedometer*”[Title/Abstract] OR “accelerometer”[Title/
Abstract] OR “smart band*”[Title/Abstract] OR 
“wristband*”[Title/Abstract] OR “wearable electronic 
device*”[Title/Abstract]) AND (“physical activ*”[Title/Abstract] 
OR “MVPA”[Title/Abstract] OR “step*”[Title/Abstract] OR “daily 
step count*”[Title/Abstract] OR “steps per day”[Title/Abstract] 
OR “activity count*”[Title/Abstract] OR “energy 
expenditure”[Title/Abstract] OR “fitness”[Title/Abstract]). From 
this search, we found that most studies focused on the effects 
of wearable trackers on increasing physical activity in adults, 
and that systematic reviews showed inconclusive findings in 
children and adolescents. We identified only two meta-
analytical studies that quantitatively synthesised available 
evidence on the effects of wearable activity trackers in children 
and adolescents, but one of them only focused on adiposity-
related outcomes. Another meta-analysis investigated the 
effect of trackers on objectively measured physical activity and 
sedentary time in the healthy young population (mean age 
5–18 years), where they found a moderate effect of wearable 
trackers on increasing daily total steps and a small effect on 
increasing moderate-to-vigorous physical activity, but an 
unfavourable effect on reducing sedentary behaviour. However, 
this meta-analysis had several limitations, including inclusion 
of a large proportion of non-randomised or non-controlled 
trials with high risk of bias, exclusion of clinical populations, 
limited rigorousness of data analysis method that might not 

account for between-individual variability, and the inclusion of 
control groups that might mask true intervention effects. To 
this end, we aimed to complete a meta-analysis that examined 
the effects of wearable activity trackers on physical activity in 
young participants (mean age ≤19 years) from both healthy 
and clinical populations, and synthesise data using rigorous 
data analyses from only studies with randomised controlled 
designs. 

Added value of this study 
To our knowledge, this is the first systematic review and meta-
analysis that examined the effects of wearable activity trackers 
on physical activity in both healthy children and adolescents, as 
well as young people with suboptimal health. By synthesising 
data derived from randomised controlled trials and using 
stringent data analysis procedures, we found that wearable 
trackers seemed to have a positive effect on increasing daily 
steps in children and adolescents of various health statuses, but 
not on moderate-to-vigorous physical activity. Comprehensive 
sensitivity analyses that tested for robustness of findings 
confirmed the null effect found on moderate-to-vigorous 
physical activity, but also highlighted the importance of more 
rigorously designed trials that minimise missing data to confirm 
the positive effects on increasing step counts.

Implications of all the available evidence 
Higher daily step count is associated with improved physical 
and mental health in young cohorts, and reduces risks of 
developing various non-communicable diseases and all-cause 
mortality, highlighting the potential of wearable activity 
trackers in improving the health of children and adolescents. 
More high-quality evidence is needed to confirm findings on 
steps and explore possible long-term effects, and future studies 
should also explore whether there might be differences in the 
effect of activity trackers on children and adolescents of 
different age, sex, or health statuses to facilitate more 
personalised and effective application of wearable activity 
trackers on physical activity promotion. 
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lifestyle changes.9,16 While autonomous motivation is 
widely acknowledged to be important for promoting 
exercise behaviour,17,18 a study in adolescents (aged 
17–19 years) found that self-monitoring had the greatest 
mediating effect on autonomous motivation to 
subsequently increase physical activity.19 Moreover, in a 
2009 meta-regression analysis, self-monitoring was 
identified as the most effective behavioural change 
technique to promote physical activity and a healthy diet 
in 44 747 adults.20 Wearable activity trackers (eg, smart
watches, wristbands, pedometers, and accelerometers) are 
devices worn on a user’s body that can allow self-
monitoring of physical activity behaviour by tracking and 
providing feedback on the user’s physical activity levels 
(eg, daily step count and time spent doing moderate-to-
vigorous physical activity). The potential use of technology-
based strategies, such as wearable activity trackers, has 
been highlighted as a potential way to deliver personalised 
health care and to promote adherence to a healthy 
lifestyle.21 Although the benefits of wearable trackers on 
increasing physical activity have been well documented in 
healthy adults22,23 and adults with diseases (eg, patients 
with rheumatic and musculoskeletal diseases24 and cancer 
survivors25),26 evidence in younger populations is scarce 
and the findings are inconclusive. Only a few systematic 
reviews have been conducted to evaluate the effects of 
activity trackers in children and adolescents. Böhm and 
colleagues27 found that mHealth devices or wearable 
activity trackers had no effect on physical activity, whereas 
Ridgers and colleagues28 and Creaser and colleagues29 
reported mixed results, although the effects on physical 
activity were generally positive. Notably, the meta-analysis 
by Casado-Robles and colleagues30 concluded that 
wearable activity trackers were effective in increasing daily 
steps and moderate-to-vigorous physical activity in healthy 
children and adolescents. However, Casado-Robles and 
colleagues’ study30 had some considerable flaws and 
limitations. First, over half of the included studies were 
non-randomised or non-controlled trials. Studies with 
these designs are more prone to bias due to confounding 
and selection of study participants, as well as potential 
unbalanced prognostic factors between groups.31 
Moreover, studies identified to have a high risk of bias 
(60% and 80% of studies included for steps and moderate-
to-vigorous physical activity outcomes, respectively) were 
not removed from their analyses as recommended, and 
no sensitivity analyses for risk of bias were conducted 
because of the substantially low proportion of studies 
classified as low risk.31 Because of these methodological 
shortcomings, the overall certainty of the study’s findings 
is questionable. Second, although effective interventions 
that can increase physical activity in young clinical 
populations (eg, individuals with obesity, type 1 diabetes, 
juvenile idiopathic arthritis, or with cancer) are particularly 
important to improve their health status and 
cardiorespiratory fitness,32–35 clinical populations were 
excluded from Casado-Robles and colleagues’ study,30 

