JOURNAL OF MEDICAL INTERNET RESEARCH Zhao et a

Original Paper

Can Mobile Phone Apps Influence People’s Health Behavior
Change? An Evidence Review

Jing Zhao, MI1PH; Becky Freeman, PhD; Mu Li, PhD
School of Public Health, Sydney Medical School, The University of Sydney, Sydney, Australia

Corresponding Author:
Jing Zhao, MIPH

School of Public Health
Sydney Medical School
The University of Sydney
Edward Ford Building, A27
Sydney, 2006

Austraia

Phone: 61 2 9351 5996

Fax: 61 2 9351 5049

Email: jzha5010@uni.sydney.edu.au

Abstract

Background: Globally, mobile phones have achieved wide reach at an unprecedented rate, and mobile phone apps have become
increasingly prevalent among users. The number of health-related apps that were published on the two leading platforms (i0S
and Android) reached more than 100,000 in 2014. However, there is alack of synthesized evidence regarding the effectiveness
of mobile phone appsin changing peopl€’s health-related behaviors.

Objective: The aim was to examine the effectiveness of maobile phone apps in achieving health-related behavior change in a
broader range of interventions and the quality of the reported studies.

Methods: We conducted a comprehensive bibliographic search of articles on health behavior change using mobile phone apps
in peer-reviewed journal s published between January 1, 2010 and June 1, 2015. Databases searched included Medline, PreMedline,
PsycINFO, Embase, Health Technology Assessment, Education Resource |nformation Center (ERIC), and Cumulative Index to
Nursing and Allied Health Literature (CINAHL). Articles published in the Journal of Medical Internet Research during that same
period were hand-searched on the journal’s website. Behavior change mechanisms were coded and analyzed. The quality of each
included study was assessed by the Cochrane Risk of Bias Assessment Tool.

Results: A total of 23 articlesmet theinclusion criteria, arranged under 11 themes according to their target behaviors. All studies
were conducted in high-income countries. Of these, 17 studies reported statistically significant effectsin the direction of targeted
behavior change; 19 studiesincluded inthisanalysis had a65% or grester retention ratein theintervention group (range 60%-100%);
6 studies reported using behavior change theories with the theory of planned behavior being the most commonly used (in 3
studies). Self-monitoring was the most common behavior change technique applied (in 12 studies). The studies suggest that some
featuresimprove the effectiveness of apps, such aslesstime consumption, user-friendly design, real-time feedback, individualized
elements, detailed information, and health professional involvement. All studies were assessed as having some risk of bias.

Conclusions:  Our results provide a snapshot of the current evidence of effectiveness for arange of health-related apps. Large
sample, high-quality, adequately powered, randomized controlled trials are required. In light of the bias evident in the included
studies, better reporting of health-related app interventionsis also required. The widespread adoption of mobile phones highlights
asignificant opportunity to impact health behaviors globally, particularly in low- and middle-income countries.

(J Med I nternet Res 2016;18(11):€287) doi: 10.2196/jmir.5692
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Introduction

Globally, mobile phone apps have become increasingly
prevalent among users. By July 2015, Google Play, the largest
app store, had 1.6 million apps accessiblefor users. remainsthe
second-largest app store, with 1.5 million apps available for
download [1]. There has been a surge of health-related mobile
phone apps in recent years. The number of health-related apps
released on the two leading platforms, iPhone operating system
(i10S) and Android, had reached more than 100,000 in 2014 [2].
Traditionally, health care has been delivered through
face-to-face interaction with clinicians. With this new
technology at patients' and health care professionals (HCPs)
fingertips, people are changing the way they interact. Appsused
in health care settings have a number of functions, such as
information and time management, communications and
consulting, patient management and monitoring, health record
maintenance and access, reference and information gathering,
and clinical decision making [3]. Although severa issues
challenge the integration of apps into health care settings (eg,
app designisprimarily driven by commercial devel opers), their
use has been widely expanded into clinical practice [4,5].

In 2014, the World Health Organization reported that
noncommunicable diseases (NCDs) are the leading cause of
death globally, responsible for 38 million (68%) of the world's
56 million deaths in 2012. More than 40% of these deaths (16
million) were premature and avoidable [6]. Simpleinterventions
that decrease NCD risk factors could reduce premature deaths
by one-half to two-thirds [7]. Many of these risk factors, such
as tobacco use, unhealthy diet, physical inactivity, stress,
depression, harmful use of alcohol, overweight, and obesity,
can be modified by behavioral change interventions [6]. Apps
appear to be an ideal platform to deliver both simple and
effective interventions.

