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Abstract

Background: Interventionsaimed at modifying behavior for promoting health and disease management are traditionally resource
intensive and difficult to scale. Mobile health apps are being used for these purposes; however, their effects on health outcomes
have been mixed.

Objective: This study aims to summarize the evidence of rigorously evaluated health-related apps on health outcomes and
explore the effects of features present in studies that reported a statistically significant difference in health outcomes.

Methods: A literature search was conducted in 7 databases (MEDLINE, Scopus, PsycINFO, CINAHL, Global Index Medicus,
Cochrane Central Register of Controlled Trials, and Cochrane Database of Systematic Reviews). A total of 5 reviewers
independently screened and extracted the study characteristics. We used a random-effects model to calculate the pooled effect
size estimatesfor meta-analysis. Sensitivity analysis was conducted based on follow-up time, stand-alone app interventions, level
of personalization, and pilot studies. Logistic regression was used to examine the structure of app features.

Results: From the database searches, 8230 records were initially identified. Of these, 172 met the inclusion criteria. Studies
were predominantly conducted in high-income countries (164/172, 94.3%). The majority had follow-up periods of 6 months or
less (143/172, 83.1%). Over half of theinterventionswere delivered by astand-alone app (106/172, 61.6%). Static/one-size-fits-all
(97/172, 56.4%) was the most common level of personalization. I ntervention frequency was daily or more frequent for the majority
of the studies (123/172, 71.5%). A total of 156 studies involving 21,422 participants reported continuous health outcome data.
The use of an app to modify behavior (either as a stand-alone or as part of alarger intervention) confers a dight/weak advantage
over standard carein health interventions (standardized mean difference=0.38 [95% CI 0.31-0.45]; 12=80%), although heterogeneity
was high.

Conclusions: Theevidenceintheliterature demonstrates asteady increasein the rigorous eval uation of apps aimed at modifying
behavior to promote health and manage disease. Although the literature is growing, the evidence that apps can improve health
outcomesisweak. Thisfinding may reflect the need for improved methodological and eval uative approaches to the devel opment
and assessment of health care improvement apps.
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Introduction

Background

The health carefield is experiencing exponential growth in the
use of mobile appsto deliver interventions aimed at modifying
behavior to promote health and manage disease. Behavior
change interventions are broadly defined as “coordinated sets
of activities designed to change specific behavior patterns’ [1].
Traditionally, behavior change interventions are resource
intensive and difficult to scale [2]. The enthusiasm for apps
stems from their broad reach and capacity to perform multiple
functions, including sophisticated features that can enhance
person-centered care and improve health outcomes[3]. Research
into the effectiveness of health apps to change behaviorsisin
itsearly stage, and thereisno clear consensus on which specific
features of apps can assist in behavior change[4]. Furthermore,
most apps contain only afew features that could be considered
to have the potential to change behavior [5]. Examples of
features within apps that may promote health behavior change
include reminders or notifications (eg, to prompt patients to
take their medication at a specified time), tracking activity (eg,
to encourage increased physical activity), goal planning, and
tailored information (eg, provide information on the
consequences of continuing a behavior) [6]. Despite the field
being in its infancy and the lack of consensus on the efficacy
of appsto promote health and manage disease, the use of health
apps has become increasingly common [7].

With an estimated 325,000 health care—related apps now in
existence [8], the global health app market is expected to reach
US $236 hillion by 2026 [9]. However, systematic reviews
assessing the effectiveness of mobile apps for the management
of various conditions such asasthma[ 10], cardiovascular disease
[11], diabetes [12], physicd and menta hedth [13],
self-management of medication [14], and smoking cessation
[15] have shown mixed results [16].

Similarly, findings from studies exploring the impact of app
features on health outcomes have been mixed. For instance,
Bonoto et al [12] observed that when the number of featuresin
an app was more than 2, the efficiency of the app appeared to
increase. However, other researchers have reported inconclusive
results regarding the number of features[17,18]. To inform the
future direction of health app development, there is a need to
understand if certain features or active ingredients, such as
self-tracking, feedback, and journaing, within apps are
important contributorsto improved outcomes[1]. Thusfar, only
a few systematic reviews of rigorously evaluated apps (eg,
through randomized controlled trials [RCTs]) have been
performed to assess which features are found in successful apps.
In addition, these reviews have typicaly only looked at
disease-specific apps[12,15,18-21]. Furthermore, none of those
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studies specifically evaluated which features of the apps had an
effect on the outcomes.

Objectives

Therefore, a broader review of this technology is warranted,
given the widespread availability of health apps and the current
gap in knowledge in the understanding of their effectiveness
on health outcomes or the features that may have an effect on
the outcomes. This study aimsto summarize the evidence from
RCTs of the effect of health apps on health outcomes. Our
secondary aim is to explore the effect of features present in
studiesthat reported astatistically significant differencein health
outcomes (eg, feature count and which featureswere morelikely
to have apositive effect on the outcome). Tothisend, all studies
rigorously evaluating a health app published between 2008 and
early 2019 were reviewed and analyzed.

