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Abstract

IMPORTANCE Mobile mental health applications (apps) for moderate to severe depression are
proliferating, likely owing to their capacity to overcome the limitations of conventional
psychotherapy, but research on the potential moderators of treatment efficacy is lacking.
OBJECTIVE To examine the treatment efficacy associated with mobile app interventions for
moderate to severe depression and identify the potential moderators associated with better
treatment outcomes.

DATA SOURCES PubMed, Embase, and PsycINFO were searched from their inception to January
22,2023.

STUDY SELECTION Only randomized clinical trials evaluating mobile app treatments in adults with
moderate to severe depression that published their results in English were included in the analysis.
DATA EXTRACTION AND SYNTHESIS Three independent researchers extracted and assessed
relevant studies, their risk of bias, the characteristics of the population and study design, and the
components of the intervention program following the Preferred Reporting Items for Systematic
Reviews and Meta-analyses reporting guidelines. A fixed-effects model was used for data analysis,
and exploratory post hoc meta-regression and subgroup analyses were also conducted. Data were
analyzed from February 16 to March 25, 2023.

MAIN OUTCOMES AND MEASURES The main outcome was changes in depression symptom
severity from before to after treatment, measured by standardized depression assessment
instruments. Secondary outcomes included study-, intervention-, and patient-level factors
associated with app efficacy.

RESULTS Of 2128 studies identified, 13 studies evaluating 16 intervention apps with 1470
participants with moderate to severe depression were included in the analysis. The overall pooled

effect size of mobile app interventions vs both active and inactive control groups was 0.50 (95% Cl,

0.40 to 0.61). Interventions with in-app notifications were associated with significantly lower
treatment outcomes (standardized mean difference [SMD], 0.45; 95% Cl, 0.29-0.60) than
interventions without (SMD, 0.71; 95% Cl, 0.54-0.87; P = .02). In addition, app interventions
delivered for less than 8 weeks were associated with a significantly greater effect size (SMD, 0.77;
95% Cl, 0.59-0.96) than interventions delivered for 8 weeks or longer (SMD, 0.43; 95% Cl,
0.30-0.57; P =.004).

CONCLUSIONS AND RELEVANCE In this systematic review and meta-analysis, the feasibility and
efficacy of mobile app interventions were supported in treating moderate and severe depression,

(continued)

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question What patient characteristics
are associated with benefiting from use
of mobile application (app)
interventions for depression, and under

what circumstances?

Findings This systematic review and
meta-analysis of 13 randomized clinical
trials of app interventions with 1470
participants found a significant medium
effect size for moderate to severe
depression, with some variation in effect
sizes depending on the characteristics
of the population and study design and
the components of the

intervention program.

Meaning These findings underscore
the efficacy of mobile app interventions
for moderate and severe depression
both as standalone interventions and
adjuncts to conventional treatments
and provide confidence that refining the
design of intervention programs can
further enhance their effectiveness.
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Abstract (continued)

and practical implications were also provided for developing effective app-based interventions in
clinical practice.

JAMA Network Open. 2023;6(11):e2344120. doi:10.1001/jamanetworkopen.2023.44120

Introduction

Depression remains a significant global health concern and is a leading cause of disability worldwide,
affecting an estimated 3.8% of the world population.! On the spectrum of depression, mild
depression may manifest as a minor impairment, while moderate or severe depression is
characterized by a more pervasive depressed mood, anhedonia, feelings of worthlessness, excessive
guilt, and even suicidal ideation and behavior.>* The prevalence and alarming symptoms of moderate
and severe depression highlight the importance of more applicable evidence-based practices
specifically targeting these conditions.

For decades, research has consistently demonstrated the benefits of evidence-based
psychotherapy for depression.>® Unfortunately, a substantial portion of the population with mental
disorders still lacks access to needed mental health care. Structural barriers, such as disproportionate
distribution of treatment resources and lack of financial affordability, along with attitudinal barriers,
such as fear of stigmatization and lack of awareness of treatment effectiveness, contribute to the
challenges of mental health care delivery.’®" A World Health Organization World Mental Health
Survey Initiative study' found that only 13.7% of people with mental disorders in low- and middle-
income countries received relevant treatments, compared with 36.8% of people in high-income
countries. These disparities in treatment rates underscore the need to ensure equitable access to
evidence-based interventions for populations with mental health problems.

