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Abstract

Background: Although the pedometer- and accelerometer-based interventions (PABI) have demonstrated efficacy in improv-
ing physical activity (PA) and health-related outcomes, the dearth of empirical evidence in college students warrants further
investigation.

Objective: This systematic review and meta-analysis aim to examine the effects of PABI on improving PA and health-related
outcomes among college students.

Methods: PubMed, Web of Science, Embase, Cochrane Library, and PsycINFO were searched for relevant literature from
inception to 20 February 2022. Randomized controlled trials (RCTs) conducted among college students with PABI to increase
objectively measured PA as the primary outcome were included in this study.

Results: A total of nine RCTs with 527 participants were included in this study. The combined results showed that PABI sig-
nificantly improved PA (standardized mean difference =0.41, 95% confidence interval (Cl): 0.08, 0.74, P=0.016) and signifi-
cantly contributed to weight loss (mean differences (MD) = —1.56 kg, 95% Cl: —2.40 kg, —0.73 kg, P<0.01), and lower body
mass index (MD = —0.33 kg/m?, 95% Cl: —0.66 kg/m?, 0.00 kg/m?, P=0.05) compared to the control group, but no signifi-
cant effects were observed on improvements of body fat (%) and exercise self-efficacy. Interventions in the group of step,
general students, pedometer-based intervention, theory, and developed region were significantly more effective in subgroup
analyses.

Conclusions: PABI was found to be effective in promoting PA and weight loss among college students. Future research is
needed to further explore the long-term effects of PABI and the characteristics of multiple intervention models.
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Introduction

Physical activity (PA) is widely recognized as a critical
component of a healthy lifestyle for adults, as it not only
serves to prevent non-communicable diseases and obesity
but also exerts a positive impact on mental health by redu-
cing symptoms of anxiety and depression.' Moreover,
regardless of the intensity, PA has been shown to significantly
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reduce the risk of mortality in a dose-response manner.”
Despite these well-established benefits, physical inactiv-
ity continues to afflict more than one-third of the global
population,® with college students, who are often per-
ceived as energetic, emerging as a particularly vulnerable
group.* Indeed, a longitudinal investigation conducted by
Owensw et al.” revealed that a staggering 81% of students
who transfer from compulsory education to college fail to
meet the recommended amount of PA. In line with this
finding, a survey conducted by Pengpid et al.® across 23
counties demonstrated that more than 40% of college stu-
dents are physically inactive, which can adversely affect
their physical and mental well-being. Considering the
severity of this issue, it is imperative to adopt and imple-
ment effective strategies to promote PA participation
among college students.

Health behavior theories (HBT) serve as the most influ-
ential rationale for PA interventions.” Previous studies have
demonstrated that interventions grounded in theories such
as social cognitive theory (SCT), self-determination
theory, self-efficacy theory, and the transtheoretical model
yield more significant intervention effects in promoting
PA compared to non-theoretical interventions.* '
Although a meta-analysis by McEwan et al.'? has chal-
lenged this view and provided strong evidence to the con-
trary, extant research unanimously concurs that the
specific content and interaction mechanisms of theory-
based behavior change techniques (BCTs) are essential to
effective PA interventions.”'*'? It can be ascertained that
BCTs are pivotal avenues for the implementation of HBT.
With the accelerated growth of information communication
technology (ICT), numerous BCTs such as goal setting,
self-feedback, planning, and behavior feedback have been
applied in the fields of e-health and m-health to promote
PA.' BCTs have long been regarded as the most direct
and effective interventions to promote  PA.’
Self-monitoring and behavioral feedback are two prominent
BCTs that are crucial contributors to the intervention of
health behaviors by wearable devices and smartphones
with  built-in  pedometers and  accelerometers.'”
Pedometers and accelerometers automatically track PA
through built-in chips and adopt algorithms to output para-
meters such as the number of step counts, energy expend-
iture, intervals, amount and intensity of PA, and even
heart rate trajectories.'®!’