Methods

This study was designed and reported in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) statement [22]. A protocol outlining the
methods of this systematic review was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO, CRD42018106868).

Search Strategy

The search strategy was devel oped and executed in consultation
with an experienced research librarian (ES). We executed our
origina search on October 2016 and completed an updated
search on March 2019. The search strategy was created for Ovid
MEDLINE using a combination of MeSH (Medical Subject
Heading) terms, keywords, and phrases (M ultimedia A ppendix
1). The search terms targeted mobile apps, a broad range of
disease/illnesses, and health-related outcomes. The strategy was
translated for other databases—Scopus, PsycINFO, CINAHL,
Global Index Medicus, Cochrane Central Register of Controlled
Trials, and the Cochrane Database of Systematic
Reviews—using their respective thesaurus terms and advanced
search features. A manual search using reference lists of
retrieved citations was conducted for other relevant studies.

Eligibility Criteria

Textbox 1 summarizes the PICOS (participants, interventions,
comparison, outcomes, and study design) to definetheinclusion
criteria strategy. A behavior change intervention is broadly
defined as a“ coordinated set of activities designed to change a
specified behavior pattern” [2]. Given this broad definition, we
included studies in which an intervention used a mobile health
(mHealth) app to change abehavior to promote health or manage
disease, whether or not authors explicitly labeled theintervention
as behavior change technique. For example, appsthat included
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techniquesto increase exercise, improve medication adherence,
or self-manage a chronic disease were included. Multimedia
Appendix 2 [1] describes and defines the app features. Thereis
currently no consensus on all app features and their definitions.
We first developed this list of features based on the literature
[20,23] and then, by consensus within the team, iteratively
expanded and refined from our review of the included studies.
We then assessed how the features corresponded to behavior
change techniques [24]. We excluded apps that only collected
data passively, with no other intervention or behavior change
component (eg, step count collection, blood glucose automatic
readings/continuous glucose reading). As app storesfrom which
users could download appswerefirst launched in 2008, we used
this year for the start of search [25]. We excluded articles
published in languages other than English or Spanish, not
meeting rigorous eval uation criteria, and reporting on behavior
change interventions that did not include an app for delivery.

Iribarren et d

In addition, the following studies were excluded: studies on
app-based interventions targeting health care providers (eg,
training, evaluation of prescription habits, diagnostic assistance,
medical information references); interventions designed for
nonmobile devices (eg, web-based interventions for computer
use), using only wearable devices, or if the intervention was
delivered within ahealth carefacility (eg, hospital unit); testing
of a smart-heath device (eg, blood pressure monitoring,
environmental sensors, blood glucose monitoring) or for
monitoring a device (eg, pacemaker); reporting on app
development; nonrigorously designed studies (nonrandomized
studies, not controlled, quasi-experimental); virtual reality
studies;, systematic review of mobile apps; assessment of
web-based networking (eg, blogs, Facebook groups); devices
used in health care settings (eg, tablet-based intervention in a
hospital setting); use of drones; and app only for notifying users
of test results.

Textbox 1. Participants, interventions, comparison, outcomes, and study design criteria.

Inclusion and exclusion criteria
Population
« Adults or children with any disease or health-related issue.

Intervention

« Intervention could have any length of follow-up on outcomes.

Comparator

« Routine practice
o Usua care

«  Control

« Attention control

Outcomes

Setting

Study design

« Any intervention using a mobile health app aimed to modify a behavior to promote health and manage disease whether or not authors explicitly
|abeled the intervention as “ behavior change technique.” For example, an intervention that allows users to input data, receive feedback, connect
with health professionals, learn about a disease, or manage their illness or disease.

«  Anydirect health outcome that could be assessed for clinical effectiveness, such as medication adherence, treatment outcome (eg, blood pressure,
hemoglobin A1), health care promotion (eg, cardiovascular disease screening), behavior change (eg, smoking cessation, weight loss), scores
measured using any validated standard instrument (eg, pain level, Patient Health Questionnaire for depression, quality of life).

»  Participantsin any country in their natural environment (eg, home, community) and not in a controlled health care setting (eg, hospital).

« Rigorous evaluation conditions: paralel randomized controlled trids (RCTS), cluster RCTs, quasi RCTs, controlled before-after studies, or
interrupted time series studies with at least three time points before and after the intervention.