Amidst the challenges posed by the COVID-19 pandemic impeding conventional therapies and
the upsurge of technological advances in internet devices, internet-based interventions for mental
disorders have gained prominence due to their enhanced efficacy, scalability, and accessibility.”* >
Among internet-based interventions, mobile health (mHealth) interventions, ie, medical and public
health practices supported by mobile, wireless devices,'® offer greater freedom with regard to time
and distance with the use of portable devices and fewer technical complications compared with
other internet-based therapies.”'® However, previous meta-analyses on app-based interventions for
depression have reported variable effect sizes, ranging from small’*' to medium?22* to large.?®
Notably, a 2022 systematic review and meta-analysis® reported significant symptom reductions
associated with app interventions for anxiety but not for depression. Furthermore, research on the
efficacy of mobile app interventions, particularly for treating moderate and severe depression, is
scarce despite their urgency in treatment. In addition, limited research has explored the factors
influencing better treatment outcomes, with some studies yielding inconsistent findings.2°22%”
These findings call for further investigation into the efficacy and potential factors that could enhance
or attenuate the effectiveness of app-based treatments for moderate to severe depression.

Therefore, this systematic review and meta-analysis aimed to examine the efficacy and
associated variables of app-based interventions for depression. We limited the depression severity
to moderate and severe depression to avoid any influence of sample heterogeneity on treatment
responsiveness. In addition, we sought to scrutinize the population and study design characteristics
and components of the intervention program that were associated with better treatment outcomes,
using the factors identified from previous research.22226
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Methods

This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) reporting guideline.?® We registered the study protocol in
PROSPERO on December 3, 2022 (PROSPERO identification No. CRD42022373969). The protocols
of all included studies were approved by their institutional review board or ethics committees, and
all participants were reported to have provided written or verbal informed consent, with the
exception of 1study?® in which the receipt of consent was not explicitly mentioned.

Search Strategy and Eligibility Criteria

A systematic literature search was conducted on PubMed, Embase, and PsycINFO from inception to
January 22, 2023. Search strategy and terms were developed with the participants, intervention,
comparison, outcome, and study design (PICOS) framework3® and combining Medical Subject
Heading terms following 3 concepts: depression, mobile applications, and randomized clinical trials
(RCTs) (eMethods 1in Supplement 1). We included studies if they (1) included participants with
unipolar depression aged 18 years or older with a formal diagnosis of depressive disorder or at least
moderate depression indicated on validated rating scales, (2) evaluated the efficacy of therapeutic
interventions delivered via a mobile app on smartphones and/or tablets, (3) measured depression
symptom changes using standardized depression assessment instruments, (4) were RCTs, and (4)
were published in English (eMethods 2 in Supplement 1).

Study Selection and Data Extraction

Three independent researchers (H.B., H.S., and H.-G.J) conducted the literature search and data
extraction, while a fourth researcher (J.-W.H). adjudicated unresolved disagreements through
discussion. We removed irrelevant articles or duplicates after reading the titles and abstracts and
further screened the full texts of the remaining articles. If a study tested the efficacy of multiple apps.
both apps were included in the analysis as intervention apps. If studies used more than 1depression
scale as an outcome measure, the primary outcome measures were pooled for review. We also
contacted the authors of studies with missing or partially reported outcomes to obtain the necessary

information.3'-33

Quality Assessment

The quality of each included study was assessed using the revised Cochrane Risk of Bias tool (ROB
2.0) against 5 bias domains.>* Two independent researchers (H.B. and H.-G.J.) assessed each
criterion and discussed disagreements until a consensus was reached. The overall ROB was evaluated
as low, with some concerns, or high. Publication bias was assessed using a funnel plot, Egger

t,3° and Duval and Tweedie trim-and-fill analysis.>®

regression tes
Statistical Analysis

Hedge g effect sizes were assessed by standard mean differences (SMDs) and 95% Cls to compare
treatment efficacy. 2 values were calculated for the degree of heterogeneity, with 25% indicating
low; 50%, moderate; and 75%, high heterogeneity.>” A fixed-effects model was used, and sensitivity
analyses were conducted using the leave-one-out method.

