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ARTICLE INFO ABSTRACT

Keywords: Background: It is uncertain whether app-based interventions add value to existing mental health care.

E-mental health Objective: To examine the incremental effects of app-based interventions when used as adjunct to mental health
Mobile i interventions.

:gﬁ::m Interventions Methods: We searched PubMed, PsycINFO, Scopus, Web of Science, and Cochrane Library databases on
Blended September 15th, 2023, for randomised controlled trials (RCTs) on mental health interventions with an adjunct

Mental disorder app-based intervention compared to the same intervention-only arm for adults with mental disorders or

Meta-analysis respective clinically relevant symptomatology. We conducted meta-analyses on symptoms of different mental
disorders at postintervention. PROSPERO, CRD42018098545.
Results: We identified 46 RCTs (4869 participants). Thirty-two adjunctive app-based interventions passively or
actively monitored symptoms and behaviour, and in 13 interventions, the monitored data were sent to a ther-
apist. We found additive effects on symptoms of depression (g = 0.17; 95 % CI 0.02 to 0.33; k = 7 comparisons),
anxiety (g = 0.80; 95 % CI 0.06 to 1.54; k = 3), mania (g = 0.2; 95 % CI 0.02 to 0.38; k = 4), smoking cessation (g
= 0.43; 95 % CI 0.29 to 0.58; k = 10), and alcohol use (g = 0.23; 95 % CI 0.08 to 0.39; k = 7). No significant
effects were found on symptoms of depression within a bipolar disorder (g = -0.07; 95 % CI -0.37 to 0.23, k = 4)
and eating disorders (g = -0.02; 95 % CI -0.44 to 0.4, k = 3). Studies on depression, mania, smoking, and alcohol
use had a low heterogeneity between the trials. For other mental disorders, only single studies were identified.
Only ten studies had a low risk of bias, and 25 studies reported insufficient statistical power.
Discussion: App-based interventions may be used to enhance mental health interventions to further reduce
symptoms of depression, anxiety, mania, smoking, and alcohol use. However, the effects were small, except for
anxiety, and limited due to study quality. Further high-quality research with larger sample sizes is warranted to
better understand how app-based interventions can be most effectively combined with established interventions
to improve outcomes.

1. Introduction still room for improvement (Huhn et al., 2014; Leichsenring et al.,
2022). Current limitations of available treatments include high patient
Although there is a wide range of empirically supported treatments dropout rates, non-response, and high risk of relapse (Fernandez et al.,

for mental disorders (Andrews et al., 2018; Cuijpers et al., 2023), there is 2015; Gloster et al., 2020; Hennemann et al., 2018). To further improve
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efficacy of these treatments, integrating smartphone applications (apps)
for patients in therapy is heralded as having potential (Barnett, 2018).
The personal and trusting relationship that users often have with their
devices may make app-based interventions a promising avenue for
supporting mental health. Opportunities for integrating app-based in-
terventions in the context of psychological and psychiatric treatments
are versatile. An app could assist the patient in transferring helpful
behaviour learned in therapy into everyday life through repetitious or
additional, personalised psychoeducation, motivation, skill training (e.
g., relaxation) (Lui et al., 2017), and symptom monitoring (self-report
and sensory-based) (Luxton et al., 2011). It can also provide support in
severe distress and facilitate communication and support with the
healthcare provider (Van Daele et al., 2021). Moreover, the use of an app
can improve homework adherence through features within the app, such
as reminder functions and brief interactive interventions (Tang and
Kreindler, 2017).

Despite the potential benefits of using app-based interventions as
adjuncts, previous research has primarily focused on the effects of
standalone app-based interventions compared to waitlist or active con-
trol conditions (Goldberg et al., 2022). And although previous reviews,
comments, perspectives, and statements have described the potential
benefits of adjunctive app-based interventions (Anastasiadou et al.,
2018; Bond et al., 2023; Ramadas et al., 2023; Torous et al., 2021), only
two studies have systematically examined the additional benefits using
adjunctive designs (app-based interventions + intervention versus
intervention alone). A meta-analysis by Lindhiem and colleagues, con-
ducted in 2014, indicated that using additional mobile technology-based
interventions compared to strictly onsite interventions may increase the
effectiveness of psychological interventions (SMD = 0.27; 95 % CI 0.04
to 0.50; p < 0.05) (Lindhiem et al., 2015). However, this meta-analysis
calculated an overall effect across different mental disorders, including
topics outside of mental health, such as weight loss and outdated digital
application formats such as personal digital assistants or text messages.
Out of the ten studies included in this meta-analysis, only one investi-
gated the additional effects of an app-based intervention (Gustafson
et al., 2014). A more recent meta-analysis by Linardon and colleagues,
conducted in 2018, examined a broader range of app-supported smart-
phone interventions and identified five randomised clinical trials (RCTs)
with adjunctive designs. For depressive symptoms, there was no sig-
nificant reduction (g = 0.26; 95 % CI -0.09 to 0.61) in four RCTs, and for
generalised anxiety symptoms, one RCT revealed no significant differ-
ence (g = 0.05; 95 % CI -0.27 to 0.38) (Linardon et al., 2019). However,
both these meta-analyses provided limited information about the char-
acteristics of the interventions, and neither conducted subgroup ana-
lyses to examine the robustness of outcomes based on the quality of the
included studies.

As a result, this meta-analysis differs from prior meta-analyses
described above in several key ways. Firstly, this meta-analysis
focused exclusively on app-based interventions, excluding other forms
of mobile technologies. Secondly, our study specifically aimed to assess
the incremental effects of app-based interventions when used adjunct to
mental health interventions, compared to a control group that receives
the same intervention without the adjunctive app-based component.
Consequently, we aimed to identify a broader range of studies
addressing various mental disorders and provide a more comprehensive
description of the intervention characteristics. Finally, we intended to
systematically evaluate the quality of the included studies by assessing
the risk of bias and conducting subgroup analyses to examine its impact.

2. Methods

The meta-analysis was  preregistered at PROSPERO,
CRD42018098545, and reporting followed the PRISMA 2020 guidelines
(see Appendix A for checklist) (Page et al., 2021). There were small
deviations from the original protocol. Instead of the previous version of
the risk of bias tool, we used the updated Rob 2.0 tool (Sterne et al.,
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2019). We revised the initial plan of limiting the review to English or
German publications, and there were no restrictions on the publication
language.

2.1. Search strategy and selection criteria

We searched PubMed, PsycINFO, Scopus, Web of Science, and the
Cochrane Library. The literature search was completed by September
15th, 2023. The search combined four sets of key themes: mobile
application, mental disorder, RCT, and adjunctive intervention (see
Appendix B for search strings). Further, reference lists of reviews, meta-
analyses, and eligible studies were screened.

To be included in the meta-analysis, studies needed to fulfil the
following criteria: 1) RCTs that 2) investigated the additional effect of an
app-based intervention as an adjunct to an intervention compared to an
intervention-only arm, where the primary intervention for the compa-
rable groups was the same. The app-based intervention could be added
before, during, or as aftercare as an intervention for mental health (i.e.,
cognitive-behavioural therapy (CBT), pharmacotherapy) in a nonspe-
cific setting (i.e., face-to-face, online) with 3) the intent to reduce
symptoms of or improve mental health. The trials must have included 4)
adult participants (>18 years) with 5) diagnosed mental disorders
(defined as in the DSM or ICD) or respective clinically relevant symp-
tomatology operationalised and assessed by a rating scale (except for
smoking cessation trials where research often accepts self-report smok-
ing addiction or behaviour), and must be 6) published peer-reviewed
articles in any language. We defined a mobile application as software
designed to run on a smartphone.

2.2. Data extraction and quality assessment

After duplicate removal, two reviewers (L.M.F. and K.K.W.) inde-
pendently screened all titles and abstracts for potentially eligible full-
text articles. Full-text articles were then reviewed independently.
Inter-rater reliability is reported by using kappa, where values are rated
as fair (x = 0.4 to 0.59), good (x = 0.6 to 0.74), or excellent (x > 0.75)
(Orwin, 1994). Disagreement was resolved by discussion. Two master’s
psychology students extracted data on study design (sample size, sta-
tistical power as reported in the study, study inclusion criteria, country,
target outcome), sample characteristics (age, sex, ethnicity/race),
intervention details (setting, theory basis framework, intervention
components), and outcomes (length of post and follow-up, adherence,
outcome measures of interest on a level of summary estimates).

2.3. Quality assessment

The study quality, based on the outcome, was independently
assessed by the same group of Master’s students and upon completion of
their degree and leaving the university, by L.M.F. and J.K.K., both
Master’s degree psychologists, using the Cochrane risk-of-bias tool
(RoB2) (Higgins et al., 2019; Sterne et al., 2019). This tool evaluates five
domains of bias, each addressing specific issues that may affect the re-
sults of RCTs:

(1) Bias arising from the randomisation process: Determine whether
the allocation sequence was random and adequately concealed
and whether baseline differences between groups suggest a
problem with the randomisation process;

(2) Bias due to deviations from intended intervention: Determine
whether participants, carers, or people delivering the interven-
tion were blinded, if deviations from the intended intervention
occurred due to the experimental context, and whether they were
unevenly distributed between groups, potentially affecting the
outcome. Assess whether an appropriate analysis was used to
estimate the impact of the intervention assignment, and if not,
consider the potential significant influence on the result.
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(3) Bias due to missing outcome data: Determine if data were
accessible for all, or the majority (at least 95 %), of the rando-
mised participants. Assess whether the results were biased by
missing outcome data and consider whether the missing outcome
data depended on the true values.

(4) Bias in measurement of the outcome: Determine whether the
method used to measure the outcome was appropriate and assess
the potential differences in how the outcome was measured or
ascertained between the groups. Also, consider whether outcome
assessors were blinded and whether their knowledge of the in-
terventions received could have biased the outcome assessment.

(5) Bias in the selection of the reported result: Determine whether the
trial analysis followed a pre-specified plan. Also, assess whether
the numerical result under evaluation could have been selected
from multiple outcome measurements within the same outcome
domain or from various data analyses based on the results.

Each domain produces a distinct rating (either ‘low’, ‘some con-
cerns’, or ‘high’). When combined, these ratings form the basis for the
overall bias assessment, which is also categorised as ‘low’, ‘some con-
cerns’, or ‘high’. Disagreements were discussed with L.M.F. and KK.W.,
and inter-rater reliability was reported.