Study Screening and Selection

Studieswere screened for eligibility in duplicates under blinded
conditions by 2 independent reviewers (SI, KK, YK, Hannah
Erdy, and TA) as the best practice for systematic reviews [22].
Covidence software was used to aid in this process. Search
results werefirst screened by title and abstract, and any studies
that appeared to meet the eligibility criteriaor where éligibility
was unclear progressed to full-text screening. Next, 2
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independent reviewers screened the full texts to determine
eligibility for inclusion in the review. Results from each round
of screening were compared and discussed until consensuswas
attained. When more than one publication referred to the same
trial, the publication reporting on the primary outcomes of the
study was selected. Reports of ongoing trials were excluded.
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Risk of Bias

The quality of the studies was assessed using the Cochrane Risk
of Biastool for RCTs[26]. We assessed each study for random
sequence generation, allocation concealment, blinding of
participants, blinding of personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and
other sources of biasaslow, unclear, or high. If intention-to-treat
analysiswas conducted, the study was considered to have alow
risk for completeness of outcome data.

Data Extraction and Variable Definitions

A standardized data extraction form was developed to include
standard data (eg, title, year published, health condition) and
study-specific data (eg, app features, level of personalization).
Dataextracted from each full-text paper included the following:
title, publication year, authors, country, intervention name,
health condition addressed, participant population age, study
design, intervention focus, intervention description, mode of
intervention delivery (eg, stand-alone app or app as part of a
larger intervention such asan in-person component), comparator,
intervention frequency, follow-up time, sample size calculation,
use of theoretical framework to guide and devel op intervention,
app name, app features, level of personalization, health outcome,
sample size at randomization and at final analysis, and outcome
results. Features were extracted as reported or not reported. In
caseswherethe features were not explicitly listed, wereviewed
supplementary files, screenshots, or any source cited by the
authors (protocol; website; or previous publications by authors
detailing intervention devel opment, testing, or initial evaluation)
to determine if features were present or not. The level of
personalization of the app was categorized as one-size-fits-all,
static (one-time tailoring to individual), or dynamic (adaption
occurs periodically or in real time during intervention). For
health outcomes, we extracted the primary health outcome used
to power the study; if there were multiple outcomes or if the
power cal culation was not reported, we sel ected the main health
outcome. If the health outcome was a secondary outcome, this
was noted. Where studies compared more than 2 interventions,
we extracted the data from the control and the intervention
groupsthat represented the most stand-alone app. Outcome data
were extracted from the longest (last) follow-up. We abstracted
summary measures such as means, SDs, event counts, and total
n, calculating SD values from other summary metrics (eg, SE,
Cls) when the raw value was not included in a study [27,28].
These data were compiled in a spreadsheet independently by 2
of the authors for a subset of 20 articles and were reviewed by
the team for consensus of data extraction. Data extraction was
then continued by one author and verified by asecond extractor.
When there was uncertainty for any data point, the article was
reviewed as a team, and disagreements were resolved by
discussion.

Narrative Synthesisfor Feature Definition and
Outcome Categorization

Initial narrative synthesis is recommended before undertaking
a quantitative synthesis of complex interventions to look at
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patterns and characteristics of the data identified [27].
Recommendations include organizing studies into logical
categories possibly related to design, outcome, or intervention
type [29]. Therefore, we used a thematic analysis to develop
intervention outcome behavior change categories. These
categories included nutrition and physical activity (eg, weight
loss), mental health management (eg, reduction of depressive
symptoms), medication adherence, general health and well-being
(eg, quality of life), diabetes management (eg, hemoglobin A,
management), management of other chronic diseases (eg,
lowered blood pressure), and cessation/harm reduction (eg, days
no drug use, reduced al cohol consumption, smoking cessation).
Country incomelevels(eg, high and low income) were classified
according to the World Bank listing [30].

Statistical Analysis

Meta-analysis

We used arandom-effects model to calculate pooled effect size
estimations[31], where study heterogeneity was assessed using
12 and the Sidik-Jonkman estimator for calculating T2 and
prediction intervals [32]. Random effects analysis was chosen
over afixed-effect model because by calculating both within-

and between-study variance (t%), the relative weights assigned
to each study are more balanced under the random-effects model
than they are under a fixed-effect model, which only considers
n for each study. Standardized mean differences (SMDs) were
calculated as Hedges g for continuous measures and odds ratio
for binary measures; when extracted data did not contain SDs
but contained other statistical information (t values, P values,
and Cls), we used those variables to calculate effect sizes
following the formulaein the Cochrane Handbook [ 33]. Funnel
plots were used to assess publication bias.

Sensitivity Analysis
Sensitivity analysis was conducted by performing subgroup

analysisbased on follow-up time, stand-alone app interventions,
level of personalization, and pilot studies.

App Feature Analysis

We used | ogistic regression to examine the effect of app features
detailed in Multimedia Appendix 2. We chose an outcome of
an absolute SMD of 0.5 or greater asindicative of a successful
app, which was model ed as the outcome variable in the logistic
regression.

Statistical analyseswere performed using R 3.6.2 (R Core Team
2019).