Preplanned subgroup analyses were performed for studies using active vs inactive controls,
studies without a high ROB, and studies using intention-to-treat (ITT) analyses. In addition,
exploratory post hoc meta-regression and subgroup analyses were conducted to examine variables
moderating the efficacy of mobile app interventions concerning population and study design
characteristics and components of the app-based intervention program. We considered 2-sided
P < .05 statistically significant and used Excel (Microsoft) and Stata MP version 17 (StataCorp)
software for all analyses. Data were analyzed from February 16 to March 25, 2023.
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Results

Study Selection

A total of 2128 studies were identified from the prespecified databases. After removing 807
duplicates, 1321 studies were screened using titles and abstracts, and 115 studies were identified for
full-text screening. With the exclusion of 102 irrelevant studies, 13 studies?®3-3338-46 ayaluating 16
intervention apps were included in the analysis (Figure 1).

Characteristics of the Included Studies

The 13 studies included a total of 1470 participants (756 in intervention groups and 714 in control
groups) and were published between 2017 and 2021. Three studies were conducted in the United
States, 33238 3 in Europe,3*4**° 6 in Asia,3°*>%® and 1in Australia.?° Six studies used waitlist

29.38-40.42.46 \yhjle 7 studies used active controls.3"33#143-45 The duration of the app

controls,
interventions varied from 3 to 24 weeks, except for 1study,** in which the duration was at the
discretion of the therapist. In all but 1study,** participants were screened by a formal clinician
diagnosis or meeting the minimum cutoff score on validated depression scales. We included the 1
exception** in the analysis because participants' depression severity, as assessed by the validation

study of the Major Depression Inventory,*” was in the severe range (Table 1).

Quality Assessment

Of 13 included studies, 6 studies?®3239-4144 had a high ROB and 7 studies>"33-384243.45.46
demonstrated some concerns of ROB (eFigure 1and eFigure 2 in Supplement 1). Major sources of bias
were the use of self-report questionnaires for outcome measures and the complications of using the
double-blind trials. The leave-one-out method showed that the overall effect size was maintained as
medium and not notably influenced by a single study, suggesting the robustness of the result
(eFigure 3 in Supplement 1).

Figure 1. Flowchart of the Study Selection Process

2128 Records identified from databases
902 From Embase
922 From PubMed
304 From PsycINFO
T

}—>‘ 807 Duplicate records removed
v

1321 Records screened titles
and abstracts

1206 Records excluded

16 Errata
r—v 72 Meta-analyses
84 Reviews

255 Study protocols
779 Did not meet the criteria
115 Full-text reports

assessed for eligibility

102 Reports excluded
5 Not RCT or wrong controls

’—> 1 Dissertation
63 Irrelevant population

22 Invalid interventions

11 No original data
13 Included in review?

RCT indicates randomized clinical trial.

2 Three studies yielded 2 intervention-control

comparisons; hence 16 comparisons were included

in the meta-analysis.
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Overall Association of the App-Based Interventions With Depression

A fixed-effects meta-analysis showed that mobile app interventions were associated with
significantly reduced depressive symptoms, with a medium effect size (SMD, 0.50; 95% Cl, 0.40 to
0.61) and substantial heterogeneity (Q = 46.18; P < .001; I* = 67.5%) (Figure 2). Visual inspection of
the funnel plot suggested potential small-study effects (eFigure 4 in Supplement 1). However, Egger
test ascertained the absence of publication bias (eTable 1in Supplement 1), and the trim-and-fill
analysis also showed a reduced but small to medium effect size (SMD, 0.43; 95% Cl, 0.31to 0.64),
maintained after imputation of 2 studies (eFigure 5 in Supplement 1).

Preplanned subgroup analyses showed a significant association of app interventions with
reduction in depressive symptoms compared with active and inactive controls, but the effect size
was significantly larger compared with inactive controls (Q = 29.76; P < .001) (Table 2). Subgroup
analysis of the studies using ITT analyses showed a similar effect size (SMD, 0.49; 95% Cl, 0.38 to
0.61), while studies with only some ROB concerns showed reduced, small to medium effects size
(SMD, 0.35; 95% Cl, 0.18 to 0.51) (Table 2).

