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ABSTRACT
This systematic review and meta-analysis examines the effectiveness of science-based mobile apps for reducing anxiety. A sys-
tematic review was employed to identify experimental studies on science-based mobile applications developed anxiety disorders. 
International databases such as PubMed, Web of Science, SCOPUS and ProQuest were searched to locate relevant articles. After 
the systematic review, 16 (k = 20) experimental studies on the effectiveness of science-based mobile apps for reducing anxiety 
that met the inclusion criteria were included in the meta-analysis study. The analysis findings concluded that science-based mo-
bile apps have a noteworthy impact on reducing anxiety symptoms. Additionally, the moderator analysis indicated that various 
factors, including participant characteristics (such as gender and age), methodological factors (such as the measurement tool for 
anxiety and type of control group) and the intervention duration, play a crucial role in this impact. These findings suggest that 
science-based mobile apps can provide a helpful tool for individuals seeking to manage their anxiety symptoms and that a range 
of therapeutic techniques, such as mindfulness, cognitive restructuring and psychoeducation, can be effectively employed in 
these apps.

1   |   Introduction

Anxiety is a complex physiological, cognitive, behavioural and 
emotional response system that is activated when events or con-
ditions are perceived as potentially threatening, unpredictable or 
uncontrollable (Barlow  2002; Clark and Beck  2010). Prolonged 
and intense feelings of fear and distress characterize it, often ac-
companied by physiological symptoms such as increased heart 
rate, shortness of breath, nausea, sweating and tense muscles 
(Baxter et  al.  2014; Clark and Beck  2010). In anxiety disorders, 
individuals frequently experience hyperarousal, excessive worry, 

dysfunctional cognitions, impaired functioning and hypersensi-
tivity to stimuli (Baxter et al. 2014; Clark and Beck 2010; Remes 
et  al.  2016). The spectrum ranges from generalized anxiety dis-
orders and panic disorders to various phobic disorders (Andlin-
Sobocki and Wittchen  2005; Szuhany and Simon  2022). The 
current conceptualization of its aetiology involves the interaction 
of a genetic vulnerability with psychosocial factors such as child-
hood stressful events (Thibaut  2017). Anxiety disorders, which 
are chronic and highly prevalent mental health problems typically 
begin in childhood and youth, are characterized by an intermittent 
course of illness (Baxter et al. 2014; Tiller 2013).
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Millions of people worldwide struggle with anxiety and its symp-
toms, which develop in the context of the changing pressures, de-
mands, and stresses of daily life (Clark and Beck 2010). Anxiety 
disorders are one of the mental disorders with the highest life-
time prevalence (Bandelow, Michaelis, and Wedekind  2017). 
According to a study by Szuhany and Simon (2022), it was dis-
covered that anxiety disorders have a lifetime prevalence of 
around 34%. Among these disorders, generalized anxiety dis-
order has a lifetime prevalence of 6.2%, social anxiety disorder 
has a prevalence of 13%, and panic disorder has a prevalence of 
5.2%. Additionally, anxiety disorders, which are associated with 
high disease burden and health care costs (Bandelow, Michaelis, 
and Wedekind 2017), have individual and social costs such as 
increased health expenditures, impaired functionality and re-
duced lifetime (Kessler et al. 2009). In individuals with anxiety 
disorders, the rates of chronic unemployment and related finan-
cial dependence, emotional problems and substance use are quite 
high (Leon, Portera, and Weissman 1995; Michael, Zetsche, and 
Margraf  2007); it has been determined that increased anxiety 
prevents the ability to adapt to daily tasks such as work or social 
relationships (Hartley and Phelps 2012).

Pharmacotherapy and psychotherapy, especially cognitive be-
havioural therapy (CBT), are interventions with proven effec-
tiveness in the treatment of anxiety disorders (Andlin-Sobocki 
and Wittchen  2005; Bandelow and Michaelis  2015; Bandelow, 
Michaelis, and Wedekind  2017; Tiller  2013). Bandelow and 
Michaelis's (2015) meta-analysis study indicates that combining 
psychotherapy with pharmacotherapy has a relatively high effect 
size. Tiller (2013) emphasizes the importance of psychological in-
terventions for sustainable positive outcomes. However, there is 
also proof that anxiety disorders are significantly under-treated 
(Bandelow, Michaelis, and Wedekind  2017; Tiller  2013; WHO 
World Mental Health Survey Consortium  2004). Specifically, 
only 20.6% of individuals with anxiety disorders seek profes-
sional help (Bandelow, Michaelis, and Wedekind  2017), and 
just 8% of them are actually receiving the adequate treatment 
(Goodwin et al. 2005). Therefore, although effective treatments 
for anxiety disorders are available, many people do not apply to 
health services for treatment or do not benefit from these ser-
vices sufficiently (Bandelow and Michaelis  2015). Uncertainty 
about where to turn for help and financial restrictions (Olfson 
et  al.  2000), lack of recognition of symptoms in primary care 
(Tiller  2013) and feelings of shame or embarrassment due to 
mental disorders (Patel et  al.  2002) are effective in delaying 
treatment. Therefore, there is a treatment gap due to inadequate 
treatment of individuals with anxiety disorders (Tiller  2013). 
Considering the chronic nature, high persistence and high 

