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Abstract

Background: Mobile health (mHealth) apps offer new opportunities to deliver psychological treatments for mental illness in
an accessible, private format. The results of several previous systematic reviews support the use of app-based mHealth interventions
for anxiety and depression symptom management. However, it remains unclear how much or how long the minimum treatment
“dose” is for an mHealth intervention to be effective. Just-in-time adaptive intervention (JITAI) has been introduced in the mHealth
domain to facilitate behavior changes and is positioned to guide the design of mHealth interventions with enhanced adherence
and effectiveness.

Objective: Inspired by the JITAI framework, we conducted a systematic review and meta-analysis to evaluate the dose
effectiveness of app-based mHealth interventions for anxiety and depression symptom reduction.

Methods: We conducted a literature search on 7 databases (ie, Ovid MEDLINE, Embase, PsycInfo, Scopus, Cochrane Library
(eg, CENTRAL), ScienceDirect, and ClinicalTrials, for publications from January 2012 to April 2020. We included randomized
controlled trials (RCTs) evaluating app-based mHealth interventions for anxiety and depression. The study selection and data
extraction process followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
We estimated the pooled effect size using Hedge g and appraised study quality using the revised Cochrane risk-of-bias tool for
RCTs.

Results: We included 15 studies involving 2627 participants for 18 app-based mHealth interventions. Participants in the
intervention groups showed a significant effect on anxiety (Hedge g=–.10, 95% CI –0.14 to –0.06, I2=0%) but not on depression
(Hedge g=–.08, 95% CI –0.23 to 0.07, I2=4%). Interventions of at least 7 weeks’ duration had larger effect sizes on anxiety
symptom reduction.

Conclusions: There is inconclusive evidence for clinical use of app-based mHealth interventions for anxiety and depression at
the current stage due to the small to nonsignificant effects of the interventions and study quality concerns. The recommended
dose of mHealth interventions and the sustainability of intervention effectiveness remain unclear and require further investigation.
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Introduction

More than 250 million people worldwide have depression or
anxiety, which are the 2 most common mental illnesses that
contribute to the global burden of disease [1]. The recent
coronavirus disease pandemic has further increased the numbers
of people reporting symptoms of anxiety and depression [2].
Both psychological and pharmacological therapies have been
reported to effectively reduce the symptoms of mental illness.
Yet, depression and anxiety disorders are notably undertreated
due to a variety of barriers, such as lack of access to treatments
and reluctance to get treatments because of social stigma and
unawareness of symptoms [3]. The ongoing pandemic resulting
in restrictions on social and physical distancing has posed
additional challenges to these individuals, worsening
undertreatment [2].

Mobile health (mHealth) apps leverage the ubiquity of mobile
devices and the mobile-cellular telecommunication infrastructure
and offer new opportunities to deliver psychological treatments
for mental illness in an accessible, private format [4]. As the
affordability and accessibility of smartphones are increasing,
mobile apps are becoming the main component of many
interventions promoting mental wellness and thus could be an
exceptional tool to support mental health care delivery [5,6].
Research effort has been made to develop and examine mobile
app-based interventions to improve patient engagement in
symptom management and reduce mental illness symptoms.
For instance, several smartphone apps are available for
delivering self-directed cognitive behavioral therapy (CBT) for
those with depression [7]. Other psychotherapies that are feasible
to be facilitated by apps include acceptance and commitment
therapy (ACT), problem-solving therapy (PST), and
psychoeducation [8,9].

Several previous systematic reviews and meta-analyses have
supported the use of app-based mHealth interventions for
anxiety and depression symptom management. Firth et al [10,11]
have reported a small-to-moderate effect size for both anxiety
and depression symptom reduction following interventions
delivered fully or partially by smartphone compared to control
groups (anxiety: Hedge g=.33, 95% CI 0.17-0.48, P<.01;
depression: Hedge g=.38, 95% CI 0.24-0.52, P<.001). Another
recent systematic review reported similar results supporting the
use of stand-alone smartphone apps for depression (Hedge
g=.34, 95% CI 0.18-0.49, P<.001) and anxiety (Hedge g=.43,
95% CI 0.19-0.66, P≤.001) symptom reduction [12]
Nevertheless, although previous studies have examined
intervention features and components to identify the most
effective design for app-based mHealth interventions [10,12],
due to the various study lengths (ie, 4 weeks, 6 weeks, 3 months,
6 months), it remains unclear how much or how long the
minimum treatment “dose” is for an mHealth intervention to
be effective.

Just-in-time adaptive intervention (JITAI) has been introduced
in the mHealth domain to facilitate behavior changes; it proposes
the use of ongoing information (individuals’ changing status)
to adapt the delivery of the intervention in its type, timing, or
amount (intensity) [13]. The goal of JITAI is to increase an
individual’s acceptance of the intervention as the intervention
is delivered “at the moment and in the context that the person
needs it most and is most likely to be receptive” [14].
Smartphones are an ideal platform to deliver JITAIs because
individuals’ responses and their location can reveal whether the
intervention is delivered and received at its maximum capacity.
JITAI has been used to support health behaviors changes, such
as physical activity [15,16], healthy diet [17,18], weight loss
[19], and addiction [20-22]. A recent meta-analysis of 31 JITAI
studies found significant effects of JITAI on improving health
outcomes and enhancing study retention and intervention
adherence [13,23,24]. JITAI emphasizes intervention tailoring
to meet individual needs to achieve the best outcomes; thus,
JITAI strategies regarding intervention dose (ie, type, amount,
and timing of delivery) are positioned to guide the design of
mHealth interventions with enhanced adherence and
effectiveness.