restricting the generalisability of their findings to healthy 
young cohorts only. Third, the inconsistencies in data 
used for calculation of effect size (ie, data extracted for 
effect size calculation ranged from both pre-intervention 
and post-intervention data, mean change from pre-
intervention to post-intervention, or post-intervention 
data only depending on study designs) might have 
resulted in between-individual variability being overlooked 
in estimates, which would have been better accommodated 
if only mean change was used to calculate standardised 
mean differences.36 Finally, in an estimated 28% of the 
included randomised controlled trials or cluster-
randomised controlled trials, control groups wore activity 
trackers that did not provide physical activity feedback 
(known as sealed activity trackers), such that true 
intervention effects might have been masked, as explained 
by the Hawthorne effect (ie, that awareness of being 
monitored could be sufficient to elicit physical activity 
increase).37 This theory is supported by a pedometer study 
conducted in elementary students (age 7–11 years) in 
which the group that wore sealed trackers showed 
increases in physical activity most likely due to reactivity 
to wearing the pedometer.38 

In this systematic review and meta-analysis, we aimed 
to comprehensively assess the effects of wearable activity 
trackers on physical activity in children and adolescents 
from both healthy and clinical populations. For the 
purpose of this review, a clinical population was defined 
as children or adolescents (mean age ≤19 years) with 
suboptimal health conditions diagnosed by a clinician or 
certified through validated medical or research 
instruments.

Methods
Search strategy and selection criteria
In this systematic review and meta-analysis, we searched 
PubMed, Embase, SPORTDiscus, and Web of Science 
for publications from database inception up to 
May 18, 2023, without any language restrictions. The 
search was repeated on Aug 30, 2023, to identify potential 
relevant new publications since the previous search. 
Search terms for each database are in the appendix 
(pp 2–3). Reference lists of relevant systematic reviews 
and meta-analyses identified from database search were 
also screened for potential eligible studies (appendix 
p 12). The title and abstracts of papers identified from the 
database search were screened by two investigators 
(WWA and FR), then papers agreed by both investigators 
to be included for full text review were sought for retrieval 
and assessed for eligibility. Authors of articles were 
contacted if more information was needed to assess 
study eligibility as agreed by both investigators during 
full text review. Any disagreements at any stages were 
resolved through discussion, with any persisting 
disagreements resolved by a third independent investi
gator (PMS). The systematic review software Covidence 
was used for study screening and data extraction.