prevalence of innovative treatment approaches are needed to re-
duce this treatment gap in mental health services (Dworschak, 
Heim, and Maercker 2022; Kazdin and Blase 2011).

E-mental health services refer to ‘mental health services deliv-
ered or developed through the internet and related technologies’ 
(Christensen, Griffiths, and Evans 2002, 3). These services, also 
called ‘Internet-based interventions’, include various types of 
interventions (Dworschak, Heim, and Maercker  2022). These 
interventions provide users with access to treatment without 
time or location constraints, reduce the time and financial bur-
den on them and mitigate the impact of social stigma (Bekker, 
Griffiths, and Barrett 2017; Wang, Zhang, and An 2023). These 
interventions, particularly mobile applications (‘apps’) devel-
oped for use of easily portable wireless devices such as smart-
phones and tablets, therefore have the potential to minimize 
the limitations of traditional treatments and significantly in-
crease access to mental health services (Dworschak, Heim, 
and Maercker 2022; Kertz et al. 2017; Sucala et al. 2017). These 
self-help apps refer to various psychological treatment protocols 
in which users interact autonomously or independently with 
therapeutic programs delivered via a mobile device (Cuijpers 
and Schuurmans 2007; Wang, Zhang, and An 2023). These in-
terventions can be unguided (or self-directed), therapist-guided 
(as a partial substitute for face-to-face therapy) or self-help inter-
ventions as an independent intervention (Balaskas et al. 2021; 
Cuijpers and Schuurmans 2007). Previous studies suggest these 
interventions are cost-effective and generally have similar out-
comes to face-to-face interventions (Andersson and Titov 2014). 
These treatments, which include therapeutic tasks handed 
over to a computer, smartphone or tablet, can be delivered in a 
self-guided, therapist-guided or a combination of these formats 
(Andersson and Titov 2014; Lal and Adair 2014). Mobile appli-
cations have significant potential to address the gap between 
the community's identified need for mental health services and 
the limited capacity and resources to provide traditional treat-
ment services (Lal and Adair  2014). These interventions have 
advantages, such as facilitating access to treatment, especially 
for rural and remote populations, and minimizing financial or 
temporal barriers (Andersson and Titov 2014; Chan et al. 2019; 
Dworschak, Heim, and Maercker  2022; Lal and Adair  2014). 
It is also promising for those who avoid treatment due to stig-
matization (Dworschak, Heim, and Maercker  2022; Lal and 
Adair  2014). Previous studies have shown that Internet-based 
mental health applications can effectively reduce anxiety symp-
toms (Taylor et  al.  2023; Yang and Chung  2022). Kiropoulos 
et  al.  (2008) compared face-to-face and online treatment and 
found equivalent results. For instance, Kosasih et  al.  (2023) 
found that participating in a CBT-based mHealth program can 
effectively reduce worry and anxiety.

The effectiveness of mobile app interventions on anxiety has 
been examined in previous meta-analyses (Firth et  al.  2017; 
Linardon et al. 2019; Lu et al. 2022). Linardon et al. (2019) ex-
plored the impact of these interventions on mental health issues, 
such as depression, anxiety and overall psychiatric distress; Lu 
et al. (2022) focused on their effects on anxiety and depression 
symptoms; and Firth et al. (2017) specifically investigated their 
effects on anxiety symptoms. These meta-analyses consistently 
favour smartphone interventions. However, these studies were 
limited to randomized controlled trials, a restriction we did not 

Summary

•	 Science-based mobile apps have a significant impact 
on reducing anxiety symptoms.

•	 Participants' characteristics influence the effective-
ness of these apps.

•	 Methodological factors play a crucial role in determin-
ing how effective science-based mobile apps are.

