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Abstract

Background: Mobile health (mHealth) interventions can increase physical activity (PA); however, their long-term impact is
not well understood.

Objective: The primary aim of this study is to understand the immediate and long-term effects of mHealth interventions on PA.
The secondary aim isto explore potential effect moderators.

Methods: We performed this study according to the Cochrane and PRISMA (Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses) guidelines. We searched PubMed, the Cochrane Library, SCOPUS, and PsycINFO in July 2020. Eligible
studies included randomized controlled trials of mHealth interventions targeting PA as a primary outcome in adults. Eligible
outcome measures were walking, moderate-to-vigorous physical activity (MVPA), total physical activity (TPA), and energy
expenditure. Where reported, we extracted data for 3 time points (ie, end of intervention, follow-up <6 months, and follow-up
>6 months). To explore effect moderators, we performed subgroup analyses by population, intervention design, and control group
type. Results were summarized using random effects meta-analysis. Risk of bias was assessed using the Cochrane Collaboration
tool.

Results: Of the 2828 identified studies, 117 were included. These studies reported on 21,118 participants with a mean age of
52.03 (SD 14.14) years, of whom 58.99% (n=12,459) were female. mHealth interventions significantly increased PA across all
the 4 outcome measures at the end of intervention (walking standardized mean difference[SMD] 0.46, 95% CI 0.36-0.55; P<.001,
MVPA SMD 0.28, 95% Cl 0.21-0.35; P<.001; TPA SMD 0.34, 95% CI 0.20-0.47; P<.001; energy expenditure SMD 0.44, 95%
Cl 0.13-0.75; P=.01). Only 33 studies reported short-term follow-up measurements, and 8 studies reported |ong-term follow-up
measurements in addition to end-of-intervention results. In the short term, effects were sustained for walking (SMD 0.26, 95%
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Cl 0.09-0.42; P=.002), MVPA (SMD 0.20, 95% CI 0.05-0.35; P=.008), and TPA (SMD 0.53, 95% CI 0.13-0.93; P=.009). In the
long term, effects were also sustained for walking (SMD 0.25, 95% CI 0.10-0.39; P=.001) and MVPA (SMD 0.19, 95% ClI
0.11-0.27; P<.001). We found the study population to be an effect moderator, with higher effect scores in sick and at-risk
populations. PA wasincreased both in scal able and nonscal able mHealth intervention designs and regardless of the control group
type. Therisk of biaswasrated highin 80.3% (94/117) of the studies. Heterogeneity was significant, resulting in low to very low
quality of evidence.

Conclusions. mHealthinterventions can foster small to moderateincreasesin PA. Theeffects are maintained long term; however,
the effect size decreases over time. The results encourage using mHealth interventionsin at-risk and sick populations and support
the use of scalable mHealth intervention designs to affordably reach large populations. However, given the low evidence quality,

further methodologically rigorous studies are warranted to evaluate the long-term effects.

(J Med Internet Res 2021;23(4):€26699) doi: 10.2196/26699

KEYWORDS

mHealth; physical activity; systematic review; meta-analysis; mobile phone

Introduction

Background

In recent decades, populations have become increasingly
sedentary. The World Health Organization (WHO) recommends
150 minutes of moderate-intensity physical activity (PA) or 75
minutes of vigorous-intensity PA per week for adults and 60
minutes of moderate-to-vigorous physical activity (MVPA) for
adolescents per day [1]. An estimated 28% of adultsworldwide
do not meet these guidelines [2]. The prevalence of inactivity
ishighin Latin Americaand many high-income countries, with
approximately every second adult inactive in Brazil or Saudi
Arabia, and 40% of adults insufficiently active in the United
States [2].

According to the WHO, physical inactivity is 1 of the 4 core
modifiablerisk factorsfor noncommunicable diseases (NCDs).
As such, it is as important to be addressed as tobacco use or
obesity and proven to increase therisk of cancer, cardiovascular
diseases, diabetes, dementia, and depression [3-6].

In response to the high prevalence and substantial risk posed
by physical inactivity, the WHO has formulated a target to
reduce physical inactivity by 10% by 2025 as part of its strategy
against NCDs [7]. Scaling up PA interventions is key to
achieving the WHO target. However, there are various barriers,
including cost, resource restrictions, and poorly scalable
intervention designs[8,9]. Owing to theincreasing dissemination
and ubiquity of mobile technology, mobile technology—based
interventions, that is, mobile health (mHealth), have been
discussed as a solution for overcoming scalability challenges
[10,11]. There are only afew examples of nationwide mHealth
programs such as the NHS Diabetes Prevention Program [12]
in the United Kingdom, the 10,000 steps program in Australia
[13], and the National Steps Challenge and Live Healthy SGin
Singapore[14,15]. Most governments and health organizations
are gtill hesitant about rolling out mHealth PA programs, as
clear evidence for the effectiveness of mHealth interventions
for sustainable behavior changeislacking [16,17].

Previous evidencefor the effectiveness of mHealth interventions
on PA ismixed (MultimediaAppendix 1[18-31]). Most existing
meta-analyses found significant positive effects on PA in sick
and at-risk populations, with effect sizes ranging from small to
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large [18-28]. However, some studies did not find significant
effects or reported conflicting results [29-31]. Thereis limited
evidence for the sustainability of increased PA levels beyond
the end of intervention. Only 2 studies quantitatively analyzed
long-term effects. one review found that PA increases are
maintained up to 3-4 years after the intervention [20] and the
other did not find significant long-term results [31]. Kirk et al
[25] and Romeo et a [30] found that shorter mHealth PA
interventions (<16 weeks and <12 weeks, respectively) are more
effective than longer ones, indicating that effects might not be
maintained in the long term.

We aso lack clarity on how population types, intervention
design, and control group type moderate theimpact of mHealth
interventions on PA. Only 3 studies performed subgroup
analyses according to population type with mixed results. A
total of 2 studies found interventionsto be equally effectivein
sick and healthy populations [23,30], and 1 review found
mHealth interventionsto be more effectivein sick populations;
however, the resultswere not statistically significant [27]. Most
studies focused exclusively on sick or at-risk populations
[21,22,24-26,28,31], making it difficult to draw clear
conclusions.

The design of mHealth interventions influences the degree to
which they are scalable. The promise of mHealth is that the
technology itself (ie, without costly and limited human
resources) promotes active lifestyles. However, these highly
scalable interventions miss the element of human-to-human
interaction, which is a potentially important active ingredient
in behavior change interventions. Current evidence draws an
inconclusive picture: existing studies have found no effects on
PA when interventions are scalable [24,30] (ie, mHealth
interventions without human-to-human interactions), stronger
effects when interventions are nonscalable (ie, mHealth
interventions with human-to-human interactions) [27,32],
stronger effectsin scalableinterventions[20], or no moderating
effects [22]. Thus, we need a comprehensive evaluation of
scalable versus nonscalable designs to judge the potentia of
mHealth technologiesin reaching large populations at low costs.

Furthermore, our current understanding of the effects of mHealth
PA interventionsislimited by the inclusion of different control
groupsin previous studies. M ost previous studiesincluded both
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minimal or no intervention control groups and control groups
receiving an alternative intervention [18-20,22-29,31]. This
makes it impossible to distinguish between the absolute effect
of mHealth PA interventions on behavior and the degree to
which mHealth interventions are superior to alternative
nonmobile designs or the standard of care.

Objectives

Accordingly, we sought to comprehensively collate and analyze
trials evaluating mHealth interventionsthat promote PA in adult
populations. Our primary aim is to understand the long-term
impact of these interventions on PA. Our secondary aim is to
explore potential effect moderators (population type,
intervention design, and control group type), to understand
which populations can benefit from mHealth interventions, to
understand if scalable mHeath intervention designs are
effective, and to understand if mHealth interventions produce
superior results to nonmobile interventions.

Methods

Overview

This study was performed according to the Cochrane
methodology, and the results were reported following the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. We searched PubMed, the
Cochrane Library, SCOPUS, and PsycINFO for randomized
controlled trials (RCTs) on mHealth interventions targeting PA
increases (al search strategies are given in Multimedia
Appendices 2 and 3) published from database inception to July
3, 2020. We also searched the reference lists of the relevant
existing systematic reviewsfor eligible studies. This study was
registered with PROSPERO (CRD 42019124716).

Eligibility Criteria

Studies were eligible if they assessed the impact of mHealth
interventions on PA as a primary study outcome in individuals
aged 18 years or more and were published in English. Eligible
study designswere RCTsor cluster RCTs. Eligible comparators
comprised no or minima interventions and aternative
interventions that did not include mobile technologies.