See Online for appendix

For the Covidence website see 
https://www.covidence.org/

https://www.covidence.org/
https://www.covidence.org/
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The inclusion criteria and search strategies were based 
on the population, intervention, comparison, outcomes, 
and study (PICOS) framework.39 Studies were eligible for 
inclusion if they included children or adolescents, or 
both, with a mean age of 19 years or younger of any 
health condition, and if they involved interventions using 
wearable activity trackers to promote physical activity, 
reduce sedentary behaviour, or promote overall health, or 
a combination of these aims. The intervention could 
involve the use of only wearable activity trackers or could 
be delivered in combination with other behavioural 
components, including exercise programmes, health 
education sessions, goal setting, and reward schemes. 
Wearable activity trackers had to be worn on users’ bodies 
and be able to track and provide objective estimations on 
users’ physical activity levels. Eligible studies had to be 

randomised controlled trials or cluster-randomised 
controlled trials that had a control group that received no 
intervention or usual care, was waitlisted, or had no 
activity tracker as part of a multicomponent intervention. 
Additionally, eligible studies had to assess objectively or 
subjectively measured physical activity levels before the 
start and at the end of the intervention. No restrictions 
were placed on the study’s setting because trackers can 
theoretically be worn on users’ body everywhere and at 
all times. 

Studies were excluded if children or adolescents were 
not in the primary intervention cohort (ie, they did not 
wear trackers), trackers were used only as physical 
activity measurement tools, smartphone applications 
were used instead of wearable trackers for monitoring 
physical activity level, or both the intervention and 
comparator groups wore trackers (eg, control groups 
wore sealed pedometers without physical activity 
feedback). All eligible studies identified through our 
systematic review were included in the meta-analysis.

This systematic review and meta-analysis is registered 
at PROSPERO, CRD42023397248, and followed the 
PRISMA guidelines.40 The protocol was amended to 
provide additional information on the primary and 
secondary outcomes reported in this Article.

Outcomes
The primary outcomes of interest were changes in the 
objectively measured physical activity outcomes of daily 
steps and moderate-to-vigorous physical activity. In 
addition to daily steps, which can represent physical 
activity, moderate-to-vigorous physical activity was 
chosen as a primary outcome because it is widely used as 
a physical activity parameter in WHO recommendations. 
Secondary outcomes were changes in objectively 
measured accelerometer counts per minute (CPM), light 
physical activity, and sedentary time, as well as 
subjectively measured moderate-to-vigorous physical 
activity. Long-term maintenance effects of the inter
ventions (ie, at follow-up) were also examined if sufficient 
studies (ie, at least two studies) provided data on them.

Data analysis
Study characteristics including study setting (school-
based, clinic-based, or daily life), participant character
istics (age, sex, and health status), intervention 
characteristics (duration, type of tracker, and strategies 
used in combination with tracker), comparator, and 
outcome measurements (physical activity parameter [eg, 
daily steps or moderate-to-vigorous physical activity], 
measurement tool, and follow-up period) were 
independently extracted by two investigators (WWA and 
FR). The data extracted by each investigator were then 
compared and verified, with potential disagreements 
being resolved by a third investigator (PMS). To calculate 
effect sizes, information regarding the sample size and 
mean (SD) of the outcome measure at baseline, 

Figure 1: PRISMA flowchart of study search and selection strategy
*Unable to retrieve full text as these reports were conference abstracts without full text. 

9619 records identified from 
database search
4031 Web of Science
2783 Embase
2252 PubMed

553 SPORTDiscus

6942 title and abstract 
screened

82 sought for retrieval

2677 duplicate records removed 
before screening

6860 records excluded

8 reports not retrieved*

74 full text assessed for 
eligibility

21 studies included in systematic 
review and meta-analysis

53 excluded
12 ineligible study 

design
11 ineligible population 
10 ineligible comparator

8 ineligible outcomes 
7 ineligible intervention
4 data for physical 

activity could not be 
provided

1 was a study protocol 
instead of a report

31 reports sought for retrieval

31 assessed for eligibility

31 excluded
15 ineligible study 

design
8 ineligible comparator
2 ineligible population
2 ineligible 

intervention
2 duplicated
1 ineligible outcomes
1 doctoral dissertation

174 records identified from 
relevant systematic 
reviews and meta-analyses 
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post-intervention, and at follow-up (if applicable) were 
collected for each study. Authors were contacted if 
measured physical activity data were not reported, or if 
data were not in the correct format for calculating effect 
size. If the results were not presented as mean (SD), we 
used previously validated methods to convert them to the 
desired format.36,41

Risk of bias was assessed using the revised Cochrane 
risk-of-bias tool for randomised trials and revised 
Cochrane risk-of-bias tool for cluster-randomised trials, 
which classifies studies into three categories, which are 
low risk of bias, some concerns, or high risk of bias.42 
Two investigators (WWA and FR) independently assessed 
the risk of bias and disagreements were resolved via 
discussion, with any persisting disagreements resolved 
by a third investigator (PMS) when necessary. The 
certainty of the evidence was assessed using the Grading 
of Recommendations, Assessment, Development and 
Evaluations (GRADE) approach for the two primary 
outcomes.43 Details regarding risk of bias and GRADE 
assessments are listed in the appendix (pp 4–7).