In this study, our primary goal was to evaluate and update the
evidence of app-based mHealth interventions for anxiety and
depression symptom reduction through a systematic review and
meta-analysis. In addition, inspired by the JITAI framework,
we examined the effective mHealth dose for anxiety and
depression symptoms where information was available. In other
words, what is the minimum amount of usage or exposure to
an mHealth app to effectively reduce anxiety and depression
symptoms? To the best of our knowledge, this is the first
systematic review and meta-analysis to examine the
effectiveness of mHealth in anxiety and depression from a dose
perspective.

Methods

Design
We conducted this systematic review and meta-analysis and
reported the results following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[25].

Search Strategy
We searched the published literature using keywords and
strategies designed by the team with the assistance of a medical
librarian. These strategies were created using a combination of
controlled vocabulary terms and plain keywords (Multimedia
Appendix 1). Databases that were searched were Ovid
MEDLINE, Embase, PsycInfo, Scopus, Cochrane Library (eg,
CENTRAL), ScienceDirect, and ClinicalTrials. We limited the
search to studies published from January 2012 to April 2020.
All searches were completed on April 30, 2020.
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Study Selection
Studies were included if they (1) evaluated an app-based
mHealth intervention designed to treat anxiety or depression or
both, (2) measured symptoms of anxiety or depression, (3) were
published as original research/trials in peer-reviewed journals,
and (4) were written in English. We included studies that
examined interventions delivered in part via mobile apps (ie,
smartphone + regular phone call). We excluded studies if they
(1) evaluated interventions not delivered in real-world settings
(eg, only delivered within a laboratory or clinical setting), (2)
evaluated interventions not delivered through a
hand-held/mobile device, (3) only measured intervention
usability or adherence but not the intervention effect on anxiety
or depression symptoms or outcomes, (4) only measured
physical stress responses but not any psychological
anxiety-related symptoms, (5) did not include a control group
and an experimental/comparison group with a random allocation
process, or (6) used a quasi-experimental or other study design
without a random allocation process.

Quality Appraisal
We used the revised Cochrane risk-of-bias tool for randomized
trials (RoB 2) [26] to assess each included study in 5 domains:
(1) risk of bias arising from the randomization process, (2) risk
of bias due to deviations from the intended interventions (effect
of assignment to intervention), (3) risk of bias due to missing
outcome data, (4) risk of bias in outcome measurement, and (5)
risk of bias in selection of the reported result. The assessor rated
each domain as “low risk of bias,” “some concerns,” or “high
risk of bias,” which constituted an overall risk-of-bias judgment
for the study. Every included study was assessed by at least 2
assessors; any discrepancies were resolved through a consensus
discussion during our team meeting.

Data Extraction
We developed a Microsoft Excel spreadsheet to facilitate
systematic data extraction through iterative discussions. We
extracted the following data from the included studies: study
details (authors, journal, year of publication, study purposes),
study design (sample size, participant eligibility criteria, control
type), interventions (theoretical foundations and app
components), and outcomes, including data for calculating the
effect size at study endpoints and follow-ups. In addition, we
obtained intervention dose design information, if available,
including frequency, duration, length, and timing of delivery,
to examine the minimum effective intervention dose. For
outcomes, we extracted primary outcomes relevant to anxiety
and depression from the included studies. If a study did not
indicate the primary outcome or had multiple primary outcome
measures, we used data from the most used clinically validated

instruments (ie, the State-Trait Anxiety Inventory [STAI] for
anxiety and the Patient Health Questionnaire-9 [PHQ-9] for
depression).

Data Synthesis
To pool the effect size of the interventions for each of the
depression and anxiety measurements from the included studies
with various measures, we computed Hedge g by taking the
difference in the mean scores (1) between the intervention and
control groups at each reported time point (between-group
comparison) as well as (2) between the different time points
following the interventions and the preintervention (ie, baseline)
for the intervention groups (pre-post comparison). These time
points included any reported time points during the interventions
and during the follow-up after the conclusion of the
interventions. For each comparison, we pooled and analyzed
these Hedge g values for the target time point using both
random-effect and fixed-effect models. The between-group and
pre-post comparisons were also analyzed at the conclusion of
the designed study intervention for depression and anxiety,
respectively. Further, we used line graphs to visualize the pooled
Hedge g values by time point, including follow-ups, to facilitate
the analyses of dose-dependent effects and substantiality of the
interventions.

We evaluated heterogeneity between studies using I2, which
measures the percentage of total variance that can be explained.