Types of I nterventions

mHealth interventions were defined as programs that fully or
partly deliver interventions using mobile technology such as
pedometers or accelerometers with displays, activity trackers,
smartphones, or tablets. We excluded interventions where the
use of a mobile device was unclear (eg, telephone or website
interventions) or where increasing PA was not the primary
outcome. Thiswasto ensure that interventions genuinely aimed
to increase PA and to avoid including studies measuring PA
only as a supplemental outcome.

Types of Outcomes

Eligible outcome measureswerewalking, MV PA, total physical
activity (TPA), and energy expenditure (EE), asthese outcomes
are most commonly reported. Multiple outcome units were
eligible per outcome measure (eg, waking in minutes and
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walking in steps). Studies reporting objectively measured or
self-reported outcome data were eligible.

Data Collection Process

Abstracts of al identified papers were exported and uploaded
into Covidence Systematic Review software (Veritas Health
Innovation Ltd, version accessed July 2020) for screening. Two
reviewers independently screened the abstracts for eligibility
(AM, INK, or K1). If reviewers doubted whether an article was
potentially relevant, it was included for full inspection. Next,
full texts of potentially eligible papers were uploaded into
Covidenceand screened by 2 independent reviewers (AM, JNK,
or K1). Conflictswere resolved by discussion or whererequired
by athird reviewer. We contacted authors of potentially relevant
articlesfor further information when needed. All reviewerswere
trained during a full-day workshop on €ligibility criteria and
software before screening.

Data Extraction and Management

Datafor each study were extracted independently by 2 reviewers
(AM, INK, KI, AJH, or GWT) using standardized extraction
forms. Conflictswere resolved by discussion between 2 primary
reviewers or with athird, independent reviewer. All reviewers
were trained to use the extraction form and Cochrane risk of
bias criteria during a full-day workshop. Where reported, data
were extracted for all 4 eligible outcome measures (walking,
MVPA, TPA, and EE) and time points (end of intervention,
short-term follow-up [<6 months after the end of intervention],
and long-term follow-up [>6 months after the end of
intervention]). If studies reported both objectively measured
and self-reported outcome data, the former were used for
meta-analysis. If studies only reported self-reported outcome
data, these were extracted, and the quality of evidence wasrated
ashighrisk of detection bias. Datawere extracted asmeansand
SDs per outcome measure and time point. If SDs were not
reported, they were cal culated using the RevMan cal cul ator and
following the Cochrane Handbook [33]. Respective authors
were contacted for any missing data.

Assessment of Risk of Biasin Included Studies

Two reviewers (AM, INK, KI, AJH, or GWT) independently
assessed the risk of bias for each study using the Cochrane
Collaboration tool [34]. Additional criteria for cluster RCTs
were assessed [35] and documented within the other bias
domains of the Cochrane Collaboration tool. Discrepancies
were resolved by consensus between reviewers or where needed
by a third reviewer. We classified studies as overall high risk
of bias if they scored high in any bias domain other than
performance bias, as blinding of participants and personnel is
almost impossiblein mHealth intervention studies[23]. Blinding
of outcome assessors was rated as high risk if outcomes were
self-reported.

Statistical M ethods

We summarized the intervention and sample characteristics of
all the included studies. We quantitatively analyzed the data
using RevMan software (Cochrane, version 5.4) and a
DerSimonian and Laird random effects model for our
meta-analysis [36]. We reported all 4 outcome measures using
standardized mean differences (SMDs) and 95% CI. Where
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appropriate (eg, if one mHealth intervention was compared with
aminimal and alternative nonmobile intervention), we combined
means and SDs of contral or intervention groups following the
Cochrane Handbook [33]. We classified populations into 3
groups based on the reported recruitment criteria: sick, at-risk,
and healthy. The sick group included populations experiencing
illnesses such as diabetes, cancer, chronic obstructive pulmonary
disease, and coronary heart disease. The at-risk group included
inactive or sedentary, older, overweight, and obese populations.
We classified mHealth interventions into 2 designs: scalable
and nonscalable. Scalability is defined asthe ability to scale up
an intervention without requiring human resources.
Consequently, scalable mHealth interventions were defined as
interventionsthat only leveraged automated components without
any human-to-human interactions. Nonscalable mHealth
interventions included human-to-human interactions, such as
coaching, in-person feedback, or group activity sessions. We
classified control groups into no or minimal interventions (no
intervention or information material only) and alternative
(nonmobile) interventions.

Following the recommendations of Richardson et al [37] and
the Cochrane Handbook [33], a subgroup analysis was
performed based on end-of -intervention valuesfor all outcomes
where at least 10 studies were available. We a priori defined 3
subgroup analyses following the population, intervention,
comparison, and outcome framework [33] to identify possible
effect moderators. Our aim is to understand the impact of
population type (sick, at-risk, and healthy), intervention design
(scalable and nonscalable), and control group type (no or
minimal and alternative).

We present the primary results using forest plots for each
outcome and time point. Subgroup analyses were displayed in
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forest plots using end-of-intervention data. We quantified

inconsistencies between studies using the 12 statistics (ie, the
varying effect estimates towing to heterogeneity rather than

chance) [33]. We classified 12>50% as having substantial
heterogeneity [38]. We examined the significance of
heterogeneity using chi-square tests (P<.05). We assessed
subgroup differences following the guidelines given by
Richardson et al [37], which recommend testing for significant
subgroup differences (P<.10) and covariate distribution and
comparing heterogeneity and effect sizes between subgroups.
Funnel plot analysis was used to detect sampling bias. We used
end-of-intervention effect valuesin our funnel plot analyses, as
all studies reported this time point.

We conducted 3 sensitivity analyses to evaluate the robustness
of our primary results: first, we excluded outlier studies; second,
we excluded studies with high risk of bias; and third, we
excluded studies not reporting long-term  follow-up
measurements to keep the study sample consistent across all
time points. We used the grading of recommendations,
assessment, devel opment, and eval uation (GRADE) framework
to assess the quality of evidence at the outcome measure level
for the end-of-intervention time point and to report the
standardized quality of evidence profiles, following the study
by Guyatt et a [39].

Results

Overview

Of the 2828 identified studies, 512 full-text articles were
screened, and 117 studies were included in the meta-analysis
(Figure 1).
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviewsand M eta-Analyses) chart. mHealth: mobile health; RCT: randomized controlled

trial.

2795 records identified via search
of MEDLINE, the Cochrane
Library, Scopus, and PsycINFO

33 records identified via other
sources

A 4

363 duplicates removed

2465 records screened

1953 excluded as abstracts and

titles are not meeting eligibility
criteria

512 full-text articles screened

395 studies excluded

- 195 not an mHealth
intervention, wrong outcomes
or wrong comparison group

- 97 physical activity increase
not
primary outcome

A J
1

27 notan RCT

- 26 duplicates or subgroup
analysis

- 19 insufficient data reporting
or skewed results

- 4 journal not peer-reviewed or
conference proceedings

- 3 not in English language

117 studies included

Study Char acteristics

Multimedia Appendix 4 [40-156] contains the included studies
and their characteristics. The 117 trias represented 21,188
participants with a mean age of 52.03 years (SD 14.14), of
whom 58.99% (12,459/21,118) werefemale. Most studieswere
conducted in high-income, developed regions such as North
America (43/117, 36.8%), Europe (39/117, 33.3%), and
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Australiaand New Zealand (24/117, 20.5%). Very few studies
were conducted in Asia (7/117, 6.0%), Latin America (3/117,
2.6%), or Africa (1/117, 0.9%), limiting the representativeness
of the evidence for low-income countries. Sample sizes ranged
widely (from 15 to 1442), and the intervention duration ranged
from 1 week to 2 years. All but one study [40] reported
end-of-intervention results, 33 studies reported short-term
follow-up results[40-72], and only 8 studiesreported long-term
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follow-up results [61,72-78]. The mean time point for the
short-term follow-up was 4.14 months (SD 2.08) after the end
of intervention. The long-term follow-up measurement was
taken on average after 13.96 months (SD 11.91).