Subgroup Analyses of Population Characteristics
A subgroup analysis of 3 studies that recruited participants who belonged to marginalized groups (ie,
patients living with HIV,*© US-resident Latinx adults with limited English proficiency,' Indigenous

Figure 2. Mobile App Interventions Compared With Controls for the Treatment of Moderate to Severe Depressive Symptoms

Favors : Favors
control : intervention Weight, %
Study Application SMD (95% Cl) .
Chanetal,392023 proACT-S 0.78 (0.56 t0 1.01) i. 21.41
Dahne et al,32 2019 Moodivate 0.81(0.02t01.61) - 1.76
Dahne et al,322019 Moodkit 0.58 (-0.23 t0 1.39) 1.69
Dahne et al,312019 Aptivate! 0.45 (-0.29t0 1.18) 2.07
Dahne et al,31 2019 iCouch CBT 0.05(-0.83t00.93) 1.43
Guo et al,402020 Run4Love 0.66 (0.43 to 0.89) im— 20.54
Hur et al,412018 Todac Todac 0.35(-0.33t0 1.03) ] 2.41
Kageyama et al, 422021 SPSRS 0.61(-0.10t0 1.32) = 2.19
Mantani et al,43 2017 Kokoro 0.49 (0.13 to 0.86) - 8.19
0'Toole et al, 44 2019 LifeApp'tite 0.01 (-0.34t0 0.35) - 9.27
Raevuori et al, 4> 2021 MHP -0.09 (-0.44 t0 0.26) - 8.94
Stiles-Shields et al,38 2019 Boost Me 0.74 (-0.17 to 1.65) 1.33
Stiles—Shields et al,38 2019 Thought Challenger  1.82 (0.74 to 2.90) —a—> 095
Tighe et al,292017 Ibobbly 0.80(0.27 t0 1.32) — 4.06
Tgnning et al,33 2021 Monsenso 0.02 (-0.33t0 0.38) E = 8.66
Wong et al,46 2021 Lifestype Hub 0.97 (0.50 to 1.44) —l— 5.08
Overall (12 = 67.5%; P<.001) 0.50(0.40t0 0.61) 100
-2‘.9 0 2.‘9

SMD (95% CI)

Size square indicates sample size of each study; SMD, standard mean difference.

Table 2. Preplanned Subgroup Analyses Based on Study Characteristics

. . Meta-analysis Heterogeneity Between-group tests
Sample size, intervention/

Characteristic Apps, No. control, No. Hedge g (95% CI) P value Q P value 2 Q P value

Used active controls 9 333/305 0.175(0.017-0.333) .03 10.99 .20 27.2

Used inactive 7 423/409 0.765 (0.624-0.906)  <.001 5.43 49 0.0 29.76 <.001

controls

Some ROB concerns 9 288/277 0.345 (0.176-0.514) <.001 25.43 .001 68.5 . 0
5.4 .

High ROB 7 468/437 0.603 (0.468-0.738)  <.001 15.29 .02 60.8

ITT analysis 10 655/647 0.494 (0.383-0.605)  <.001 38.58 <.001 76.7
0.24 .62

PP analysis 6 101/67 0.581(0.253-0.909)  .001 7.36 .20 32.1

Abbreviations: ITT, intention-to-treat; PP, per-protocol; ROB, risk of bias.
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Australian youth?®) showed a medium to high effect size of mobile app interventions (SMD, 0.63;
95% Cl, 0.43 to 0.83) (Table 3). In addition, participants receiving ongoing psychotherapy or
psychotropic medications showed significantly smaller effect sizes than those who did not receive
any ongoing treatments (psychotherapy: Q = 8.60; P = .003; medication: Q = 11.45; P = .001).
Furthermore, participants with Western ethnicities showed a significantly smaller effect size than
those with non-Western ethnicities (Q = 23.69; P < .001). In contrast, the continuous variables of
participant's mean age and dropout rate, as well as the trichotomous variables of the mean age in the
20s, 30s, and 40s (Q = 5.17; P = .08), were not associated with moderating effect sizes (Table 3;
eTable 2 in Supplement 1). Additional analysis of participants with formal depression diagnosis vs
those with self-reported moderate and severe depressive symptoms also showed no significant
group difference (Q = 2.11; P = 15) (Table 3).