Study heterogeneity is considered low when I2<25%, moderate

when I2 ranges from 25%-75%, and high when I2>75% [27].
We also visually and statistically evaluated publication bias
using funnel plots and the Egger test [28]. The pooled effect
accounting for missing studies was assessed using the Duval
and Tweedie trim-and-fill analysis [29]. In addition, we
conducted subanalyses to compare the effect sizes generated
from studies that targeted both depression and anxiety symptom
reduction by pooling and analyzing Hedge g values at the end
of the study.

Results

Study Selection and Characteristics
Our search strategy yielded a total of 9837 citations from the 7
databases, including ClinicalTrials. After removing duplicates,
we screened 3921 (39.9%) abstracts and excluded 3467 (88.4%)
citations that did not meet our inclusion criteria. We then
reviewed 454 (11.6%) full-text articles and further excluded
436 (96%) studies based on our exclusion criteria (Figure 1).
Of the remaining 18 (4%) studies, 15 (83%) were included in
the meta-analysis; 3 (17%) studies did not report the data for
meta-analysis [30-44].
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Figure 1. PRISMA flowchart for study selection. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

We summarize the characteristics, interventions, and primary
outcomes of the studies included in our meta-analysis (N=15)
in Tables 1 and 2. A total of 1942 participants were included
in the 15 studies. These studies were conducted in the United
States (n=4, 26%) [32,34,38,40], Germany (n=2, 13%) [36,39],
Sweden (n=2, 13%) [31,43], Australia (n=1, 7%) [35], Japan
(n=1, 7%) [37], Korea (n=1, 7%) [44], Switzerland (n=1, 7%)
[41], Taiwan (n=1, 7%) [42], and the United Kingdom (n=1,
7%) [33]; in addition, 1 (7%) study recruited participants
worldwide (the total percentage is more than 100% due to
rounding) [30].

The most frequently targeted population was adults (age≥18
years) self-reporting anxiety or depression symptoms (n=6,
40%) [30,34,36,38,40,41]. Other examined populations included
university students (n=2, 13%) [33,39]. Australian indigenous
youth (n=1, 7%) [35], and people with a diagnosis of cancer
(n=2, 13%) [32,44], social anxiety disorder (n=1, 7%) [31],
major depressive disorder (n=2, 13%) [37,43], and general
anxiety disorder (GAD; n=1, 7%) [31].

A total of 18 mobile apps were examined in the studies, with 8
(44%) targeting depression symptom management, 4 (22%)
targeting anxiety reduction, and 6 (34%) targeting both anxiety
and depression (Table 2). The majority of the mHealth apps

facilitated various CBTs (n=12, 67%) [31-33,35-39,41-44].
Other therapies included ACT (n=1, 6%) [35], mindfulness and
breathing relaxation techniques (n=1, 6%) [30], self-esteem and
acceptance of the present (n=1, 6%) [40], and attentional bias
modification (n=1, 6%) [42]. The length of intervention ranged
from 4 to 12 weeks, with 4 weeks being the most commonly
used length (n=5, 28%) [30,33,36,40,42]. Most apps were
designed to be used on a daily basis.

Various instruments were used as primary outcome
measurements. For depression, most studies used the Beck
Depression Inventory-II (BDI-II) as their primary outcome
measure (n=5, 33%) [38,41-44]. Other depression assessment
tools included the PHQ-9 (n=4, 27%) [34-37] and the Center
for Epidemiologic Studies Depression Scale (CES-D; n=2, 13%)
[39,40]. There were no common anxiety assessment tools across
the studies. There were a total of 8 different measurements used
in the studies, including the STAI (n=2, 13%) [42,44], the 6-item
short-form of the STAI (n=2, 13%) [33,39], GAD-7 (n=1, 7%)
[30], the Hamilton Anxiety Rating Scale (HAM-A; n=1, 7%)
[32], the Beck Anxiety Inventory (BAI; n=1, 7%) [43], the
Liebowitz Social Anxiety Scale-Self Report (LSAS-SR; n=1,
7%) [31], and the Social Interaction Anxiety Scale (SIAS; n=1,
7%) [41].
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Table 1. Characteristics of the included studies (N=15).

Outcome measuresAssessment
time points

Age (years),
mean (SD)

Sample sizeStudy populations/eligibility
criteria

Author (year), country

Control, nIntervention, n

Anxiety

GAD-7, ASI, OA-
SIS

Baseline, week
2, week 4 end
point (EP)

18-34 (51)Waitlist: 3231Anxiety Sensitivity Index
(ASI)-3≥16, Overall Anxi-
ety Severity and Impairment
Scale (OASIS)≥8, GAD-

7a≥6

Pham (2016),
global

LSAS-SR, PHQc-9,
GAD-7

Baseline, week
3, week 7 (EP),
follow-up (FU)

Intervention
group (Txt): 35.4
(11.0); bibliother-

Bibliotherapy:
70; waitlist: 69

70Diagnosis of social anxiety
disorder (SAD), LSAS-

SRb≥30

Boettcher (2018),
Sweden

week 3, FUapy: 35.9 (14.1);
week 7, FUcontrol group

(Ctrl): 35.0 (11.6) week 9, FU
week 41

HAM-Ae, HADS,
PHQ-9

Baseline, week
12 (EP)