2.4. Statistical analyses

Our data extraction process prioritised intention-to-treat data and
focused on postintervention outcomes for each target variable. We
compared mental health interventions with and without an adjunctive
app-based intervention, which served as the control condition. We
calculated Hedges’ g for continuous outcome data using means, standard
deviations, or mean differences with 95 % CI. We also calculated odds
ratios based on event rates before transforming them into Hedges’ g. If
more than one measurement per outcome in a trial was reported as the
primary outcome, all outcomes were reported when the study results
were not pooled due to the limited number of comparison studies
available. If there were enough comparisons available, but multiple
primary outcomes were reported, L.M.F. and K.K.W. selected the
outcome with the best-validated instrument based on the level of val-
idity found in the literature (Cuijpers, 2016). We pooled trials targeting
the same mental disorder to generate the mean effect size expressed as
Hedges’ g, the 95 % CI, and P-value (p) for each investigated outcome. A
positive effect size indicates a beneficial effect of the adjunct app-based
intervention compared with the control condition. An effect size of 0.2
indicates a small effect, meaning a small added value to the primary
intervention, 0.5 a moderate effect, and 0.8 a large effect (Higgins et al.,
2019). We present single calculated mean effect sizes for target out-
comes in which too few comparisons (k < 3) were available to pool data.
Since we expected the trials to be heterogeneous, we applied a random
effects model in all analyses. If trials reported two comparisons to one
control comparison, we combined the groups to create a single pairwise
comparison, or if this was not applicable (for instance, when the inter-
vention or the setting of the intervention group differed significantly),
we divided the sample size of the shared group to avoid inflating sta-
tistical power (Higgins et al., 2019). We also pooled effects on depres-
sion and anxiety, regardless of whether the outcome was primary or
secondary. We performed subgroup analyses on setting and risk of bias
with a minimum of three studies. These analyses were conducted using a
mixed-effects analysis, with the random-effects model summarising the
studies within each subgroup and the fixed-effects model testing for
significant differences between the subgroups.

We assessed heterogeneity between the trials using I? and its 95 % CI
to express the percentage of the total variance, which can be explained.
Heterogeneity was considered low when I? was 25 %, moderate (50 %),
and high (75 %) (Higgins et al., 2003). We included the prediction in-
terval (PI) to estimate the effect size range in future studies (Borenstein
etal., 2017). A wide PI suggests potential variation and unpredictability
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in outcomes across different contexts, while a narrow PI reflects more
confidence in consistent effects.

To examine small-study effects (as potential indicators of publication
bias), we examined the funnel plot visually and conducted an Egger’s
test (Sterne et al., 2005). When funnel plot asymmetry was found, the
Duval and Tweedy trim-and-fill procedure was performed (Duval and
Tweedie, 2000). Outcome robustness was tested by conducting separate
analyses: 1) excluding studies with a high risk of bias and 2) analysing
only studies with a low risk of bias.

We completed all statistical analyses with Comprehensive Meta-
Analysis Software, version 4.0 (Borenstein et al., 2022), and the R
software programme (version 4.2.2) using the meta package (version
6.1.0) (Balduzzi et al., 2019).

3. Results
3.1. Study selection

After the removal of duplicates and exclusion based on the title and
abstract, 158 records remained for full-text screening. Of these, 46
studies fulfilling the inclusion criteria remained (see Appendix C for a
list of excluded studies with a brief reason). We contacted the authors of
20 studies with insufficient effect size data and retrieved datasets for 19
studies. Two studies (Ghaemi et al., 2022; Price et al., 2022) using a
sham-app as an active control condition were excluded from quantita-
tive analyses because of incomparability with studies using inactive
control conditions. Consequently, 46 studies were included in the sys-
tematic review, and 43 studies for 46 comparisons were included in the
meta-analysis (Fig. 1). Inter-rater reliability of the full-text eligibility
check was fair (x = 0.51).

3.2. Study and participants characteristics

The included studies were primarily conducted in high-income
countries, with 21 studies (46 %) in North America and 16 studies
(35 %) in Europe.

Primary target outcomes of the 46 included studies were symptoms
of depression (k = 6), anxiety disorders (k = 3), smoking (k = 11),
alcohol (k = 6), drug use (k = 1), co-occurrence of drug and alcohol use
(k = 1), eating disorders (k = 3), psychotic disorders (k = 3), bipolar
disorder (k = 4), schizophrenia/schizoaffective or bipolar disorder
within one sample grouped as serious mental illness (SMI) (k = 1),
posttraumatic stress disorder (PTSD) (k = 2), suicidal and non-suicidal
self-injury behaviour (k = 2), suicide risk (k = 2), and somatic symp-
tom disorder (k = 1). Several studies also assessed symptoms of
depression (k = 22) and anxiety (k = 10) as primary or secondary
outcomes.

In total, 4869 participants with sample sizes ranging from n = 21
(Rodante et al., 2022) to n = 349 (Gustafson et al., 2014) were included
in this meta-analysis. Eighteen studies were conducted as pilot studies,
and an additional seven reported insufficient statistical power. Conse-
quently, 25 studies (54 %) fell below the acceptable threshold of 80 %
power (1-B) to detect a statistically significant effect if it exists. In detail,
the studies that reported insufficient statistical power targeted the
following primary outcomes: smoking cessation (6/11), alcohol use (4/
6), eating disorders (3/3), depression (2/6), suicidal and non-suicidal
self-injury behaviour (2/2), PTSD (2/2), suicide risk (2/2), psychotic
disorders (2/3), bipolar disorder (1/4), and drug and alcohol use (1/1).

2406 (49 %) participants were female, and the mean age was 38.68
years (SD range 1.6 to 13.46). Among 23 studies, 15 reported a majority
of White or Non-Hispanic participants, and five reported a majority of
Black or African American participants. Primary interventions lasted
between brief advice (exact duration not reported) (Krishnan et al.,
2019) and 12 months (Gustafson et al., 2014). The additional app-based
interventions lasted between 12 days (Krishnan et al., 2019) and 12
months (Carrasco-Hernandez et al., 2020; McKay et al., 2022).



L.M. Fuhrmann et al.

21931 records identified from databases
and registers search:

Pubmed (n = 6684)

PsycINFO (n = 3020)

Scopus (n = 2616)

Web of Science (n = 520)
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Cochrane Clinical Reviews (n =71)
Cochrane Clinical Trails (n = 9020)

13 potentially eligibly records identified
through other sources

k.

21944 records identified and screened

A

4

21786 records excluded
9910 duplicates
11876 title and abstract

158 full-text studies
eligibility

assessed for

A

112 full-text articles excluded

46 studies included
review

in systematic

3 no diagnostic criteria
36 no adjunct intervention
9 no/wrong control condition
24 no app
5 no primary intervention for mental health
13 no randomization/no RCT
14 wrong target outcome
8 wrong population
3 excluded
1 no data available
2 active control condition

43 studies included in meta-analysis

Fig. 1. PRISMA flowchart.

Of the 47 different primary interventions, face-to-face (group or in-
dividual) was the most common delivery setting (85 %; k = 40), typi-
cally as ongoing interventions (81 %; k = 38). Six primary interventions
(13 %) were provided as aftercare, three (7 %) had already been con-
ducted, and the app-based intervention was the sole aftercare. The
majority of the primary interventions were based on CBT (45 %; k = 21)
or behavioural approaches (15 %; k = 7), and included psychiatric
medication (55 %; k = 26).

The majority of the 44 different adjunctive app-based interventions
were based on behavioural approaches, including activity or mood
monitoring (48 %; k = 21) or CBT (39 %; k = 17). The category system
from Weisel and colleagues (Weisel et al., 2019) was used to categorise
the components of the adjunctive app-based interventions. Most app-
based interventions included static content such as psychoeducational
texts or audio-guided relaxation (73 %; k = 32), and symptom or
behaviour monitoring, whether through patient-reported entries or
automatically collected smartphone data, was part of 32 app-based in-
terventions (73 %). In 13 interventions, the monitored data were sent to
a therapist (30 %). In 25 app-based interventions (57 %), reminders or
prompts were sent to improve adherence.

Adherence data such as access rate, days spent in the intervention,
response rate, and completion rate were reported for primary

interventions in 15 studies (33 %) and for adjunctive app-based in-
terventions in 34 studies (74 %). The reported completion rate of the
primary intervention programme in the intervention and control group
ranged between 33.39 % (Asayut et al., 2022) and 98.33 % (Ahar-
onovich et al., 2017), and no significant differences between the inter-
vention and the control group were reported in 11 comparisons (g =
0.01;95%CI-0.13t0 0.15, p = 0.852; ’=0.0 %; 95 % CI 0.0 to 60.2; PI
-0.13 to 0.19). The reported completion rate of the adjunctive app-based
intervention programme ranged between 22 % (Goulding et al., 2023) to
93 % (Faurholt-Jepsen et al., 2015), from which five completed less and
13 completed more than half of the intervention programme.

An overview of the selected study and intervention characteristics,
including the components and a brief description of each app-based
intervention can be found in Table 1 and Appendix E.

3.3. Quality assessment

The risk of bias assessments for the included studies are presented in
Fig. 2. Overall, ten studies had a low risk of bias, 19 had some concerns,
and 17 had a high risk of bias. The high risk of bias was mainly due to the
domains deviations from intended intervention (k = 9), missing
outcome data (k = 6), and measurement of the outcome (k = 6). In
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Table 1
Intervention characteristics.
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Source Total Primary target Outcome Setting primary intervention Framework intervention
n Primary intervention Adjunctive app intervention
Aharonovich et al. 47 Drug use and alcohol use F2F (individual) MI Behavioural (monitoring)
(2017)
Asayut et al. (2022) 156 Smoking cessation F2F (individual), PM MI MI
Bastiaansen et al. 161 Depression IG 1, IG 2: F2F (individual or group), 1G 1, IG 2: CBT, PM IG 1:CBT, behavioural
(2020) PM (monitoring)
IG 2: CBT, behavioural
(monitoring)
Bell et al. (2020) 34 Hearing voices within a psychotic F2F (individual), PM Behavioural, PM CBT, behavioural (monitoring)

Boettcher et al. (2018) 140

Carrasco-Hernandez 240
et al. (2020)

Cheung et al., (2015)? 136

Chulasai et al. (2022) 273

Depp et al. (2019) 229

Depp et al. (2023) 77

Durmaz et al. (2019) 132

Farren et al. (2022) 111

Faurholt-Jepsen et al. 67
(2015)

Faurholt-Jepsen et al. 129
(2020)

Faurholt-Jepsen et al. 98
(2021)

Gao et al. (2022) 71

Ghaemi et al. (2022)° 110
Goulding et al. (2023) 205
Gustafson et al. (2014) 349

Hammond et al. (2021) 61

Hantsoo et al. (2018)¢ 72

Hildebrandt et al. 66
(2017)