The meta-analysis was performed using R 
(version 4.2.0), with the “meta”, “metafor”, and “dmetar” 
packages. A random-effects model with Hartung–Knapp 
adjustments was used to calculate the standardised mean 
differences using mean change from baseline to post-
intervention timepoint (and change from post-
intervention timepoint to follow-up for the maintenance 
effect), the SD at the post-intervention timepoint, and 
sample size. Positive effect sizes indicated a positive 
effect of the wearable activity tracker intervention on 
increasing physical activity or reducing sedentary 
behaviour. 

Publication bias was assessed with Egger’s regression 
test (p<0·10 indicates the presence of publication bias) 
and by visually examining the funnel plot symmetry.44 
Publication bias assessment was conducted on the two 
primary outcomes. Sensitivity analyses were done to 
assess differences in the pooled effect estimates when 
using a fixed-effect model, after removing studies with 
high risk of bias, and after removing potential outliers 
(studies for which the confidence interval for the 
outcome of interest did not overlap with the confidence 
interval of the pooled effect estimate).45 

To examine heterogeneity not attributable to sampling 
error, between-study heterogeneity was examined using 
Higgins I² statistic46 and Cochran Q statistic (for which a 
p value of <0·05 indicates the presence of heterogeneity), 
with I² values (presented along with 95% CI) of 25%, 
50%, and 75% representing low, moderate, and high 
heterogeneity, respectively.46 For any observed substantial 
heterogeneity, the possible reasons for this were 
examined by subgroup analyses and meta-regressions. 
Subgroup analyses were conducted to explore the 
influence of study setting (school-based vs daily life), 
participants’ characteristics (age [≤13 years vs >13 years], 
sex [male vs female vs male and female], and health status 
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[healthy vs clinical population]), as well as intervention 
characteristics (study duration [≤12 weeks vs >12 weeks], 
intervention components [activity tracker as the major 
component vs activity tracker as part of a multicomponent 
intervention], and intervention strategies used [extrinsic 
motivation vs social involvement vs referenceable advice 
vs education vs technology-based vs regular exercise 
session]) on the overall effect. A detailed description of 
how interventions were classified is in the appendix 
(p 13). Meta-regressions were done to explore whether 
the intervention effects were moderated by study 
duration and mean age of participants. All sensitivity and 
subgroup analyses were conducted a priori, per the study 
protocol. Because significant publication bias was 
detected for both primary outcomes, post-hoc trim-and-
fill analyses were also conducted to account for 
publication bias. 

Role of the funding source 
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. 

Results
We identified 9619 records from four databases and 
174 additional records were identified from searching the 
reference lists of relevant systematic reviews and meta-
analyses. After abstract and title screening, 105 potential 
full texts were retrieved and assessed for eligibility. After 
full text screening, 21 studies involving 3676 children and 
adolescents (1618 [44%] were female and 2058 [56%] were 
male; mean age 13·7 years [SD 2·7]; 13 [62%] of 21 studies 

did not report race or ethnicity data, so these data were 
not summarised) were included in this systematic review 
and meta-analysis (figure 1). Four studies were excluded 
at full text review because the necessary physical activity 
data could not be extracted.47–50 More details on studies 
excluded at full text screening are in the appendix 
(pp 8–12). 