In addition to NCDs, hedth-related apps have the added
potential to aid a wide range of target audiences in a whole
range of health issues [8]. For example, they can improve
contraceptive knowledge of women [9] or help usersto prevent
nonspecific low back pain [10]. There are also apps designed
asintervention tools to encourage healthy habits, such asasun
protection app that provides real-time sun safety advice [11].
Dueto the possible positive implicationsfor public health, there
is an increasing interest from commercial companies,
government agencies, public health organizations, and the
general public to utilize apps as a tool for health behavioral
change [12-14].

Several reviews have examined the evidence of effectiveness
of health-related apps when targeting one specific behavior,
such asphysical activity, or aspecific condition, such as chronic
pain [15-19]. Another study reviewed behavioral functionality
of appsin health interventions without assessing the quality of
theincluded studies[20]. Theaimsof thisreview areto examine
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the effectiveness of mobile phone apps in achieving
health-related behavior change across abroader range of health
issues and to examine the quality of the reported studies.

Methods

Search Strategy

We searched titles, abstracts, and keywords of peer-reviewed
articles published from January 1, 2010 to June 1, 2015. A
comprehensive bibliographic search was conducted through
Medline, PreMedline, PsycINFO, Embase, Health Technology
Assessment, Education Resource Information Center (ERIC),
and Cumulative Index to Nursing and Allied Health Literature
(CINAHL) by using key search terms, such as mobile
application, mobile app, smartphone, and information
technology, and using the qualifier “behavior change” (see
Multimedia Appendix 1 for thefull search strategy). In addition,
the Journal of Medical Internet Research (IMIR) was
hand-searched for the same period on the journal’s website.

Study Selection

We included articles if they were published in English, in a
peer-reviewed journal, after 2010, targeted at an adult
population, and presented results from the analysis of primary
or secondary outcomes. We only included randomized controlled
trials (RCTs), case-control studies, and cohort studiesthat were
designed for app-based interventions to improve any
health-related behaviors. The exclusion criteria were
guasi-experimental studies or qualitative studies; text message,
Web, email, Twitter, social network services, or personal digital
assi stant-based health interventions; absence of behavior change
indicators or outcomes; an app was not the primary intervention
tool; and articles focused mostly on app design and
development. Conference abstracts, protocol papers, reviews,
editorials, and commentary were also excluded.

Theinitial search returned 3353 articles: 1405 in Medline, 356
in Embase, 791 in CINAHL, 344 in PsycINFO, 296 in ERIC,
71 in PreMedline, 37 in Health Technology Assessment, and
53 in JMIR. Following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Figure 1), we eliminated duplicates and screened thetitles and
abstracts, which narrowed the resultsto 868 articles. A full-text
review reduced the sample to 88 articles; after applying the
exclusion criteria, we further narrowed that to 55 articles, of
which 32 were quasi-experiment studies or an app was not the
primary intervention tool and they were subsequently excluded.
This left a final sample of 23 articles to be included for the
review. Studies excluded during the full-text review stage and
their reasons for exclusion are listed in Multimedia Appendix
2. Data extraction from identified articles was completed by
authors JZ and ML with disagreements resolved through
discussion with author BF.
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Figurel. PRISMA 2009 flow diagram.
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Data Collection and Analysis

The following information was extracted and analyzed from
each of the 23 articles: authors, research location and year of
publication, study type, sample size, intervention duration,
intervention tools with behavior change mechanisms, target
behavior change, control group variables, measurement of
behavior change indicators, and reported outcomes and
significance levels. The search was kept wide with no specific
target health behaviors in the search strategy. Based on the
health behaviors identified, the articles were organized into 11
themes: mental health improvement or alcohol addiction,
physical activity, weight control and diet control, medication
management, lifestyleimprovement, diabetes management, sun
protection, hypertension management, cardiac rehabilitation,
smoking cessation, family planning, and pain management.
Apps were deemed effective if they reported quantitative
measures of successful behavior change[21]. The characteristics
of the studies meeting inclusion criteria are summarized in
Multimedia Appendix 3. For trial sample size, large samples
usualy meant at least 100 participants in each randomized
group, moderate sample size was between 60 and 100
participantsin each group, and small sample size was less than
60 participants in each group [22,23]. According to the
Cochrane Handbook for Systematic Reviews of Interventions

http://www.jmir.org/2016/11/e287/

[22], studies with retention over 80% are classified as having
low attrition and studies with retention between 60% and 79%
are classified as having moderate attrition. Influencing factors
of completing app trids were evaluated to understand
determinants of retention rates; features of effective apps were
also examined.