Results

Study Selection

From the database searches, 8230 records were initialy
identified. Of these, 172 met the inclusion criteria and were
included inthisreview. See Figure 1 for the PRISMA flowchart
of the study selection, including the rationale for the exclusion
of full-text articles.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. RCT: randomized controlled trial.
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Study Char acteristics

Key study characteristics are summarized in Table 1. Most
studieswere parallel design or cluster RCTs (169/172, 98.3%),
2 wererandomized crossover, and 1 was arandomized factorial
design. A total of 34.3% (59/172) of the studies were
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RenderX
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Reasons for exclusion:
738  Wrong study design
464 Protocol of RCT
111 Wrong intervention
101 Wrong outcome
40  Duplicate
29  Nofulltext/proceedings
23 Wrong setting/population
i} Wrong comparison
1 MotEnglish

characterized as pilot RCTs. Studies were predominantly
conducted in high-income countries (164/172, 94.3%), with the
United States having the highest count (69/172, 46.6%). Only
1 study was conducted in alow-income country (Ghana). The
number of publications per year has steadily increased since
2012 (Figure 2).
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Table 1. Study characteristics (N=172), n (%).
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Characteristic Vaue
Reported as arandomized pilot study
No 115 (66.1)
Yes 59 (33.9)
Region/country (number of studies per country)
North America (USA-69, Canada-6, Mexico-1) 76 (43.7)
Europe (UK-8, Spain, Sweden, Denmark, Italy, Netherlands) 49 (28.2)
Asia(Korea-8, China-8, Japan-3, Taiwan-2) 26 (14.9)
Oceania (Australia-16, New Zeaand-3) 19 (10.9)
Middle East, North Africa, Greater Arabia (Israel-2) 2(1.2)
Sub-Saharan Africa (Ghana) 1(0.6)
Multi-country 1(0.6)
Participant condition
Chronic disease (Diabetes-28, Cardiovascular Disease-13, Pulmonary disease-9, HIV-4) 55(33.2)
Mental health (eg, depression, anxiety) 48 (27.8)
Overweight/obese/physical inactivity/diet 47 (27.2)
Substance use/abuse (eg, alcohoal, nicotine, drugs) 10(5.8)
Cancer 7(4.2)
Neurological/muscul oskeletal (eg, back pain, arthritis) 7(4.1)
Behavior assessed (health outcome)
Nutrition and physical activity (eg, weight 10ss) 61 (34.7)
Mental health management (eg, reduce depressive symptoms) 31(17.9)
Diabetes management (eg, hemoglobin A reduction) 22 (12.7)
General health/well-being (eg, quality of life, sleep quality) 20 (11.7)
Medication adherence 15(8.7)
Cessation/harm reduction (eg, days no drug/al cohol use, smoking cessation) 13(7.5)
Management of other chronic diseases (eg, reduce blood pressure) 12 (6.9)
Participant age category
Adult 145 (83.2)
Mix of age groups 18 (10.3)
Adolescent 6 (3.5)
Pediatric 3(17)
Older adult 2(12)
Comparator group
Usual/standard of care 102 (58.6)
Attention control 45 (25.9)
Waitlist control 27 (15.5)
App developed for research or clinically/commercially available
Research 87 (50.5)
Commercial/clinical 77 (44.3)
Unclear 10(5.7)
App intervention type
Stand-a one intervention 108 (62.1)
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Characteristic Vaue
Part of alarger intervention 66 (37.9)
App+in person 22 (12.6)
Appt+wearable 19 (10.9)
App+2 other (eg, phone call+wearable, in person+patient portal) 15(8.6)
App+1 other (eg, support specialist, phone call, text messaging) 10(5.7)

I ntervention frequency
Daily/as needed 125 (71.8)
Weekly 18 (10.3)
Unclear 25(14.9)
Other 6 (3.4)

Follow-up time (extracted last follow-up time)

<1 month 10 (5.7)
1-6 months 135 (77.6)
7-12 months 25(13.9)
>12 months 4(2.3)

Reported use of behavior change theory for app development
Yes 68 (39.1)
No/not clearly reported 106 (60.9)
Reported a power analysis
Yes 103 (59.2)
No/not clearly reported 71 (40.8)
Reported intention-to-treat analysis
Yes 96 (55.2)
No/not clearly reported 78 (44.8)

Level of personalization

One-size-fits-all 74 (43.0)
Static (one-time tailoring to individual) 23(13.9)
Dynamic (adaption occurs periodically or in real time during intervention) 75 (43.6)

Figure 2. Publication of included studies per year.
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Participants

Sample sizes ranged from 6 to 14,228, with a total of 53,331
participants across the 172 studies. Overall, 83.1% (143/172)
of studies targeted adults, whereas 8.1% (14/172) targeted
exclusively pediatric patients or adol escents, and 0.6% (1/172)
of the studies targeted older adults. The most common
conditions of the participants were chronic diseases (55/172,
31.9%), mental hedth disorders (48/172, 27.9%), and
overweight or obesity (45/172, 26.2%).