Juarascio et al., (2023) 56

Keeler et al., (2022) 80
Krebs et al. (2019) 38

Krishnan et al. (2019) 89

Kristjansdottir et al. 135
(2013)

Law et al. (2023) 29

Lewis et al. (2020) 81

Liu et al. (2023) 51

Mackintosh et al. 58
(2017)

Mantani et al., 2017) 164

McKay et al. (2022) 133

Mellentin et al. (2019) 110
O’Connor et al. (2020) 100
O’Toole et al. (2019)) 129

Paquette et al. (2023) 145
Price et al. (2022)° 57

Raevuori et al. (2021) 124

Rodante et al. (2022) 21

Roy et al. (2021) 63

Schlam and Baker 30
(2020)

Schmadeke and 92
Bischoff (2015)

Schnall et al. (2022) 40

Tenning et al. (2021) 120

disorder
Social anxiety
Smoking cessation

Smoking cessation
Smoking cessation

Schizophrenia/Schizoaffective or
bipolar disorder

Suicide risk

Smoking cessation

Alcohol use

Bipolar disorder
Bipolar disorder
Bipolar disorder

Anxiety regarding sleep
Schizophrenia

Bipolar disorder
Alcohol use

Alcohol use
Depression
Binge eating

Bulimia nervosa

Binge eating
Smoking cessation

Smoking cessation
Somatic symptom disorder

Non-suicidal self-injury behaviours
(self-harm)

Psychotic disorder with a history of
experiencing psychotic episodes
Alcohol use

Anger in PTSD

Depression
Alcohol use
Alcohol use
Smoking cessation
Suicide risk

Drug use
Smoking cessation

Depression

Suicidal and non-suicidal self-injury
behaviours

Generalised anxiety disorder
Smoking cessation

Depression

Smoking cessation
Depression

Internet
PM

IG 1, IG 2: Self-help manual after
outpatient intervention (aftercare)
F2F (individual, group), telephone,
PM

IG 1, IG 2: F2F (individual), PM

F2F (group)

F2F (individual)

F2F (group) after inpatient
intervention (aftercare)
F2F (individual), PM

F2F (individual), PM

F2F (individual), PM after inpatient
intervention (aftercare)

PM

PM

F2F (individual), PM

F2F (individual), PM after inpatient
intervention (aftercare)

F2F (group)

Smartphone app

F2F (individual), self-help manual

F2F (individual), smartphone app

F2F (individual), PM

F2F (individual) or telephone, self-
help manual, PM

F2F (individual) concluded
Inpatient intervention concluded,
internet (aftercare)

F2F (individual), PM

F2F (individual), PM

F2F (individual), PM after inpatient
intervention (aftercare)
F2F (group)

Smartphone, PM

F2F (group)

Outpatient intervention concluded
F2F (group)

F2F (individual)

F2F (group)
F2F (individual, group)

1G 1: F2F (individual), PM
IG 2: F2F (individual)
F2F (group), telephone, PM

F2F (individual), PM
F2F (individual), telephone, PM

Inpatient intervention concluded

F2F (individual), telephone, PM
F2F (individual), PM

CBT
PM

IG1,IG 2:
Behavioural, PM
MI

1G 1, IG 2: CBT, PM

CBT
M, counselling
CBT

Supportive, PM
Supportive, PM
CBT, PM

PM

PM

Behavioural, PM
CBT, PM

CBT
Psycho-education
CBT

CBT, behavioural
(monitoring)
CBT, PM
Behavioural, PM

Psycho-education
CBT, PM

Psychosocial, PM
Psychosocial, PM
ML, PM

CBT

CBT, PM

12-step principles
CBT, PM

ACT

Supportive, problem-
solving
Behavioural
Seeking Safety, MI,
CPP

IG 1: CBT, PM

1G 2: CBT

DBT, PM

CBT, PM
Behavioural, PM

CBT, PM

3-step programme
CBT, PM

CBT
Behavioural

1G 1, IG 2: CBT
MI

IG 1: CBT

IG 2: Behavioural (monitoring)
CBT, behavioural (monitoring)
Behavioural

CBT

Behavioural (monitoring)
CBT, behavioural (monitoring)
CBT, behavioural (monitoring)

Mindfulness

IG: CBT; CG: sham control app
Behavioural (monitoring)
Self-determination theory

Behavioural (monitoring)
Behavioural (monitoring)
Behavioural (monitoring)

Just-in-time adaptive
interventions (CBT)
Neurocognitive training
Social cognitive theory

Behavioural (monitoring)
ACT, self-determination theory

CBT
Behavioural (monitoring)

CBT, behavioural (monitoring),
12-step principles
CBT

CBT

Self-determination theory
Neurocognitive training
ACT

CBT

Behavioural

IG: Resonance breathing; CG:
Sham breathing

IG 1, IG 2: Behavioural, CBT
MBCT, MBSR

DBT

Mindfulness
Behavioural

CBT

Behavioural (monitoring)
CBT, behavioural (monitoring)

(continued on next page)
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Table 1 (continued)
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Source Total Primary target Outcome Setting primary intervention Framework intervention
n
Primary intervention Adjunctive app intervention
Wallace et al. (2022) 30 Emotion regulation in PTSD F2F (individual, group) Diaphragmatic Diaphragmatic breathing

breathing, CBT

ACT: acceptance and commitment therapy; CBT: cognitive-behavioural therapy; CG: control group; CPP: child parent psychotherapy; DBT: dialectic behavioural
therapy; F2F: face-to-face; MBSR: mindfulness-based stress reduction; IG: intervention group; MBCT: mindfulness based cognitive therapy; MI: motivational inter-

viewing; PM: psychiatric medication; PTSD: posttraumatic stress disorder.

# For further descriptive and quantitative analyses IG1 and IG2 were combined.

b Study excluded from quantitative analyses due to unique active control condition.
¢ Study was excluded from quantitative analyses because no outcome data was available.

detail, the following studies had a high risk of bias: smoking cessation
(4/11), alcohol use (2/6), depression (2/6), suicidal and non-suicidal
self-injury behaviour (2/2), PTSD (2/2), alcohol and drug use (1/1),
anxiety (1/3), psychotic disorders (1/3), SMI (1/1), and somatic
symptom disorder (1/1). Inter-rater reliability of risk of bias domains
was good (x = 0.66).

3.4. Additive effects of adjunctive app-based interventions on mental
disorders

Pooled between-group effect sizes at postintervention of app-based
interventions used as an adjunct to an intervention, compared to an
intervention-only arm, are shown in Table 2.

3.4.1. Depression

Adjunctive app-based interventions targeting symptoms of depres-
sion had a mean effect size of g = 0.17 (95 % CI, 0.02 to 0.33, p = 0.03; I
= 0.0 %; 95 % CI 0.0 to 70.8; PI -0.03 to 0.38; k = 7 (Bastiaansen et al.,
2020; Mantani et al., 2017; Raevuori et al., 2021; Schmadeke and Bis-
choff, 2015; Tgnning et al., 2021); see Fig. 3a for forest plot). When
studies with a low risk of bias were pooled, the effect became larger (g =
0.32; 95 % CI, 0.09 to 0.56; k = 3 (Bastiaansen et al., 2020; Mantani
etal., 2017)). Subgroup analysis with the primary intervention in a face-
to-face setting, including psychiatric medication, detected no difference
(g = 0.16; 95 % CI -0.06 to 0.38; k = 4 (Bastiaansen et al., 2020; Rae-
vuori et al., 2021; Tgnning et al., 2021)).

No difference was found for symptoms of depression regarding pri-
mary and secondary outcomes (g = 0.03; 95 % CI -0.07 to 0.13, p =
0.578; I* = 13.9 %; 95 % CI 0.0 to 48; PI -0.19 to 0.25; k = 22 (Bas-
tiaansen et al., 2020; Bell et al., 2020; Boettcher et al., 2018; Farren
et al., 2022; Faurholt-Jepsen et al., 2015; Faurholt-Jepsen et al., 2020;
Faurholt-Jepsen et al., 2021; Goulding et al., 2023; Keeler et al., 2022;
Law et al., 2023; Lewis et al., 2020; Liu et al., 2023; Mackintosh et al.,
2017; Mantani et al., 2017; O’Toole et al., 2019; Raevuori et al., 2021;
Schmadeke and Bischoff, 2015; Schnall et al., 2022; Tgnning et al.,
2021; Wallace et al., 2022); see Appendix F for forest plot Fig. F.1).

3.4.2. Anxiety

Anxiety symptoms as primary outcome were targeted in three com-
parisons (Boettcher et al., 2018; Gao et al., 2022; Roy et al., 2021) and
revealed a significant pooled effect size of g = 0.80 (95 %; CI 0.06 to
1.54, p = 0.033; see Appendix F for forest plot Fig. F.2) with high het-
erogeneity (I2 = 87.4 %; 95 % CI 64.3 to 95.5; PI -8.31 to 9.92).

When anxiety symptoms were both primary and secondary outcomes
(k =10 (Bell et al., 2020; Boettcher et al., 2018; Farren et al., 2022; Gao
et al., 2022; Keeler et al., 2022; Liu et al., 2023; Raevuori et al., 2021;
Roy et al., 2021; Wallace et al., 2022)), there was no difference between
the comparison groups (g = 0.15; 95 % CI -0.2 to 0.5, p = 0.412; see
Appendix F for forest plot Fig. F.3) with high heterogeneity (I? = 77.9 %;
95 % CI 59.6 to 87.9; PI -1.06 to 1.35).

3.4.3. Bipolar disorder
For bipolar disorder, a significant reduction of manic symptoms was

observed across four comparisons (Faurholt-Jepsen et al., 2015; Faur-
holt-Jepsen et al., 2020; Faurholt-Jepsen et al., 2021; Goulding et al.,
2023) in favour of the intervention group (g = 0.20; 95 % CI 0.02 to
0.38, p = 0.031; see Appendix F for forest plot Fig. F.4) with low het-
erogeneity (I2 = 0.0 %; 95 % CI 0.0 to 84.7; PI -0.20 to 0.59). When
studies with a low risk of bias were pooled, the difference was no longer
significant (g = 0.18; 95 % CI, -0.06 to 0.42; k = 3 (Faurholt-Jepsen
et al., 2015; Faurholt-Jepsen et al., 2020; Goulding et al., 2023)).

For depressive symptoms within bipolar disorder, no difference was
found across the identical comparisons (g = -0.07; 95 % CI -0.37 to 0.23,
p = 0.630; P =618 %; 95 % CI 0.0 to 87.2; PI -1.29 to 1.15; see Ap-
pendix F for forest plot Fig. F.5).