The characteristics of the 21 included studies are shown 
in the table. Among the studies, 11 were randomised 
controlled trials and ten were cluster randomised 
controlled trials. 16 studies included male and female 
participants,51–55,57,59,62–68,70,71 three included only male 
participants,56,60,69 and two included only female 
partcipants.58,61 Five studies involved children,54,55,57,63,64 

14 involved adolescents,51–53,58–62,65–71 and two involved both 
children and adolescents.56,65 11 studies were conducted in 
a school setting,51,52,55,57,59–61,63,66,69,70 one in a clinic setting,53 
and nine in daily life.54,56,57,62,64,65,67,68,71 Six studies were 
conducted in clinical populations: two in cancer 
survivors,53,62 two in participants with type 1 diabetes,57,65 
and two in overweight and obese populations.64,66 The 
mean duration of intervention was 17·24 weeks (SD 11·90), 
ranging from 3 weeks51 to 12 months.61 All studies used 
pedometers, with the exception of three studies that used 
a Fitbit (Fitbit Zip,52 Fitbit Charge or Alta,53 and Fitbit 
Flex,62 all manufactured by Fitbit [country of manufacturer 
not available]), and three studies that used accelerometers 
(PolarActive activity watch [Polar Electro, Leamington Spa, 
UK],57 Polar Active physical activity monitor [Polar Electro 
Kempele Oy, Kempele, Finland],66 and PAM accelerometer 
[PAM, Doorwerth, Netherlands]68). Objective physical 
activity levels were measured in 15 studies,51,52,54–66,69,71 

Figure 2: Wearable activity tracker intervention effects on objectively measured steps at post-intervention timepoint 
*Lubans et al (2009a) and (2009b) indicate the cohorts of boys and girls, respectively. †Thompson et al (2016a), (2016b), and (2016c) indicate the cohorts of 
pedometer only, pedometer plus goal prompts, and the pedometer plus goal prompts plus motivational text groups, respectively. ‡Horne et al (2009a) and (2009b) 
indicate the cohorts of girls and boys, respectively. 
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Total Mean change SD

Control group Standardised mean 
difference (95% CI)
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Total Mean change SD
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whereas three studies measured self-reported (ie, 
subjective) physical activity,67,68,70 and three measured 
both.53,57,65 Eight studies assessed the maintenance effect of 
the interventions,52–54,56,61,68–70 with a mean follow-up period 
of 35·1 weeks (SD 14·5). Valid objectively measured 
physical activity data were provided from a mean of 72% 
(SD 21) of participants across included studies, with a 
high of 90%55 and a low of 25%.57

Ten studies (intervention groups n=497, control groups 
n=458; consisting of 14) were included to estimate the 
effect of wearable activity tracker interventions on 
objectively measured daily steps,51,52,55,57–60,64,65,71 but only one 
study examined the effects at follow-up.52 For one study, 
weekly steps were reported, which were converted to 
daily steps for the purposes of these analyses.57 Wearable 
activity tracker interventions significantly improved 
objectively measured daily steps compared with control 
at the post-intervention timepoint (standardised mean 
difference 0·37 [95% CI 0·09–0·65; p=0·013]; Q 47·60 
[p<0·0001]; I² 72·7% [95% CI 53·4–84·0]; figure 2). Risk 
of bias assessments of the ten included studies classified 
five studies as having some concerns,51,55,60,65,71 and five as 
having high risk of bias.52,56,58,59,64

11 studies (intervention groups n=738, control groups 
n=739) were included to estimate the effect of wearable 
activity trackers on objectively measured moderate-to-
vigorous physical activity.52–54,56,57,61–63,66,69,71 Wearable activity 
tracker interventions had no significant effect on 
objectively measured moderate-to-vigorous physical 
activity at the post-intervention timepoint (standardised 
mean difference –0·08 [95% CI −0·18 to 0·02; p=0·11]; 

Q 10·26 [p=0·74]; I² 0% [95% CI 0·0 to 53·6]; figure 3). 
Only five studies (consisting of six intervention groups) 
assessed the maintenance effects at follow-up,52–54,56,69 
with a mean follow-up period of 31·1 weeks (SD 12·9). 
We found no significant effects on objectively measured 
moderate-to-vigorous physical activity at follow-up 
(standardised mean difference 0·17 [95% CI 
−0·05 to 0·38; p=0·10]; Q 7·08 [p=0·31]; I² 15·2% 
[95% CI 0·0 to 59·0]; figure 4). Risk of bias assessment 
of the 11 included studies classified three studies as 
having low risk of bias,54,61,69 four as having some 
concerns,56,62,66,71 and four as having high risk of 
bias.52,53,57,63

For secondary outcomes, a total of three, four, five, and 
six studies were included to estimate the effects on 
objectively measured CPM,56,61,69 objectively measured 
light physical activity,52,56,63,66 subjectively measured 
moderate-to-vigorous physical activity,53,65,66,68,70 and 
objectively measured sedentary time,52,54,56,62,63,66 respec
tively. We found no significant effects on all secondary 
outcomes at both the post-intervention timepoint 
(appendix p 14) and at follow-up (appendix p 15). 