•	 The duration of the intervention also plays an impor-
tant role in reducing anxiety symptoms.
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impose. Additionally, Linardon et al. (2019) and Lu et al. (2022) 
evaluated trials that addressed not only anxiety but also other 
mental health problems. Furthermore, meta-analyses con-
ducted by Firth et al. (2017) and Linardon et al. (2019) did not 
capture global events in the past few years (e.g., the COVID-19 
pandemic). Alongside the rapid development of information and 
communication technologies, the pandemic has also led to sig-
nificant increases in the development, accessibility and ease of 
use of mobile applications. These events, such as the pandemic, 
wars and natural disasters in the past few years, especially, may 
have contributed to an increase in anxiety rates. For individuals 
suffering from anxiety, these mobile apps have become increas-
ingly important due to their ability to minimize the barriers to 
accessing treatment faced by this group. Therefore, it can be ar-
gued that there is a need for an updated meta-analysis specifi-
cally examining the impact of evidence-based mobile self-help 
applications on anxiety. Additionally, investigating various fac-
tors such as gender, age, measurement tools used for anxiety, 
type of control group and duration of intervention will be crucial 
in understanding how these evidence-based mobile apps affect 
the reduction of anxiety symptoms.

1.1   |   The Present Study

This systematic review and meta-analysis study aims to examine 
the technical and therapeutic properties of science-based mobile 
applications developed for anxiety, to evaluate their effective-
ness and to investigate their future effects. The study also aims 
to examine how participants' characteristics, methodological 
factors and intervention duration may moderate the effects of 
science-based mobile apps on reducing anxiety symptoms. We 
will conduct a moderator analysis to examine how these factors 
potentially affect the effectiveness of science-based mobile apps 
in reducing anxiety symptoms. Nowadays, as a result of factors 
such as the rapid development of technology and ease of access 
and use (Becker et al. 2014), a large number of anxiety apps have 
been developed. Although these apps play an essential role in 
increasing access to mental health services, there is a significant 
deficiency in examining the technical and therapeutic prop-
erties of these applications and evaluating their effectiveness 
(Chan et al. 2019; Lal and Adair 2014; Sucala et al. 2017). The 
lack of knowledge about these constitutes a significant obstacle 
to utilizing the mobile apps' benefits. Therefore, we present an 
up-to-date review of intervention approaches, techniques and 
therapeutic properties of empirically supported science-based 
mobile apps for anxiety.

2   |   Method

2.1   |   Research Strategy

This study was conducted and reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA; Page et  al. 2021). The literature search was con-
ducted in August 2023 by examining four electronic databases: 
PubMed, Web of Science (WoS), SCOPUS and ProQuest. These 
databases were searched by the sixth author and an independent 
doctoral student using variations of the following search terms: 
‘anxiet*’ AND ‘mobile OR smartphone OR software AND app*’; 

‘cognitive behavioral therapy OR cognitive behavioural therapy 
OR CBT’. When searching the abstracts of WoS, SCOPUS and 
ProQuest, PubMed was searched in all fields.

2.2   |   Eligibility Criteria

The following eligibility criteria were used to include studies in 
the systematic review and meta-analysis: (i) addressed anxiety; 
(ii) provided a CBT-based intervention; (iii) provided a scientifi-
cally based self-help mobile app intervention; (iv) had at least one 
control (or alternative) group; (v) had sufficient data to calculate 
effect size (reporting means and standard deviations for groups 
or differences in means between groups); and (vi) reported anx-
iety according to a valid measure. Exclusion criteria were used 
as follows: (i) no experimental study; (ii) interventions were not 
CBT-based; (iii) not on anxiety; (iv) not a scientifically based 
mobile application study (i.e., a study without a mobile applica-
tion or mobile applications with content that is not scientifically 
based); (v) not a self-help method; (vi) no control (or alternative) 
group in the studies; and (vii) insufficient data to calculate effect 
size (not reporting means and standard deviations for groups or 
differences in means between groups).

2.3   |   Study Selection

After a systematic search of the databases, 296 records were 
identified through database searching. All database records 
were exported to the Rayyan website. Rayyan is a website/app 
that is user-friendly and simplifies detecting duplicate studies. 
Then, 106 duplicates were removed from the identified refer-
ences. The remaining 190 studies were reviewed by the sixth 
author and an independent doctoral student, under the super-
vision of the third and fourth authors primarily on the basis 
of title and abstract. At this stage, 133 of 190 studies were re-
moved based on title and abstract for the following reasons: no 
experimental studies (n = 65); not examining anxiety (n = 28); 
not self-help intervention (n = 19); not based on CBT (n = 14); 
no science-based application (i.e., a study without a mobile ap-
plication or mobile applications with content that is not scien-
tifically based) (n = 3); no outcome (n = 2); and duplicate (n = 2). 
Full-text copies of the remaining included studies were inde-
pendently screened by the fifth author and two independent 
doctoral students under the supervision of the third and fourth 
authors according to our eligibility criteria. At this stage, 41 of 
57 studies were removed for the following reasons: protocol not 
suitable (n = 13); insufficient data to calculate the effect size 
(n = 6); not only self-help (n = 5); not examining anxiety (n = 5); 
no self-help intervention (n = 4); no control group (n = 4); no 
experimental design (n = 2); non-CBT-related interventions 
(n = 1); and not open access (n = 1). When reviewing full-text 
studies, researchers use d a tool that included items for our eli-
gibility criteria (e.g., was the mean, standard deviation or differ-
ence between group means reported to calculate effect size, was 
there a control group or did it address anxiety as an outcome). 
This form was used to screen studies more rigorously and to 
minimize differences in assessment between researchers, and 
studies were marked as ‘included’, ‘maybe’ or ‘excluded’. Where 
there was disagreement, we discussed and reached a consensus 
before proceeding to analysis, thus ensuring full agreement. 
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Accordingly, 16 independent samples for anxiety (k = 20) were 
identified as a result of the literature review conducted accord-
ing to the eligibility criteria. The results of the literature review 
are presented in Figure 1.