Pedometers and accelerometers, two prevalent forms of
electronic motion sensors utilized for measuring step
count and velocity changes, are widely integrated into
wearable devices such as fitness trackers, smartphones,
and smartwatches.'® The mechanisms inherent in
pedometer- and accelerometer-based interventions (PABI)
for PA stem from their motivational incentives with
precise goal setting and dynamic feedback mechanisms
that demonstrate activity monitoring data. In recent years,
there has been a notable surge in scholarly attention

within the scientific community toward the study of the
effects of eHealth interventions, including PABI on PA
and health-related indicators."® Numerous trials have
been conducted to investigate the efficacy of PABI in
promoting PA. However, the outcomes have yielded
inconsistent findings. For example, some studies found
significant effects of PABI in improving step counts,?’”
22 moderate-to-vigorous intensity PA (MVPA),**-* and
total PA (TPA)*>?® across different participants, while
Pope and Gao®’ and Mbada et al.?® found no significant
effects among college students.

Previous reviews have confirmed the effectiveness
of PA interventions using PABI in promoting PA
among adults by synthesizing results across multiple
trials.'>*°73% Several studies have revealed significant
effects of PABI on weight loss,**** body mass index
(BMI),35 and body fat (%).35 However, despite various
trials investigating the impact of PABI on improving
self-efficacy,?®*” few studies have combined the effect
sizes of these interventions specially targeting exercise
self-efficacy.

Among the extant reviews, the review conducted by
Levis et al.>' exclusively focused on qualitative examin-
ation, without delving into quantitative evidence explor-
ation. Brickwood et al.? identified the effects of
multivariate interventions associated with the activity
tracker intervention; however, their study did not specific-
ally focus on examining the effect size of PABI in isolation.
A meta-analysis conducted by Tang et al.** pooled effect
sizes using self-reported and objectively measured PA out-
comes. The high heterogeneity resulting from this estima-
tion method may weaken the interpretation strength of
evidence. Another meta-analysis from He et al.*® included
several types of PA outcomes from the same study for
pooling, and dilution of sample size and overly confound-
ing combined effect sizes may have been a source of high
heterogeneity in the study. Given this, more substantial evi-
dence should be obtained by combining homogeneous PA
outcomes measured quantitatively using objective measure-
ment tools.

In addition, in reviewing the population of PABI-related
studies that have increased in recent years, the populations
of interest are children and adolescents,”®>° older
adults,*>*" and clinical populations,**** while few studies
have focused on the college student. Due to their profi-
ciency with ICT and the high prevalence of PAB devices,
more research should be conducted to verify the effective-
ness of PABI in promoting PA and other health indicators
among college students and to make this intervention avail-
able on campus.

Therefore, the objectives of this review are twofold. The
first objective is to evaluate the effectiveness and character-
istics of PABI on PA and health-related outcomes among
college students by pooling the effect sizes of high-quality
trials. The second objective is to explore the sources of
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heterogeneity and to determine the effects of PABI favor
which groups among college students in different contexts
using subgroup analyses.

Materials and methods

This review was performed and presented in accordance
with the Cochrane Handbook** and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.*> The protocol was registered on
the PROSPERO (CRD42023407636).

Search strategy

A comprehensive literature search was conducted for ran-
domized controlled trials (RCTs) employing PABI to
improve PA and health-related outcomes without language
limitation. The literature searched was sourced from five
electronic databases, including PubMed, Cochrane,
Embase, Web of Science, and PsycINFO. The search
period is from the inception of the databases to 22
February 2022. The search strategy was developed based
on the search strategies of the e-health-related literature
combined with the specific focus of this study. Boolean
logic operators were employed to pair medical subject
terms with free words for an exhaustive search. The
leading search terms were as follows: participants (college
student, university student, and higher education student),
intervention modality (wearable activity tracker, wearable
device, fitness trackers, pedometer, and accelerometer), out-
comes (PA, exercise, sedentary, weight loss, fat percentage,
BMI, and exercise self-efficacy), and study design (RCTs).
The Supplemental material provides details of the search
strategies and search procedures for all databases.

Eligibility criteria
PICOS (i.e., participant, intervention, comparator, outcome,

and study design) criteria based on the Cochrane
Handbook** were conducted to include related literature.

Participant. College students residing on campus were
included in this review. The inclusion criteria did not
impose any restrictions based on age, gender, health
status, nationality, or ethnicity. Studies were excluded if
the study sample included university employees or if parti-
cipants lived in a setting distant from the campus.

Intervention. This study incorporated interventions utilizing
pedometer or accelerometer devices, including interven-
tions facilitated through a smartphone application lever-
aging the capabilities of two built-in device chips. When
multiple intervention modalities were available in the
research and multiple groups were set up for comparison,
the group with only a single PABI component was included

as the intervention group. If the group in which a usual care
and education intervention accompanied the PABI was
observed, it was included.