Subgroup Analyses of Study Design Characteristics

Regarding the study-level characteristics, the continuous and categorical variables of publication
timing did not show a significant moderating association, but subgroup analyses of studies that
offered rewards or incentives (Q = 34.86; P < .001) showed a significantly larger effect size than
studies without rewards (Table 3; eTable 2 in Supplement 1). In addition, interventions delivered for
less than 8 weeks were associated with a greater effect size (SMD, 0.77; 95% Cl, 0.59-0.96) than
those delivered for 8 weeks or longer (SMD, 0.43; 95% Cl, 0.30-0.57; Q = 8.15; P = .004), in which 8
weeks were both mean and median values of the duration of the included studies (Table 3).

Subgroup Analyses of Components of the Intervention Programs

Subgroup analyses of the interventions with vs without professional support (eg, providing
feedback, chat messages, phone calls, and supportive coaching) (Q = 9.44; P = .002) and those with
vs without in-app notifications (SMD, 0.45; 95% Cl, 0.29-0.60 vs SMD, 0.71; 95% Cl, 0.54-0.87;

Q =5.24; P = .02) showed significant group differences, with the effect sizes favoring apps without
professional support and without in-app notifications (Table 3). Regarding therapeutic strategies,
there were no significant differences in the effect sizes of interventions with vs without cognitive
behavioral therapy (CBT) (Q = 0.49; P = .48) and behavioral activation (BA) modules (Q = 0.88;

P = .35); however, significant differences were observed when comparing interventions with vs
without acceptance and commitment therapy (ACT) or mindfulness (Q = 7.00; P = .008) and mood
tracker (Q = 6.73; P = .009) modules (Table 3).

Discussion

To our knowledge, this systematic review and meta-analysis is the first to examine individuals with
moderate to severe depression to show the efficacy of mobile app interventions. We found a
significant medium effect size, consistent with previous meta-analysis results.222* The significant
treatment efficacy of app-based interventions compared with active and inactive controls suggests
the potential of mobile app interventions as an alternative to conventional psychotherapy, with
further merits in accessibility, financial affordability, and safety from stigma.

Population Characteristics
First, our study demonstrated the potential efficacy of app interventions for individuals from
marginalized groups. Given the heightened stigma faced by these populations and their limited

access to mental health services, *34°

our findings highlight the importance of further development
and refinement of mobile-based, non-face-to-face treatments tailored to socially disadvantaged
populations.

Second, we observed significant reductions in depression severity for participants who received
ongoing psychological or medication treatments and those who did not. However, the effect sizes

were more pronounced in participants not receiving ongoing treatment. A study by Park et al,?!
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Table 3. Subgroup Analyses Based on Population and Study Design Characteristics