Behavior change mechanisms, including the use of theory,
techniques, and therapies, were extracted from each study.
Behavior change theories applied by the included studies were
noted [24]. Behavior change techniques used in the interventions
were coded according to Abraham and Michi€'s taxonomy of
behavior change techniques (BCTs) [25]. Mental health or
alcohol addiction appswere most likely to be based on a specific
behavior therapy (see Multimedia Appendix 3).

Study Quality Assessment

All included studies were appraised using the Cochrane Risk
of Bias Assessment Tool [22]. This requires assessing each
study against a set of seven criteriaz random sequence
generation, allocation concealment, blinding of participants,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other bias. Low risk of bias for
completeness of follow-up was defined by a cut-off of 80%
complete follow-up [22] (see Multimedia Appendix 4).
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Results

Characteristics of Included Studies

The 23 articles analyzed in this review were organized under
11 themes according to target behaviors. Of these, 7 targeted
mental health or alcohol addiction; 4 targeted increasing physica
activity, weight control, and diet control; 3 aimed to improve
medi cation management; 2 involved an intervention for lifestyle
improvement; and 1 study was identified in each of the
following themes. diabetes management, sun protection,
hypertension management, cardiac rehabilitation, smoking
cessation, family planning, and pain management. All studies
were conducted in high-income countries, 10 in the United
States, 3 in Australia, 2 in the United Kingdom and Sweden,
respectively, and 1 each in South Korea, Italy, New Zealand,
Spain, Switzerland, and the Netherlands. As defined by the
inclusion criteria, al included studies used RCT design, except
one case-control study [26]. There were 6 large sample studies
[10,11,27-30]. A three-arm RCT study had the largest sample
size (N=1932) [28], whereas 14 studies had asmall sample size
(ie, <60 participants per group) [9,26,31-42]. Others had
moderate sample sizes. The intervention duration ranged
between 3 weeks [36] and 8 months [27]. Of all the apps, only
6 studies evaluated commercialy available apps
[10,11,29,30,40,41] and 1 study tested a publicly downloadable

Figure 2. Cochrane risk of bias summary for health behavior change trials.
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app developed by the Swedish government [28]; other apps
were not publicly available. Only one app, from Switzerland,
was designed for people older than age 65 years [40]. All apps
were designed in the English language, with the exception of
one Spanish app [38]. In total,19 included in this analysis had
more than 65% retention in the intervention group with a high
of 100% [31,35,36] and alow of 60% [32]. Three studies did
not report retention rate [26,34,37] (see Multimedia Appendix
3).

M echanisms of Behavior Change

Acrossthe 23 studies, 3 mechanismswere employed to promote
behavior change: behavior change theories, BCTs, and specific
behavioral therapies. Intotal, 6 studies reported using behavior
change theories to underpin their app interventions
[9,10,27-29,36]. The most commonly used theory wasthe theory
of planned behavior [9,10,28], followed by social cognitive
theory [29,36]. The top 3 most commonly used BCTs were
self-monitoring (12 interventions) [10,27-29,38- 45], feedback
provided on performance (8 interventions) [11,28,29,36,37,41-
43], and tail oring messages (8 interventions) [ 10,26,30,36,38,41-
43]. Apps related to mental health or alcohol addiction were
usually based on a specific behavioral therapy, such as
motivational enhancement therapy [35], behaviora activation
therapy [33], and cognitive behavior therapy [34] (see
Multimedia Appendix 3).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% oty sbx 74%  100%