Comparator. The comparators included in this study were
the groups without any intervention, usual care, conven-
tional education group, or waiting list control group.

Outcome. PA outcomes measured by objective measure-
ment tools were taken as the primary outcome (including
TPA, MVPA, and light PA reported as minutes, hours,
energy expenditure, or steps per unit). The outcomes of
body weight, BMI, and body fat (%) measured by electronic
devices and exercise self-efficacy as one of the psycho-
logical determinants of PA measured by a self-report ques-
tionnaire were also included as secondary outcomes.
Studies that did not include any PA outcomes but included
other health-related outcomes were excluded.

Study design. Published RCTs were included in this review,
including pilot RCTs and cluster RCTs, while cross-
sectional studies, case studies, and quasi-experiments were
excluded.

Study selection and data extraction

The records of the search were imported into Endnote 20
software (Thomson ISI Research Soft, Philadelphia, PA,
USA), which was used to remove duplicate records auto-
matically. The titles and abstracts of the identified studies
were reviewed independently by two reviewers. After
reaching an agreement on the inclusion of a study, the
full text was obtained and reviewed by the same reviewer
to extract relevant data. Any inconsistencies or uncertainties
in the included studies were determined through discussion
and consultation with a third reviewer. A pre-developed
Microsoft Excel data collection form was used to collect
data and classify the studies’ characteristics. For each
study, data information extracted included study character-
istics (year of publication, authors, region of trial, sample
size, and distribution), participant information (age,
female ratio, and baseline status of PA), intervention
details (supporting theory and duration), outcome, and
study design (RCT or not, per-protocol (PP) or intention
to treat (ITT)). When various forms of PA were recorded,
to avoid possible statistical bias when different forms of
the same outcome were used for the same study, only one
PA outcome was selected as the data source for the
meta-analysis, with a limited order of selection being
TPA, MVPA, steps, light PA, and walks. Only one group
that met the inclusion criteria was extracted when studies
were included with multiple comparison groups. The
means, standard deviations measured in all-time points,
and sample size were extracted as continuous data for
meta-analysis. When data were presented regarding
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standard errors, confidence intervals (Cls), and P-values,
the transformation was performed using the recommended
method of the Cochrane Handbook. Missing data were
obtained by contacting the author of the original article.

Quality assessment

The Cochrane Collaboration Risk of Bias Tool*® was con-
ducted to assess the risk of bias (ROB) for all included
studies. The tool assesses six different domains through
seven items: (1) selection bias (random sequence generation
and allocation sequence concealment), (2) performance bias
(blinding of participants and personnel), (3) detection bias
(blinding of outcome assessment), (4) attrition bias (incom-
plete outcome data), (5) reporting bias (selective reporting),
and (6) other bias (e.g. the difference of baseline measure-
ments and conflict of interest). Given that blinding of parti-
cipants and blinding of outcome assessment were not
possible when using technology devices to intervene in
PA, this study assessed the risk of bias for a single study
in combination with the other five domains. The risk of
bias in each field was classified as low, unclear, and high.
Each study was rated as low, unclear, and high according
to a combined assessment of all domains. Studies were
rated as low risk if the random generation process and allo-
cation concealment were performed with no high-risk bias
for other items. Studies were judged unclear if one or two
domains were rated as “unclear.” A study was ranked as
high risk if it was assessed as high risk in any one of the
selection bias items. If more than two of the five areas
were rated as “unclear,” the study was considered high
risk. Revman 5.4 (The Cochrane Collaboration, The
Nordic Cochrane Centre, Copenhagen, Denmark) was
employed to assess ROB. Two reviewers evaluated the
ROB of the included studies, and disagreements were deter-
mined by discussion or consulting the third reviewer.

Data analysis

This review employed the outcomes of various forms of PA
and several indicators related to PA (including sedentary,
weight, BMI, body fat (%), and exercise self-efficacy) follow-
ing the PABI as the source of data for the statistical analysis.
All data were calculated and analyzed using the statistical soft-
ware STATAI16 (Stata Corp, College Station, TX, USA).
Effect sizes were combined only when outcome indicators
were presented in three or more studies. Considering only
two of the included literature included SB outcomes, effect
sizes were not combined for this indicator.