ST e TR Meta-analysis Heterogeneity Between-group tests
Characteristic Apps, No. control, No. Hedge g (95% CI) P value Q P value ?,% Q P value
Population-level characteristics
Marginalized group 4 212/202 0.632 (0.433t00.831) <.001 2.35 .50 0.0 NA NA
Receipt of ongoing
psychotherapy
Yes 5 193/178 0.233(0.024 t0 0.442) .03 10.16 .04 60.6
No 11 563/536 0.595 (0.473t00.717) <.001 27.42 .002 63.5 860 003
Received ongoing
medication
Yes 12 406/378 0.333(0.189t00.477) <.001 33.02 .001 66.7
No 4 350/336 0.698 (0.543 t0 0.852 <.001 1.71 .64 0.0 1145 001
Western ethnicity
Yes 9 276/251 0.155 (-0.020 to 0.330) .08 18.18 .02 56.0
No 7 480/463 0.700 (0.568 to 0.831) <.001 431 .64 0.0 23.69 <001
Mean age, y
20s 7 504/496 0.508 (0.381 t0 0.635) <.001 27.81 <.001 78.4
30s 2 61/51 0.818 (0.424t0 1.212 <.001 1.39 .24 28.0 5.17 .08
40s 5 171/147 0.310(0.084 t0 0.536) .007 5.74 .22 30.3
Depression diagnosis
Formal diagnosis 5 366/349 0.424 (0.275t0 0.574) <.001 22.78 <.001 82.4
Self-reported symptoms 11 390/365 0.580(0.432t0 0.729) <.001 21.29 .02 53.0 211 15
Study design characteristics
Publication date
<2019 10 262/233 0.433(0.250t0 0.615) <.001 16.33 .06 44.9
>2019 6 494/481 0.538(0.409 t0 0.667) <.001 29.01 <.001 82.8 085 3
Use of rewards
Yes 10 467/420 0.719 (0.582 t0 0.857) <.001 9.70 .38 7.3
No 3 182/191 -0.020 (-0.223 t0 0.183) .85 0.24 .89 0.0 3486 <001
Intervention duration, wk
<8 6 251/236 0.770 (0.585 t0 0.955) <.001 5.32 .38 6.0
>8 9 445/409 0.433(0.296 t0 0.571) <.001 24.06 .002 66.8 8.15 004
Intervention-level characteristics
With ongoing professional
support
Yes 9 459/464 0.379 (0.248 t0 0.511) <.001 31.31 <.001 74.4
No 7 297/250 0.724 (0.548 to 0.900) <.001 5.44 .49 0.0 944 002
In-app notifications
Yes 6 337/339 0.445 (0.290 to 0.599) <.001 20.03 .001 75.0
No 8 347/303 0.705 (0.544 t0 0.865) <.001 7.58 37 7.7 324 02
Involved CBT modules
Yes 12 684/668 0.492 (0.383 t0 0.602) <.001 45.19 <.001 75.7
No 4 72/46 0.637 (0.248 t0 1.025) .001 0.50 .92 0.0 049 48
Involved BA modules
Yes 9 459/437 0.463 (0.328 t0 0.597) <.001 26.06 .001 69.3
No 7 297/277 0.566 (0.397 to 0.736) <.001 19.24 .004 68.8 088 33
Involved ACT
or mindfulness modules
Yes 4 193/200 0.271 (0.070 to 0.473) .008 18.73 <.001 84.0
No 12 563/514 0.590(0.467 t0 0.714) <.001 20.45 .04 46.2 7.00 008
Involved mood-tracking modules
Yes 8 285/256 0.321(0.148 t0 0.494) <.001 12.62 .08 44.5
No 8 471/458 0.610(0.477 t0 0.743) <.001 26.83 <.001 73.9 673 009
Abbreviations: ACT, acceptance and commitment therapy; BA, behavioral activation; CBT, cognitive behavioral therapy.
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consistent with our findings, proposed a ceiling effect as a plausible explanation, indicating that
individuals already receiving conventional treatments may have less room for symptom
improvement. Nonetheless, it is noteworthy that our results show significant treatment effect sizes
evident in both groups, establishing the efficacy of app-based interventions as standalone
treatments and adjuncts to conventional therapies, contrary to concerns raised in
previous reviews,2>2¢

Third, participants with non-Western ethnicities obtained a significant treatment efficacy
associated with app-based interventions, while participants with Western ethnicities did not. This
discrepancy could be attributed to the higher mental disorder stigma in non-Western cultures,
leading to a greater preference for mHealth interventions,*®>° thereby positively contributing to
symptom improvement.>" Future research should examine the interaction between stigma and
treatment outcomes of app-based interventions in both Western and non-Western cultures.

Fourth, the mean age of the study participants was not a significant moderator of the treatment
efficacy associated with app-based interventions. However, the studies included in this review
involved participants with a mean age ranging from their 20s to 40s, so further studies with adults
aged 50 years and older are necessary to generalize our findings to older populations.

Fifth, participants with formal diagnosis vs self-reported depressive symptoms showed no
significant group difference in the efficacy of the app interventions. This finding suggests that there
is broader applicability of mobile app interventions even for the clinical population.

Study Design Characteristics

Our analyses showed no significant difference in treatment efficacy between studies published in or
before and after 2019. However, an interesting finding emerged that studies that offered monetary
rewards yielded a significantly greater effect size for app-based interventions than those without
such incentives. Consistent with a previous meta-analysis,> this finding implies that rewards can
improve treatment outcomes of and adherence to app-based interventions for depression. Future
research should explore ways to incorporate nonmonetary rewards into the app, as this may further
optimize the effectiveness of app-based interventions for depression.