M ethodology

Control groupseither received no intervention (100/172, 58.1%),
received attention control (eg, basic version of an app; 45/172,
26.2%), or were waitlisted (27/162, 15.7%). The majority had
follow-up periods of 6 months or less (143/172, 83.1%), and
only 2.3% (4/172) of studies had follow-up periodslonger than
12 months. Over half reported asample size calculation or power
analysis (103/172, 59.9%) or an intention-to-treat analysis
(96/172, 55.8%).

Interventions

Over half of the interventions were delivered by a stand-alone
app (106/172, 61.6%), and 38.4% (66/172) used an app as a
component of alarger intervention. For example, 22 evaluated
an app and in-person set-up (22/172, 12.8%),19 appswere paired
with a wearable (19/172, 11.0%),15 evaluated an app with 2
other interventions (15/172, 8.7%), and 5.8% (10/172) apps had

Iribarren et d

one other component that was neither in-person nor wearable
(eg, text messages, mHealth support specialist). In total, 67 of
the studies (67/172, 39.0%) reported that their intervention was
based on a behavior change theory (eg, Socia Cognitive
Theory). One-size-fits-all (74/172, 43.0%) and dynamic (75/172,
43.6%) were the most common levels of personalization.
Intervention frequency was mostly daily or multiple times per
day (123/172, 71.5%). The studies assessed interventions for a
range of behavior change outcomes. The top 3 were nutrition,
physical activity, or both (60/172, 34.9%), mental health
disorder management (34/172, 19.8%), and diabetes
management (21/172, 12.2%).

App Features

The intervention apps included a mean of 5 features (SD 2),
ranging from 1 to 11 (Figure 3). The most common features
included self-report adherence or self-monitoring (120/172,
69.8%), visual feedback on user data (109/172, 63.4%), and
information/education (107/172, 62.2%; Figure 4). The least
common features were communication messaging within app
(36/172, 20.9%), app-based socia support (35/172, 20.3%),
and gamification (22/172, 12.8%). There were no features
common to all intervention apps. The features corresponded to
one or more behavior change techniques (Multimedia A ppendix
2). The most common behavior change mechanisms of the app
features were feedback and monitoring (corresponding to 5 out
of 13 features) and shaping knowledge (corresponding to 2 out
of the 13 features).

Figure 3. Number of studies with app features and frequency of app features.
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Figure 4. Frequency of app features.
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Self-report adherence or self-monitoring 120 52
Information or education 109 63
Visual feedback on users data 107 65
Reminders or alerts 97 75
Plan or goal setting within app 75 97

Push notifications or prompts

Passive monitoring

Incentives, rewards, or motivation

Communication messaging within app
App-based social support 35 137
Gamification 22 150

0% 25% 50% 75% 100%

Risk of Bias

All studies were screened for risk of bias using the Cochrane
Risk of Bias tool for RCTs (Figure 5). The randomization
procedure (random sequence generation) for most of the studies
was considered adequately described (130/172, 75.6% low risk
for bias). Just over half of studies reported details of allocation

Figure5. Risk of Bias.

concealment (96/172, 55.8% had low risk of bias), whereas
blinding of participants/personnel was less well described
(49/172, 28.5% had low risk of bias). Few studies reported
blinding of outcomes (40/172, 23.3%). Most studies had low
risk of incomplete outcome data (122/172, 70.9%) and low risk
of reporting bias (105/172, 61.0%).

Selective reporting (reporting bias)

Random sequence generation (selection bias)

Incomplete outcome data (attrition bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)

0% 25% 50% 75% 100%

. Low risk of bias Unclear risk of bias . High risk of bias
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Meta-analysis

Overall Effect of Studies With Continuous Outcomes

A total of 156 studies involving 21,422 participants reported
continuous health outcome data. The use of a behavior change
app (either as a stand-alone or as part of a larger intervention)

Figure 6. Effect of studies with continuous outcomes.

Total (95% CI)
Prediction interval
Heterogenatty: Tau'=0.1515; Chi*=703.20, df=155 (P= 0.01]; F=T8%Reskual
neterogeneny: Tau=Ha; Chi*=621.9, df=144 (P= 001} P=77%

10673

Subanalyses of Studies With Continuous Outcomes

We analyzed the impact of the app level of personalization as
stand-alone or as part of larger intervention and length of
follow-up time. No clear pattern of relationship emerged in
addition to the positive but weak advantage over standard care
inhealthinterventionsfor all groupings (MultimediaAppendix
3). Two groupings (>6 months, one-size-fits-al/static, part of
larger intervention; <3 months/dynamic/stand-alone) had larger

Figure 7. Funnel plot.
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confersaglight or weak advantage over standard carein health
interventions (SMD=0.38 [95% CI 0.31-0.45]; 1°=80%; Figure
6; Multimedia Appendices 3 and 4). Excluding pilot studies,
there were atotal of 105 studiesinvolving 18,514 participants.
Theoveral resultswere similar (SMD=0.35[95% CI 0.27-0.43];

12=82%).

10749 100% 0.33[0.31; 0.45] H
[-0.42; 1.18] —
— T T 1
-2 -1 0 1 2

effect sizes, with SMD of 0.50 and 0.59, respectively. Excluding
pilot studies in the analysis did not change the results.