[ Lowe risk of bias

[ ]unclear risk of bias

[l High risk of bias

Quality of Selected Studies

The quality of reviewed studies is summarized in Multimedia
Appendix 4. All 23 studies had some kind of risk of bias
according to the Cochrane Risk of Bias Assessment Tool. Only
9 articles adequately reported random sequence generation. A
computer random number generator wasused in 2 studies[9,27].
The process of minimization, used to make small groups similar,
was described in 3 studies [30,43,45]. A total of 11 studies
explicitly stated that allocation was concealed (eg, using
sequentially numbered opaque, sealed envelopes, centra
alocation) [9,27-29,31-33,41-44]. Participants were blinded in
1 study, but the assessors had full knowledge of the assignments
[36]. Only 1 RCT study of a smoking concession app was
double-blinded to the 196 participants and assessors [45].
Assessors were blinded in another 4 studies [9,28,35,38]. Due
to the nature of using apps, subject blinding was often not
possible across the interventions. The remaining studies were
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either not blinded or information was not explicitly provided
in the reporting. We used a cut-off of 80% completion for low
risk of bias for completeness of follow-up [22]. A total of 10
studies were at low risk of attrition bias
[9-11,31,35,36,38,42,43,45]. Only 3 studies did not outline the
statistical analyses or dropout rate [26,34,37]. With regard to
bias of selective outcome reporting, insufficient information
was present in 1 study [36] and a high risk of bias was present
in 5 studies [30,37,38,40,44]. The quality assessment of the
reviewed studies is presented in Multimedia Appendix 4. The
Cochranerisk of bias summary isreported in Figure 2.

Effectiveness of Apps and Features

Mental Health or Alcohol Addiction

A total of 7 studies reported on app interventions focused on
mental health or al cohol addiction outcomes. Of these, 2 studies
described 2 different apps [32,33] that targeted at developing
coping skills for different degrees of depression. Watts et al
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[32] tested the effectiveness of an app delivering a cognitive
behavior therapy-based program. There was a statistically
significantly improvement on adepression test scalein both the
app and computer intervention groups at posttest, and no
difference between the 2 groups over time in follow-up. In the
other RCT study of a behaviora activation app addressing
mild-to-moderate and major depression conducted by Ly et al
[33], it wasfound that the treatment worked significantly better
for participants with a more severe form of depression.
Ainsworth et a [31] reported that for patients with serious
mental illnessthere was no significant differencein quantitative
feedback questionnaire scores, which was developed to assess
the acceptability and feasibility between app and text message
intervention groups, but there was significant improvement in
the app group in 2 other measurements (less time to complete
assessment and greater number of data points completed). In a
study of a stress management app intervention delivered by
oncology nurses, Villani et a [34] found there was asignificant
decrease in anxiety and significant improvement in affective
change in terms of anxiety trait reduction and coping skill
acquisition in the intervention group.

In total, 3 RCT studies aimed to lower alcohol consumption
among adults. Gonzalez et al [35] demonstrated that an app
based on motivational enhancement theory resulted in a
significant increase in the percentage of days abstinent among
participants with alcohol use disorder over the 6-week study
period when compared to controls. In the Gustafson et al [27]
study, significantly fewer risky drinking days were achieved in
self-determination theory-based app intervention group than
the patientsin control group. Gajecki et a [28] showed that an
app based on theory of planned behavior did not seem to affect
alcohol consumption among university students.

Increasing Physical Activity, Weight Control, and Diet
Control

Intotal, 4 studiesimplemented and described app interventions
intended to improve physical activity, weight control, and diet
control. Rabbi et a [36] found that participants who used an
app based on contemporary behavioral science theorieswalked
significantly morethan the control group after 3 weeks; further,
the users rated the app’s personalized suggestions more
positively than the nonpersonalized, generic suggestions created
by professionals. Laing et a [29] demonstrated that one of the
most popular commercially available weight loss apps,
MyFitnessPal, which is based on social cognitive theory, was
not effective in helping overweight patients lose weight in a
clinical setting over a 6-month period. One case-control study
[26] identified significantly decreased weight, fat mass, and
body mass index (BMI) in the intervention group compared to
controls. Carter et a [43] compared an app intervention group
(created on an evidence-based behaviora approach) to two other
control groups, one using a paper-based food diary and the other
using an online food diary. Over the 6-month study period,
adherence to the trial was statistically significantly higher in
the mobile phone app group compared with the online website
group and the paper diary group. Further, the mean weight
change, BMI change, and body fat change were highest in the
app intervention group.
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Medication Management