3.4.4. Smoking and alcohol use

Smoking had ten comparisons (Asayut et al., 2022; Carrasco-Her-
nandez et al., 2020; Cheung et al., 2015; Chulasai et al., 2022; Durmaz
et al., 2019; Krebs et al., 2019; Krishnan et al., 2019; O’Connor et al.,
2020; Schlam and Baker, 2020; Schnall et al., 2022) with a mean effect
size of 0.43 (95 % CI 0.29 to 0.58; p < 0.001; see Fig. 3b for forest plot).
For alcohol use, there were seven comparisons (Aharonovich et al.,
2017; Farren et al., 2022; Gustafson et al., 2014; Hammond et al., 2021;
Liu et al., 2023; McKay et al., 2022; Mellentin et al., 2019) included with
a mean effect size of 0.23 (95 % CI 0.08 to 0.39; p = 0.002; see Fig. 3c for
forest plot). Both analyses showed a low heterogeneity (I = 0.0 %). The
effects remained when studies with a high risk of bias were excluded for
smoking (g = 0.52; 95 % CI, 0.34 to 0.7; k = 6 (Cheung et al., 2015;
Chulasai et al.,, 2022; Durmaz et al., 2019; Krishnan et al., 2019;
O’Connor et al., 2020; Schnall et al., 2022)) and for alcohol use (g =
0.21; 95 % CI 0.05-0.37; k = 5 (Farren et al., 2022; Gustafson et al.,
2014; Liu et al., 2023; McKay et al., 2022; Mellentin et al., 2019)).
Subgroup analyses revealed no differences (p = 0.686) in smoking
cessation studies that featured face-to-face interactions as their primary
intervention setting (g = 0.43; 95 % CI, 0.13 to 0.74; k = 3 (Durmaz
et al., 2019; Krishnan et al., 2019; O’Connor et al., 2020)) when
compared to studies that combined face-to-face interactions with tele-
phone support and nicotine patches (g = 0.45; 95 % CI, 0.07 to 0.82; k =
3 (Chulasai et al., 2022; Schlam and Baker, 2020; Schnall et al., 2022)).
For alcohol use, studies with face-to-face settings as primary interven-
tion showed a slightly larger effect (g = 0.36; 95 % CI 0.06 to 0.66; k = 3
(Aharonovich et al., 2017; Hammond et al., 2021; McKay et al., 2022)).

3.4.5. Eating disorders

For eating disorders, no difference was found (g = -0.02; 95 % CI
-0.44t0 0.4,p = 0.934; P =54.8%; 95 % CI 0.0 to 87.1; P -4.46 to 4.42;
k = 3 (Hildebrandt et al., 2017; Juarascio et al., 2023; Keeler et al.,
2022); see Appendix F for forest plot Fig. F.6).

3.4.6. Single comparisons of somatic symptom disorder, serious mental
illness (schizophrenia/schizoaffective or bipolar disorder within one
sample), psychotic disorders, drug use, posttraumatic stress disorder, suicidal
and non-suicidal self-injury behaviours, and suicide risk

For somatic symptom disorder (Kristjansdottir et al., 2013), a single
comparison suggests an effect of adjunctive app-based on symptom
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A

Source D5 Overall

Aharonovich et al. (2017)
Asayut et al. (2022)
Bastiaansen et al. (2020)
Bell et al. (2020)

Boettcher et al. (2018)
Carrasco-Hernandez et al. (2020)
Cheung et al. (2015)
Chulasai et al. (2022)

Depp et al. (2019)

Depp et al. (2023)

Durmaz et al. (2019)

Farren et al. (2022)
Faurholt-Jepsen et al. (2015)
Faurholt-Jepsen et al. (2020)
Faurholt-Jepsen et al. (2021)
Gao et al. (2023)

Ghaemi et al. (2022)
Goulding et al. (2022)
Gustafson et al. (2014)
Hammond et al. (2021)
Hantsoo et al. (2018)
Hildebrandt et al. (2017)
Juarascio et al. (2023)
Keeler et al. (2022)

Krebs et al. (2019)

Krishnan et al. (2019)
Kristjansdottir et al. (2013)
Law et al. (2023)

Lewis et al. (2020)

Liu et al. (2023)

Mackintosh et al. (2017)
Mantani et al. (2017)

McKay et al. (2022)
Mellentin et al. (2019)
O'Connor et al. (2020)
O'Toole et al. (2019)
Paquette et al. (2023)

Price et al. (2022)

Raevuori et al. (2021)
Rodante et al. (2022)

Roy et al. (2021)

Schlam and Baker (2020)
Schmadeke and Bischoff (2015)
Schnall et al. (2022)
Tenning et al. (2021)
Wallace et al. (2022)
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Fig. 2. Risk of bias assessment.
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Table 2
Postintervention between-group effect sizes.
Outcomes Number of n Meta-analysis Heterogeneity
comparisons, k 1G CG Hedges’ g (95 % p-value  I? (95 % CI) Prediction
CcDh interval
Depression
All comparisons 7 345 289  0.17 (0.02 to 0.030 0.0 % (0.0 t0 70.8)  -0.03 to 0.38
0.33)
Only some concerns and low 6 295 205 0.19 (0.02 to 0.032 2.6 % (0.0t076.3)  -0.08 to 0.46
risk of bias 0.36)
Only low risk of bias 3 173 83 0.32 (0.09 to 0.008 0.0 % (0.0 to 89.6) -1.20 to 1.85
0.56)
Only F2F and PM as setting 4 187 136  0.16 (-0.06 to 0.161 0.0 % (0.0 to 84.7)  -0.33 to 0.65
0.38)
As primary and secondary 22 961 832  0.03 (-0.07 to 0.578 13.9 % (0.0 to 48) —0.19 to 0.25
outcome 0.13)
Anxiety
All comparisons 3 130 132 0.80 (0.06 to 0.033 87.4 % (64.3 to -8.31 t0 9.92
1.54) 95.5)
As primary and secondary 10 306 301 0.15(-0.2t00.5)  0.412 77.9 % (59.6 to -1.06 to 1.35
outcome 87.9)
Bipolar disorder: manic
symptoms
All comparisons 4 289 210 0.2(0.02 to 0.031 0.0 % (0.0 to 84.7)  -0.2to 0.59
0.38)
Only low risk of bias 3 242 159  0.18 (-0.06 to 0.144 26.1 % (0.0 to -1.92 to 2.28
0.42) 92.3)
Bipolar disorder: depressive
symptoms
All comparisons 4 280 210 —0.07 (-0.37 to 0.630 61.8 % (0.0 to -1.29 to 1.15
0.23) 87.2)
Only low risk of bias 3 242 159 -0.13 (-0.54 to 0.542 73.8 % (12.5 to -4.93 to 4.67
0.29) 92.2)
Smoking cessation
All comparisons 10 599 618 0.43 (0.29 to < 0.0 % (0.0 to 62.4) 0.26 to 0.61
0.58) 0.001
Only some concerns and low 6 372 395 0.52(0.34to < 0.0 % (0.0 to 74.6)  0.27 to 0.78
risk of bias 0.7) 0.001
Only F2F as setting 3 133 188  0.43(0.13 to 0.006 0.0 % (0.0 t0 89.6)  -1.56 to 2.43
0.74)
Only F2F, telephone, PM as 3 173 167 0.45 (0.07 to 0.019 26 % (0.0 to 92.3 -2.97 to 3.86
setting 0.82) %)
Alcohol use
All comparisons 7 350 356 0.23 (0.08 to 0.002 0.0 % (0.0 to 70.8) 0.04 to 0.43
0.39)
Only some concerns and low 5 300 303 0.21(0.05to 0.016 0.0 % (0.0t0 79.2)  -0.05 to 0.47
risk of bias 0.37)
Only F2F as setting 3 98 100 0.36 (0.06 to 0.018 0.0 % (0.0 to 89.6) -1.59 to 2.31
0.66)
Eating disorders
All comparisons 3 97 93 -0.02 (-0.44 to 0.994 54.8 % (0.0 to -4.46 to 4.42
0.4) 87.1)

IG: intervention group; CG: control group; F2F: face-to-face; PM: psychiatric medication.

reduction (g = 0.4; 95 % CI 0.06 to 0.74, p = 0.022). For SMI (schizo-
phrenia/schizoaffective or bipolar disorder within one sample) (Depp
et al., 2019), no differences were found for two comparisons (g = 0.11;
95 % CI-0.28 to 0.5, p = 0.570 and g = 0.24; 95 % CI -0.16 to 0.64,p =
0.240). For symptoms of psychotic disorders two studies (Bell et al.,
2020; Lewis et al., 2020) found no differences between the conditions (g
=0.55; 95 % CI -0.12 to 1.21, p = 0.11 and g = 0.12; 95 % CI -0.33 to
0.57, p = 0.599). For drug use, one study (Aharonovich et al., 2017)
found a positive effect (g = 0.63; 95 % CI 0.02 to 1.24, p = 0.042), while
another study (Paquette et al., 2023) found a negative effect (g = -1.5;
95 % CI-1.92 to -1.08, p < 0.001). Out of two studies targeting emotion
regulation in PTSD, one found no effects (Mackintosh et al., 2017) across
multiple primary outcomes (g = 0.03 to 0.2; 95 % CI -0.48 to 0.71, p =
0.446 to 0.904), whereas the other study (Wallace et al., 2022) found a
significant effect (g = 1.45; 95 % CI 0.66 to 2.24, p < 0.001). For suicidal
and non-suicidal self-injury behaviours both studies (Law et al., 2023;
Rodante et al., 2022), each with multiple primary outcomes, found no
differences (g =-0.38 to 0.80; 95 % CI -1.27 to 1.72; p = 0.087 to 0.756)
and (g =-0.82t0-0.19 (95 % CI -2.02 to 0.95; p = 0.61 to 0.749) (results

for multiple outcomes Supplementary Appendix F Table F.1). For suicide
risk one study (Depp et al., 2023) found no difference (g = 0; 95 % CI
-0.51 to 0.51, p = 1), while another study (O'Toole et al., 2019) found a
negative effect (g = -0.41; 95 % CI -0.75 to -0.06, p = 0.022).

3.5. Publication bias

Visual inspection of the funnel plots and non-significant Egger’s tests
indicated no publication bias (funnel plots and Egger’s test results
Supplementary Appendix G).