Given the inconsistency of measurement units for the
objectively measured PA outcome and the self-reported
questionnaire measured exercise self-efficacy, standardized
mean differences (SMD) with 95% CIs from a random
effects model were used to combine effect sizes for these
outcome indicators. The units for the body composition

indicators (weight, BMI, and fat percentage) were consist-
ent criteria, so the mean differences (MD) were used to
combine effect sizes for the indicators of weight, BMI,
and body fat (%). In addition, five subgroup analyses
were conducted in this review to explore the differences
and characteristics of pooled effect sizes across different
contexts: subgroup analyses of five moderators undertaken
in this review are presented as follows: (1) outcome (TPA,
MVPA, and steps), (2) participant (inactive vs general)
(inactive refers to participants did not reach the PA recom-
mendations; generally refers to participants without any PA
level limitation), (3) intervention (pedometer-based vs
accelerometer-based), (4) theory (yes vs no) (yes: explicitly
mentions the adopting of HBT as guidance for the interven-
tions; no: no mention of theories as guidance for interven-
tions), (5) region (developed vs developing).

Between-studies heterogeneity was assessed by the
statistic I7. When the statistic > was 25%, 50%, and
75%, it is considered the boundary limit of low, moderate,
and high heterogeneity, respectively.*’ Funnel plots with
Egger’s test were used to test for publication bias.*® In
addition, sensitivity analyses were also conducted to
explore the stability of the pooled effect sizes in this
study.

Results

Literature searching results

Five electronic databases were searched to identify 1388
records. After removing duplicate and confused records,
the titles and abstracts of the remaining 972 were screened.
Following 895 records being excluded, a total of 77
studies were eligible for full-text reading. A rigorous
two-round full-text screening was conducted to identify
nine studies for quantitative meta-analysis. Details of the
whole literature screening procedure are shown in
Figure 1.

Study characteristics

Five hundred and sixty-five participants from nine studies
were included in this review.>'?** 2491 Iy two
studies,”®>" only female participants were included, while
in one study,” only male participant was included. The
remaining six studies consisted of mixed-gender students.
The mean age of the participants ranged from 16 to 30
years old. Seven studies®'*>*7*84931 recruited partici-
pants who were inactive college students (i.e. did not
meet the recommended amount of PA) and two*>?° tar-
geted general college students (no restrictions on previous
PA levels). Seven studies?!+?%2527:49:50 were conducted
in developed countries and two in developing coun-
tries.”®>! All included studies were published in English.
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[ Identification of studies via databases and registers ]
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.% Registers (n =1388) screening:
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E PubMed: 34. (n=371)
= Embase: 59. Records removed for other
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o (n = 895)
=
=
@
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screening titles and abstracts »| reading
(n=77) (n=32)
—
)
Reports excluded: 30
= Studies were not RCT (n =12)
= Reports assessed for eligibility Studies were not report their
k=2 (n =39) available data (n = 13)
m Studies without appropriate
outcomes (n =5)
~—
3
° Studies included in meta-
S :
S analysis (n = 9)
c

Figure 1. PRISMA flow chart of study selection.

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Of the studies that used PABI as an intervention mode,
five studies®'**2%>! ytilized pedometer-based interven-
tions where they measured PA as an indicator of steps per
unit of time. The other four studies®>*”**°% utilized
accelerometer-based interventions, and the outcomes mea-
sured were mainly TPA or MVPA, which were recorded
and calculated based on individuals’ activity time and
energy expenditure. Intervention periods spanned from 1
week to one semester, with follow-up periods ranging
from 8 weeks to 3 months. Most studies?!*¢274%51 (5/9)
employed relevant HBT as the theoretical basis for the
intervention, with SCT being used most frequently. All
nine studies reported different outcomes of PA at post-
intervention, and three studies?"**° also reported PA out-
comes at follow-up. In only two studies®”*° the outcomes
of sedentary behavior were reported. The outcomes of the
PABI on other health-related indicators were reported as
follows: five studies?*>?"**%° for body weight, three
studies*>?>?8 for BMI, four studies®>?>274 for fat %,
and five studies'**2"4%>! for exercise self-efficacy.

The characteristics of the studies are presented in
Table 1.

Quality assessment of included studies

A summary of each risk bias assessment item is presented
in Figure 2, while the accumulated assessment of each
study on each item is shown in Figure 3. Of the random
sequence generation item, only one study, which did not
adopt a random sampling method, was judged to be at
high risk, and only that study was unclear in its presenta-
tion of the process for allocation concealment. Given the
nature of the technology intervention, the employment
of blinding on performance bias and detection bias was
not clearly articulated in all but one study®' that explicitly
adopted blinding methods. All studies were rated as low
risk in attrition bias and reporting bias. Of the other bias
item, one study’® was judged to be high risk due to the
small sample size (n=22), while another study was
judged to be high risk due to potential conflicts of interest
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Table 1. Studies characteristics.