In addition, we found that shorter interventions were associated with greater treatment
efficacy, although previous meta-analyses have not found significant associations between the
length and outcome of interventions.?"?2>3>4 Other studies have reported that longer interventions
were not associated with greater benefits than shorter ones.>>>® Therefore, our findings recommend
developing app-based programs that are shorter than 8 weeks to optimize the effectiveness of
depression treatment and to reduce the financial and psychological burdens on the participants.

Components of the Intervention Programs

First, our study supported the findings of the systematic review of Firth et al, 2> demonstrating
significant treatment effect sizes of app-based programs both with and without professional
support, with the effect size favoring studies without professional support. This finding highlights the
potential for app-based interventions to produce positive outcomes for individuals struggling with
moderate and severe depression, even without professional support. Some studies contradicted our

20,27

results, which may have been due to our study limiting the depression severity to moderate

and severe.

Second, in contrast to previous reviews?°-?

and counterintuitively, mHealth apps with in-app
reminders had a smaller effect size than those without. However, it is worth noting that researchers
using apps without in-app reminders provided weekly notifications through text messages or email
reports. Therefore, our results highlight the importance of avoiding sole reliance on in-app
notifications when prescribing mHealth apps in a clinical setting. Instead, in-person reminders may
be more effective in motivating patients to continue using the evidence-based mHealth apps.

Third, there was no significant difference in the efficacy between apps with and without CBT or

BA modules. However, apps with ACT or mindfulness or mood-tracking modules had significantly

& JAMA Network Open. 2023;6(11):e2344120. doi:10.1001/jamanetworkopen.2023.44120 November 20, 2023

Downloaded from jamanetwork.com by Hanyang University Paiknam Academy user on 11/29/2023

914



JAMA Network Open | Psychiatry App-Based Interventions for Moderate to Severe Depression

smaller effect sizes than those without. A previous RCT showed that a BA-based smartphone app had
greater efficacy for individuals with severe depression, whereas a mindfulness-based app was more
beneficial for those with mild depression.>” Based on our findings, we propose CBT- and BA-based
apps as the foremost recommended interventions for effectively addressing moderate to severe
depression. Nevertheless, comprehensive research is necessary to discern the optimal therapeutic
approaches for varying levels of depression severity, thus enhancing the treatment efficacy by
tailoring app-based interventions accordingly.

Limitations

This study has several limitations. First, while the sample consisted of individuals with moderate to
severe depressive symptoms or a depression diagnosis, it is possible that some participants were
diagnosed with mild levels of depressive symptoms. However, the proportion of participants with
only mild depressive symptoms is likely to be small, given that those diagnosed with depressive
disorders had moderate and severe baseline depression scores,**>4° with the exception of 1
study.3® Future research should include participants with mild depression and explore the association
between symptom severity and possible moderators of treatment efficacy. Second, despite
restrictive eligibility criteria, significant heterogeneity was observed among the included studies.
However, the heterogeneity was substantially reduced when the studies were stratified based on the
types of control groups and the use of rewards, implying that the variations in study design were the
primary sources of heterogeneity. Third, the literature search was limited to English-language
publications, which might have limited a more comprehensive review. Fourth, a relatively small
number of studies were included in this analysis (13 studies), although this was an inevitable
consequence of limiting the study population to individuals with moderate and severe depression.
Fifth, using univariate analysis and summary data (eg, the mean age) for the subgroup analyses might
have prevented a detailed understanding of the moderating associations of participant
characteristics. Future research should conduct multivariate analyses across more studies and use
individual participant data to support the current findings.

Conclusions

In this systematic review and meta-analysis of the efficacy associated with app-based interventions
for moderate to severe depression, a significant reduction was found in depression severity
associated with use of app interventions. In addition, our study underscores the importance of
proactively considering population and study design characteristics and app-based program
components to further improve the effectiveness of mHealth apps. In particular, the user’s cultural
background, incorporation of in-app incentives and in-person reminders, duration of app use, and
CBT- and BA-based modules should be considered for more effective design and application of
mobile app interventions for individuals with moderate to severe depression. These findings are
expected to provide developers and researchers in the rapidly evolving field of mHealth with
practical insights into the development, prescription, and implementation of app-based depression
interventions.
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