Txt: 55.9 (12.4);
Ctrl: 57.0 (10.1)

Education con-
trol: 73

72Age≥18 years, diagnosis of
incurable solid tumor, Hospi-
tal Anxiety and Depression

Greer (2019),

United Statesd

Scale (HADS) anxiety sub-
scale>7, Eastern Coopera-
tive Oncology Group
(ECOG)=0-2

STAIf-S-6, PHQ-9,
DASS-21

Baseline, week
2, week 4 (EP),
FU week 2

Txt: 19.9 (1.83);
Ctrl: 19.8 (1.8)

Waitlist: 7472University students, Depres-
sion Anxiety Stress Scales
(DASS)-21 stress sub-
scale>14 or DASS-21 anxi-
ety subscale>7

Ponzo (2020),

United Kingdomd

Depression

PHQ-9Baseline, week
3, week 6 (EP),
FU week 4

N/RgWaitlist: 10Boost me=10;
thought chal-
lenger=10

Age≥18 years, PHQ-9>10,
Quick Inventory of Depres-
sive Symptoms (QIDS)>11

Stile-Shields
(2019), United

Statesd

PHQ-9Baseline, week
6 (EP)

Txt: 27.5 (9.5);
Ctrl: 25.0 (6.3)

Waitlist: 3031Australian indigenous youth
(age 18-35 years), PHQ-
9>10 or 10-item Kessler

Tighe (2017),
Australia

Psychological Distress Scale
(K10)>25

PHQ-9Baseline, week
4 (EP)

Txt: 41.2 (11.9);
Ctrl: 44.6 (10.7)

Waitlist: 4444Subjective need for a depres-
sion symptom reduction in-
tervention

Ludtke (2018),
Germany

PHQ-9, BDI-IIBaseline, week
5, week 9 (EP),
FU week 8

Txt: 40.2 (8.8);
Ctrl: 41.6 (8.9)

Medication
change only: 83

81Age 25-59 years, diagnosis
of major depressive disor-

der, BDIh-II≥10, currently

Mantani (2017),
Japan

taking and resistant to 1 an-
tidepressant

BDI-IIWeek 2, week
3, week 4, week

Moodivate: 43.8
(13.3); MoodKit:

Treatment as
usual (TAU): 9

Moodivate: 24;
MoodKit: 19

Age 18-65 years, PHQ-8>10Dahne (2019),

United Statesd

5, week 6, week
7, week 8 (EP)

44.7 (14.0); Ctrl:
43.1 (11.9)

Both anxiety and depression

STAI-6, CES-DiBaseline, week
7 (EP), FU
week 5

Txt: 24.0 (4.6);
Ctrl: 24.2 (3.6)

Waitlist: 7575University students, per-
ceived stress posttreatment
(PSS)-4≥8

Harrer (2018),
Germany

CES-D, GAD-7Baseline, week
2, week 4 (EP),
FU week 2

CBT/PPT SB:
42.3 (12.6); gener-
al SB: 38.0
(11.3); Ctrl: 40.3
(13.1)

Waitlist: 93General SB: 97;

CBTj/positive
psychotherapy
SuperBetter
(PPT SB): 93

Age≥18 years, CES-D≥16Roepke (2015),
United States
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Outcome measuresAssessment
time points

Age (years),
mean (SD)

Sample sizeStudy populations/eligibility
criteria

Author (year), country

Control, nIntervention, n

SIAS, LSAS-SR,
BDI-II

Baseline, week
12 (EP), FU
week 12

Txt: 34.7 (9.9);
Ctrl: 35.2 (12.1)

Waitlist: 3060Age≥18 years, ≥cut-off

score on SIASk or Social
Phobia Scale (SPS), Diag-
nostic and Statistical Manu-
al of Mental Disorders,
Fourth Edition (DSM-IV)
diagnosis of SAD

Stolz (2018),
Switzerland

STAI-S, STAI-T,

BDI-II, BAIl
Baseline, week
2, week 3, week
4 (EP), FU
week 4

Txt: 21.5 (2.2);
placebo: 21.5
(1.6); waitlist:
21.5 (1.6)

Placebo: 30;
waitlist: 22

30Age 25-35 years,
PSWQ>60, DMS-IV diagno-
sis of GAD subscale

Teng (2019), Tai-
wan

BDI-II, PHQ-9, BAIBaseline, week
9 (EP), FU
week 24

Txt: 30.2 (11.9);
Ctrl: 31.0 (11.0)

Face-to-face be-
havior activa-
tion therapy: 47

46Age≥18 years, PHQ-9≥5,
DMS-IV diagnosis of major
depression

Ly (2015), Swe-
den

BDI-II, STAI-T,
STAI-S

Baseline, week
10 (EP)

Txt: 41.9 (11.3);
attention control:
43.5 (10.4); wait-
list control: 47.1
(11.2)

Waitlist: 26; at-
tention control:
26

28Age 16-65 years, diagnosis
of cancer, BDI-II≥16 or
STAI>39

Ham (2019), Ko-

read

aGAD-7: Generalized Anxiety Disorder-7.
bLSAS-SR: Liebowitz Social Anxiety Scale-Self Report.
cPHQ: Patient Health Questionnaire.
dStudies were not included in the previous meta-analyses we identified.
eHAM-A: Hamilton Anxiety Rating Scale.
fSTAI: State-Trait Anxiety Inventory.
gN/R: not reported.
hBDI: Beck Depression Inventory.
iCES-D: Center for Epidemiological Studies Depression Scale.
jCBT: cognitive behavioral therapy.
kSIAS: Social Interaction Anxiety Scale.
lBAI: Beck Anxiety Inventory.
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Table 2. Intervention characteristics of the included studies (N=15).