Publication Bias

Figure 7 presents a funnel plot assessing publication bias for
continuous outcomes. The trim-and-fill process was used to
adjust for funnel plot asymmetry and estimate where studies
might be without publication bias (black dotsin Figure 7).
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Overall Effect of Studies With Binary Results

A total of 13 studies involving 31,845 participants reported
binary health outcome data. The use of a behavior change app
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(either as a stand-alone or as part of a larger intervention)
confers a smal advantage over standard care in hedth
interventions with an odds ratio of 1.78 (95% CI 1.10-2.85;
Figure 8).
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Figure 8. Effect of studieswith binary outcomes.
Experimental Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Cho et al. 2018 22 24 9 23 5% 17.11[3.21; 91.11] ——
Zhu et al. 2019 46 50 34 50 6% 5.41[1.66; 17.65] ——
Marquez Contreras et al. 2018 63 73 47 75 8%  3.75[1.66; 8.48] -
Cingi et al. 2015 29 80 8 29 8%  2.46[0.94; 6.41]
BinDhim et al. 2018 89 342 45 342  10%  2.32[1.56; 3.45] B
Crane et al. 2019 234 14228 124 13884  11%  1.86[1.49; 2.31]
Bricker et al. 2014 10 80 7 84 7%  1.57[0.57; 4.35]
Sarfo et al. 2018 14 28 12 27 7%  1.25[0.43; 3.61]
Kennelly et al. 2018 37 241 36 257 10% 1.11[0.68; 1.83]
Krishnan et al. 2018 1 50 1 52 2%  1.04[0.086; 17.11]
Hassandra et al. 2017 9 25 7 19 8%  0.96[0.28; 3.33]
Baskerville et al. 2018 50 820 60 779 10% 0.78[0.53; 1.15]
Wang et al. 2018 23 100 28 103 9%  0.76[0.40; 1.44]
Total (95% Cl) 16121 15724 100%  1.78 [1.10; 2.85] -
Prediction interval [0.35; 8.91] ——
Heterogeneity: Tau?=0.4895: Chi’=43.38, df=12 (P<0.01): I’=72%
01 0512 10

Dueto the small number of thisgroup of studies, no subanalysis
was conducted. We also did not assess publication bias in this
small group of studies.

Figure9. Effect of app features on outcome.

Analysis of App Features of Successful Apps

Results of logistic regression showed a slight positive effect on
health outcomes for the features of interactive communication,
reminders, gamification, and journaling, although no feature
had significant effects on health outcomes (Figure 9).

Reminders [Yes] 1

Communication within app [Yes] 4
Gamification [Yes] 1

Journaling within app [Yes] 1

Plan or goal setting [Yes] A

Social support within app [Yes] -
Assessment within app [Yes] A
Education within app [Yes] 4
Self-report or self-monitoring [Yes] 4
Visual feedback [Yes] -

Passive monitoring [Yes] 1
Incentives or rewards within app [Yes] 1

Push notifications [Yes] 4

0.1

Discussion

Principal Findings
In this comprehensive systematic review and meta-analysis, we

synthesized the evidence from 172 studies, which included
53,331 participants, to describe the overall effect of mHealth

https://mhealthjmir.org/2021/1/621563

RenderX

1.0
Odds ratios

apps used in interventionsto change behavior to promote health
and manage disease and also explored the impact of their
features. To the best of our knowledge, this is the first
meta-analysis to assess the effectiveness of health apps across
a variety of diseases and health outcomes. Other related
systematic reviews focused on methodologic reporting of any
mHealth-based intervention (not app specific) [7], reported on
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specific diseases or health outcomes [12,15,18-21], explored
features (not a systematic review) [34], or did not extract data
for ameta-analysis [35,36].

Our results highlight a substantial growth in the number of
health apps containing behavior change techniques being
rigorously evaluated. In addition to the studies presented, 464
published protocols likely to meet the inclusion criteria were
identified in the search, suggesting that the number of
app-related RCT publications will likely continue to rise. The
resultsfrom this meta-analysis suggest that app-based behavior
change interventions have a positive, although wesak, effect on
health outcomes.

It is thought that mobile tools, such as apps, can significantly
improve the provision of hedth care services and
communication, particularly in low- and middle-income
countries (LMICs) with a shortage of health care workers but
where accessto phonesand cellular servicesis high even among
vulnerable populations[37]. However, becausethe vast majority
of studies included in this systematic review were conducted
in high-income countries, the findings cannot be generalized to
LMICs. Similarly, other systematic reviews of mHealth literature
found disproportionate testing of mHealth tool s, including apps,
in high-income countries compared with LMICs[12,37-39].