All subgroup analyses for intervention effects on 
objectively measured steps and moderate-to-vigorous 
physical activity are shown in the appendix (pp 23–24). 
Meta-regression showed no significant moderation of 
participants’ mean age (test of moderators [QM]=0·005 
[p=0·94]; R²=0·0%; test for residual heterogeneity 
[QE]=46·93 [p<0·0001]; I²=74·0%) or study duration 
(QM=0·10 [p=0·75]; R²=0·0%; QE=46·97 [p<0·0001]; 
I²=73·7%) on objectively measured daily steps. 

Figure 3: Wearable activity tracker intervention effects on objectively measured moderate-to-vigorous physical activity at post-intervention timepoint
*Thompson et al (2016a), (2016b), and (2016c) indicate the cohorts of pedometer only, pedometer plus goal prompts, and the pedometer plus goal prompts plus 
motivational text groups, respectively. †Guagliano et al (2020a) and (2000b) indicate the cohorts of pedometer only and the pedometer plus website groups, 
respectively. ‡Jago et al (2006a) and (2006b) indicate the cohorts of spring and fall batches, respectively.
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Sensitivity analyses for objectively measured steps 
showed similar effect sizes as the main analyses when 
using a fixed-effect model and after excluding two 
detected outliers (Corepal et al [2019]52 and Lubans et al 
[2009b];59 appendix p 16). Because the effect size for girls 
in Lubans et al (2009b)59 was detected as a statistical 
outlier, we conducted an additional sensitivity analysis in 
which we also excluded the cohort of boys (Lubans et al 
[2009a]),59 and found that the effect size remained 
significant (appendix p 16). After removing five studies 
with high risk of bias, the effect size became non-
significant (appendix p 17). Sensitivity analyses for 
objectively measured moderate-to-vigorous physical 
activity showed similar effect sizes as the main analysis 
when using a fixed-effect model and after removing 
studies with high risk of bias (appendix p 17); there were 
no outliers with the random-effect model for this 
outcome so no sensitivity analysis was conducted. 

Egger’s regression test showed significant funnel plot 
asymmetry for both objectively measured steps (intercept 
−0·78 [SE=0·39]; p=0·018) and moderate-to-vigorous 
physical activity (intercept −0·36 [SE=0·10]; t=2·92; 
p=0·012; appendix p 18). To account for publication bias, 
trim-and-fill analyses were done, which led to a non-
significant effect size for daily steps (standardised mean 
difference –0·01 [95% CI –0·35 to 0·33]; appendix p 19). 
However, because the reliability of trim-and-fill analysis 
could be undermined when between-study heterogeneity 
is high,72–74 we did an additional trim-and-fill analysis for 
daily steps with the two detected outliers removed in 
response to the high heterogeneity observed,45,72 which also 
resulted in a non-significant effect size (0·19 [–0·05 to 0·42]; 
appendix p 19). A similar result was observed for the trim-
and-fill analysis after Lubans et al (2009a; boys)59 was also 
removed along with the other two outliers (0·19 
[–0·04 to 0·41]; appendix p 20). For objectively measured 
moderate-to-vigorous physical activity, the effect size 
remained similar to the main analysis after trim-and-fill 
analysis (–0·14 [–0·24 to –0·03]; appendix p 20).

Details regarding the risk of bias assessments of 
individual studies on each outcome are shown in the 
appendix (pp 21–22). For the GRADE assessment, the 
pooled effect size for objectively measured steps and 
moderate-to-vigorous physical activity were graded as 
having low and high certainty of evidence, respectively 
(appendix p 25).

Discussion 
To our knowledge, this is the first systematic review and 
meta-analysis to examine the effects of wearable activity 
trackers on physical activity levels of children and 
adolescents of various health statuses. Compared with 
controls, wearable activity trackers showed a small 
significant effect on increasing objectively measured 
daily step counts right after the intervention, but not on 
objectively measured moderate-to-vigorous physical 
activity. We found no significant effects on secondary 
outcomes (objectively measured CPM, light physical 
activity and sedentary time, and subjectively measured 
moderate-to-vigorous physical activity) or on any 
outcome measured at follow-up. 