Walking was the most reported outcome measure (77/117,
65.8%) [41,43,44,48,50-54,58-60,63-65,67-69,72-130], followed
by MVPA (62/117, 53.0%) [42,44,46,47,49,51-55,57,59,
61-64,68,70-76,78-80,82,84-87,89-91,94,98,104,107,109,112,114,
117,125,126,131-147], TPA (33/117, 28.2%) [44,45,50,52,54,
56,64,66,72,74,76-78,84,85,89,96,110-112,114,
118,131,135,146,148-154,157], and EE (5/117, 4.3%)
[61,103,137,155,156]. Most RCTs were conducted in at-risk
(48/117, 41.0%) or sick populations (46/117, 39.3%). Only
19.7% (23/117) of the studies tested mHealth interventions in
healthy populations within a preventative setting. In most
interventions, mHealth technologies were leveraged in
nonscalable intervention designs  (71/117, 60.7%).
Human-to-human interactions included individual coaching,
group coaching, PA classes, and physical education classes. Of
the 117 interventions, 45 (38.5%) used mHealth technologies
without any human-to-human interactions and were thus
classified as scalable. In 1 study [75], 2 mHealth interventions
(scalable and nonscalable) were combined. Most mHealth
interventions only leveraged basic technologies such as
pedometers or accelerometers (86/117, 73.5%), text messages
(20/117, 17.1%), or websites (20/117, 17.1%). Although some
recent studies pioneered innovative mHealth technologies
[49,96], overdll, only a few studies used advanced mHealth
technol ogies such asautomated individualized feedback (19/117,
16.2%), mobile phone apps (15/117, 12.8%), social comparison
(10/117, 8.5%), and automated coaching or virtual advisors
(5/117, 4.3%). Most studies had no or minimal intervention
control groups (83/117, 70.9%). Only afew trialshad alternative
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intervention control groups (22/117, 18.8%). Different control
group types were combined into one control group in 12 cases.

Meta-analysis of mHealth Interventionson PA

Overal, mHealth interventions significantly increased PA across
all 4 outcome measures at the end of intervention: walking SMD
0.46 (95% CI 0.36-0.55; P<.001; 1°=83%, P<.001); MVPA
SMD 0.28 (95% Cl 0.21-0.35; P<.001; 1°=62%, P<.001); TPA
SMD 0.34 (95% CI 0.20-0.47; P<.001; 12=77%, P<.001); and
EE SMD 0.44 (95% CI 0.13-0.75; P=.005; 1°=60%, P=.04;
Figures 2-9). Short-term effectswere sustained (<6 months after
the end of intervention) for 3 of 4 outcome measures. walking
SMD 0.26 (95% CI 0.09-0.42; P=.002; 12=73%, P<.001); MV PA
SMD 0.20 (95% CI 0.05-0.35; P=.008; 1°=72%, P<.001); and
TPA SMD 0.53 (95% CI 0.13-0.93; P=.009; 1°=87%, P<.001).
Only one study [61] reported short-term follow-up
measurements for EE, and the results were not statistically
significant. In addition, long-term (>6 months after the end of
intervention) effects were sustained for 2 of 4 outcome
measures. walking SMD 0.25 (95% CI 0.10-0.39; P=.001,
12=68%, P=.004) and MVPA SMD 0.19 (95% CI 0.11-0.27;
P<.001; 1°=0%, P=.44). TPA results were sustained, but the
effects were just below the significance threshold (SMD 0.19,
95% CI 0.00-0.38; P=.05; 12=72%, P=.003). Again, only one
study [61] reported long-term follow-up effects for EE, which
were not statistically significant. Effect sizes decreased over
time, from almost moderate at the end of intervention to small
during the long-term follow-up measurement. We found
substantial and significant heterogeneity across all outcomes
and most time points, with 12 ranging from 60% to 83% for
end-of-intervention measurements (Figures 2-9).
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Figure 2. Primary outcome analysis for the outcome walking at timepoint end of intervention.

Intervention Control Standardized mean difference Standardized mean difference
St or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 85% CI
End of intervention
Aittasalo, 2012 [41] 457 306 123 431 403 118 13% 0.07 [0.18, 0.33] i
Asaleh, 2016 [79) 367 1098 66 165 5873 79 12% 0.23[-0.09, 0.56] i
Ashton, 2017 [80] 15882 27406 26 5754 27351 24 08% 0.36 [-0.20, 0.92] N =
Baker, 2008 [81] a877 4669 38 7078 2811 40 1.0% 0.74 [0.28, 1.20]
Barwals, 2013 [82] 1625 5538 18 483 1758 15  05% 2,61 [1.65, 3.57] E—
Buther, 2004 [83] 56,396 3315 17 53666 6543 16 0T% 0.52[-0.18,1.21] o T
Cadmus-Bertram, 2018 [84] 6697 2878 24 4853 1703 23 08% 0.76 [0.17, 1.36] =
Coelho, 2018 [43] 8853 3320 20 6248 2030 17 O7% 0.91 [0.23, 1.58]
Compernolie, 2015 [85] 9484 4875 86 B8589 4380 93 12% 0.19[-0.10, 0.49] b e
Creel, 2016 [B6] G084 873 52 5253 421 35 1.0% 1.13 [0.67, 1.60]
Croteau, 2004 [129] 2419 60746 7 2320 4732 8 04% 0.02 [-1.00, 1.03] 1
Croteau, 2007 [130] 6180 3530 79 6378 2994 68 1.2% -0.06 [-0.38, 0.26] e
Cruz, 2016 [44] 10,440 4012 13 6430 2613 13 05% 1.15[0.31, 1.99] R
Dadaczynski, 2017 [87] 52648 24056 B0 44287 20036 64 12% 0.37 [0.04, 0.70] P
De Blok, 2006 [88] 3a27 2617 8 3554 20196 8 04% 0.15[-0.83, 1.13) — it
DeGreef, 2010 [73) 9601 5002 20 5538 3877 21 07% 0.89 [0.25, 1.54]
DeGreet, 2011[89] 7703 2729 60 3883 2537 32 09% 1.42 [0.94, 1.90]
DeGreed, 2011a [74] 6771 3889 43 5173 3094 24 09% 0.44 [-0.07, 0.94] T
Demeyer, 2017 [90] 7 325 129 0 235 132 1.3% 0,60 [0.35, 0.85] —r—
Dishman, 2009 [91] 14.8 17.3 564 1.2 173 265 1.4% 0.21 [0.06, 0.35] i
Duru, 2010 [92] 9883 14014 34 2426  B429 09% 0.62 [0.11, 1.14] —
Engel, 2006 (93] 150 17 24 216 87 30 08%  -0.64[1.19,-0.08) —
Finkelstein, 2016 [48) 480 2568 201 437 26407 589 14% -0.20 [-0.36, -0.04] =
Fleldsoe, 2010 [94] 16.67 894 45 034 894 43 1.0% 0.18 [-0.24, 0.60] L
Furber, 2010 [50] 2499 196 a7 2026 1885 107 1.2% 0.24 [-0.03, 0.52] =
Gell, 2015 [95] 6B67.7 2227 41 6189 2297 46 1.0% 0.30 [-0.13,0.72] e
Gill, 2019 [96] 1646 3302 59 -1485 31MS5 59 1.1% 0.96 [0.58, 1.34] BN
Glynn, 2014 [97] 5855 4264 31 4B59 3474 35 09% 0.25[-0.23, 0.74] -1
Hardeman, 2020 (98] 8419 3224 417 B191 3003 442  14% 0.07 [-0.06, 0.21) ™
Harris, 2018 [75] 8306 3140 778 T198 2809 456 1.4% 0.37 [0.25, 0.48] -
Hormike, 2015 [99] 984 1208 12 1013 1275 15 06% 0.02[-0.78,0.74] —_—
Hospes, 2009 [100] TaT2 3862 18 6172 3194 17 07T% 0.46 [-0.21, 1.13] =
Houle, 2011 [101) 9850 3282 23 7970 3433 22 08% 0.55 [-0.05, 1.15] r—
Hulquist, 2005 [102] 10,159 292 21 8270 354 31 03% 5.70 [4.51, 6.90] *
lzawa, 2012 [103] B609.6 30645 52 55129 25M8 51 1.0% 1.08 [0.67, 1.50] e
James, 2015 [51] 8008 28206 5T  -1294 33044 52 1.1% 0.68 [0.29, 1.07] e
Katzmarzyk, 2011[104] 7248 2737 20 BE3T 2418 23 0B% 0.23[0.37, 0.83] —_
Kawagoshi, 2015 [105] 513 637 12 123 255 15 O06% 0.82 [0.02, 1.61] ——
Kemnot, 2019 [52] 276.3 2.7 74 235 2189 a3 1.0% 0.19 [-0.23, 0.60] -
King, 2013 [106] 2535 2487 20 268 67 189 07% 1.21[0.52, 1.89)
Kolt, 2012 [76] 107.4 164.9 130 822 1205 123 1.3% 0.10[-0.14, 0.35] T
Li, 2020 [107] 6673 3462 55 5819 2860 57 1.1% 0.27 [0.10, 0.64] T
Long, 2013 [108] 65983 18,0689 38 47596 13,900 3 09% 1.12 [0.61, 1.62] e
Lynch, 2019 [109] 8193 3301 37 7539 3404 40  1.0% 0.19 [-0.26, 0.64] -
Lyons, 2017 [110] 6193 3183 20 4586 2478 20 07% 0.55 [-0.08, 1.19] T —
Maher, 2015 [53] 332 289 51 180 185 59 1.1% 0.72[0.33, 1.10] —_—
Mansi, 2015 [54] 9792 2053 20 6551 1154 29 07% 1.92 [1.29, 2.55) —_—
Martin, 2015 [111] 1067 2098 32  -1042 2202 16 07T% 0.97 [0.34, 1.61] T
Melville, 2015 [112] 4823 2059 42 4784 2613 40 1.0% 0.02 [-0.42, 0.45] e
Mendoza, 2015 [113] 3080 3254 52 138 1850 50 1.0% 1.08 [0.67, 1.50] - —
Merom, 2007 [114] 52 10747 105 489 12683 209 1.3% 0.03 [-0.21, 0.26] T
Mutrie, 2012 [58) 9351 2017 20 7138 2169 18 07% 1.04 [0.36, 1.71]
Nolan, 2017 (58] 272 22759 63 155 25571 58  1.1% 0.05 [-0.31, 0.40] -1
Oliveira, 2019 [60] 7507 3077 54 7401 2841 55 1.1% 0.04 [-0.34, 0.41) -1
Paul, 2016 [115] 5791 2952 15 2047 2399 8 05% 0.99 [0.07, 1.90] _—
Poirier, 2016 [116] 5411 2277 107 4751 1834 110 1.2% 0.32 [0.05, 0.59] P
Pope, 2018 [117] 5175 2308 12 4746 2045 8 05% 0.19[-0.71, 1.08] SCR— i —
Prestwich, 2010 [118] 1.98 1.9 88 147 1.58 46 1.1% 0.45[0.09, 0.81] TR
Reijonsaari, 2012 [119) 2047 1650 264 2338 1762 257 14% -0.17 [-0.34, 0.00] =
Ribeiro, 2014 [63] 9697 14641 101 1815 2284 84 1.2% 0.60 [0.32, 0.89] =
Roos, 2014 [120] 3810 10,9935 29 8173 23492 22 08% 0.35[-0.21, 0.91] N e
Rowley, 2019 [121] 9015 2842 97 4654 1447 32 1.0% 1.69[1.23,2.14] —
Simons, 2018 [64] 7741 4553 55 8061 5112 63 1.1% -0.07 [-0.43, 0.30] -1
Spence, 2009 [122) 680 4502 32 5825 3689 31 08% 0.23-0.26, 0.73) T
Stacay, 2016 [65] 10,849 5127 75 8014 4568 58 1.1% 0.58 [0.23, 0.93] -
Tabak, 2014 [123] 5603 34758 13 4617 3460 16 06% 0.28 [-0.48, 1.01] -
Talbot, 2003 [67] 4337 2,903 17 3972 2563 17 0T% 0.13 [-0.54, 0.80] B E—
Ter Hoeve, 2018 [68] L] 26 11 17 3 252 1.3% 0.10[-0.11, 0.32] T
Thorndike, 2014 [124] T886 3622 50 7800 3482 49 1.1% 0.08 [0.31, 0.47] -1
Tudor-Locke, 2004 [69] 9123 4539 24 5622 2405 23 08% 0.94 [0.34, 1.55] B
Vallance, 2016 [125)] 5923 3109 41 BB85S 3576 37 1.0% -0.29 [-0.73, 0.16) -
Van Blarigan, 2018 [126] 10,047 4461 20 12541 5535 18 O7% -0.48[-1.13, 0.15) -
Van Hoye, 2018 [72] 13.2 206 157 6.7 2% 50 1.2% 0.23 [-0.09, 0.54] —
‘Warren, 2014 [127] 83m 3069 37 TeTE 2983 69 1.1% 0.26 [-0.14, 0.66] T
Wyke, 2019 [77] 9801 3730 464 8518 3254 4aMm 1.4% 0.37 [0.24, 0.50] =
‘Yamada, 2012 [128] e 1607 40 2267 1837 42 1.0% 0.84 [0.38, 1.29] e
Yates, 2017 [78] 486 2252 287 690 2041 272 14% 0.09 [-0.07, 0.26] 1™
Subtotal (95% CI) 6390 6073 73.6% 0.46 [0.36, 0.55] L 2
Heterogeneity: Tau?=0.14; Chi*=458.16, dI=76 (P<.001); P=83% Tes! for
overall effect: Z=8.98 (P<.001)
+=Sublotal or total standardized mean difference 2 A S 1 H