4. Discussion

In this meta-analysis, we identified 46 RCTs with 48 comparisons
that evaluated the potential incremental effect of an app-based inter-
vention adjunct to a primary intervention compared to the primary
intervention-only arm for a range of mental disorders. The large ma-
jority of RCTs were published in the past five years (76 %: 2019 to
2023), reflecting the growing research interest and the emerging
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Fig. 3. Forest plots depicting additional effects of adjunctive app-based interventions for symptoms of (a) depression, (b) smoking cessation, and (c) alcohol use.

importance of this specific field. We found significant positive pooled results remained for studies with low risk of bias. Single studies targeting
incremental effects of adjunctive app-based interventions directly tar- somatic symptom disorder, SMI (schizophrenia/schizoaffective or bi-
geting symptoms of depression (g = 0.17), anxiety (g = 0.8), mania (g = polar disorder within one sample), psychotic disorders, drug use, PTSD,
0.2), smoking cessation (g = 0.35), and alcohol use (g = 0.23) and no suicidal and non-suicidal self-injury behaviours, and suicide risk have
significant effects on depressive symptoms within bipolar disorder (g = found mixed results.

-0.07) and eating disorders (g = -0.02). For depression (g = 0.32), the The effect size for depression as a primary outcome is consistent with
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previous research (Linardon et al., 2019). Still, this meta-analysis
identified more comparisons (k = 7 compared to k = 4), and the
pooled effect size reached significance. The observed effects on manic
symptoms stand in contrast to a meta-analysis encompassing app-based
interventions for bipolar disorder in general, not limited to adjunct de-
signs, where no significant effect was found (Anmella et al., 2022).
However, this contrast is not solely due to the broader scope of the other
meta-analysis; three out of four studies were identical. The distinctions
arise from our inclusion of a more recent study by Goulding and col-
leagues (Goulding et al., 2023), which contributed to a substantial single
effect size that significantly impacted the overall effect. It is noteworthy
that the other meta-analysis pooled pre-post change scores. Conversely,
the results for depressive symptoms within bipolar disorders are
consistently non-significant in both meta-analyses. Additionally, limi-
tations in interpreting the results are acknowledged, considering the
inherent nature of this chronic disease, which is characterised by fluc-
tuations between depressive and manic episodes. Consequently, a point
assessment at postintervention might be overly short-sighted. This em-
phasises the need for greater standardisation in the research of efficacy
and effectiveness of app-based interventions for bipolar disorder to
mitigate heterogeneity, as advocated by Anmella and colleagues in their
meta-analysis (Anmella et al., 2022).

The pooled effect sizes for anxiety, smoking cessation, alcohol use,
and eating disorders are, to our knowledge, the first systematic evalu-
ation in a meta-analysis. The small effects found for depression, smoking
cessation, and alcohol use indicate that an additional benefit is possible.
However, it is worth noting that the found additive effect may be small
due to ceiling effects. For depression, further research could focus on
identifying subgroups of patients who may benefit more from adjunct
app-based interventions, for example, patients with mild to moderate
depression. The treatment of substance use disorders benefits from more
intense treatment, which can be challenging to deliver due to limited
resources and patient engagement (Bachrach and Chung, 2021).
Therefore, app-based interventions could be a valuable and resource-
saving tool to extend the impact of standard care. Despite the high
prevalence of anxiety disorders in the population (Stein et al., 2017),
only three studies were identified, mirroring the low number previously
observed for standalone smartphone interventions (Weisel et al., 2019).
This finding is surprising, considering that an adjunctive app-based
intervention could serve as a valuable tool for facilitating exposure ex-
ercises or behavioural experiments. Although the observed effect was
substantial, its interpretation should be approached with caution due to
the small number of comparisons, the overall limited quality of the
studies and the high heterogeneity. The results for eating disorders
mirror the complexity of treatment as found previously for standalone
app-based interventions (Linardon et al., 2020).

A substantial majority of the identified app-based interventions, 32
(73 %), employed either passive or active monitoring of symptoms or
behaviours, underscoring the potential of digital phenotyping and mo-
bile sensing (Montag and Baumeister, 2023). However, in less than half
of these interventions, 13 (30 %), the tracked data was transmitted to a
therapist. Yet, this discrepancy highlights a pivotal aspect of adjunctive
app-based interventions as a potential crucial bridge between patient
and therapist. In an optimal scenario, this feature supports both parties.
For the patient, heightened motivation to track progress may arise,
especially with the awareness that the therapist is informed. Simulta-
neously, the therapist, equipped with comprehensive and timely infor-
mation, can seamlessly adjust the course of treatment, perceiving their
role as indispensable without harbouring concerns about being sup-
planted by digital technologies.

To enhance mental health care, future research should dedicate
attention to unravelling and optimising this key element. Understanding
the dynamics of data transmission between patients and therapists
within app-based interventions can be essential for enhancing the
overall effectiveness and acceptance of these interventions within the
landscape of mental health treatment.
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5. Limitations

Our study has several important limitations. First, 36 (78 %) of the
identified studies had a moderate or high risk of bias, reflecting the need
for future, more standardised research on this topic. Second, sample
sizes varied between the studies, and most studies were underpowered,
emphasising the need for larger studies based on a priori power calcu-
lations (Harrer et al., 2023). Third, the inter-rater reliability of agree-
ment regarding inclusion during the full-text screening stage was
relatively low, primarily due to the inclusion criteria for the intervention
and the control group having the same primary intervention. Many
studies did not initially provide sufficient information, necessitating
discussion between the raters. Fourth, as is often the case in mental
health research, heterogeneity is high. We identified different settings,
theoretical frameworks, and contents of the primary and app-based in-
terventions. However, the number of identical settings and content was
too small to test for differences between subgroups, such as face-to-face
with or without psychiatric medication. Future research should, there-
fore, focus on potential moderators of intervention effects. Fifth, in this
meta-analysis, we focused on postintervention comparisons. Yet, it
would be beneficial to investigate whether the observed effects persist or
change in follow-up assessments. Therefore, future research should
explore long-term effects.

6. Conclusion

In summary, while the concepts and potential targets of adjunctive
app-based interventions have been thoroughly discussed in previous
reviews, comments, perspectives, and statements, the research field is
still in its early stages. Consequently, the results should be interpreted
with caution due to the small number of comparisons and studies with a
low risk of bias. Cautiously, we can conclude that adjunctive app-based
interventions for mental disorders can have a significant additional ef-
fect in reducing symptoms of depression, anxiety, and mania, as well as
aiding smoking cessation and addressing alcohol use disorder. Given
these effects and more robust results for smoking and alcohol use, we
recommend that practitioners explore available adjunct app-based in-
terventions in their region and discuss potential interventions with their
patients. Nevertheless, future research should involve larger, stand-
ardised studies, with a specific focus on optimising data transmission
between patients and therapists through active or passive monitoring of
symptoms or behaviours. This research should also explore determining
optimal timing, dosage, and content, aiming to integrate these in-
terventions effectively with established approaches for maximum
benefit.

Declaration of competing interest

M.H. is an employee of the Institute for Health Trainings Online
(GET.ON/HelloBetter), which aims to implement scientific findings
related to digital health interventions into routine care. H.B. reports
having received consultancy fees, fees for lectures or workshops from
chambers of psychotherapists and training institutes for psychothera-
pists, and license fees for an Internet intervention. D.D.E. has served as a
consultant to/on the scientific advisory boards of Sanofi, Novartis,
Minddistrict, Lantern, Schoen Kliniken, Ideamed, German health in-
surance companies (BARMER, Techniker Krankenkasse), and a number
of federal chambers for psychotherapy. D.D.E. is stakeholder of the GET.
ON Institute/HelloBetter, which aims to implement scientific findings
related to digital health interventions into routine care. M.B. is stake-
holder of the mentalis GmbH, which aims to implement scientific find-
ings related to digital health interventions into routine care. L.M.F., K.K.
W., J.KK., and P.C. declare no competing interests.



L.M. Fuhrmann et al.
Data availability

The datasets collected and used in this meta-analysis are available
from the corresponding author upon reasonable request.

Acknowledgements

We express our gratitude to Katharina Roth, M.Sc. (Friedrich-Alex-
ander Universitat Erlangen-Niirnberg) and Simon Schmelzle, M.Sc.
(Friedrich-Alexander Universitat Erlangen-Niirnberg) for their work in
extracting the characteristics and conducting the risk of bias assessment.
We also extend our thanks to all the authors of the included studies,
especially those who responded to our requests and provided additional
data.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

"D.D.E., L.M.F,, and K.K.W. conceived and designed the study,
including the literature search strategy. K.K.W., L.M.F., and research
assistants independently searched, screened, selected the articles, and
extracted the data. J.K.K. and L.M.F. independently conducted the risk
of bias assessment." L.M.F. and K.K.W. had full access to all the data in
the study and took responsibility for the integrity of the data and the
accuracy of the data analysis. L.M.F. wrote the first draft of the manu-
script under the supervision of M.B. All authors contributed to inter-
preting the findings and revising the manuscript. All authors reviewed
and approved the final manuscript.

Appendices. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.invent.2023.100703.

References

Aharonovich, E., Stohl, M., Cannizzaro, D., Hasin, D., 2017. HealthCall delivered via
smartphone to reduce co-occurring drug and alcohol use in HIV-infected adults: a
randomized pilot trial. J. Subst. Abus. Treat. 83, 15-26. https://doi.org/10.1016/j.
jsat.2017.09.013.

Anastasiadou, D., Folkvord, F., Lupianez-Villanueva, F., 2018. A systematic review of
mHealth interventions for the support of eating disorders. Eur. Eat. Disord. Rev. 26
(5), 394-416. https://doi.org/10.1002/erv.2609.

Andrews, G., Basu, A., Cuijpers, P., Craske, M.G., McEvoy, P., English, C.L., Newby, J.M.,
2018. Computer therapy for the anxiety and depression disorders is effective,
acceptable and practical health care: an updated meta-analysis. J. Anxiety Disord.
55, 70-78. https://doi.org/10.1016/j.janxdis.2018.01.001.

Anmella, G., Faurholt-Jepsen, M., Hidalgo-Mazzei, D., Radua, J., Passos, 1.C.,
Kapczinski, F., et al., 2022. Smartphone-based interventions in bipolar disorder:
systematic review and meta-analyses of efficacy. A position paper from the
International Society for Bipolar Disorders (ISBD) Big Data Task Force. Bipolar
Disord. 24 (6), 580-614. https://doi.org/10.1111/bdi.13243.

Asayut, N., Olson, P.S., Kanjanasilp, J., Thanarat, P., Senkraigul, B., Sittisarn, C.,
Suksawat, S., 2022. A community pharmacist-led smoking cessation intervention
using a smartphone app (PharmQuit): a randomized controlled trial. PLoS One 17
(3), €0265483. https://doi.org/10.1371/journal.pone.0265483.