In total, 3 RCT studies evaluated the effectiveness of apps to
improve medication adherence. In an antiretroviral therapy
study, Perera et al [37] compared 2 randomized groups using
different versions of the same app (an augmented version and
standard version) in a 3-month study. There was a significantly
higher level of self-reported adherence and decreased viral |oad
among the augmented app group compared to the standard
version group. An RCT evaluating an app designed to help
elderly Spanish patients reduce nonadherence and medication
errors when taking multiple medications reported that app users
had significantly better adherence, fewer missed doses, and a
significant reduction in medication errorsin patientswithinitial
higher rates of errors [38]. In a study of adherence to
antidepressant medi cations among college students, Hammond
et al [39] found that there was astrong trend suggesting that the
use of a medication reminder app was beneficial in increasing
antidepressant medication adherence.

Lifestyle | mprovement

Only 2 studies measured lifestyle changes in users of 2
commercialy available apps. One trial [30] measured changes
in health-related behaviors, sleep problems, and fatiguein airline
pilots. It found that the intervention arm had a significant
improvement in reducing the level of fatigue, improving sleep
quality, increasing strenuous physical activity, and changing
snacking behavior measures. The other lifestyle study was a
three-arm trial to promote walking [40] that included 2 app
groups, one using social motivation strategies and the other
employing an individual motivation strategy, and a
brochure-based control group. The 2 intervention groups both
showed significant improvementsin total walking time.

Other Themes

As shown in Multimedia Appendix 3, only a small number of
studies were found under the themes of diabetes management,
sun protection, hypertension management, cardiac rehabilitation
smoking cessation, family planning, and pain management.
Kirwan et a [41] found a freely available app supplemented
with text message feedback could significantly improve
glycemic control between baseline and 9-month follow-up for
patients with type 1 diabetes compared to the control group.
One of the first evaluation studies of acommercially available
sun protection app [11] showed that only 1/7 sun protection
behaviors, wearing wide-brimmed hats, was practiced more by
intervention than control participants. In astudy comparing an
app designed for hypertension management with traditional
care [42], the intervention group participants achieved a
significant decrease in systolic blood pressure at 12 weeks
compared to control participants. Varnfield et a [44] found that
the intervention group had significantly higher uptake,
adherence, and completion of a cardiac rehabilitation program
than the control group. A study of an innovative app addressing
heavy smoking showed promising quit rates compared to an
app that followed standard US Clinical Practice Guidelines[45].
Gilliam et a [9] noted that young women had a significantly
higher knowledge of family planning and increased interest in
longer-term contraception methods after using an app-based on
the theory of planned behavior. In a three-arm RCT for back
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pain management [10], users of the app showed significant
improvement compared to the control group in every comparison
of the critical physical, behavioral, and worksite outcome
measures at 4-month follow-up.

Suggested Features of Effective App I nterventions

| dentifying features that enhance intervention effectiveness can
inform the development of app-based intervention to produce
greater health behavior change and support evaluation of
complex interventions. The reviewed studies revealed some
important features that could be useful in informing future app
intervention design. For example, the MyFitnessPal app
incorporates self-monitoring, goal setting, feedback, and social
networking features, all deemed critical functions in physical
activity and dietary interventions, and it has received the highest
possible rating (5/5 stars) from app store reviewers [29].
However, participants in the MyFitnessPal app trial only had
minimal change in body weight with no difference between
groups. Thismay be because participantsfound cal orie counting
took too much time [29]. This finding is consistent with a
previous systematic review suggesting that the amount of
participant time required is an important consideration for
physical activity and health eating interventions [46].

Another example is that despite receiving no training on how
to use the app, the usage of the diabetes management app was
high among participants, and there was significantly improved
glycemic control in the intervention group between baseline
and follow-up at 9 months compared to the control group. This
may be attributed to anumber of important features of this study,
such asthe user-friendly design, usefulness of the information,
usability of the app, and additional weekly personalized
text-message feedback from a health care professional [41].
One important feature of the trial improving airline pilots
health-related behavior and deep was the tailored advice,
supplemented by additional background information available
on the website [30].