Favors control - Favors infervenSon
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Figure 3. Primary outcome analysis for the outcome walking at timepoint short-term follow-up.

Monninghoff et a

Intervention Control Standardized mean difference Standardized mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Short-term follow-up
Aittasalo, 2012 [41] 521 468 123 395 319 118 13% 0.31 [0.06, 0.57] =—r
Coelho, 2018 [43] 8996 3551 12 6963 3857 13 06% 0.53 [-0.27, 1.33) T
Cruz, 2016 [44] 9747 3/ 13 6481 3454 13 0.6% 0.91 [0.09, 1.72]
Finkelstein, 2016 [48] -480 2893 201 -236 28789 599 14% -0.16 [-0.32, 0.00] ""I
Furber, 2010 [50] 2315 189.1 95 1683 1718 106 1.2% 0.35 [0.07, 0.63] e
James, 2015 [51] 478.8 3851 46 -1282 -3828 48 Not estimable
Kemot, 2019 [52] 191 1073 66 192 1657 30 1.0% -0.01 [0.44, 0.42) —
Maher, 2015 [53] 165 186 51 133 137 59 1.1% 0.20 [-0.18, 0.57] T
Mansi, 2015 [54] 9645 1906 29 6266 1648 29 08% 1.87 [1.25, 2.49] e
Mutrie, 2012 [58] 9161 2631 19 9100 3175 17 07% 0.02 [-0.63, 0.67] .
Nolan, 2017 [59] -263 1861.3 56 -461 21301 57 1.1% 0.10[-0.27, 0.47] -
Oliveira, 2019 [60] 7010 3163 46 6584 2612 52 1.1% 0.15[-0.25, 0.54] =
Ribeiro, 2014 [63] 5352 18056 101 1285 1723 94 12% 0.23 [-0.05, 0.51] =
Simons, 2018 [B4] T767 4470 53 8543 4862 57 1.1% -0.16 [-0.54, 0.21] .
Stacey, 2016 [65] 10,307 4446 75 8026 4698 58 1.1% 0.50 [0.15, 0.85] B
Talbot, 2003 [67)] 3729 2347 17 4175 2655 17 07% -0.17 [-0.85, 0.50] -1
Ter Hoeve, 2018 [68] 8 28 112 75 28 24T 1.3% 0.18 [-0.05, 0.40] =
Tudor-Locke, 2004 [69] 7924 3308 16 6557 2742 22 0.7% 0.45[-0.21, 1.10] ]
Van Hoye, 2018 [72] 1.3 244 157 28 23 50 1.2% 0.35[0.03, 0.67] =
Subtotal (95% CI) 1288 1686 18.1% 0.26 [0.09, 0.42] <&
Heterogeneity: Tau?=0.08; Chi*=62.03, df=17 (P<.001); P=T3% Test for
overall effect: Z=3.08 (P=.002)
- ; i 2 -1 0 1 2
+=Subtotal or total standardized mean difference Favors control Favors intervention

Figure 4. Primary outcome analysis for the outcome walking at timepoint long-term follow-up.

Intervention Control Standardized mean diff; Standardized mean difference
_ Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Long-term follow-up
DeGreef, 2010 [73] 8024 5331 20 4350 3214 21 07% 0.82 [0.18, 1.46]
DeGreef, 2011[89] 6831 3164 60 3864 3440 32 1.0% 0.90 [0.45, 1.35]
Harris, 2018 [75] 7971 3099 770 7135 2709 450  1.4% 0.28[0.17, 0.40] =
Kolt, 2012 [76] 94 183 140 B9.4 1728 130 1.3% 0.03 [-0.21, 0.27] -
Van Hoye, 2018 [72] 7.2 251 157 39 226 50 1.2% 0.13 [-0.18, 0.45] =
Wyke, 2019 [77] 9234 3530 4% 8494 3168 470 1.4% 0.22 [0.09, 0.35] Gl
Yates, 2017 [78] -598 2144 277 -769 2192 274  1.4% 0.08 [-0.09, 0.25] y L
Subtotal (95% CI) 1875 1436 8.4% 0.25 [0.10, 0.39] L 2
Heterogeneity: Tau?=0.02; Ch#=18.89, df=6 (P=.004); F = 68%
Test for overall effect: 2=3.28 (P=.001)
2 -1 0 1 2

+=Subtotal or total standardized mean difference Favors control  Favors intervention
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Figure5. Primary outcome analysis for the outcome moderate-to-vigorous physical activity at timepoint end of intervention.