2.4   |   Data Collection Process

We developed coding keys to identify and facilitate the analy-
sis of the studies included in this study. Author surnames, year 
of publication, type of anxiety intervened, software tool used, 
participants' demographic characteristics (e.g., gender and age), 
study design (e.g., randomized and quasi-experimental), inter-
vention characteristics, type of comparison (e.g., passive control 
group and active control group) and measurement tools used for 
anxiety were reported. Anxiety scores and standard deviations 

for both the experimental and control groups were reported be-
fore the intervention, as well as in the initial post-intervention 
measurements. When means and standard deviations were 
not provided in the studies, if the difference in means between 
the experimental and control groups were reported, they were 
converted to g values and included in the analyses. Two inde-
pendent doctoral students and the fifth author coded the keys. 
When there was disagreement, the first four authors discussed it 
and agreed upon before proceeding to analysis so that full agree-
ment was achieved.

2.5   |   Data Analysis

This study used Comprehensive Meta-Analysis (CMA; 
Borenstein 2005) software under a random-effect 

FIGURE 1    |    PRISMA flow diagram.
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meta-analysis model to estimate the overall effect size of 
science-based mobile apps on anxiety. Anxiety severity is 
measured with continuous scales. The studies included in this 
meta-analysis used a variety of self-report measures. Hedges' g 
coefficient was calculated for each included study to estimate 
the effect of CBT-based mobile app interventions. A 95% confi-
dence interval (CI) was used for effect size in all calculations. 
Effect sizes are interpreted as follows: Hedges' g; < 0.5 were 
accepted as small effect size; > 0.8 were considered large effect 
size; those falling between 0.5 and 0.8 were classified as me-
dium effect size; (Cohen 2013; Fritz, Morris, and Richler 2012; 
Hedges 1981).

In this study, Rosenthal's fail-safe N and funnel plot were 
used to assess the likelihood of publication bias. A calculated 
fail-safe N value < 5 k + 10 (k = number of observed effect 
sizes) indicates the presence of publication bias (Rosenthal 
1979). Furthermore, in the funnel plot, the effect size of the 
studies is symmetrically distributed around the overall effect 
size, which is considered evidence of the absence of publica-
tion bias (Borenstein et al. 2011). To assess the heterogeneity 
between the included studies, the Q-test and I2 values were 
examined. The I2 value is interpreted as 25% low heterogene-
ity, 50% moderate heterogeneity and 75% high heterogeneity 
(Cooper et al. 2019).

Moderator analyses were performed to identify potential mod-
erator roles of characteristics of participants, methodological 
factors and intervention duration. To conduct a moderator 
analysis, it is recommended to have two or more studies in 
each subgroup (Borenstein et  al. 2011). As potential moder-
ators, participant characteristics included gender and age. 
The age of adult participants was determined based on the 
American Psychological Association's (APA 2023) dictio-
nary definition. The dictionary definition provided by APA 
(2023) categorizes adulthood into young adulthood (roughly 
20–35 years of age), middle adulthood (about 36–64 years) and 
later adulthood (age 65 and beyond). As potential moderators, 
methodological factors included the scale used for measuring 
anxiety symptoms and the type of control group. Moreover, 
intervention duration was categorized as interventions lasting 
longer and shorter than 6-week interventions. This categori-
zation was determined by calculating the average intervention 
duration of all the studies included in the analysis.