Discussion

In total, 17 studies reviewed reported statistically significant
effectsin thetargeted behavior change, and only one app seemed
to have had a negative effect among men with an alcohol use
disorder [28]. In one study, behavior change to increase
meditation adherence did not reach statistical significance[39].
In total, 10 studies used active comparators that were shown to
be also effective; although the intervention groups did not
outperform their comparator, the effectiveness of these apps
should be considered. For example, in a study to improve
patients' coping skills with depression, mobile phone apps and
computer groups were both associated with statistically
significant benefits at posttest assessment [32]. Interventions
including an active comparator could ensure that all patients
who agree to participate in the trial will not be knowingly
disadvantaged [47]. Further, this could provide someinsight to
the app developers for the preferred mode of delivery between
apps and exigting aternatives, like Web-based or text
message-based interventions.
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In total, 14 studies had quite small sample sizes, and their
findings must be interpreted with caution. Additionally, the
long-term sustainability of effects is largely unknown. Trials
of larger sample size and longer intervention duration or
follow-up time are warranted to assess effectiveness of mobile
phone app interventions. The quality of the included studiesin
terms of high risk of bias in selection, performance, detection,
or attrition, and the quality of reporting of the interventionsin
some of the articles also calls for more rigorous study design
and reporting.

With respect to the mechanisms of behavior change, it is
important to use theory to inform intervention design as well
as specifying BCTs [48,49]. It is apparent that interventions
based on behavior change theory are more effective than those
lacking atheoretical basis[48-50]. Inour review, only 6 studies
explicitly reported using behavior change theories to underpin
their app interventions [9,10,27-29,36]. In total, 21 studies
explicitly reported BCTswereincorporated; the other 2 studies
[33,35] did not mention any BCT used in the intervention.
However, it seemed that the number of BCTs used did not
predict effectiveness. For example, the smoking cessation app
study reported that applied five BCTs—self-monitoring, goal
setting, self-tracking, social support, and being motivated—did
not significantly improve outcomes in smoking cessation
compared to the control group [45], whereas the pain
management app with three BCTs showed significant
improvement compared to the control group in every comparison
[2Q]. In our review, the most commonly adopted BCT (in 12
studies) was self-monitoring, but results were mixed in terms
of how effective this technique was in changing behavior. This
finding may be a consequence of different BCTs targeting
different aspects of the behavior change process.

Retention rate is defined as the proportion of participants who
remained in the study to completion. Despite the potential
convenience and benefits to app users, only 10 studies in our
review achieved a high retention rate (>80%) in intervention
group [9-11,31,35,36,38,42,43,45]. The My Meal Mate app
[43] isaweight loss intervention with a high retention rate; 40
of 43 (93%) participants returned for follow-up at 6 months.
Compared with other similar apps, the key features of the My
Meal Mate app are expert-designed, tailored content and weekly
supportive text messages. Similarly, the FitBack app had ahigh
retention rate of 92% (183/199) and also tailored content to
users preferences and interests; participants achieved greater
improvement in all physical, behavioral, and worksite outcome
measures than the control group [10]. Varnfield et al [44] had
a 77% (46/60) completion rate in the home care cardiac
rehabilitation app intervention group, which was approximately
30% more than the control group. The involvement of experts
who provided weekly scheduled tel ephone consultations with
informed, personalized feedback on progress according to
participants’ goals likely contributed to this relatively higher
level of participant retention. In a poststudy survey, users rated
MyBehavior’'s personalized suggestions more positively than
the nonpersonalized and generic suggestions [36].
Personalization and adaptation in real time appear to be key
elementsin engaging a diverse group of participants[51]. This
is reinforced by Tang et a [52], who found that young adults
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highly valued the personalized features of a weight loss app.
These studies support that tailored information, real-time
feedback, and expert consultation are the app functions that
might be most acceptable and useful to participants. In turn, it
is likely that these features could result in maintaining higher
retention rates and enhancing intervention effectiveness. Further,
our findings also indicate that apps with a simple interface and
that make better use of app design and technology may reduce
thetime required for usersto participate in theintervention and
improve retention. Identifying features that may enhance
intervention effectiveness could inform the development of
health behavior change apps and support the evaluation of
complex interventions.