Bachrach, R.L., Chung, T., 2021. Moderators of substance use disorder treatment for
adolescents. J. Clin. Child Adolesc. Psychol. 50 (4), 498-509. https://doi.org/
10.1080/15374416.2020.1790379.

Balduzzi, S., Riicker, G., Schwarzer, G., 2019. How to perform a meta-analysis with R: a
practical tutorial. Evid. Based Mental Health 22 (4), 153. https://doi.org/10.1136/
ebmental-2019-300117.

Barnett, J.E., 2018. Integrating technological advances into clinical training and practice:
the future is now! Clin. Psychol. Sci. Pract. 25 (2), 12233 https://doi.org/10.1111/
cpsp.12233.

Bastiaansen, J.A., Ornée, D.A., Meurs, M., Oldehinkel, A.J., 2020. An evaluation of the
efficacy of two add-on ecological momentary intervention modules for depression in
a pragmatic randomized controlled trial (ZELF-i). Psychol. Med. 1-10. https://doi.
org/10.1017/s0033291720004845.

11

Internet Interventions 35 (2024) 100703

Bell, LH., Rossell, S.L., Farhall, J., Hayward, M., Lim, M.H., Fielding-Smith, S.F.,
Thomas, N., 2020. Pilot randomised controlled trial of a brief coping-focused
intervention for hearing voices blended with smartphone-based ecological
momentary assessment and intervention (SAVVy): feasibility, acceptability and
preliminary clinical outcomes. Schizophr. Res. 216, 479-487. https://doi.org/
10.1016/j.schres.2019.10.026.

Boettcher, J., Magnusson, K., Marklund, A., Berglund, E., Blomdahl, R., Braun, U., et al.,
2018. Adding a smartphone app to internet-based self-help for social anxiety: a
randomized controlled trial. Comput. Hum. Behav. 87, 98-108. https://doi.org/
10.1016/j.chb.2018.04.052.

Bond, R.R., Mulvenna, M.D., Potts, C., O’Neill, S., Ennis, E., Torous, J., 2023. Digital
transformation of mental health services. npj Mental Health Res. 2(1):13 https://doi.
org/10.1038/s44184-023-00033-y.

Borenstein, M., Higgins, J.P.T., Hedges, L.V., Rothstein, H.R., 2017. Basics of meta-
analysis: 12 is not an absolute measure of heterogeneity. Res. Synth. Methods 8 (1),
5-18. https://doi.org/10.1002/jrsm.1230.

Borenstein, M., Hedges, L.E., Higgins, J.P.T., Rothstein, H.R., 2022. Comprehensive
Meta-analysis Version 4. Biostat, Englewood, NJ.

Carrasco-Hernandez, L., Jodar-Sanchez, F., Ninez-Benjumea, F., Moreno Conde, J., Mesa
Gonzalez, M., Civit-Balcells, A., et al., 2020. A Mobile health solution
complementing psychopharmacology-supported smoking cessation: randomized
controlled trial. JMIR Mhealth Uhealth 8 (4), e17530. https://doi.org/10.2196/
17530.

Cheung, Y.T., Chan, C.H., Lai, C.K., Chan, W.F., Wang, M.P., Li, H.C., et al., 2015. Using
WhatsApp and Facebook online social groups for smoking relapse prevention for
recent quitters: a pilot pragmatic cluster randomized controlled trial. J. Med.
Internet Res. 17 (10), e238 https://doi.org/10.2196/jmir.4829.

Chulasai, P., Chinwong, D., Vientong, P., Lertsinudom, S., Kanjanarat, P., Hall, J.J.,
Chinwong, S., 2022. Smartphone application for smoking cessation (quit with US): a
randomized controlled trial among young adult light smokers in Thailand. Int. J.
Environ. Res. Public Health 19 (14). https://doi.org/10.3390/ijerph19148265.

Cuijpers, P., 2016. Meta-analyses in Mental Health Research. A Practical Guide: Private.

Cuijpers, P., Miguel, C., Harrer, M., Plessen, C.Y., Ciharova, M., Ebert, D., Karyotaki, E.,
2023. Cognitive behavior therapy vs. control conditions, other psychotherapies,
pharmacotherapies and combined treatment for depression: a comprehensive meta-
analysis including 409 trials with 52,702 patients. World Psychiatry 22 (1),
105-115. https://doi.org/10.1002/wps.21069.

Depp, C.A., Perivoliotis, D., Holden, J., Dorr, J., Granholm, E.L., 2019. Single-session
mobile-augmented intervention in serious mental illness: a three-arm randomized
controlled trial. Schizophr. Bull. 45 (4), 752-762. https://doi.org/10.1093/schbul/
sby135.

Depp, C.A., Parrish, E.M., Chalker, S.A., Ehret, B.C., Kamarsu, S., Perivoliotis, D.,
Granholm, E., 2023. Pilot feasibility trial of a brief mobile-augmented suicide
prevention intervention for serious mental illness. Psychiatr. Rehabil. J. 46 (1),
74-82. https://doi.org/10.1037/prj0000547.

Durmaz, S., Ergin, L., Durusoy, R., Hassoy, H., Caliskan, A., Okyay, P., 2019. WhatsApp
embedded in routine service delivery for smoking cessation: effects on abstinence
rates in a randomized controlled study. BMC Public Health 19 (1), 387. https://doi.
org/10.1186/s12889-019-6727-z.

Duval, S., Tweedie, R., 2000. Trim and fill: a simple funnel-plot-based method of testing
and adjusting for publication bias in meta-analysis. Biometrics 56 (2), 455-463.
https://doi.org/10.1111/j.0006-341x.2000.00455.x.

Farren, C., Farrell, A., Hagerty, A., McHugh, C., 2022. A 6-month randomized trial of a
smartphone application, UControlDrink, in aiding recovery in alcohol use disorder.
Eur. Addict. Res. 28 (2), 122-133. https://doi.org/10.1159/000519945.

Faurholt-Jepsen, M., Frost, M., Ritz, C., Christensen, E.M., Jacoby, A.S., Mikkelsen, R.L.,
et al., 2015. Daily electronic self-monitoring in bipolar disorder using smartphones -
the MONARCA I trial: a randomized, placebo-controlled, single-blind, parallel group
trial. Psychol. Med. 45 (13), 2691-2704. https://doi.org/10.1017/
S$0033291715000410.

Faurholt-Jepsen, M., Frost, M., Christensen, E.M., Bardram, J.E., Vinberg, M., Kessing, L.
V., 2020. The effect of smartphone-based monitoring on illness activity in bipolar
disorder: the MONARCA II randomized controlled single-blinded trial. Psychol. Med.
50 (5), 838-848. https://doi.org/10.1017/50033291719000710.

Faurholt-Jepsen, M., Lindbjerg Tgnning, M., Fros, M., Martiny, K., Tuxen, N.,
Rosenberg, N., et al., 2021. Reducing the rate of psychiatric re-admissions in bipolar
disorder using smartphones-the RADMIS trial. Acta Psychiatr. Scand. 143 (5),
453-465. https://doi.org/10.1111/acps.13274.

Fernandez, E., Salem, D., Swift, J.K., Ramtahal, N., 2015. Meta-analysis of dropout from
cognitive behavioral therapy: magnitude, timing, and moderators. J. Consult. Clin.
Psychol. 83 (6), 1108-1122. https://doi.org/10.1037/ccp0000044.

Gao, M., Roy, A., Deluty, A., Sharkey, K.M., Hoge, E.A., Liu, T., Brewer, J.A., 2022.
Targeting anxiety to improve sleep disturbance: a randomized clinical trial of app-
based mindfulness training. Psychosom. Med. 84 (5), 632-642. https://doi.org/
10.1097/PSY.0000000000001083.

Ghaemi, S.N., Sverdlov, O., van Dam, J., Campellone, T., Gerwien, R., 2022.

A smartphone-based intervention as an adjunct to standard-of-care treatment for
schizophrenia: randomized controlled trial. JMIR Form Res. 6 (3), 29154 https://
doi.org/10.2196,/29154.

Gloster, A.T., Rinner, M.T.B., Ioannou, M., Villanueva, J., Block, V.J., Ferrari, G., et al.,
2020. Treating treatment non-responders: a meta-analysis of randomized controlled
psychotherapy trials. Clin. Psychol. Rev. 75, 101810 https://doi.org/10.1016/j.
cpr.2019.101810.

Goldberg, S.B., Lam, S.U., Simonsson, O., Torous, J., Sun, S., 2022. Mobile phone-based
interventions for mental health: a systematic meta-review of 14 meta-analyses of


https://doi.org/10.1016/j.invent.2023.100703
https://doi.org/10.1016/j.invent.2023.100703
https://doi.org/10.1016/j.jsat.2017.09.013
https://doi.org/10.1016/j.jsat.2017.09.013
https://doi.org/10.1002/erv.2609
https://doi.org/10.1016/j.janxdis.2018.01.001
https://doi.org/10.1111/bdi.13243
https://doi.org/10.1371/journal.pone.0265483
https://doi.org/10.1080/15374416.2020.1790379
https://doi.org/10.1080/15374416.2020.1790379
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1111/cpsp.12233
https://doi.org/10.1111/cpsp.12233
https://doi.org/10.1017/s0033291720004845
https://doi.org/10.1017/s0033291720004845
https://doi.org/10.1016/j.schres.2019.10.026
https://doi.org/10.1016/j.schres.2019.10.026
https://doi.org/10.1016/j.chb.2018.04.052
https://doi.org/10.1016/j.chb.2018.04.052
https://doi.org/10.1038/s44184-023-00033-y
https://doi.org/10.1038/s44184-023-00033-y
https://doi.org/10.1002/jrsm.1230
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0070
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0070
https://doi.org/10.2196/17530
https://doi.org/10.2196/17530
https://doi.org/10.2196/jmir.4829
https://doi.org/10.3390/ijerph19148265
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0090
https://doi.org/10.1002/wps.21069
https://doi.org/10.1093/schbul/sby135
https://doi.org/10.1093/schbul/sby135
https://doi.org/10.1037/prj0000547
https://doi.org/10.1186/s12889-019-6727-z
https://doi.org/10.1186/s12889-019-6727-z
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.1159/000519945
https://doi.org/10.1017/S0033291715000410
https://doi.org/10.1017/S0033291715000410
https://doi.org/10.1017/S0033291719000710
https://doi.org/10.1111/acps.13274
https://doi.org/10.1037/ccp0000044
https://doi.org/10.1097/PSY.0000000000001083
https://doi.org/10.1097/PSY.0000000000001083
https://doi.org/10.2196/29154
https://doi.org/10.2196/29154
https://doi.org/10.1016/j.cpr.2019.101810
https://doi.org/10.1016/j.cpr.2019.101810

L.M. Fuhrmann et al.

randomized controlled trials. PLOS Digital Health 1 (1), €0000002. https://doi.org/
10.1371/journal.pdig.0000002.