3   |   Results

3.1   |   Study Characteristics

The meta-analysis analysed 20 different effect sizes from 16 
studies that met the inclusion criteria and were published be-
tween 2017 and 2023. A total of 2377 participants were included 
in the analyses, 1131 (M = 70.69) in the experimental group and 
1246 (M = 77.88) in the control group. Most of the studies had 
over 50% female participants (n = 13), and the mean age was 
33.60. Half of the studies (50%) focused on young adulthood, 
whereas the seven (43.75%) focused on middle adulthood. 
The majority of the studies were conducted in Korea (n = 4), 
followed by the United Kingdom (n = 3), the United States 

(n = 3), China (n = 1), Italy (n = 1), Canada (n = 1), Singapore 
(n = 1), Germany (n = 1) and Japan (n = 1). Various scales were 
used to measure anxiety levels, including General Anxiety 
Disorder (GAD-7) (n = 5), State–Trait Anxiety Inventory-
Trait (n = 2), Depression Anxiety Stress Scale (DASS) (n = 2), 
Hospital Anxiety and Depression Scale-Anxiety Subscale 
(HADS-A) (n = 2), State–Trait Anxiety Inventory-State (n = 1), 
Beck Anxiety Inventory (n = 1) and Agoraphobia Scale (n = 1), 
and one-item anxiety scale (n = 1) was used to measure the 
anxiety levels of the participants. In one study, both the state 
and trait versions of the State–Trait Anxiety Inventory were 
used. Randomized control trials (RCT) were employed in the 
majority of the studies (n = 15), with one study (Hamamura 
et  al.  2018) utilizing a quasi-experimental design. Among 
them, 10 (63%) studies had a passive control group, whereas 
six (37%) had an active control group. In the study conducted 
by Hur et al.  (2018) with an active control group, the control 
group received a daily mood chart app program. In the approx-
imately 15-min program, participants completed a daily mood 
diary, recording their mood state and sleep quality/quantity. 
In Kosasih et al.'s (2023) study, participants in the active con-
trol group received a ‘Procrastination’ program similar to the 
‘Anxiety and Worry’ program received by the experimental 
group. In this 2-week program, participants in the active con-
trol group completed content on understanding and defining 
worries, working with anxiety and learning to manage anxiety. 
In the study by Ham et al. (2019), participants in the active con-
trol group received a simple card-format HARUCard program 
consisting of (1) information on anxiety, (2) exercise tips, hob-
bies, and travel, (3) movies and books, (4) famous quotes and (5) 
artworks. In the study by Litvin et al. (2020), the active control 
group received a CBT Thought Diary program based on CBT 
and positive psychology once a week for 10 min. The program's 
content included five smiley icons for tracking mood, labelling 
emotions, identifying negative and distorted thinking patterns, 
doing a typical CBT exercise and maintaining a mood diary 
and gratitude journal. In the study by Greer et al.  (2019), the 
active control group received detailed information on cancer 
treatment, exercise, nutrition, memory and cognition, sexual 
health and quality of life (QOL) through slide decks with voi-
ceover accompaniment. They did not receive tailored program-
ming logic, videos or homework assignments similar to those 
received by the experimental group. Lastly, in the study by 
Christoforou, Sáez Fonseca, and Tsakanikos (2017), the active 
control group received a Stress Free app focused on teaching 
relaxation techniques and generic CBT skills through a virtual 
therapist. Finally, the intervention duration ranged from 2 to 
12 weeks, with an average of 7.06 weeks (see Table 1).

3.2   |   Meta-Analysis Findings 
and Moderator Analyses

The effect of science-based mobile apps in reducing anxiety, 
compared to control groups, was statistically significant and 
moderate (g = −0.31, SE = 0.09, 95% CI −0.48 to −0.14, p < 0.001). 
Moderator analyses were conducted to examine the impact of 
participant characteristics, methodological factors and inter-
vention duration. The findings of these moderator analyses are 
summarized below and in Table 2.
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3.2.1   |   Characteristics of Participants

In the moderator analysis examining the effect of the gender 
percentage on the effectiveness of science-based mobile apps 
in reducing anxiety, 16 outcomes from studies with over 50% 
female participants and four outcomes from studies with over 
50% male participants were included. The results showed that 
the gender percentage of the participants had a significant ef-
fect on the effectiveness of science-based mobile apps in re-
ducing anxiety (p < 0.001). Specifically, in studies with over 
50% female participants, g was −0.34 (SE = 0.10, 95% CI −0.54 
to −0.15, p = 0.001). On the other hand, in studies with over 
50% male participants, g was −0.21 (SE = 0.19, 95% CI −0.57 
to 0.16, p = 0.267).

Moreover, the analysis included seven outcomes from studies 
involving young adulthood participants and 12 outcomes from 
studies involving middle adulthood participants to examine the 
effect of age on the effectiveness of science-based mobile apps 
in reducing anxiety. The age of the participants significantly af-
fected the effectiveness of science-based mobile apps in reducing 
anxiety (p = 0.001). The efficacy of science-based mobile apps in 
reducing anxiety was found to be slightly more effective in stud-
ies with middle adulthood participants (g = −0.31, SE = 0.12, 
95% CI −0.54 to −0.08, p = 0.008) compared to those involv-
ing young adulthood participants (g = −0.30, SE = 0.15, 95% CI 
−0.59 to 0.00, p = 0.051).