Pope (2020) N=u4 (IG=22, Pilot MapMyFitness (a smartphone app SCT 10 weeks 1. PA: MVPA from
(G=22) RCT; based on ActiGraph GT3X and ActiGraph GT3X
Age: 21.6 ITT accelerometers) 2. Weight: segmental
Female ratio = body composition
72.72% monitor
Inactive; USA 3. Fat%: segmental
body composition
monitor
4. Self-efficacy:
nine-item
questionnaire
Al-Nawaiseh N=114 (IG= RCT; PP Smartphone apps based on pacer 12 weeks 1. PA (step counts/
(2022) 56, CG =58) pedometer week)
Age: 21.12 (2)
Female ratio =
80.70%
General; USA
Pope (2019) N=38 (IG=19, Pilot Facebook (social media) + Polar SCT/ 12 weeks 1. PA: MVPA from
(G=19) RCT; M400 SDT Polar M400
Age: 21.5 (3.4) ITT ActiGraph link accelerometers + 2. Weight: Tanita
Female ratio = Polar M400 BC-558 IRONMAN®
26.31% scale
Inactive; USA 3. Fat%: Tanita
BC-558 IRONMAN®
scale
4, Self-efficacy:
six-item
questionnaire
Maselli (2019) N=22 (IG=11, RCT Accelerometer 12 weeks 1. PA: MVPA from
CG=11) ActiGraph-GT3X (3 months) ActiGraph-GT3X
Age: 22 (2)
Female ratio =
60.60%
Inactive; Italy
Miragall (2017) N=u48 (IG=22, RCT; PP Internet+ pedometers ™ 3 weeks 1. PA: Steps from
CG=26) (Fitbit One) (3 months) pedometer
Age: 22.18 2. Self-efficacy:
(3.71) five-item
Female ratio = questionnaire
85.50%
Inactive; Spain
Mbada (2018) N=50 (IG=25, RCT; PP Short message through mobile 4 weeks 1. PA: Steps from
CG=25) phone based on pedometer (8 weeks) pedometer
Age: 21.95 (model |S-206B) 2. Weight: Weighing
(1.28) scale
Female ratio = 3. BMI: Stadiometer

and weighing scale

(continued)
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Table 1. Continued.

100%
Inactive; Nigeria

Shin (2017) N=64 (IG=32, Pilot The Fit Meter accelerometer + 12 weeks 1. PA: TPA from
G=32) RCT; smartphone Apps + financial accelerometer
Age: 27.8 PP incentive 2. Weight: InBody 520
Female ratio = AT 3. Fat%: InBody 520
0
Inactive; South
Korea
Lee (2012) N=94 (IG=46, RCT; PP Based on electronic pedometer SET 12 weeks 1. PA: Steps from
CG=48) pedometer
Age: 16-20 2. Self-efficacy:
Female ratio= 17-item
100% questionnaire
Inactive; Taiwan
Mailey (2010) N=47 (IG=23, RCT; PP Pedometer-monitored + sessions + SCT 10 weeks 1. PA: TPA from
CG=24) internet accelerometers
Age: 25 2. Self-efficacy:
Female ratio= seven-item
68.10% questionnaire
General; USA

Abbreviations: AT: activity tracker; CG: control group; 1G: intervention group; ITT: intention-to-treat; PA: physical activity; PP: per-protocol; RCT: randomized
controlled trial; SB: sedentary behavior; SCT: social cognitive theory; SDT: self-determination theory; SET: self-efficacy theory; TPA: total physical activity; TPB:

theory of planned behavior; TTM: transtheoretical model.

arising from the imposition of financial incentives in the
trial.

Primary outcomes

A random effects model meta-analysis pooled nine effect
sizes derived from nine studies. Results showed that the
PABI significantly affected PA among university students
(SMD =0.41, 95% CI: 0.08, 0.74, P=0.016) compared
to the control treatment. Effect sizes for each study were
distributed from —0.25 to 1.8. Forest plots of the pooled
effect sizes and effect sizes of each study are shown in
Figures 4 and 5.