Goulding, E.H., Dopke, C.A., Rossom, R., Jonathan, G., Mohr, D., Kwasny, M.J., 2023.
Effects of a smartphone-based self-management intervention for individuals with
bipolar disorder on relapse, symptom burden, and quality of life: a randomized
clinical trial. JAMA Psychiatry 80 (2), 109-118. https://doi.org/10.1001/
jamapsychiatry.2022.4304.

Gustafson, D.H., McTavish, F.M., Chih, M.Y., Atwood, A.K., Johnson, R.A., Boyle, M.G.,
et al., 2014. A smartphone application to support recovery from alcoholism: a
randomized clinical trial. JAMA Psychiatry 71 (5), 566-572. https://doi.org/
10.1001/jamapsychiatry.2013.4642.

Hammond, A.S., Sweeney, M.M., Chikosi, T.U., Stitzer, M.L., 2021. Digital delivery of a
contingency management intervention for substance use disorder: a feasibility study
with DynamiCare Health. J. Subst. Abus. Treat. 126, 108425 https://doi.org/
10.1016/j.jsat.2021.108425.

Hantsoo, L., Criniti, S., Khan, A., Moseley, M., Kincler, N., Faherty, L.J., et al., 2018.

A mobile application for monitoring and management of depressed mood in a
vulnerable pregnant population. Psychiatr. Serv. 69 (1), 104-107. https://doi.org/
10.1176/appi.ps.201600582.

Harrer, M., Cuijpers, P., Schuurmans, L.K.J., Kaiser, T., Buntrock, C., van Straten, A.,
Ebert, D., 2023. Evaluation of randomized controlled trials: a primer and tutorial for
mental health researchers. Trials 24 (1), 562. https://doi.org/10.1186/513063-023-
07596-3.

Hennemann, S., Farnsteiner, S., Sander, L., 2018. Internet- and mobile-based aftercare
and relapse prevention in mental disorders: a systematic review and
recommendations for future research. Internet Interv. 14, 1-17. https://doi.org/
10.1016/j.invent.2018.09.001.

Higgins, J.P.T., Thompson, S.G., Deeks, J.J., Altman, D.G., 2003. Measuring
inconsistency in meta-analyses. BMJ 327 (7414), 557-560. https://doi.org/
10.1136/bm;j.327.7414.557.

Higgins, J.P., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M.J., Welch, V.A.,
2019. Cochrane Handbook for Systematic Reviews of Interventions. John Wiley &
Sons.

Hildebrandt, T., Michaelides, A., Mackinnon, D., Greif, R., DeBar, L., Sysko, R., 2017.
Randomized controlled trial comparing smartphone assisted versus traditional
guided self-help for adults with binge eating. Int. J. Eat. Disord. 50 (11), 1313-1322.
https://doi.org/10.1002/eat.22781.

Huhn, M., Tardy, M., Spineli, L.M., Kissling, W., Forstl, H., Pitschel-Walz, G., et al., 2014.
Efficacy of pharmacotherapy and psychotherapy for adult psychiatric disorders: a
systematic overview of meta-analyses. JAMA Psychiatry 71 (6), 706-715. https://
doi.org/10.1001/jamapsychiatry.2014.112.

Juarascio, A.S., Presseller, E.K., Srivastava, P., Manasse, S.M., Forman, E.M., 2023.

A randomized controlled trial of CBT+: a clinician-controlled, just-in-time,
adjunctive intervention for bulimia-Spectrum disorders. Behav. Modif. 47 (3),
551-572. https://doi.org/10.1177/01454455221109434.

Keeler, J.L., Chami, R., Cardi, V., Hodsoll, J., Bonin, E., MacDonald, P., et al., 2022. App-
based food-specific inhibitory control training as an adjunct to treatment as usual in
binge-type eating disorders: a feasibility trial. Appetite 168, 105788. https://doi.
0rg/10.1016/j.appet.2021.105788.

Krebs, P., Burkhalter, J., Fiske, J., Snow, H., Schofield, E., Iocolano, M., et al., 2019. The
QuitIT coping skills game for promoting tobacco cessation among smokers diagnosed
with cancer: pilot randomized controlled trial. JMIR Mhealth Uhealth 7 (1), e10071.
https://doi.org/10.2196/10071.

Krishnan, N., Elf, J.L., Chon, S., Golub, J.E., 2019. COach2Quit: a pilot randomized
controlled trial of a personal carbon monoxide monitor for smoking cessation.
Nicotine Tob. Res. 21 (11), 1573-1577. https://doi.org/10.1093/ntr/nty182.

Kristjansdottir, O.B., Fors, E.A,, Eide, E., Finset, A., Stensrud, T.L., van Dulmen, S., et al.,
2013. A smartphone-based intervention with diaries and therapist-feedback to
reduce catastrophizing and increase functioning in women with chronic widespread
pain: randomized controlled trial. J. Med. Internet Res. 15 (1), e5 https://doi.org/
10.2196/jmir.2249.

Law, Y.W., Lok, R.H.T., Chiang, B., Lai, C.C.S., Tsui, S.H.M., Chung, P.Y.J., Leung, S.C.,
2023. Effects of community-based caring contact in reducing thwarted
belongingness among postdischarge young adults with self-harm: randomized
controlled trial. JMIR Form Res. 7, e43526 https://doi.org/10.2196,/43526.

Leichsenring, F., Steinert, C., Rabung, S., Ioannidis, J.P.A., 2022. The efficacy of
psychotherapies and pharmacotherapies for mental disorders in adults: an umbrella
review and meta-analytic evaluation of recent meta-analyses. World Psychiatry 21
(1), 133-145. https://doi.org/10.1002/wps.20941.

Lewis, S., Ainsworth, J., Sanders, C., Stockton-Powdrell, C., Machin, M., Whelan, P.,
et al., 2020. Smartphone-enhanced symptom management in psychosis: open,
randomized controlled trial. J. Med. Internet Res. 22 (8), e17019 https://doi.org/
10.2196/17019.

Linardon, J., Cuijpers, P., Carlbring, P., Messer, M., Fuller-Tyszkiewicz, M., 2019. The
efficacy of app-supported smartphone interventions for mental health problems: a
meta-analysis of randomized controlled trials. World Psychiatry 18 (3), 325-336.
https://doi.org/10.1002/wps.20673.

Linardon, J., Shatte, A., Messer, M., Firth, J., Fuller-Tyszkiewicz, M., 2020. E-mental
health interventions for the treatment and prevention of eating disorders: an updated
systematic review and meta-analysis. J. Consult. Clin. Psychol. 88, 994-1007.
https://doi.org/10.1037/ccp0000575.

Lindhiem, O., Bennett, C.B., Rosen, D., Silk, J., 2015. Mobile technology boosts the
effectiveness of psychotherapy and behavioral interventions: a meta-analysis. Behav.
Modif. 39 (6), 785-804. https://doi.org/10.1177/0145445515595198.

Liu, S.W., You, C.W., Fang, S.C., Chang, H.M., Huang, M.C., 2023. A smartphone-based
support system coupled with a bluetooth breathalyzer in the treatment of alcohol

12

Internet Interventions 35 (2024) 100703

dependence: a 12-week randomized controlled trial. Internet Interv. 33, 100639
https://doi.org/10.1016/j.invent.2023.100639.

Lui, J.H., Marcus, D.K., Barry, C.T., Practice., 2017. Evidence-based Apps? A Review of
Mental Health Mobile Applications in a Psychotherapy Context, 48(3):199. https://
doi.org/10.1037/pro0000122.

Luxton, D.D., McCann, R.A., Bush, N.E., Mishkind, M.C., Reger, G.M., 2011. mHealth for
mental health: integrating smartphone technology in behavioral healthcare. Prof.
Psychol. Res. Pract. 42 (6), 505-512. https://doi.org/10.1037/a0024485.

Mackintosh, M.A., Niehaus, J., Taft, C.T., Marx, B.P., Grubbs, K., Morland, L.A., 2017.
Using a Mobile application in the treatment of dysregulated anger among veterans.
Mil. Med. 182 (11), e1941-e9 https://doi.org/10.7205/MILMED-D-17-00063.

Mantani, A., Kato, T., Furukawa, T.A., Horikoshi, M., Imai, H., Hiroe, T., et al., 2017.
Smartphone cognitive behavioral therapy as an adjunct to pharmacotherapy for
refractory depression: randomized controlled trial. J. Med. Internet Res. 19 (11),
€373 https://doi.org/10.2196/jmir.8602.

McKay, J.R., Gustafson, D.H., Ivey, M., Pe-Romashko, K., Curtis, B., Thomas, T., et al.,
2022. Efficacy and comparative effectiveness of telephone and smartphone remote
continuing care interventions for alcohol use disorder: a randomized controlled trial.
Addiction 117 (5), 1326-1337. https://doi.org/10.1111/add.15771.

Mellentin, A.L, Nielsen, B., Nielsen, A.S., Yu, F., Mejldal, A., Nielsen, D.G., Stenager, E.,
2019. A mobile phone app featuring cue exposure therapy as aftercare for alcohol
use disorders: an investigator-blinded randomized controlled trial. JMIR Mhealth
Uhealth 7 (8), €13793. https://doi.org/10.2196,/13793.

Montag, C., Baumeister, H., 2023. Digital Phenotyping and Mobile Sensing: New
Developments in Psychoinformatics, 2 ed. Springer International Publishing, Cham,
Switzerland.

O’Connor, M., Whelan, R., Bricker, J., McHugh, L., 2020. Randomized controlled trial of
a smartphone application as an adjunct to acceptance and commitment therapy for
smoking cessation. Behav. Ther. 51 (1), 162-177. https://doi.org/10.1016/j.
beth.2019.06.003.

Orwin, R.G., 1994. Evaluating Coding Decisions. The Handbook of Research Synthesis.
Russell Sage Foundation, New York, NY, US, pp. 139-162.

O’Toole, M.S., Arendt, M., Pedersen, C.M., 2019. Testing an app-assisted treatment for
suicide prevention in a randomized controlled trial: effects on suicide risk and
depression. Behav. Ther. 50 2(2):421-9 https://doi.org/10.1016/j.
beth.2018.07.007.