3.2.2   |   Methodological Factors

In the moderator analysis conducted to examine the impact 
of different scales used to measure anxiety on the efficacy 

of science-based mobile apps; we included five outcomes for 
GAD-7, four for STAI-Trait and three for STAI-State. The re-
sults showed that the effectiveness of science-based mobile apps 
varied depending on the scale used (p = 0.016). Specifically, the 
analysis revealed that science-based mobile apps had stronger 
effects in the studies that used the STAI-State scale (g = −0.88, 
SE = 0.27, 95% CI −1.40 to −0.35, p = 0.001). In studies using the 
GAD-7 scale, the g value of −0.15 was found (SE = 0.18, 95% CI 
−0.51 to 0.21, p = 0.409), whereas in studies using the STAI-Trait 
scale, the g value was −0.34 (SE = 0.21, 95% CI −0.74 to 0.06, 
p = 0.098).

Furthermore, we examined the type of control group as a mod-
erator variable in the effectiveness of science-based mobile apps 
in reducing anxiety. In this context, we included 13 outcomes 
from studies with a non-active control group and seven out-
comes from studies with an active control group. The results 
indicated that the type of control group had a significant impact 
on the effectiveness of science-based mobile apps in reducing 
anxiety (p < 0.001). Specifically, the g was −0.36 (SE = 0.11, 95% 
CI −0.58 to −0.15, p = 0.001) for studies with a non-active con-
trol group and −0.22 (SE = 0.15, 95% CI −0.51 to 0.07, p = 0.141) 
for studies with an active control group.

3.2.3   |   Intervention Duration

Lastly, we conducted a moderator analysis to examine the effect 
of intervention duration on the effectiveness of science-based 
mobile apps in reducing anxiety. We included 11 outcomes for 
interventions lasting over 6 weeks and nine outcomes for inter-
ventions lasting 6 weeks or fewer. The effectiveness of science-
based mobile apps differed based on the intervention duration 

TABLE 2    |    Results of categorical moderator analyses.

Moderators Categories k ES SE 95% CI

Characteristics of participants

Gender Over 50% female 16 −0.34** 0.10 [−0.54 to −0.15]

Over 50% male 4 −0.21 0.19 [−0.57 to 0.16]

Age Young adulthood 7 −0.30 0.15 [−0.59 to 0.00]

Middle adulthood 12 −0.31** 0.12 [−0.54 to −0.08]

Methodological factors

Scale STAI-Trait 4 −0.34 0.21 [−0.74 to 0.06]

GAD-7 5 −0.15 0.18 [−0.51 to 0.21]

STAI-State 3 −0.88** 0.27 [−1.40 to −0.16]

Type of control group Non-active 13 −0.36** 0.11 [−0.58 to −0.15]

Active 7 −0.22 0.15 [−0.51 to 0.07]

Intervention duration Over 6 weeks 11 −0.46*** 0.12 [−0.70 to −0.22]

Six weeks or fewer 9 −0.18 0.11 [−0.40 to 0.04]

Abbreviations: CI, confidence interval; ES, Hedges' g; k, number of effect sizes; SE, standard error.
*p < 0.05. 
**p < 0.01. 
***p < 0.001.
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(p = 0.024). Effectiveness of science-based mobile apps in reduc-
ing anxiety was found to be more effective in studies, comprised 
over 6 weeks of length intervention (g = −0.46, SE = 0.12, 95% CI 
−0.70 to −0.22, p < 0.001) than 6 weeks and less lengthy inter-
vention (g = −0.18, SE = 0.11, 95% CI −0.40 to 0.04, p = 0.114).

3.3   |   Publication Bias and Heterogeneity

We assessed the possibility of publication bias using funnel plot 
and classical fail-safe N methods. First, when analysing the fun-
nel plot, we can observe that the studies are asymmetrically dis-
tributed, potentially indicating publication bias (see Figure 2). 
However, we found that the fail-safe N number is 176, indicating 
no publication bias. Q-statistic and I2 values were examined for 
potential homogeneity. The Q-statistic was found to be signif-
icant (Q = 77.52, p < 0.001) and failed to reject the hypothesis 
of homogeneity. In addition, heterogeneity between the studies 
was high (I2 = 75.49). In this context, there is no publication bias 
and heterogeneity in the studies included in the analysis.