Health-related outcomes (weight, BMI, fat (%), and
exercise self-efficacy)

Meta-analysis results of several health-related outcomes are
presented in Figure 6. PABI had a significant effect on
weight loss (MD=-1.56kg, 95% CI. -2.40kg,
—0.73 kg, P<0.01) and improving BMI (MD =-0.33 kg/
m?, 95% CI: —0.66 kg/m?, 0.00 kg/m?, P =0.05) (typically,
a P-value equal to 0.05 is considered statistically

significant) compared to control treatment. However,
there is no significant effect on improving body fat (%)
(MD =-0.27,95% CI: —1.00, 0.46, P =0.47) and exercise
self-efficacy (SMD=-0.04, 95% CI: —-0.27, 0.19, P=
0.73).

Subgroup analysis

The subgroup analyses of five categorical groups at post-
intervention were conducted in this review, and the results
are presented in Table 2. Compared to the control treatment,
PABI effects from the groups of step (SMD =0.62, 95% CI:
0.05, 1.19, P=0.033), general college students (SMD=
0.86, 95% CI: 0.54, 1.18, P=0.001), pedometer-based inter-
vention (SMD=0.63, 95% CI: 0.17, 1.09, P=0.008), with
theory supporting (SMD =0.62, 95% CI. 0.33, 091, P=
0.001), and developed region (SMD =0.47, 95% CI: 0.11,
0.82, P=0.010) can significantly improve PA.

Publication bias and sensitivity analysis for primary
outcomes

The visual distribution of the funnel plot showed a basically
symmetrical pattern (see Figure 6), and the P-value of the
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Figure 2. Risk of bias graph (each item presented as percentages).
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Figure 3. Risk of bias summary for included studies (green: low risk of bias; yellow: unclear risk of bias; red: high risk of bias).

Egger test was greater than 0.1 (P =0.124), demonstrating
no significant publication bias.

A sensitivity test using a literature-by-literature exclusion
test for the stability of the pooled effect sizes showed that the
effect sizes were robust for the PABI in improving PA, and
details of the sensitivity analysis are shown in Figure 7.

Discussion

This systematic review and meta-analysis synthesizes the
evidence to date about the effectiveness of PABI on pro-
moting objectively measured PA and other health-related
outcomes among college students. The pooled data were
derived from the outcomes of nine RCTs with objectively
measured outcomes (self-reported questionnaires for

exercise self-efficacy). This study found that PABI signifi-
cantly improved PA levels with small to moderate effect
sizes (SMD=0.41, 95% CI. 0.08, 0.74, P=0.016).
Furthermore, PABI significantly contributed to college stu-
dents” weight loss (MD =-1.56 kg, 95% CI: —-2.40 kg,
—0.73 kg, P<0.01) and BMI (MD=-0.33 kg/m?, 95%
CL -0.66 kg/m’, 0.00 kg/m*>, P=0.05) reduction but
have trivial effects for body fat (%) reduction and increas-
ing exercise self-efficacy.

The findings of PABI significantly improving PA among
college students are consistent with previous reviews con-
ducted among general adults,'>**>%32-33 school-based chil-
dren,* elders,***! clinical population,** and rehabilitation
populations.”* An umbrella review from Ferguson et al.>
synthesized 39 reviews and found that the effect sizes of
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Treatment Control SMD Weight
Study N Mean SD N Mean SD : with 95% Cl (%)
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Figure k. Meta-analysis of effects of PABI interventions on PA versus control.
PABI: pedometer- and accelerometer-based interventions; PA: physical activity.

activity trackers’ interventions in improving PA ranged
from 0.3 to 0.6. The effect sizes combined in this review
among college students strongly support their study.
Nevertheless, the effect sizes of the PABI interventions
varied across different participants. For instance, several
meta-analyses®*>***! found just small to medium effect
sizes in nonclinical participants. Conversely, Hodkinson
et al.*? combined a pooled effect size of 0.72 in the
chronic patient population. Furthermore, another study>
conducted among a clinical population also observed a sig-
nificant effect size ranging from 0.54 to 0.87 across several
PA outcomes. The larger effect sizes in the clinical popula-
tion compared to the healthy population may be related to
the preference of the clinical population to PABI interven-
tions. The clinical and rehabilitation populations have a
more substantial risk perception of inactivity and a higher
positive outcome expectancy of more PA,>* which may
explain the larger effect sizes observed with PABI in
these populations.