Wearable activity trackers have been previously 
shown to increase daily steps in healthy and diseased 
adults,22,24,25,37,75 the general population,23 and healthy 
children and adolescents.30 Although no consensus 
exists on the optimal number of daily steps for children 
and adolescents to stay healthy,76 increasing daily steps 
has been associated with reduced all-cause mortality 
risk in adults.77,78 While a prospective cohort study found 
that adults with higher step counts had reduced risk of 
cancer and cardiovascular disease,79 benefits of 
increasing steps extends to mental health by lowering 
the risk of developing depression.80 In children, 
increasing steps has been shown to be negatively 
associated with adiposity81 and positively associated 
with physical fitness.82 Given that both adiposity10–12 and 
cardiorespiratory fitness83,84 at an early age strongly 
influence the immediate and future health of children 

Figure 4: Wearable activity tracker intervention effects on objectively measured moderate-to-vigorous physical activity at follow-up 
*Guagliano et al (2020a) and (2000b) indicate the cohorts of pedometer only and the pedometer plus website groups, respectively. †Jago et al (2006a) and (2006b) 
indicate the cohorts of spring and fall batches, respectively. 
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and adolescents, increasing daily steps is considered to 
be beneficial to the long-term wellbeing of young 
populations. Furthermore, increased step counts might 
also indicate an intention for behavioural change to 
adopt a healthier lifestyle with more physical activity. 
Despite the considerable heterogeneity found between 
studies incldued in our meta-analysis for the outcome 
of objectively measured daily steps, heterogeneity was 
substantially reduced after removal of two outliers in a 
sensitivity analysis (I² 28%), while maintaining a 
similar effect size, indicating that the high heterogeneity 
detected might have been caused by two studies that 
did not have a strong influence on the effect size 
observed.52,59 However, we could not fully examine the 
maintenance effect of increased daily steps, because 
only one study included a follow-up measurement. 
Future studies should incorporate follow-up 
assessments to explore the long-term efficacy of activity 
trackers on increasing daily steps in children and 
adolescents.

The use of wearable activity trackers did not 
substantially increase moderate-to-vigorous physical 
activity in our dataset of children and adolescents. These 
findings are inconsistent with the results reported by 
Casado-Robles et al (2022),30 which found wearable 
activity trackers to have a small positive effect on 
moderate-to-vigorous physical activity. This discrepancy 
might be mainly attributed to our exclusion of non-
randomised controlled trials that are more prone to 
overestimating intervention effects,31 and our adoption 
of a more scientifically rigorous effect size computation 
methodology.36 The null effect found on moderate-to-
vigorous physical activity was robust, as confirmed by 
comprehensive sensitivity analyses. The absence of a 
significant effect on moderate-to-vigorous physical 
activity might be due to several reasons. First, 
pedometers were the predominant type of wearable 
tracker in the included studies (15 of 21 studies). 
Although accelerometers are widely acknowledged to 
have the characteristics of providing physical activity 
feedback that can be hard to recall and be quantified by 
children,85 pedometers are often perceived to be a good 
motivator of physical activity,86 because they can provide 
more simple, straightforward, and quantifiable feedback. 
Second, physical activity measurement trackers might 
not capture moderate-to-vigorous physical activity 
during high-intensity sport events because adolescents 
have been found to often take off activity trackers during 
their most active hours of the day (eg, sports training).87 
Third, the absence of standardised cutpoints for 
classifying physical activity intensity from accelerometer 
data could also limit the accuracy of moderate-to-
vigorous physical activity data. Although various 
accelerometer cutpoints have been developed to classify 
physical activity intensity in children, they can vary 
greatly; for example, the cutpoints for classifying 
moderate-to-vigorous physical activity from Freedson 

et al (2005)88 and Puyau et al (2002)89 are at least 2220 
CPM and at least 3200 CPM, respectively. However, no 
consensus has been reached on cutpoints for younger 
populations.90 Among the included studies on moderate-
to-vigorous physical activity, six studies used the cutpoint 
from Evenson et al (2008),91 one from Puyau et al (2002),89 
one from Freedson et al (2005),88 and one from Chandler 
et al (2016),92 and furthermore, Ruotsalainen et al (2016)66 
classified intensities using metabolic equivalent of task 
(known as MET) values, and Knox et al (2019)57 did not 
specify the cutpoint used. Given the large differences 
between cutpoints, the effect size pooled from these 
studies needs to be interpreted with caution. Moreover, 
although standardisation of optimal accelerometer 
cutpoints for classifying physical activity intensities in 
young populations is important to strengthen the 
rigorousness of physical activity studies, only two studies 
we identified examined both step counts and moderate-
to-vigorous physical activity simultaneously.57,71 Thus, 
more research is needed to substantiate the differential 
effects found on these two physical activity parameters, 
and whether trackers that give simple step count 
feedback might be more effective in motivating physical 
activity in young populations than relatively more 
abstract physical activity intensity-based feedback (eg, 
moderate-to-vigorous physical activity). 