Intervention Control Standardized mean diffe Standardized mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% ClI
End of intervention

Aittasalo, 2006 [131] 95 837 203 94 709 62 14% 0.01 [-0.27, 0.30) —T

Alsaleh, 2016 [79) 2379 1211 66 1089 98 79 12% 0.77 [0.43, 1.11] m——
Ashton, 2017 [80] 1541 2161 26 261 2102 24 07% 0.59 [0.02, 1.16] —
Bames, 2015 [42] 0.2 16 23 -019 15 19 06% 0.25 [-0.36, 0.86) —

Barwais, 2013 [82) 649 4949 18 192 2213 15 05% 1.13[0.38, 1.87)

Cadmus-Bertram, 2018 [84] 230 120 24 143 107 23 07% 0.75 [0.16, 1.35) -
Compernolle, 2015 [85] 324 377 62 384 60 79 1.3% -0.12 [-0.45, 0.22) —

Creel, 2016 [86] 37 41.6 52 204 171 35  1.0% 0.48 [0.05, 0.92]

Cruz, 2016 [44] 578 328 13 267 196 13 04% 1.11 [0.28, 1.95]

Dadaczynski, 2017 [87] 3109 1294 80 291.8 114 64 13% 0.15 [-0.17, 0.48) =
DeGreef, 2010 [73] a4 38 20 24 29 21 06% 0.58 [-0.04, 1.21] 1

DeGreef, 2011[89] 23 20 60 20 25 32 1.0% 0.14 [-0.29, 0.57] e —
DeGreef, 2011a [74] 82 84 43 27 38 24 08% 0.76 [0.24, 1.28]

Demeyer, 2017 [30] 8 211 140 -3 1751 140 16% 0.57 [0.33, 0.80] ==
Dishman, 2000 [91] 106 155 564 79 151 265 19% 0.18 [0.03, 0.32) [

Eakin, 2014 [46] 1636 1556 119 1146 1086 127 15% 0.37 [0.11, 0.62) —
Edney, 2020 [47] 1081 741 272 1089 526 130 1.7% -0.01 [-0.22, 0.20] 1

Fischer, 2019 [132] 2284 1578 63 134 136 128 1.4% 0.24 [-0.08, 0.54] —
Fieldsoe, 2010 [94] 1826 167.3 45 164 1674 43 1.0% 0.01 [-0.41, 0.43) —T
Fjeldsoe, 2015 [49] -8 2624 104 -29.2 196 107 1.5% 0.09 [-0.18, 0.36] -T—
Golsteijn, 2018 [133] 331 234 208 301 219 211 1.7% 0.13 [-0.08, 0.32) ™
Hardeman, 2020 (98] 773 365 47 767 354 442 1.9% 0.02 [-0.12, 0.15) T

Harris, 2018 [75] 374 179 778 310 168 456 2.0% 0.37 [0.25, 0.48] -
James, 2015 [51] 339 1453 57 9B 1286 52 1.1% 0.18 [-0.20, 0.55) -
Katzmarzyk, 2011[104] 163 173 20 162 171 23 0.7% 0.01 [-0.59, 0.60) —
Kendzor, 2017 [134) 76 67 17 46 43 15  05% 0.51 [-0.19, 1.22) =

Kemot, 2018 [52] 204.1 131 74 150 8689 33  1.0% 0.44 [0.03, 0.86] |
Keyserling, 2008 [135] 14 371 8 13 28 89 14% 0.30 [0.01, 0.60] —

Kim, 2018 [136] 51.2 44 41 503 44 42 10% 0.20 [-0.23, 0.63] 1T
King, 2008 [137) 3106 2983 19 135 2082 18 06% 0.66 [0.00, 1.33) —
Koizumi, 2009 [138] 272 147 34 19 98 34 08% 0.65 [0.16, 1.14]

Kolt, 2012 [76] 1212 1844 130 1114 1106 123 1.6% 0.06 [-0.18, 0.31) = L3

Li, 2017 [139) 642 705 17 56 604 17 06% 0.12 [-0.55, 0.80) —

Li, 2020 [107) 447 412 55 316 324 57 11% 0.35 [-0.02, 0.73) [
Lynch, 2019 [109] 2496 1597 40 1701 1279 40 1.0% 0.54 [0.10, 0.99]

Maher, 2015 [53] 528 3 51 39 7 58 1.1% 0.36 [-0.02, 0.74] —
Mansi, 2015 [54] 1469 524 20 538 254 29 06% 2.23[1.57,2.90) E—
Maselli, 2019 [55) 1344 834 11 1855 1263 21 05% -0.44 [-1.18, 0.30] = |

Maxwell Smith, 2019 [140] 312 2293 34 240 1777 33 09% 0.35 [-0.14, 0.83] ]

Melville, 2015 [112] 3 26 42 31 21 40 1.0% -0.04 [-0.47, 0.39] —

Merom, 2007 [114] 79 5437 105 328 1713 209  16% 0.13 [-0.10, 0.37) T
Murawski, 2018 [57] 4284 5234 59 3197 3782 66 1.2% 0.24 [-0.11, 0.59) T
Nolan, 2017 [59] 11 688 63 11 588 539 12% 0.00 [-0.36, 0.36) ——
Pekmezi, 2017 [141] 315 589 39 208 382 37 098% 0.21 [-0.24, 0.66) I
Pinto, 2013 [61] 214 1473 19 97 148 24 06% 0.78 [0.15, 1.40]

Pinto, 2015 [62] 703 659 36 165 319 32 08% 1.01 [0.50, 1.52)

Pope, 2018 [117) 342 187 12 378 204 8 04% -0.18 [-1.07, 0.72) —
Prestwich, 2009 [142) 13 116 60 1 1 %4 1.3% 0.28 [-0.05, 0.61] T
Ribeiro, 2014 [63] 4735 9132 101 585 4843 94  14% 0.56 [0.27, 0.85] —
Samuels, 2011 [143] 348 136 12 265 161 25 05% 0.53 [-0.17, 1.23) =

Sharp, 2016 [144] 100 09 72 90 119 65  1.3% 0.09 [-0.25, 0.42] -1T—
Simons, 2018 [64] 273 287 55 301 M 83 1.2% -0.10 [-0.486, 0.27) ———

Ter Hoeve, 2018 [68) 6.7 3 121 65 31 252 17% 0.07 [-0.15, 0.28) -T—

Unick, 2012 [145) 133 217 11 448 1246 12 04% 0.49 [-0.35, 1.32) —

Vallance, 2008 [70] 213 173 172 180 141 186 1.7% 0.21 [-0.01, 0.42) =
Vallance, 2016 [125] 143 132 41 146 185 37 1.0% -0.02 [-0.47, 0.42) —

Van Blarigan, 2019 [126] 466 484 20 545 249 19 06% -0.20 [-0.83, 0.43)] —
Vandelanotte, 2018 [148] 1488 1814 78 798 7T 46 1.2% 0.45 [0.08, 0.82] m——
Van der Weegen, 2015 [71] 482 238 65 429 258 134 14% 0.21 [-0.09, 0.51) T

Van Hoye, 2018 [72] 17.8 496 157 96 34 50 13% 0.18 [-0.14, 0.49) -T=
Wijsman, 2013 [147] 114 218 108 -04 154 105 15% 0.58 [0.32, 0.86) ——
Yates, 2017 [78] 4.1 19 287 59 177 272 18% 0.10 [-0.07, 0.26) e

Subtotal (95% CI) 5850 5133 68.0% 0.28 [0.21, 0.35] ¢4
Heterogeneity: Tau?=0.04; Chi?=161.93, df=81 (P<.001); P=62%

Test for overall effect: Z=7.81 (P<.001)
+=Subtotal or total standardized mean difference % b H 3

Favors control  Favors intarvention
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Figure 6. Primary outcome analysis for the outcome moderate-to-vigorous physical activity at timepoint short-term follow-up.