Regarding the issue of heterogeneity, the syntheses of
effect sizes for several health-related outcomes revealed
low heterogeneity. This review also sought to minimize het-
erogeneity by adopting the same method employed in the
review of Casado-Robles et al.,** which only combining
PA outcomes from objective measurements, but this
review still yielded moderate heterogeneity. Given this,
the source of heterogeneity needs to be further explored.

The five exploratory subgroup analyses conducted in
this review yielded significant findings regarding the
primary outcomes. In the subgroup analysis of PA out-
comes, the step count group reached the largest significant
moderate effect size, which is consistent with the results of
previous reviews>>%* and further confirms the positive
effect of PABI in increasing steps. Daily step count is an

essential indicator of TPA, and a significant increase in
step count positively impacts TPA.> In the participant sub-
group, we found that there is significant difference in effect
sizes between groups and the general college students group
achieved a moderate-to-high effect size of PABI, contrary
to the findings of previous studies that favor the inactive
group.’®>” A possible explanation for this phenomenon
might be that college students have a relatively high rate
of PABI-related device ownership and that the inactive
group is difficult to motivate to more PA through a
simple technical incentive.”®

A notable discovery from the subgroup analysis of the
two different interventions, namely, pedometer-based and
accelerometer-based, was that the heterogeneity in the
accelerometer group dropped to zero, and the effect was
insignificant. In contrast, the pedometer group had a signifi-
cantly moderate effect size. Cooper et al.*! also separated
the two intervention modalities to combine effect sizes
among older people but achieved the opposite findings.
This finding may demonstrate that there may be significant
moderating effects across populations and intervention
modalities in promoting PA using PABI. Furthermore, in
subgroup analyses of the presence or absence of a theory,
the group with theory had a significant and larger effect
size, consistent with the findings of several studies.”**>2
Of the theories applied, SCT was the most used, with self-
efficacy, a cardinal component of SCT, being a crucial psy-
chological determinant of PABI-facilitated behavior
change.’® This review also conducted a subgroup analysis
based on the region where the trials were performed and
found that PABI trials conducted in developed countries
had significant effects and a larger effect size. This differ-
ence may be related to the different regions’ economic
level and cultural background. After all, PABI as a
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Figure 5. Meta-analysis of effects of PABI on health-related outcomes versus control.
PABI: pedometer- and accelerometer-based interventions.

technological intervention presents a challenge to imple-
ment regarding equipment costs and participant acceptance

and adherence.

Two of the three body composition indicators in this
study’s second outcomes exhibited significant effects,

including 1.56 kg weight loss (MD) and 0.53 BMI reduc-
tion (MD) following the PABI, indicating that PABI signifi-

cantly contributed to weight loss and BMI reduction. This

finding is consistent with previous studies
strong evidence to support the use of PABI to improve

360 and provides
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Figure 6. Funnel plot of PABI in improving PA.

PA: physical activity; PABI: pedometer- and accelerometer-based interventions.

weight loss. However, assessing the intervention effects
solely from the P-value in the results of a meta-analysis is
not rigorous and should be interpreted with prudence con-
sidering the context of the studies, the research questions,
and the effect sizes.®' Although no significant effect was
observed, the effect size indicated a 0.27 percentage point
decrease in body fat (%), suggesting an efficiency of
PABI in reducing body fat. Given the limitations of body
fat (%) measurement, future studies should adopt a more
homogeneous measurement method. Moreover, as a
feature of this review, the effect sizes of exercise self-
efficacy were pooled to identify the effectiveness of
PABI. Still, unfortunately, a significant effect wasn’t
found. It is worth being concerned that the questionnaires
used to measure self-efficacy in the included studies were
inconsistent, which created bias that may have affected
the accuracy of the results. Exercise self-efficacy is an
essential psychological determinant of behavior change
from motivation to intention to action®® and is a crucial
component of the mechanisms underlying PABI. If
increased exercise self-efficacy can be observed, it will
better confirm the robust mechanism of PABI’s effects.
Further exploration is expected in future studies.

With the rapid advancement of ICT, PABI hold great
promise from the perspectives of both public health and
health education. PABI have been shown to significantly
promote PA and weight loss and improve body compos-
ition in college students. Furthermore, recent evidence
suggests that any form of PA, regardless of intensity, is
associated with a dose-dependent reduction in the risk
of mortality.” Wearable devices such as pedometers and

accelerometers, as well as smartphones, have become
ubiquitous in people’s lives. Consequently, an increasing
number of college students are utilizing these devices to
monitor and record their PA levels and overall health
status.®® This trend provides an excellent foundation for
promoting the implementation of PABI. However, exist-
ing evidence has also found that the effectiveness of a
single PABI-related technology is often limited, and
better results can be achieved when adopting multimodal
approaches, such as combining with information
messages, personalized interventions, and so on.'’
Moreover, we should take a forward-looking perspective
on the positive role of artificial intelligence (Al) in health
promotion, and the integration of Al into PABI also pre-
sents significant potential and holds promise for further
advancements.