4   |   Discussion

In this respect, this meta-analysis study, which included 16 
experimental studies with no evidence of publication bias and 
heterogeneity, examined the statistical effectiveness of science-
based mobile apps compared to control groups for anxiety. It was 
found that science-based mobile applications for anxiety had a 
statistically significant and moderate effect compared to control 
groups. The effectiveness results align with those observed in 
earlier meta-analyses (Firth et  al.  2017; Linardon et  al.  2019; 
Wu et  al. 2021). This underscores the potential of these inter-
ventions as viable alternatives or complements to traditional 
anxiety treatments. Clinicians can consider integrating mobile 
app-based interventions into their therapeutic repertoire, partic-
ularly for patients who may prefer or benefit from digital health 
solutions. Although the results are promising for clients to ac-
cess effective and science-based psychological help, it needs to 
be repeated by independent research groups by the American 

Psychological Association Presidential Task Force on Evidence-
Based Practice (2006).

The study aimed to investigate the effectiveness of science-based 
mobile applications for anxiety. In this context, the studies were 
examined based on CBT applications. Effective studies (Ivanova 
et  al.  2016; Levin, Haeger, and Cruz  2018; Orosa-Duarte 
et  al.  2021) are carried out with different methods within the 
scope of science-based mobile applications. Different methods 
within the scientific framework (Litvin et al. 2020) are consid-
ered important for the generalizability of mobile applications. In 
addition, it is thought that examining the effectiveness of CBT 
in science-based mobile applications (Danieli et  al.  2022; Hur 
et al. 2018; Litvin et al. 2020) in detail within the scope of the 
study allows a specific method to be explained in depth.

As a result of this meta-analysis, it was found that science-
based mobile apps for anxiety were more effective in studies 
with over 50% female participants than in studies with over 
50% male participants. The potential reason for this finding 
can be women tend to use mental health apps more frequently 
compared to men (Anguera et  al.  2016; Balaskas et  al.  2022). 
They are also more open to using these apps (Kern et al. 2018) 
and are more likely to engage in the interventions offered by 
these apps (Borghouts et al. 2021). Moreover, considering that 
women have a higher prevalence of anxiety disorders compared 
to men (Asher, Asnaani, and Aderka  2017; Wittchen  2002), it 
can be expected that science-based mobile apps would have a 
greater impact on anxiety in studies with more female partici-
pants. Notwithstanding, it may be advantageous for clinicians 
to consider utilizing mobile applications more frequently for fe-
male clients experiencing anxiety issues. However, conducting 
more gender-specific studies on the effectiveness of these apps 
for anxiety could contribute to the development of more tailored 
mobile apps for anxiety.

Another finding of this meta-analysis is that the effective-
ness of science-based interventions in alleviating anxiety is 
higher in studies involving middle adulthood participants 
than in young adulthood. Some studies in the literature are 

FIGURE 2    |    Funnel plot.
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inconsistent with this finding. According to the study by 
Lipschitz et al.  (2020), middle-aged and younger individuals 
show more interest in mobile apps, whereas older individu-
als show less interest. In studies conducted with middle-aged 
and older adults, age was not associated with a decrease in 
depressive and anxiety symptoms (Gould et  al.  2021), and 
there was no relationship between age and mobile device 
proficiency and application engagement (Alfaro et  al.  2024). 
However, CBT interventions help adults identify and change 
negative thought patterns and increase coping skills and resil-
ience (Amer et al. 2023). In this context, CBT offered online 
or through mobile apps serves as an accessible platform for 
adults to receive therapy (Addepally and Purkayastha 2017). 
Although recent research suggests that middle-aged individ-
uals can overcome barriers to accessing mobile apps and de-
rive comparable benefits to other age cohorts, the difference 
observed in this meta-analysis underscores the imperative for 
further research. Also, this finding suggests that age-specific 
adaptations may be necessary to maximize the impact of mo-
bile interventions across different age groups. Integrating ele-
ments that resonate with their unique stressors and lifestyles 
may enhance engagement and effectiveness for young adults.