Non-adherence and non-compliance to activity tracker 
use was also a common limitation observed in almost 
all studies we included in this systematic review and 
meta-analysis, with reduced engagement with the 
tracker over time being one of the major challenges of 
wearable tracker interventions.93 Low adherence to 
wearing the tracker would not only affect intervention 
fidelity, but also affect measurement of physical activity 
and reduce data available for analysis. Such missing 
data in our study sample largely reduced the sample 
size and statistical power to detect intervention effects. 
Indeed, feeling uncomfortable or embarrassed to wear 
trackers, or finding them to be unfashionable, are 
potential reasons for poor adherence.61 Studies also 
reported that participants tended to remove their 
trackers when engaging in structured sports to prevent 
physical discomfort, hurting others during contact 
sports, and damaging the device.87 Thus, targeting 
causes of non-adherence and improving compliance to 
tracker interventions are crucial to augment the effect 
of activity trackers in young populations and ensure 
adequate physical activity data are available for 
analysis.61 

Our study had some limitations. First, although only 
randomised controlled trials and cluster randomised 
controlled trials were included in the systematic review 
and meta-analysis, many of these studies were classified 
as having some concerns or high risk of bias in the risk 
of bias assessment, which was largely attributed to 
missing physical activity data due to low compliance. 
Second, we attempted to account for between-study 
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variability with stringent subgroup and sensitivity 
analyses; however, the small sample size in each group 
restricted the interpretation of our findings. To foster 
more personalised and effective wearable tracker 
application to promote physical activity in children and 
adolescents of different characteristics, more rigorously 
designed studies are warranted to explore whether 
effectiveness of trackers might differ by sex, age, or 
health status. We also could not fully discern the 
individual effect of wearable activity trackers because 
they were often incorporated with other minor 
behavioural strategies (eg, goal setting, feedback, and 
step diaries). This limitation was also highlighted in a 
similar review conducted in adults37 and by an Editorial 
published in The Lancet Digital Health.21 In our view, the 
integration of other minor behavioural strategies in 
interventions is not a substantial issue because the use of 
wearable activity trackers in real life is likely to be 
accompanied by additional minor lifestyle adjustments 
(eg, feedback received on the app associated with the 
wearable tracker and advice-seeking from health-care 
professionals to set appropriate physical activity targets).94 
Therefore, examining the effects of trackers with these 
complementary strategies might be meaningful to 
replicate real-life conditions. Nevertheless, more studies 
are needed to compare the effects of interventions 
incorporating physical activity trackers as their main 
component with multicomponent interventions 
involving trackers in addition to exercise sessions or 
behavioural change strategies. Finally, publication bias 
and studies with high risk of bias might have restricted 
the certainty of the evidence for objectively measured 
daily steps, as shown by the change in effect size after 
trim-and-fill analyses and the sensitivity analysis in 
which we removed studies with high risk of bias. 
However, trim-and-fill analyses are more prone to 
underestimating positive effects when between-study 
heterogeneity is high,73 thus the true intervention effect 
might have been underestimated even though we 
attempted to account for publication bias. Studies with 
more robust designs are needed with a focus on better 
adherence to wearable trackers to validate our findings 
on objectively measured daily steps, and to explore 
whether the effects differ with specific participant or 
intervention characteristics.

Our findings demonstrate that wearable activity tracker 
interventions might increase daily step counts, but not 
moderate-to-vigorous physical activity, in healthy 
children and adolescents and those with suboptimal 
health, showing the potential of wearable trackers to 
motivate physical activity and improve health in young 
populations. Comprehensive tests confirmed the 
robustness of the null effect on moderate-to-vigorous 
physical activity, although more rigorously designed 
studies that minimise missing data are warranted to 
confirm the positive findings on steps and explore 
possible long-term effects.
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