To the best of our knowledge, this is the first systematic
review and meta-analysis that investigated the effects of
PABI on improving PA, body composition outcomes, and
exercise self-efficacy among college student population.
This review adopted PA outcomes objectively measured
to combine effect sizes, ensuring the validity of the mea-
sures. The stability of the combined effects was verified
by sensitivity analysis. However, it is important to acknow-
ledge that this study has certain limitations. First, despite
conducting an exhaustive search, the sample size was
small for the pooled effect sizes of some outcomes due to
the limited number of included studies, which led to
modest interpretations of the results. Second, this study
only synthesized the effect sizes at post-intervention
without investigating the long-term effects during
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Table 2. Subgroup analysis of PA at post-intervention.

Outcome TPA 2
MVPA 3
Step 4
Overall 9
Between

Participant Inactive 7
General 2
Overall 9
Between

Intervention Pedometer 5
Accelerometer 4
Overall 9
Between

Theory Yes 5
No 4
Overall 9
Between

Region Developing 2
Developed 7
Overall 9
Between

0.147 52.4 0.32 (—0.22, 0.86) 0.244
0.541 0.0 0.15 (—0.24, 0.53) 0.451
0.001 82.3 0.62 (0.05, 1.19) 0.033
0.001 70.3 0.41 (0.08, 0.74) 0.016
0.405

0.005 68.0 0.28 (—0.10, 0.66) 0.145
0.159 45.5 0.86 (0.54, 1.18) 0.001
0.001 70.3 0.41 (0.08, 0.74) 0.016
0.023

0.002 76.4 0.63 (0.17, 1.09) 0.008
0.732 0.0 0.12 (—0.18, 0.42) 0.438
0.001 70.4 0.41 (0.08, 0.74) 0.016
0.070

0.251 25.6 0.62 (0.33, 0.91) 0.001
0.001 84.2 0.15 (—0.52, 0.81) 0.670
0.001 70.3 0.41 (0.08, 0.74) 0.016
0.538

0.002 89.6 0.22 (—0.87, 1.30) 0.695
0.015 63.9 0.47 (0.11, 0.82) 0.010
0.001 70.3 0.41 (0.08, 0.74) 0.016
0.667

Abbreviations: Cl: confidence interval; MVPA: moderate-to-vigorous intensity PA; SMD: standardized mean differences; TPA: total PA. Note: Significance at P <

0.05.

follow-up periods. Long-term maintenance of PA is the
ultimate goal of the PA interventions, and it is anticipated
that more trials will be conducted to explore this aspect.
Third, although we took a more tailored approach to pool
effect sizes and adopted a subgroup exploration approach
to reduce heterogeneity, the sources of moderate

heterogeneity need to be further explored. Fourth, given
the limited availability of literature, our analysis only com-
bined effect sizes for single interventions of PABI. We did
not compare their effects with those of multiple interven-
tions, which may have resulted in an incomplete explor-
ation of the combined effectiveness of PABIL
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Figure 7. Sensitive analysis of PABI in improving PA.

PA: physical activity; PABI: pedometer- and accelerometer-based interventions.

Conclusion

This systematic review and meta-analysis revealed a signifi-
cant positive effect of PABI in promoting PA among
college students, as well as yielding reductions in weight
and BMI. In addition, although the improvement in body
fat (%) did not demonstrate a significant effect, the trend of
reduction suggests the effectiveness of PABI in reducing
body fat. Objective and accurate assessment of self-efficacy
warrants the development of uniform and validated measure-
ment instruments. The effectiveness of the PABI in enhancing
behavioral psychological factors needs to be explored by
incorporating additional psychological indicators and con-
ducting a comprehensive investigation. As digital natives,
college students exhibit a natural inclination toward electronic
technology, and the dissemination and implementation of
PABI on college campuses are promising. Furthermore, the
trend of technological interventions in the health field is shift-
ing toward more personalized and diverse interventions com-
bined with PABI, and further research is warranted to address
and explore this promising approach.
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