Additional componentsLengthIntended doseApp contentsAuthor (year), country

Anxiety

N/Ab4 weeksN/RaPham (2016), global • Flowy app: minigames for breathing retraining
with reward feedback

Internet-based CBT with 9
modules

6 weeksDaily useBoettcher (2018),
Sweden

• CBTc with gamification and life skill challenges

N/A10-12
weeks

6 sessions (20-30 min-
utes each) with home-
work (10 -15 minutes
each)

Greer (2019), United

Statesd
• CBT with psychoeducation, activity planning,

problem solving, staying present, thought creation,
and summary/review

“Biobeam” wristband for
passive data collection

4 weeksDaily usePonzo (2020), Unit-

ed Kingdomd
• BioBase: CBT and self-compassion-based psychoe-

ducational content, mood tracking, and relaxation
exercises (physical activity, sleep

pattern, and heart rate)

Depression

Weekly coaching via
phone or email to enhance
intervention adherence

6 weeksN/RStile-Shields (2019),

United Statesd
• Boost Me: behavioral activation (BA) with activity

scheduling, aiming to increase rewarding activities
and monitoring of mood

• Thought Challenger: CBT involving identifying
and apprising maladaptive thoughts and creating
adaptive counter thoughts

N/A6 weeksN/RTighe (2017), Aus-
tralia

• iBobbly: ACTe with identifying thoughts, feelings,
and behaviors; learning distancing techniques;
regulating emotions through mindfulness, accep-
tance, and self-soothing activities; and identifying
values, goals, personalized action plans

N/A4 weeksA few minutes per dayLudtke (2018), Ger-
many

• Good to Yourself: CBT with cognitive strategies,
mindfulness, social competence skills, activating
exercises

Antidepressant switch to
escitalopram (5-10

8 weeks1 session/week with 20
minutes/session (not in-
cluding homework)

Mantani (2017),
Japan

• Kokoro: CBT, mood monitoring, BA, and home-
work

mg/day) or to sertraline
(25-100 mg/day)

N/A8 weeksAt least once per dayDahne (2019), Unit-

ed Statesd
• Moodivate: BA (psychoeducation, value identifica-

tion, activity planning based on values, completion
badges)

• MoodKit: CBT (thought identification/modifica-
tion, mood tracking, journaling, activity schedul-
ing)

Both anxiety and depression

N/A7 weeks30-90 minutes/module
with 1-2 modules/week
for 8 modules total

Harrer (2018), Ger-
many

• CBT with social support, rumination, time manage-
ment, procrastination, text anxiety, sleep, motiva-
tion, nutrition, exercise, mood diary, motivational
messages, and online eCoach

N/A4 weeks10 minutes/dayRoepke (2015),
United States

• SuperBetter: gamified app to increase drive to ac-
complish goals and build social support

• SuperBetter“ version with CBT/positive psychother-
apy (PPT): same app with additional CBT content
adapted from PPT and 2 classic CBT (cognitive
restructuring and behavioral activation)
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Additional componentsLengthIntended doseApp contentsAuthor (year), country

Weekly feedback from a
coach

12 weeks1 module/week• CBT with motivational enhancement, psychoedu-
cation, cognitive restructuring, self-focused atten-
tion, behavioral experiments, summary and repeti-
tion, healthy lifestyle and problem solving, and
relapse prevention

Stolz (2018),
Switzerland

N/A4 weeks3 times/day• Home-delivered attentional bias modification (HD-
ABM): administers attention training for which
disgusted and neutral facial expressions are used
as stimuli; target “probe” replacing only the neutral
face

Teng (2019), Tai-

wand

Face-to-face behavior acti-
vation therapy

9 weeksN/R• CBT with recall (statistics and summaries) and
save important nondepressed behavior, a behavior
activity database for providing suggestions, sup-
port, and inspiration; a bake-end system for thera-
pists monitoring participants' activities; and a
messaging system for communication between
participants and therapists

Ly (2015), Sweden

N/A10 weeks10-15 minutes/session
with a quiz for 48 ses-
sions

• HARUToday: CBT with psychoeducation, BA,
relaxation training, cognitive restructuring, problem
solving, and point reward system

Ham (2019), Koread

aN/R: not reported.
bN/A: not applicable.
cCBT: cognitive behavioral therapy.
dStudies were not included in the previous meta-analyses we identified.
eACT: acceptance and commitment therapy