Quiality of Selected Studies

Wefound the current evidenceto belargely composed of studies
reporting rigorous methodologies that included power
calculations, intention-to-treat analysis, and a low risk of bias
for randomi zation and randomi zati on concealment. Most of the
studies were not classified as pilot RCTSs, but even with RCT
pilot studies removed, results were largely unchanged.
Randomized trials, if sufficiently large, provide the most
convincing evidence about the effects of interventions because
randomization should result in both observed and unobserved
baseline characteristics being similar across the compared groups
[27]. Thehighrisk of biasfor intervention blinding and blinding
of outcomes arises from the near impossibility for patients and
health care professionals to be unaware of the use of apps and
smartphonesin the care process. About 40% of the studies chose
to use attention control or waitlist as comparators. Having an
active comparator (eg, attention control) could ensure that all
participantsin atrial will not be knowingly disadvantaged and
may reduce bias attributed to inadequate blinding [35].

Overall Effect

Our finding of an overall positive but weak effect appearsto be
consistent with the few systematic reviews of app-based
interventions that included meta-analyses. Systematic reviews
and meta-analyses of apps targeting diabetes [12,21,40] and
asthma control [18] found effects favoring app-based treatment.
The weak effect could be due, in part, to high heterogeneity
among the health outcomes. However, even the targeted reviews
assessing the efficacy of apps for lifestyle modification in
diabetesreported high heterogeneity of up to 86% in subcategory
analysis [21,40], whereas the meta-analysis of apps to support
asthma management included only 3 studies [18]. Behavior
change interventions are inherently complex, and it is
uncommon for any 2 interventionsto eval uate exactly the same
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intervention [21]. Moreover, outcomes may be measured in
different waysand at different time points across studies, which
could further blur any differences in outcomes. We expected
heterogeneity given the nature of behavior changeinterventions
and the diversity of the disease outcomes studied. Nonethel ess,
the overall meta-analysis results in this study should be
interpreted with caution because of the high heterogeneity found.
Another contributing factor to the weak positive effect could
be that a few studies reported the use of a behavior change
theory to guide app development, which is recommended to
improve the impact of an intervention [41]. Similarly, other
researchers who conducted a systematic review of health apps
noted a lack of mention by study authors of the use of a
behavioral model or theory for the development of apps[42,43].
Along these same lines, we did not assess the contributions of
patients and health care professionals in the development of
app-based interventions, even though this factor is recognized
as important [44]. It is well established that usability
considerations along with the use of sociotechnical design
principlesand a holistic approach to behavior change can impact
efficacy [42]. The involvement of patients and health care
professionals in app development was not consistently
mentioned by the authors of the studiesincluded in thisreview.
Finally, publication bias could undermine even the weak effect
found. Negative or null findings are less often published or
reported [45], and in thisreview, there appearsto be publication
biastoward studiesthat showed an intervention effect. However,
funnel plots are not necessarily trustworthy under high
heterogeneity. Nevertheless, as health behavior change
interventions are resource intensive and often difficult to scale,
having an equivalent or comparable outcome may still provide
wider reach, cost savings, and added convenience to the users

2.

Follow-Up Duration, Intervention Type, and Level of
Per sonalization

We conducted sensitivity analysis on the length of follow-up
time, the intervention as a stand-alone app or as part of alarger
intervention, and the level of personalization. Sensitivity
analyses suggested that the effects did not differ consistently
based on these 3 attributes. We were concerned that the impact
on effect could be skewed because the mgjority of the studies
had follow-up times of less than 6 months. Although there was
adlight trend for higher effects at lower follow-up times (less
than 3 months), this was not consistent across all subanalyses
groupings. Researchers have questioned the ability of app-based
interventionsto sustain beneficial health effects over time[40].
In particular, decline in app usage over time has been reported
and could impact long-term effects[31]. In asystematic review
of technology-driven behavior change techniques, researchers
found that 63% were effective in the short term (<3 months),
whereas only 33% were effective for long term (=12 months)
[46]. Asmost of theincluded studiestargeted chronic conditions,
more time may be needed to achieve a sustained behavior
changethat will lead to lasting changesin health outcomes. Our
results are consistent with other research findings that short
duration of follow-up was alimitation of many trials[7,11,13].
Another noted limitation of mHeath behavior change
interventions is the lack of information on the impact of
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long-term intervention on patient-important primary outcomes
[7]. Therefore, futureintervention studiesincorporating behavior
change apps should increase follow-up times to enable
assessment of primary outcomes as well as better describe app
engagement overtime.

Regarding intervention type, it appeared that there was little
impact on the overal effect if the intervention was provided as
astand-alone app or if the app was part of alarger intervention.
This is unsurprising as behavior change interventions are
typicaly complex, include multiple components, and may
impact individuals in a variety of ways [7]. In the studies in
which the app formed part of a larger intervention, other
components included, for example, occasiona in-person
meetings or phone calls, a wearable device, or a combination.
As the stand-alone apps had comparable results with
interventionsthat included other components, this may suggest
that apps can support a comprehensive intervention.