Implications for Future Research and Practice

Mobile phone apps are seen as a potential low-cost way to
deliver health interventions to both genera and at-risk
populations. Many such apps exist; however, rigorous research
to test their effectiveness and acceptability is lacking. There
were 7 publicly available apps that were used in the reviewed
studies[10,11,28-30,40,41]. Despite their apparent popularity,
public and commercia apps have not been comprehensively
evaluated to date; they are currently being used without a
thorough understanding of their associated risks and benefits
[53]. There is a gap between app concept, delivery, and
tranglation into health behavior change.

The Cochrane Risk of Bias Assessment is agood tool to assess
the quality of intervention trials. However, in our findings, the
“blinding of participants and personnel” was poor; only one
study [45] was double-blinded due to the unique nature of app
interventions. The quality of mHealth evidence reporting could
be improved through the use of recently published guidelines
to aid better understanding and synthesizing findings. The
Consolidated Standards for Reporting Trials (CONSORT)
provides a 22-item checklist for reporting Web-based and
mHealth RCTs [54]. The mHealth Evidence Reporting and
Assessment (MERA) checklist could aso ad quality
improvement of mHealth intervention reporting [55].
Additionally, the Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) statement could assist to
improve the reporting quality of nonrandomized eval uations of
public health interventions [56]. In this review, only 4 studies
described “blinding of outcome assessment” [9,28,35,38]. It
might be possible to blind outcome assessors, those doing data
analysis, or those administering co-interventions, which isone
of the 22 essentia items recommended in the CONSORT
checklist [54]. It is important for researchers to adopt these
guidelinesvigilantly for better reporting and communication of
research results.

One of the primary benefits of apps is their potential for
incredibly high reach. With mobile phone use reaching near
saturation among some populations, particularly young adults,
and the high rates of consumer acceptability, app effectiveness
research must also consider total app reach. Thisaspect of health
behavior change apps has not been assessed, with most studies
being exceptionally small in scale. Appsthat offer even asmall
health benefit could still be avaluable public health intervention

Zhao et d

if the population-level reach ishigh enough. But, encouragingly,
weidentified someregistered large-scaleclinical trial protocols
of app-based interventions, suggesting that the current limited
scientific evidence may be eased in coming years [57-60].

All identified studieswere conducted in high-income countries,
which could be partly due to our search criteria limiting
publications in English only. However, it is also possible that
asignificant demand for app research on health behavior change
in lower- and middle-income countriesis being neglected. The
burden of NCDs, such as heart disease, diabetes, cancer, and
mental disorders, is high in low- and middle-income countries
and is predicted to grow [4]. Mobile phones have great potential
to reach populations that previously had restricted access to
interventions or health care information [61]. Apps have aso
created new opportunities and possihilitiesto reach popul ations
who were largely unreachable via traditional health care
channels[62]. mHealth interventions have a positive impact on
some chronic diseases in developing countries [63] and text
messaging has been recognized as a successful tool to improve
behavior change outcomes [13,15]. In comparison with text
messaging only, mobile phone apps offer more active
engagement in health care and improved convenience at
substantially lower cost. However, the current evidence base
for the use of app-based interventions in developing countries
remains small [64]. The widespread adoption of mobile phones
highlights a significant opportunity to impact health behaviors
globally, particularly in low- and middle-income countries.

Limitations

Limitations of this review are worth noting. The search terms
arerestricted to health behavior change, and wefocused mostly
on medicine- and health science-related databases, which may
have excluded publicationsin other areas. Although iPhone and
Android app stores debuted in June 2007 [65], they have
experienced exponential growth in popularity since 2010; some
relevant articles published before January 2010 could have been
missed. Theincluded studieswereall conducted in high-income
countrieswhere the health care systems are different from many
low- and middle-income countries, which limits the ability to
draw generalizable conclusions [66]. The inclusion of studies
targeted at the adult population could a so confineinterpretations
about whether app-based interventions can influence behavior
change among younger users.

Conclusions

To our knowledge, no previous study has completed a
comprehensivethematic literature review of mobile phone apps
for health behavior change. Although a majority of the studies
reviewed reported statistically significant effects in targeted
behavior change, adequately powered and relatively longer
duration RCTs are till required to determine the effectiveness
of app-based interventions. Further research should focus on
conducting evaluation research in low- and middle-income
countries. Moreover, these results highlight the need for better
reporting of health-related app interventions. Collaborations
between researchers, HCPs, app devel opers, and policy makers
could enhance the process of delivering and testing
evidence-based apps to improve health outcomes.
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