Intervention Control Standardized mean difference Standardized mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Short-term follow-up
Bamnes, 2015 [42] 0.5 1.7 23 01 16 19  06% -0.24 [-0.85, 0.37] —
Cruz, 2016 [44] 516 294 13 28 26 13 04% 0.82[0.02, 1.63]
Eakin, 2014 [46] 137.8 1394 115 956 899 124 15% 0.36 [0.11, 0.62] =% 5
Edney, 2020 [47] 109.5 534 261 111.7 526 122 1.7% -0.04 [-0.26, 0.17] -1
Fjeldsoe, 2015 [49] -54.8 2851 83 -57.2 2315 87  1.4% 0.01 [-0.29, 0.31] -
James, 2015 [51] -16.2 796 46 8.7 104 48 1.1% -0.27 [-0.67, 0.14] — = 1
Kangasniemi, 2015 [40] 29.5 176 54 266 168 49 1.1% 0.17 [-0.22, 0.55] 1T
Kemot, 2019 [52] 1983 1186 66 160 75 30 1.0% 0.36 [-0.07, 0.80] T
Maher, 2015 [53] 376 377 51 335 342 59 1.1% 0.11 [-0.26, 0.49] -1
Mansi, 2015 [54] 1,383 402 29 520 246 29 0.5% 2.55[1.85, 3.26]
Maselli, 2019 [55] 185.6 158 11 206.2 98.9 21 05% -0.16 [-0.90, 0.57] —
Murawski, 2019 [57] 4053 4915 35 4002 4978 54 1.0% 0.01 [-0.42, 0.44]  —
Nolan, 2017 [59] 2 706 56 12 73.2 57 1.2% -0.14 [-0.51, 0.23]
Pinto, 2013 [61] 160 145.2 19 89 1457 23 06% 0.48 [-0.14, 1.10] T
Pinto, 2015 [62] 54.6 816 36 134 35.2 31 0.9% 0.63 [0.14, 1.12]
Ribeiro, 2014 [63] 2542 11355 101 -23.5 10849 9 14% 0.25 [-0.03, 0.53] —
Simons, 2018 [64] 326 26.2 53 318 29.4 57 1.1% 0.03 [-0.35, 0.40] T
Ter Hoeve, 2018 [68] 6.6 31 112 66 3.2 247 1.6% 0.00 [-0.22, 0.22] T
Vallance, 2008 [70] 184 201 136 153 148 130 1.6% 0.17 [-0.07, 0.42] T
Van der Weegen, 2015 [71] 48.8 238 65 43.85 257 134  1.4% 0.20 [-0.10, 0.49] T
Van Hoye, 2018 [72] 223 57.2 157 93 455 50 1.3% 0.24 [-0.08, 0.56] T
Subtotal (95% CI) 1522 1478 23.1% 0.20 [0.05, 0.35] L 2
Heterogeneity: Tau®=0.08; Chi*=71.70, df=20 (P<.001); P = 72%
Test for overall effect: Z=2.63 (P=.008)

+=Subtotal or total standardized mean difference

2
Favors control  Favors intervention

Figure 7. Primary outcome analysis for the outcome moderate-to-vigorous physical activity at timepoint long-term follow-up.

A 0 1 2

Intervention Control Standardized mean difference Standardized mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Long-term follow-up
DeGreef, 2010 [73] 32 34 20 20 24 2 0.6% 0.40 [-0.22, 1.02] —
DeGreef, 2011[89] 19 19 60 14 20 32 1.0% 0.26 [-0.17, 0.69] T
Harris, 2018 [75] 354 179 770 308 160 459  2.0% 0.27 [0.15, 0.38] =
Kolt, 2012 [786] 1142 1868 140 994 1574 130 1.6% 0.09 [-0.15, 0.32] T
Pinto, 2013 [61] 146 1421 19 88 1434 23 06% 0.40 [-0.22, 1.01] ]
Van Hoye, 2018 [72] 103 505 157 105 42 50 1.3% -0.00 [-0.32, 0.31] N
Yates, 2017 [78] 4.7 174 278 -66 194 274 1.8% 0.10 [-0.06, 0.27] T
Subtotal (95% CI) 1444 989 9.0% 0.19 [0.11, 0.27] +
Heterogeneity: Tau*=0.00; Chi*=5.88, df=8 (P=0.44), P=0%
Test for overall effect: Z=4.58 (P<.001)
+=Subtotal or total standardized mean difference 5 R 2 £ 3

Favors control  Favors intervention

https://www.jmir.org/2021/4/e26699

XSL-FO

RenderX

JMed Internet Res 2021 | vol. 23 | iss. 4 | €26699 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 8. Primary outcome analysis by measurement time point for the outcome total physical activity.

Monninghoff et a

Intervantion Control Standardized mean difference Standardized mean difference
Study or Subgroup Maan S50 Total Moan SD_Total Waight IV, Random, 95% CI W, Random_95% CI
End of Intervantion
Aittasalo, 2006 [131) 5085 4784 203 555 5197 62 26% -0.09[-0.38,0.19] ==
Cadmus-Bartram, 2019 [84] 1463 488 24 1343 3/ 23 1% 0.26[-0.31, 0.84] |
Carr, 2013 [148] 1714 2345 25 1218 1746 28 1.8% 0.24 [-0.30, 0.78] _—r
Compemolie, 2015 [85] 8186 T8 52 906 1002 i | 2.3% -0.10 [-D.48, 0.26] —r
Cruz, 2016 [44] 279.5 T4 13 212 539 13 11% 1.01 [0.19, 1.83]
DeGreaf, 2010 [73] 3m 06 20 260 104 21 1.6% 0.38 [-0.24, 1.00] =
DeGreaf, 2011[89] 93 66 60 40 56 32 21% 0.84 [0.39, 1.28] ==
DeGreaf, 2011a [74] 176 108 43 65 68 24  1.8% 1.15[0.61, 1.68]
Diugonski, 2012 [45) 282 156 22 154 139 23 16% 0.85 [0.24, 1.47]
Furter, 2010 [50] 3665 2708 97 2708 2444 107 28% 0.37 [0.09, 0.85] e
Gill, 2019 [96] 213 258 59 137 257 589 23% 0.0:3 [-0.23, 0.39) o
Kemot, 2019 [52] 298.9 977 74 2888 6BE 33 2.2% 0.11 [-0.30, 0.52) o
Keysering, 2008 [135] 298 65 BB 286 5.7 20 25% 0.20 [-0.10, 0.49] -
Kolt, 2012 [76] 168.9 1905 130 1463 1635 123 2.7T% 0.13[-0.12, 0.37) o
Lane, 2015 [149] 84.9 503 125 B0.3 328 159 2% 0.11[-0.12, 0.35) G
Lyons, 2017 [110] 17 21 20 58 33 20 1.5% 0.85[0.01, 1.29]
Mailey, 2010 [150) 209,792 102,800 24 251,625 83,081 23 1. 0.51 [-0.08, 1.09] 1
Mansi, 2015 [54] 1,035 444 29 188 135 2 14% 255[1.84,3.25)
Martin, 2015 [111) 10.5 2141 3z -8 23 16 1.5% 0.84 [0.21, 1.48)
Melville, 2015 [112] 335 10 42 34 12 40 21% -0.04 [-0.48, 0.39) ——
Merom, 2007 [114] 81 2431 105 B42 2318 208 27%h 0.03 [-0.21, 0.26] o
Motl, 2011 [151] 24.7 18.8 23 124 14.2 1.6% 0.73[0.14, 1.32) —
Miiller, 2016 [56] 3834 B434 18 3774 B426 21 1.5% 0.01 [-0.62, 0.64] S
Prestwich, 2010 [118] 3 18 88 23 143 46  23% 0.08 [-0.27, 0.44] =1
Schwerdtfeger, 2012 [154] 7386 2457 21 6905 21791 41 1.8% 0.21[-0.32, 0.74) |
Simons, 2018 [B4] 37 135 55 3505 146 B3 2.3% -0.30 [-0.66, 0.08] | |
Sugden, 2008 [152] 108.7 547 286 1138 623 18 16% -0.09 [-0.69, 0.51] —
Suggs, 2013 [66] 495 96 79 58 339 T8 24% 1.18 [0.84, 1.52) —
Thorsteinsen, 2014 [153] 574 435 12 502 323 8 1.0% 047 [0.72, 1.07) ———
Vandelanotie, 2018 [1486] wry AT 8 230 1649 46 2.3% 0.50[0.13, 0.87) ——
Van Hoye, 2018 [72] 18 83 157 0.6 T 80 25% 015 [-0.17, 0.47) o [
Wyke, 2019 [77) an? 3307 499 2741 2951 505 3.0% 0.31[0.19, 0.44] =
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Figure 9. Primary outcome analysis by measurement time point for the outcome energy expenditure.
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Publication Bias Assessment

Publication bias was assessed using funnel plot analysis for
end-of-intervention measurements, as all but one study [40]
reported thistime point (Multimedia Appendix 5 [54,82,102]).
No systematic publication bias was observed. However, the
funnel plot analysis revealed 3 outlier studies [54,82,102]. We
identified unusually high adherencerates[54], possibly because
the research team and the study participants were based on the
same campus, and a short intervention duration (only 4 weeks)
[82,102] as potential reasons for the high effect scores in the
outlier studies. We conducted asensitivity analysisand excluded
these studies across all outcome measures. All effects were
found to be stable, and heterogeneity was substantially reduced
(Multimedia Appendix 6).