Page, M.J., Moher, D., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., et al.,
2021. PRISMA 2020 explanation and elaboration: updated guidance and exemplars
for reporting systematic reviews. BMJ 372, n160. https://doi.org/10.1136/bmj.
nl60.

Paquette, C.E., Reese, E.D., Yi, J.Y., Maccarone, J.M., Stewart, Z.J., Daughters, S.B.,
2023. Group behavioral activation with and without a smartphone app in intensive
outpatient treatment for substance use disorder: a three-arm randomized controlled
trial. Drug Alcohol Depend. 243, 1-10. https://doi.org/10.1016/j.
drugalcdep.2022.109758.

Price, J.L., Bates, M.E., Morgano, J., Todaro, S., Uhouse, S.G., Vaschillo, E., et al., 2022.
Effects of arousal modulation via resonance breathing on craving and affect in
women with substance use disorder. Addict. Behav. 127, 107207 https://doi.org/
10.1016/j.addbeh.2021.107207.

Raevuori, A., Vahlberg, T., Korhonen, T., Hilgert, O., Aittakumpu-Hyden, R., Forman-
Hoffman, V., 2021. A therapist-guided smartphone app for major depression in
young adults: a randomized clinical trial. J. Affect. Disord. 286, 228-238. https://
doi.org/10.1016/j.jad.2021.02.007.

Ramadas, E., de Lima, M.P., Caetano, T., Lopes, J., Dixe, MAACR, 2023. Effectiveness of
smartphone interventions as continuing care for substance use disorders: a
systematic review. Acta Psychol. 235, 103898 https://doi.org/10.1016/j.
actpsy.2023.103898.

Rodante, D.E., Kaplan, M.I., Olivera Fedi, R., Gagliesi, P., Pascali, A., José Quintero, P.S.,
et al., 2022. CALMA, a mobile health application, as an accessory to therapy for
reduction of suicidal and non-suicidal self-injured behaviors: a pilot cluster
randomized controlled trial. Arch. Suicide Res. 26 (2), 801-818. https://doi.org/
10.1080/13811118.2020.1834476.

Roy, A., Hoge, E.A., Abrante, P., Druker, S., Liu, T., Brewer, J.A., 2021. Clinical efficacy
and psychological mechanisms of an app-based digital therapeutic for generalized
anxiety disorder: randomized controlled trial. J. Med. Internet Res. 23 (12), 26987
https://doi.org/10.2196,/26987.

Schlam, T.R., Baker, T.B., 2020. Playing around with quitting smoking: a randomized
pilot trial of Mobile games as a craving response strategy. Games Health J. 9 (1),
64-70. https://doi.org/10.1089/g4h.2019.0030.

Schmadeke, S., Bischoff, C., 2015. Effects of Smartphone-supported Rehabilitation
Aftercare (eATROS) for depressive patients. Verhaltenstherapie 25 (4), 277-286.
https://doi.org/10.1159/000441856.

Schnall, R., Liu, J., Alvarez, G., Porras, T., Ganzhorn, S., Boerner, S., et al., 2022.

A smoking cessation Mobile app for persons living with HIV: preliminary efficacy
and feasibility study. JMIR Form Res. 6 (8), 28626 https://doi.org/10.2196/28626.

Stein, D.J., Scott, K.M., de Jonge, P., Kessler, R.C., 2017. Epidemiology of anxiety
disorders: from surveys to nosology and back. Dialogues Clin. Neurosci. 19 (2),
127-136. https://doi.org/10.31887/DCNS.2017.19.2/dstein.

Sterne, J.A.C., Egger, M., 2005. Publication Bias in Meta-analysis. In: H.R. Rothstein
AJSaMB (Ed.), Publication Bias in Meta-Analysis. John Wiley & Sons Ltd, West
Sussex, pp. 99-110.

Sterne, J.A.C., Savovi¢, J., Page, M.J., Elbers, R.G., Blencowe, N.S., Boutron, I, et al.,
2019. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 366,
14898. https://doi.org/10.1136/bmj.14898.


https://doi.org/10.1371/journal.pdig.0000002
https://doi.org/10.1371/journal.pdig.0000002
https://doi.org/10.1001/jamapsychiatry.2022.4304
https://doi.org/10.1001/jamapsychiatry.2022.4304
https://doi.org/10.1001/jamapsychiatry.2013.4642
https://doi.org/10.1001/jamapsychiatry.2013.4642
https://doi.org/10.1016/j.jsat.2021.108425
https://doi.org/10.1016/j.jsat.2021.108425
https://doi.org/10.1176/appi.ps.201600582
https://doi.org/10.1176/appi.ps.201600582
https://doi.org/10.1186/s13063-023-07596-3
https://doi.org/10.1186/s13063-023-07596-3
https://doi.org/10.1016/j.invent.2018.09.001
https://doi.org/10.1016/j.invent.2018.09.001
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0200
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0200
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0200
https://doi.org/10.1002/eat.22781
https://doi.org/10.1001/jamapsychiatry.2014.112
https://doi.org/10.1001/jamapsychiatry.2014.112
https://doi.org/10.1177/01454455221109434
https://doi.org/10.1016/j.appet.2021.105788
https://doi.org/10.1016/j.appet.2021.105788
https://doi.org/10.2196/10071
https://doi.org/10.1093/ntr/nty182
https://doi.org/10.2196/jmir.2249
https://doi.org/10.2196/jmir.2249
https://doi.org/10.2196/43526
https://doi.org/10.1002/wps.20941
https://doi.org/10.2196/17019
https://doi.org/10.2196/17019
https://doi.org/10.1002/wps.20673
https://doi.org/10.1037/ccp0000575
https://doi.org/10.1177/0145445515595198
https://doi.org/10.1016/j.invent.2023.100639
https://doi.org/10.1037/pro0000122
https://doi.org/10.1037/pro0000122
https://doi.org/10.1037/a0024485
https://doi.org/10.7205/MILMED-D-17-00063
https://doi.org/10.2196/jmir.8602
https://doi.org/10.1111/add.15771
https://doi.org/10.2196/13793
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0305
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0305
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0305
https://doi.org/10.1016/j.beth.2019.06.003
https://doi.org/10.1016/j.beth.2019.06.003
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0315
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0315
https://doi.org/10.1016/j.beth.2018.07.007
https://doi.org/10.1016/j.beth.2018.07.007
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1016/j.drugalcdep.2022.109758
https://doi.org/10.1016/j.drugalcdep.2022.109758
https://doi.org/10.1016/j.addbeh.2021.107207
https://doi.org/10.1016/j.addbeh.2021.107207
https://doi.org/10.1016/j.jad.2021.02.007
https://doi.org/10.1016/j.jad.2021.02.007
https://doi.org/10.1016/j.actpsy.2023.103898
https://doi.org/10.1016/j.actpsy.2023.103898
https://doi.org/10.1080/13811118.2020.1834476
https://doi.org/10.1080/13811118.2020.1834476
https://doi.org/10.2196/26987
https://doi.org/10.1089/g4h.2019.0030
https://doi.org/10.1159/000441856
https://doi.org/10.2196/28626
https://doi.org/10.31887/DCNS.2017.19.2/dstein
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0380
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0380
http://refhub.elsevier.com/S2214-7829(23)00103-3/rf0380
https://doi.org/10.1136/bmj.l4898

L.M. Fuhrmann et al.

Tang, W., Kreindler, D., 2017. Supporting homework compliance in cognitive
Behavioural therapy: essential features of Mobile apps. JMIR Mental Health 4 (2),
€20. https://doi.org/10.2196/mental.5283.

Tgnning, M.L., Faurholt-Jepsen, M., Frost, M., Martiny, K., Tuxen, N., Rosenberg, N.,
et al., 2021. The effect of smartphone-based monitoring and treatment on the rate
and duration of psychiatric readmission in patients with unipolar depressive

disorder: the RADMIS randomized controlled trial. J. Affect. Disord. 282, 354-363.

https://doi.org/10.1016/j.jad.2020.12.141.
Torous, J., Bucci, S., Bell, L.H., Kessing, L.V., Faurholt-Jepsen, M., Whelan, P., et al.,
2021. The growing field of digital psychiatry: current evidence and the future of

apps, social media, chatbots, and virtual reality. World Psychiatry 20 (3), 318-335.
https://doi.org/10.1002/wps.20883.

13

Internet Interventions 35 (2024) 100703

Van Daele, T., Best, P., Bernaerts, S., Van Assche, E., De Witte, N.A.J., 2021. Dropping
the E: the potential for integrating e-mental health in psychotherapy. Curr. Opin.
Psychol. 41, 46-50. https://doi.org/10.1016/j.copsyc.2021.02.007.

Wallace, T., Morris, J.T., Glickstein, R., Anderson, R.K., Gore, R.K., 2022.
Implementation of a mobile technology-supported diaphragmatic breathing
intervention in military mTBI with PTSD. J. Head Trauma Rehabil. 37 (3), 152-161.
https://doi.org/10.1097/HTR.0000000000000774.

Weisel, K.K., Fuhrmann, L.M., Berking, M., Baumeister, H., Cuijpers, P., Ebert, D.D.,
2019. Standalone smartphone apps for mental health—a systematic review and

meta-analysis. npj Digit. Med. 2 (1), 118. https://doi.org/10.1038/541746-019-
0188-8.


https://doi.org/10.2196/mental.5283
https://doi.org/10.1016/j.jad.2020.12.141
https://doi.org/10.1002/wps.20883
https://doi.org/10.1016/j.copsyc.2021.02.007
https://doi.org/10.1097/HTR.0000000000000774
https://doi.org/10.1038/s41746-019-0188-8
https://doi.org/10.1038/s41746-019-0188-8

	Additive effects of adjunctive app-based interventions for mental disorders - A systematic review and meta-analysis of rand ...
	1 Introduction
	2 Methods
	2.1 Search strategy and selection criteria
	2.2 Data extraction and quality assessment
	2.3 Quality assessment
	2.4 Statistical analyses

	3 Results
	3.1 Study selection
	3.2 Study and participants characteristics
	3.3 Quality assessment
	3.4 Additive effects of adjunctive app-based interventions on mental disorders
	3.4.1 Depression
	3.4.2 Anxiety
	3.4.3 Bipolar disorder
	3.4.4 Smoking and alcohol use
	3.4.5 Eating disorders
	3.4.6 Single comparisons of somatic symptom disorder, serious mental illness (schizophrenia/schizoaffective or bipolar diso ...

	3.5 Publication bias

	4 Discussion
	5 Limitations
	6 Conclusion
	Declaration of competing interest
	Data availability
	Acknowledgements
	Funding
	CRediT authorship contribution statement
	Appendices Supplementary data
	References