Risk-of-Bias Assessment
Most studies (n=10, 67%) [30-32,34-36,38,39,41,42] were rated
as “some concerns” for bias, and 3 (20%) [33,40,44] were rated
as “high risk of bias” (Figure 2). All studies reported adequate
randomization sequence generation and allocation concealment.
In addition, 3 (20%) studies [33,42,44] reported unclear
information concerning their approaches adjusting the effects
of intervention nonadherence on outcomes, and 2 (13%) studies
had a high attrition rate and provided no information about their

approaches addressing missing data. Blinding of outcome
assessment was not possible for most included studies due to
the use of self-reported outcome assessments; thus, the results
of most studies (n=13, 87%) [30-34,36-41,43,44], although
unlikely, may be influenced by the awareness of the intervention
received. Concerning outcome reporting, we found no evidence
to suspect selective reporting for all studies. There was no
evidence of publication bias according to the funnel plots and
Egger test (Multimedia Appendix 2).
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Figure 2. Diagram summarizing the result of our risk-of-bias evaluation among the 15 included studies using the Cochrane risk-of-bias tool for RCTs.
RCT: randomized control trial.

Effectiveness of mHealth Apps in Anxiety and
Depression
Of the included 15 studies, 10 (67%) [30-33,40-42] examined
the effectiveness of app-based mHealth interventions in anxiety
management. When compared to the preintervention, at the
conclusion of the interventions, participants receiving the
interventions showed a statistically significant effect on anxiety
symptoms (Hedge g=–.20, 95% CI –0.31 to –0.09, heterogeneity

I2=0%, P=.79); see Figure 3a. Similarly, when compared to the
control groups, at the conclusion of the interventions,
participants receiving the interventions showed a statistically
significant effect on anxiety symptoms (Hedge g=–.10, 95% CI

–0.14 to –0.05, heterogeneity I2=0%, P>.99); see Figure 3b.

Of the included 15 studies, 11 (73%) [32-36,39-44] evaluated
the effectiveness of app-based mHealth interventions in
depression management. When compared to the preintervention,
at the conclusion of the interventions, participants receiving the
interventions showed a statistically significant effect on
depression symptoms (Hedge g=–.25, 95% CI –0.39 to –0.11,

heterogeneity I2=3%, P=.42); see Figure 4a. However, when
compared to the control groups, at the conclusion of the
interventions, participants receiving the interventions did not
show a statistically significant effect on depression symptoms

(Hedge g=–.08, 95% CI –0.23 to 0.07, heterogeneity I2=4%,
P=.41); see Figure 4b.
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Figure 3. Pooled effect size of mHealth apps on anxiety symptom management at the conclusion of the intervention: (a) before-after comparison for
the intervention groups and (b) comparison between intervention and control groups. BAI: Beck Anxiety Inventory; CBT: cognitive behavioral therapy;
GAD: generalized anxiety disorder; HAM-A: Hamilton Anxiety Rating Scale; HD-ABM: home-delivered attentional bias modification; LSAS-SR:
Liebowitz Social Anxiety Scale-Self Report; mHealth: mobile health; PPT: positive psychotherapy; STAI: State-Trait Anxiety Inventory; WL: waitlist.
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Figure 4. Pooled between-group effectiveness of mHealth apps on depressive symptom management: (a) before-after comparison for the intervention
groups and (b) comparison between intervention and control groups. BDI: Beck Anxiety Inventory; CBT: cognitive behavioral therapy; CES-D: Center
for Epidemiological Studies Depression questionnaire; HD-ABM: home-delivered attentional bias modification; mHealth: mobile health; PHQ: Patient
Health Questionnaire; PPT: positive psychotherapy; TAU: treatment-as-usual; WL: waitlist.

Effects of mHealth Interventions on Depression vs
Anxiety
Our subgroup analysis included 8 (53%) studies [31,32,39-44]
evaluating the effectiveness of their interventions in both
depression and anxiety. The results indicated that the
intervention groups showed a significant effect on both anxiety

(Hedge g=–.23, 95% CI –0.36 to –0.10, heterogeneity I2=0%,

P>.99) and depression (Hedge g=–.22, 95% CI –0.39 to –0.06,

heterogeneity I2=15%, P=.31) compared to baseline (Figures
5a and 5b). However, compared to the control groups (waiting
list), mHealth interventions showed a significant effect only on
anxiety at the conclusion of the interventions (Figure 5c) but
not on depression (Figure 5d). This shows that mHealth
interventions are more likely to improve anxiety but not
depression.
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Figure 5. Subanalysis of pooled within-group and between-group effects of mHealth interventions on anxiety (upper panel) and depression (lower
panel) from studies evaluating intervention effects on both anxiety and depression (n=8): (a) within-group comparison for the intervention groups for
anxiety, (b) comparison between intervention and control groups for anxiety, (c) within-group comparison for the intervention groups for depression,
and (d) comparison between intervention and control groups for depression. BAI: Beck Anxiety Inventory; BDI: Beck Anxiety Inventory; CBT: cognitive
behavioral therapy; CES-D: Center for Epidemiological Studies Depression questionnaire; GAD: generalized anxiety disorder; HAM-A: Hamilton
Anxiety Rating Scale; HD-ABM: home-delivered attentional bias modification; LSAS-SR: Liebowitz Social Anxiety Scale-Self Report; mHealth:
mobile health; PHQ: Patient Health Questionnaire; PPT: positive psychotherapy; STAI: State-Trait Anxiety Inventory; TAU: treatment-as-usual; WL:
waitlist.
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Dose-Dependent Effects of the mHealth Interventions
When examining the dose-dependent effects of the mHealth
interventions, interventions longer than 7 weeks had larger effect
sizes on anxiety reduction, with a statistically significant effect
size at week 7 (Figure 6a). In contrast, the pooled effects on