Sensitivity Analyses

Sensitivity analysis by risk of bias was conducted for all
outcome measures but for EE, asonly one study [155] measuring
EE classified as low risk of bias. Results at the end of
intervention were found to be robust across outcome measures
(Multimedia Appendix 6), with effect sizes substantially
increasing for walking, MVPA, and TPA to moderate effect
sizes. Short- and long-term follow-up effects were not
statistically significant when only studies with low risk of bias
were included. Heterogeneity increased and remained
substantial. Sensitivity analysis of studies reporting long-term
follow-up measurements was conducted for al outcome
measures but for EE, as only one study [61] measuring EE
reported along-term follow-up measurement. Theresultsacross
all time points were robust for all outcome measures.

Subgroup Analysis by Population Type

We used subgroup analysis to evaluate the effect moderators.
Table 1 summarizes al results, and Multimedia Appendices 7

https://www.jmir.org/2021/4/e26699
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[41-154], 8 [41-154], and 9 [41-154] provide detailed forest
plotsfor each analysis. We found that popul ation type moderates
the effect of mHealth interventions on PA. The intervention
design and control group type were not found to be significant
effect moderators. Subgroup analysis by population type
revealed statistically significant (P<.10) quantitative subgroup
effects for all outcome measures. The treatment effect at the
end of intervention was greater in sick populations (walking

SMD 0.44, 95% Cl 0.29-0.60, P<.001, 1=71%, P<.001; MV PA
SMD 0.33, 95% Cl 0.21-0.45, P<.001, 1°=55%, P<.001; TPA

SMD 059, 95% Cl 0.36-0.81, P<.001, 1°=49%, P=.03;
Multimedia Appendix 7) than in healthy populations (walking
SMD 0.20, 95% Cl 0.04-0.35, P=.01, 1°=78%, P<.001; MVPA
SMD 0.14, 95% CI 0.06-0.23, P=.001, 1?=15%, P=.29; TPA
SMD 0.29, 95% CI -0.10 to 0.67, P=.14, 1=85%, P<.001;
Multimedia Appendix 7). Within the healthy subgroup, summary
effects were only satistically significant for the outcome
measureswalking and MV PA. Theresultsfor at-risk populations
were mixed. The outcome measures waking and MVPA
exhibited high effect scores, similar to the high effect scores of
sick populations (walking SMD 0.59, 95% CI 0.42-0.76, P<.001,

12=87%, P<.001; MV PA SMD 0.30, 95% CI 0.18-0.43, P<.001,

12=72%, P<.001; MultimediaAppendix 7), whereas effect scores
for at-risk populations were lower for TPA (SMD 0.21, 95%

Cl 0.04-0.38; P=.02; 1°=78%, P<.001). Although heterogeneity
was somewhat reduced within most subgroups compared with
the overall outcome heterogeneity, it remained high and
significant. The covariate distribution between sick, at-risk, and
healthy population subgroups was uneven, as fewer studies
investigated preventative mHealth PA interventions in healthy
populations.
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Table 1. Summary of subgroup analyses results.

Outcome measure and time point Studies, n (%) SMD?(95% Cl) P value Heterogeneity Test for subgroup
differences (P value)

12 (%) P value

Population type

Walking (n=77) .003
Healthy 14 (18) 0.20 (0.04 t0 0.35) 01 78 <.001
At-risk 30(39) 0.59 (0.42 to 0.76) <.001 87 <.001
Sick 33(42) 0.44 (0.29 t0 0.60) <.001 71 <.001

MVPAP (n=62) 02
Healthy 12 (19) 0.14 (0.06 t0 0.23) .001 15 29
At-risk 25 (40) 0.30(0.18 to 0.43) <.001 72 <.001
Sick 25 (40) 0.33(0.21 to 0.45) <.001 55 <.001

TPAC (n=33) 03
Healthy 6(18) 0.29 (-0.10t0 0.67) 14 85 <.001
At-risk 16 (48) 0.21 (0.04 t0 0.38) .02 78 <.001
Sick 11(33) 0.59 (0.36 to 0.81) <.001 49 03

Intervention design

Walking (n=77) .35
Scalable 31 (40) 0.54 (0.34 t0 0.74) <.001 89 <.001
Nonscalable 45 (58) 0.42 (0.31 to 0.54) <.001 77 <.001
Combined 1(1) 0.37 (0.25t0 0.48) <.001 N/ASE N/A

MVPA (n=62) 12
Scalable 23(37) 0.20 (0.08t0 0.32) .001 67 <.001
Nonscalable 38 (61) 0.33(0.24 t0 0.43) <.001 57 <.001
Combined 1(2) 0.37 (0.25to 0.48) <.001 N/A N/A

TPA (n=33) 60
Scalable 12 (36) 0.39 (0.06t0 0.73) 02 89 <.001
Nonscalable 21 (64) 0.30(0.18t0 0.42) <.001 53 .002
Combined f — — — —

Control group type

Walking (n=77) A5
No or minimal intervention 62 (81) 0.47 (0.36 to 0.59) <.001 85 <.001
Alternative intervention 10 (13) 0.48 (0.12t0 0.83) .009 80 <.001
Combined 5(6) 0.23 (0.01t0 0.45) 04 62 .03

MVPA (n=62) 26
No or minimal intervention 43 (69) 0.29 (0.21t0 0.38) <.001 67 <.001
Alternative intervention 9(15) 0.39 (0.14 t0 0.65) .002 62 .007
Combined 10 (16) 0.20 (0.08t0 0.32) <.001 34 13

TPA (n=33) .006
No or minimal intervention 24 (73) 0.34 (0.19 to 0.50) <.001 76 <.001
Alternative intervention 6 (18) 0.48 (0.06 to 0.91) .03 83 <.001
Combined 3(9) 0.00(-0.17t00.17) .97 0 59
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8SMD: standardized mean difference.

MV PA: moderate-to-vi gorous physical activity.

°TPA: total physical activity.

dN/A: not applicable.

€In subgroups where n=1, heterogeneity cannot be calculated.

No studies with combined subgroups. Thus, no numbers reported.

Subgroup Analysis by Intervention Design

Subgroup analysis by intervention design revealed no significant
subgroup differences across 3 outcome measures (walking,
P=.35, MVPA, P=.12; TPA, P=.60; Table 1; Multimedia
Appendix 8) and did not identify mHealth intervention design
as a significant effect moderator. Heterogeneity within
subgroups was substantial and significant across all outcome
measures (Table 1). Both scalable and nonscalable mHealth
intervention designssignificantly increased PA at similar levels
(scalable walking SMD 0.54, 95% Cl 0.34-0.74, P<.001,
12=89%, P<.001; scalable MV PA SMD 0.20, 95% Cl 0.08-0.32,
P=.001, 1°=67%, P<.001; scalable TPA SMD 0.39, 95% ClI
0.06-0.73, P=.02, 1°=89%, P<.001; nonscalable walking SMD
0.42, 95% Cl 0.31-0.54, P<.001, 1°=77%, P<.001; nonscalable
MVPA SMD 0.33, 95% Cl 0.24-0.43, P<.001, 1?=57%, P<.001;
nonscalable TPA SMD 0.30, 95% Cl 0.18-0.42, P<.001,

12=53%, P=.002; Multimedia Appendix 8).

Subgroup Analysis by Control Group Type

Subgroup analysis by control group type found no statistically
significant subgroup effect for the outcome measures walking
(P=.15) and MVPA (P=.26). Subgroup differences were only
significant for TPA (P=.006), where mHealth interventionsled

Monninghoff et a

to larger effects in studies compared with alternative control
groups (SMD 0.48, 95% CI 0.06-0.91; P=.03; 12=83%, P<.001;
Multimedia Appendix 9) than in studies with no or minimal
control groups (SMD 0.34, 95% CI 0.19-0.50; P<.001; 1=76%,
P<.001; Multimedia Appendix 9). Subgroup analysis did not
significantly reduce heterogeneity, and the covariate distribution
between the no or minimal intervention subgroup and the
alternative intervention subgroup was extremely uneven).