Thelevel of personalization, either one-size-fits-all or static or
dynamic, did not appear to alter the overall effect of outcomes.
This runs counter to recommendations to offer levels of
personalization rather than a one-size-fits-all functionality to
improve outcome [47]. For instance, a systematic review of app
features for diabetic support concluded that personalized and
tailored empowerment features should be included in
commercial apps for large-scde assessment of the
self-management of the disease [48].

Contribution of Features

In this study, the number of features present in the app did not
appear to confer an advantage. This contrasts with other
researchers who reported increased efficacy with morefeatures
[12,46]. The impact of the features on health-related outcomes
was inconsistent [18]. It has been proposed that an increase in
the number of features could decrease the usability of an app
[44]. Usability is considered critical for engagement and
adherence to app interventions over time [49]. Further
exploration of the complex interaction between the number of
features and usability may be important for determining future
app efficacy. In addition, future research could focus on better
understanding of mechanisms of action of behavior change
techniques within health app—based interventions to assess
which combinations lead to improved health outcomes. Our
aim was not to specifically detect which behavior change
techniques could be the mechanism of action for the potential
changes in health outcomes. The authors of app-based studies
should clearly describe the behavior change techniques used in
their app components and the guiding theories. Applying
taxonomy of behavior change techniques by Michie et al [24]
could be used to help compare and contrast findings across
studies. However, these taxonomies were not developed for
coding app features; therefore, some concepts may not be fully
transferable [5]. Features represent a high level of abstraction
of requirements and are useful to describe the functionality of
anew system without the need to drill down into too much detail
or are later specific enough for implementation [50]. Research
is needed to better tailor and align behavior change taxonomies
for mobile app feature apps.
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When individual features were assessed by health outcome
effectiveness, there appeared to be a dlight advantage among
those apps using interactive communication, reminders,
gamification, and journaling. Interactive communication has
been found to be important in a number of studies. Among
individual s with diabetes, including interactive communication
in apps and having remote access to health professionals were
associated with greater effectiveness in reducing hemoglobin
A;clevels[12]. Similarly, two-way interactivity has been shown
to improve adherence [51]. Furthermore, smartphone-based
interventions that did not include interactive support saw a
decrease in app use/engagement among those with chronic
respiratory diseases, diabetes, and hypertension [34]. Reminders
have also been identified as a core component of mobile
interventions, most notably through the use of text messaging
interventions [52].

Gamification conferred an advantage even though it was the
least frequent feature type. Identifying few apps that employed
gamification is consistent with findings from other studies, in
which authors reported that this lack of use may limit the
potential to improve health outcomes [53,54]. Journaling as a
feature was not mentioned in other systematic reviews of
features; thus, it may be anew finding or may have been labeled
differently. In any type of technology-driven intervention for
diabetes management, those containing digital features that
facilitated health and lifestyle education, behavior or outcome
tracking, and/or web-based health coaching were most effective
[46]. In this review, we identified many studies that included
education, self-tracking, coaching, and goal setting; however,
they did not show aclear effect on health outcomes.

Strengths and Limitations

A strength of this study isthat it is a comprehensive review of
rigorously tested app-delivered behavior change interventions
for a variety of diseases and health outcomes. Understanding
the impact of app-delivered interventions and features is
important given their rapid growth in the health care market.
There are aso limitations to consider. First, although we
attempted to focus on stand-alone app interventions, some of
the studies included other elements with the apps used as one
component of a larger intervention; thus, it was difficult to
isolate the effects of app-based interventions. We attempted to
mitigate this limitation by conducting subanalyses with
stand-al one apps. Second, we did not extract data on app usage.
Usage data could elucidate whether the intervention was less
effective because of lack of use or exposure to the intervention.
However, these data were not consistently reported in the
studies. Finally, there was often alack of clear reporting of app
features, which made it chalenging to extract data If the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Triasof Electronic and Mobile HEalth Applicationsand onLine
TeleHealth) guideline continues to be adopted for mHealth
research, reporting quality should begin to improve [55,56].

Future Recommendations

Future mHealth studies should use standardized reporting
guidelines and describe their intervention and app featureswith
adequate detail so that results are reproducible [56]. Future
research is needed to develop a taxonomy of behavior change
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techniques that aligns with all potential app features. These
efforts have begun with focus on specific app types, such as
measuring physical activity [57,58] and reducing alcohol
consumption [59]. Follow-up times should be appropriate for
disease and condition and likely should be longer than what we
found in this study, where the majority of papers reported
follow-up durations of lessthan 6 months. Updatesto thisreview
can be conducted to assess progress as the published protocols
are completed and reported. In addition to understanding clinical
effectiveness and cost-effectiveness, future work will also need
to include the potential payer's perspective to lessen
administrative burden, improve workflow, enhance patient and
provider engagement, and improve quality of care while
lowering costs [16]. Adoption or adherence to the technology
should also be evaluated.

Conclusions

Rigorous studies to examine the effectiveness of behavior
change app interventions on health outcomes are increasing.
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