depression fluctuated without a clear trend of dose-dependent
effects (Figure 6b). Regarding the sustainability of intervention
effects, the pooled effect sizes were not significant and reduced
over time during follow-ups for both anxiety and depression
(Figures 6c and 6d).

Figure 6. Pooled effects of the app-based mHealth intervention on anxiety (upper panel) and depression (lower panel) at different time points: (a)
during the designed study intervention length and (b) during the follow-up after the designed study intervention. a: number of study arms; mHealth:
mobile health.

Discussion

Principal Findings
We conducted a systematic review and meta-analysis to examine
the existing evidence on the effectiveness of app-based mHealth
interventions for anxiety and depression symptom reduction.
We included a total of 15 randomized controlled trials (RCTs),
with many studies [32-34,38,44] published after previous
reviews on a similar topic, providing an update to the current
evidence. Our meta-analysis shows that app-based mHealth
interventions have a modest but significant effect on anxiety
reduction, consistent with previous reviews [4,11,12]. This
finding adds confidence to the further development and
implementation of smartphone apps to facilitate psychological
treatments for anxiety symptom management [11]. In addition,
our results suggest that a longer intervention (ie, 7 weeks or
longer) is more likely to result in significant anxiety reduction.
This finding may explain the restricted effects in studies with
less than 7 weeks of app-based mHealth interventions. To the
best of our knowledge, this is the first meta-analysis to assess
the relationship between the app-based mHealth intervention
length and the effect of the intervention. We encourage
researchers to design a longer app-based mHealth intervention
for anxiety symptom control and to verify our findings regarding
the length of the intervention.

With regard to depression, we found that participants receiving
interventions for depression experienced little symptom
reduction that was not statistically significant. The finding is
inconsistent with other systematic reviews reporting that
smartphone apps have small-to-moderate effect sizes on
depression symptom reduction [4,10,12]. The inconsistency
could result from the fact that we included 1 measure per
outcome per study instead of averaging the data from studies
using multiple measurements for an outcome. The inconsistency
may also be because previous studies included both native
smartphone and web-based apps [4,10]. Web-based apps have
better accessibility by allowing participants to access the
interventions via various platforms [45]. In addition, the long
history of web app development led to optimal user interface
design, contributing to better usability and usefulness. Usability,
usefulness, and accessibility have been documented as the key
factors leading to successful and effective apps for mental illness
management [46]. Nevertheless, we decided to exclude
web-based apps because most studies reported no information
about the tools their participants used to access their apps, which
diminishes the purpose of our analysis on mHealth apps.

Another possible explanation of the consistency between the
results of this and previous studies can be that we included 5
[32-34,38,44] studies published after previous reviews and all
of them had insignificant effect sizes in our analysis. The effect
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sizes from the new evidence may neutralize the effect sizes from
the studies included in the previous reviews. The intervention
effect heterogeneity indicated that the optimal intervention
content, format, and dose designs remain unclear. This is further
supported by our dose-dependent analysis revealing that there
is no clear relationship between the intervention length and the
effect on depression, similar to a previous study [10].

There were 3 RCTs that met our eligibility criteria but were
excluded from our meta-analysis due to insufficient data
reported for the analysis [47-49]. All 3 studies reported positive
results toward the effects of smartphone apps facilitating CBT
on mental illness. Li et al [47] conducted a 12-week RCT and
reported that a CBT-based smartphone chatbot intervention is
efficacious for depression symptom reduction for patients with
HIV and depression at both 3 and 6 months [47]. Morbeg et al
[48] conducted a 4-week RCT and found that adult people
receiving a CBT-based smartphone app had significantly lower
anxiety and depression symptoms. Lastly, Arean et al [49]
examined 2 smartphone apps in a 4-week RCT for depression
and found that both apps generated a greater reduction, although
not significant, in the depression symptom score compared to
the control. However, we excluded these 3 studies because they
either reported statistics that cannot be used to compute Hedge
g without transformation based on assumptions or did not report
enough data for Hedge g calculation. Studies by Li et al [47]
and Morbeg et al [48] were also not included in other previous
systematic reviews. The study by Arean et al [49], after data
transformation with assumptions, was included in previous
reviews but showed inconsistent effects on depression symptom
reduction. Therefore, it was unclear whether the inclusion of
these studies would alter our results for depression. Further
researchers and reviewers should emphasize the gold standard
of reporting to enable better study comparison and synthesis
[25,50].