Risk of Biasin Included Studies

Figure 10 shows the overall risk of bias assessment across all
included studies. Overall, 94 studieswere classified ashigh risk
because of selection bias (14/117, 11.9%), detection bias
(37/117, 31.6%), attrition bias (42/117, 35.9%), reporting bias
(13/117, 11.1%), and other biases (56/117, 47.9%). These mostly
included baseline group indifferences or biases resulting from
the respective study design (including potential cluster RCT
biases) [35]. Multimedia Appendix 10 [40-156] displays the
individual risk of bias assessment by study. GRADE analysis
of al 4 outcomes (Multimedia Appendix 11) revealed no
evidence of publication bias but evidence of inconsistency for
the outcome measure EE. Thus, the overall quality of evidence
rating ranged from low (walking, MPVA, and TPA) to very
low (EE).

Figure 10. Summary of the overall risk of bias assessment for included studies. RCT: randomized controlled trial.

Other bias (including cluster RCT)

Selective reporting (reporting bias)

Incomplete outcome data (attrition bias)

Blinding of outcome assessment (detection bias)
Blinding of participants and personnel (performance bias)
Allocation concealment (selection bias)

Random sequence generation (selection bias)

0%

m Low risk of bias

Discussion

Principal Findings

This systematic review isthe most comprehensive study to date
of mHealth PA interventions in adult populations. The aims of
this study are to understand the long-term impacts of mHealth
interventions on PA and to identify important effect moderators.

Overadl, our analysis confirms the potential of mHealth
interventions to increase PA at the end of intervention. We

https://www.jmir.org/2021/4/e26699
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found small to moderate positive effects (SMD 0.28-0.46),
which concur with previous research that reported small to large
effect sizes [19,21-24,27,28]. Transforming our results into
mean differences based on a representative low risk of bias
study [109], we found mHealth interventions to result in 1566
incremental steps per day and an additional 36 minutes of
MV PA per week. Previous research found that 1000 incremental
stepsper day canresultin a10% lower risk of having metabolic
syndrome (MetS) and a6% risk reduction of all-cause mortality,
substantiating that mHealth interventions can result in significant
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health benefits [158,159]. This study is among the first to find
that activity increases are sustained beyond the end of
intervention. Increased PA levels remained significant in
short-term follow-ups taken on average 4.14 months after the
end of intervention for the outcome measureswalking, MVPA,
and TPA. Long-term follow-up measurements, taken on average
after 13.96 months, confirmed these results. However, effect
sizes decreased over time and ranged from 0.19 to 0.25 at the
long-term follow-up time point, which is equivalent to an
incremental 851 steps per day and 24 minutes per week of
MV PA. Our results concur with the recent review by Chaudhry
et al [20], who also found maintained but decreasing effects of
step-count monitoring interventions on PA; however, as
Chaudhry et a [20] defined time frames from the start of
intervention and this study looks at follow-up measurements
after the end of intervention, absolute effect scores cannot be
compared. Given the inverse relationship of PA with the
prevalence of MetS [158], it can be assumed that mHealth
interventions still yield health benefits in the long term. These
observations are encouraging and provide initial evidence that
mHealth interventions can support sustainable behavioral
changes. However, our follow-up effects were not robust when
only low risk of bias studies were analyzed because of the
limited number of high-quality studieswith longitudinal designs.
Thus, as the current evidence base for studies with long-term
follow-up measurements is very limited, further primary
research is needed to confirm the sustained effects of mHealth
on PA beyond the end of intervention.

Our analysis of effect moderators found that population type
moderates the effect of mHealth on PA, whereas intervention
design and control group type were not found to be effect
moderators. Our evidence suggests that mHealth interventions
might be most effective when targeting sick or at-risk
populations, thereby supporting the indicative results by Smith
et al [27]—effect sizes in sick and at-risk populations were
about twice as high asin healthy popul ations. However, we still
found mHealth interventions to be effective in all population
types. These results challenge previous findings by Gal et a
[23] and Romeo et a [30], who found no differences in
effectiveness by population type, likely owing to the small
number of studiesreviewed. Previous studiesfound that baseline
activity levels are negatively correlated with activity increases
in mHealth interventions [144,160,161]. An underlying driver
for the higher effectiveness of mHealth interventions in sick
and at-risk populations could thus be lower baseline activity
levels usually seen within these populations. However, there
could also be further underlying factors, such as higher
expectations that increases in PA lead to improved health
outcomes (outcome expectancy). Further research isthus needed
to understand the variety of underlying factors driving higher
effectivenessin sick and at-risk populations. Our results provide
hel pful guidanceto policy makersdevel oping scaled-up mHealth
intervention  programs. Our  results suggest  that
technology-enabled preventative, population-wide programs
(eg, The National Seps Challenge [14]) might maximize their
public healthimpact if they specifically target at-risk populations
(eg, older or overweight groups). Focusing on at-risk groups
should also increase the cost-effectiveness of large-scale
mHealth programs.

https://www.jmir.org/2021/4/e26699
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mHealth technol ogies are cost-effective and scal able. However,
this holds true only if technologies are effective without
additional nonscal ableintervention components (eg, face-to-face
coaching). Previous research has found no effects in scalable
mHealth intervention designs [24,30], stronger effects in
nonscalable designs that combined technology with
human-to-human interactions[27,32], and stronger effectswhen
technology was used stand-alone [20]. We found preliminary
evidence that mHealth interventions could be effective in
scalableintervention designs. Our analysisfound no significant
subgroup differences between scalable and nonscalable
intervention designs, suggesting that both designs can be equally
effective in increasing PA. These results are promising and
encourage the development of scalable mHealth intervention
designs to efficiently increase PA in large population groups.
Within our sample, most scalable mHealth interventions
leveraged basic technologies (eg, texting, pedometers, or
accelerometers), without taking advantage of more advanced
mobile technologies (eg, automated individualized coaching,
social comparison, and mobile apps), which could have further
increased intervention effectiveness [162,163].

Our analysisis among thefirst to explore whether mHealth PA
interventions produce results superior to alternative nonmobile
interventions. We found that across the outcome measures
walking, MPVA, and TPA, mHealth interventions led to
increased levels of PA compared with alternative nonmobile
interventions and no or minimal control groups, which accords
with previousfindings[21]. These results encourage the addition
of mHealth technology to nonmobile PA interventions to
increase their effectiveness.

Strengthsand Limitations

The strengths of this study are the large number of mHealth
interventions analyzed and its rigorous methodol ogy. However,
thisstudy has several limitations. First, inline with other studies
[164], we encountered large and significant heterogeneity in
our results, despite performing several subgroup analyses. Our
wide inclusion criteria led us to expect high heterogeneity
because of the diverse multicomponent interventions, settings,
and intervention durations. In addition, the uneven covariate
distribution between subgroupslimitsthe vaidity of our findings
on effect moderators. Second, most of theincluded studieswere
classified as having a high risk of bias, and the overall quality
of evidencewas graded low to very low. The quality of evidence
could be improved if future research agreed on standardized
reporting of PA outcomes (eg, MVPA in minutes per day) and
objective outcome measurement [21]. When replicating our
primary results with low risk of bias studies, we could not
confirm the effectiveness of mHealth interventions to increase
PA beyond the end of interventions, asthe available high-quality
evidence was limited. Third, we did not attempt to identify
unpublished reports or gray literature. Previous research has
shown that excluding gray literature might exaggerate theresults
of ameta-analysis[165]. We tried to mitigate this limitation by
conducting afunnel plot analysisto detect potential publication
bias. Furthermore, we performed sensitivity analysesto assess
the robustness of our results. We detected no systematic
publication bias and sensitivity analyses that excluded outlier
studies, confirming that our results were robust. Fourth, some
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studies included in this study allowed intervention participants
to keep mHealth devices after the end of intervention. This
might have positively skewed the follow-up effects of our
review. Finally, although this study provides initial evidence
on the long-term effects of mHealth interventions, it only
presents results for follow-up measurements taken on average
13.96 months after intervention, and our analysisincluded only
8 studies. We found that summary effects decrease over time,
thus raising the question about the sustainability of positive
effects. Further researchisrequired to evaluate whether behavior
change—toward amore active lifestyle—istruly sustainablein
long term.

Conclusions

We conclude that mHealth interventions can moderately increase
PA in adults at the end of intervention, both compared with
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