Consistent with previous reviews (eg, Lui et al [9]), the majority
of the included studies used mobile apps to deliver CBT for
anxiety or depression or both. Cognitive behavioral therapy has
been delivered by computer or web apps for the treatment of
various mental illnesses [51]. Our results did not suggest that
smartphone apps are not useful for facilitating CBT. Rather,
our results suggest that current evidence may be insufficient to
guide the app-based mHealth intervention design for effective
CBT-based mental illness intervention facilitation, thus requiring
more research engagement. In addition, other psychotherapies,
such as ACT, may also be effective in mental illness control
but received relatively less attention. More studies are needed
to uncover whether smartphone apps can facilitate other
psychotherapies and how effective they are.

One objective of our study was to evaluate the current dose
design of existing app-based mHealth interventions for anxiety
and depression for an understanding of the optimal mHealth
treatment length. We found that most interventions were
designed to be used on a daily basis and completed within 1.5
months [52]. However, most studies provided a paucity of
information about how much time their participants were asked
to spend on the interventions per day or per module/session of
the interventions; in addition, most studies reported no data on
how much time their participants actually spent on the

interventions (the actual intervention exposure). As a result, we
were only able to summarize the intervention effect by the
designed intervention length and dose reported in the included
studies.

Limitations and Strengths
Our review has several limitations that should be considered
when interpreting the results. First, our literature search was
restricted to English publications and resulted in a small amount
of research available compared to other meta-analyses
examining the evidence of smartphone-based interventions for
mental illness. Second, the included studies used various
outcome measures, and we extracted only the primary or
secondary measures for anxiety and depression. Although this
strategy was used in previous systematic reviews and
meta-analyses on similar topics, we might have missed the
effects detected by other measures. Both limitations might result
in our findings of limited or nonexistent efficacy of the
interventions and confidence reduction in our dose analysis
results. Finally, we included 6 studies that delivered their
interventions in part by smartphone. Although app components
were the main parts of their interventions, our results may not
represent the effects of stand-alone smartphone apps due to the
inclusion of the studies. Nevertheless, we decided to include
these studies because we considered these interventions were
still app-based mHealth interventions. In addition, small effect
sizes for 4 of the 6 studies suggest that the nonapp components
do not seem to contribute to the primary effect. Further studies,
including more studies for blended interventions (smartphone
app + other intervention components), are needed to compare
the effects of stand-alone smartphone apps and blended
interventions on mental illness management.

Despite the limitations, this review has many strengths. First,
our included studies covered several publications that were
published after 2019 [32-34,38,44] to reflect updated evidence,
which can support future development and use of app-based
mHealth interventions for anxiety and depression. Second, we
conducted several analyses assessing pooled intervention effects
at various study time points to understand the effective length
of app-based mHealth interventions. Finally, we computed the
pooled effect size of the mHealth interventions during the
follow-up period to uncover the sustainability of the intervention
effects on anxiety and depression reduction, which was not
revealed in previous systematic reviews focusing on a similar
topic [10-12]. These analyses provide innovative insights
informing the future study design of app-based mHealth
interventions assessing for anxiety and depression symptom
reduction.

Implications for Future Studies
The dose design of app-based interventions has been suggested
as an important aspect that profoundly influences intervention
effects [13,24,53]. However, incomplete and inconsistent
reporting of the intervention dose design and exposure in the
existing studies impeded our quantitative analysis exploring the
optimal intervention dose design for anxiety and depression.
Future studies should explore the effect of app-based mHealth
interventions with various dose designs and exposures for
anxiety and depression symptom management. In addition,
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research efforts are needed to improve the reporting of
intervention doses to enable comparable data for evidence
evaluation and synthesis. The use of the JITAI framework to
inform intervention design, evaluation, and reporting has
potential to enable high-quality evidence for future app-based
mHealth interventions for mental illness [13,24]. Finally,
although most studies reported that their interventions sustained
over follow-up compared to baseline, our analysis indicated
that the pooled between-group effects of the interventions were
not significant and rapidly reduced over time for both anxiety
and depression. We recommend future studies to further explore
the sustainability of symptom improvements from app-based
mHealth interventions for anxiety and depression at various
time points, including both during the study and after study
completion (follow-up).

Conclusion
In summary, although there is some evidence in using app-based
mHealth interventions for anxiety and depression symptom
reduction, clinical use cannot be recommended based on this
systematic review and meta-analysis due to the small to
nonexistent pooled effects found in existing studies, not to
mention concerns regarding study quality/reporting of the
existing studies. The effects of app-based mHealth interventions
may not yet be realized, as the optimal intervention dose is still
unclear. Future research should consider (1) adopting a
theoretical framework, such as JITAI, to inform intervention
design, evaluation, and reporting to enable high-quality evidence
for app-based mHealth interventions for anxiety and depression
care; (2) improving the reporting of data to enable comparable
data for evidence evaluation and synthesis; and (3) exploring
the sustainability of treatment benefit from the mHealth
interventions.
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