The study's findings suggest that research using the STAI-State 
scale was the study in which science-based interventions were 
most effective. Afterwards, there are STAI-Trait and GAD-7. 
It can be said that the situational effects on participants in 
studies using the STAI-State (Ham et  al.  2019; Yang and 
Chung 2022) contributed to these findings. Participants in the 
study by Ham et al. (2019) were cancer patients, whereas those 
in the study by Yang and Chung (2022) were individuals with 
autism spectrum disorder. Additionally, Yang and Xu  (2022) 
found that the state anxiety levels of papillary thyroid cancer 
patients were higher than their trait anxiety levels. Similarly, 
Kim et al. (2021) indicated that the mean state anxiety of ad-
olescents with ASD was higher than their mean trait anxiety. 
These higher state anxiety levels may be associated with the 
greater effectiveness of science-based mobile apps utilizing 
the STAI-State scale in these studies. In the earlier studies, 
the correlation between GAD-7 scores and STAI-Trait scores 
was moderate (Cotiga et al. 2023; White and Karr 2023), and 
in another study, the correlation between GAD-7 scores and 
STAI-Trait scores was higher than STAI-State scores (Konkan 
et al. 2013). Whereas STAI-State measures the intensity of cur-
rent anxiety symptoms, STAI-Trait measures the frequency 
and pervasiveness of anxiety symptoms (Spielberger  1983). 
Whereas STAI-State focuses on how the individual feels at 
a certain moment and under certain conditions, STAI-Trait 
focuses on how the individual generally feels, regardless of 
his/her situation and conditions. Therefore, STAI-Trait is 
less sensitive than STAI-State to changes over a short period. 
GAD-7 is a measurement tool developed to determine the fre-
quency of symptoms of generalized anxiety disorder (Spitzer 
et al. 2006). Furthermore, the STAI includes items related to 
positive emotions that are reverse-coded. Therefore, the STAI 
lacks specificity, in contrast to the GAD. As a result, it can 
be thought that this result of the study is due to the measure-
ment tools measuring different structures. In addition, the 
anxiety symptoms examined in the studies included in the 
meta-analysis vary. Future studies investigating specific anx-
iety disorder symptoms and evaluating the effectiveness of 

mHealth applications according to the measurement tool will 
enable steps to be taken to standardize assessment procedures 
in mHealth applications. Also, this finding suggests that cli-
nicians should be mindful of the scales they use to assess anx-
iety, as some instruments may be more sensitive to changes 
caused by mobile interventions.

In this meta-analysis study, science-based mobile apps with a 
non-active control group were more effective in reducing anxi-
ety than apps with an active control group. In the meta-analysis 
led by Firth et al. (2017) regarding the influence of mental health 
mobile applications on anxiety, it was observed that effect sizes 
were found to be significantly greater when contrasted with 
waitlist or inactive controls, as opposed to active control condi-
tions. In another meta-analysis by Linardon et al. (2024), when 
generalized anxiety was the primary target, studies using a non-
active control produced significantly larger effect sizes on gen-
eralized anxiety symptoms than placebo or care as usual. The 
findings of this meta-analysis consistently replicated one of the 
findings observed in psychological treatment procedures, which 
is consistent with the literature. When designing treatment pro-
tocols that include mobile applications, practitioners should be 
aware that the perceived efficacy may be influenced by the type 
of control group used in the initial studies.

The last finding of the research is that studies with an interven-
tion duration of more than 6 weeks are more effective in reduc-
ing anxiety than studies with an intervention duration of fewer 
than 6 weeks. A meta-analysis by Lu et al. (2022) found that apps 
with an intervention duration of 7 weeks or longer have a larger 
effect size for reducing anxiety symptoms. When the interven-
tion periods were examined in the reviewed studies, it was de-
termined that the maximum intervention period was 12 weeks 
(Greer et  al.  2019; Nicol et  al.  2022), although it had different 
lengths. However, obtaining effective results on anxiety even 
in applications lasting 2 weeks (Kosasih et  al.  2023) reveals 
the short-term effect of CBT-based interventions on anxiety. 
Considering the high effectiveness of CBT-based interventions 
with an average of eight sessions (Türkçapar 2018), it can be in-
terpreted that the length of the intervention period has a positive 
effect on reducing anxiety levels. However, ensuring and main-
taining user engagement is one of the biggest obstacles to mental 
health applications' functionality (Owen et al. 2015). It is sug-
gested that approximately 4% of users who download a mental 
health app continue to use the app after 15 days and 3% continue 
to use it after 30 days (Baumel et al. 2019). In addition, the inter-
vention contents of mHealth mobile apps, the techniques they 
contain and, therefore, the intervention intensity vary (Drissi 
et al. 2020). It may be helpful to consider the intervention con-
tent when considering the effectiveness of intervention duration 
in future studies. Additionally, this finding suggests prioritizing 
the design of interventions that encourage prolonged use and 
adherence to maximize therapeutic benefits.

4.1   |   Limitations

This meta-analysis, which aims to research the effectiveness of 
science-based mobile apps for anxiety, has several limitations. 
First, the sample included clinical, subclinical and non-clinical 
participants. It is difficult to infer the effectiveness of these 

 10990879, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cpp.3058 by H

asan K
alyoncu U

niversity, W
iley O

nline L
ibrary on [21/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fcpp.3058&mode=


11 of 14

apps specifically within the context of a universal, selective 
or indicated preventive program (Bakker et  al.  2016). Second, 
the meta-analysis only considered outcome measurement, so it 
lacks follow-up measurement values. Therefore, the long-term 
effects of these apps are uncertain. However, follow-up data 
can indicate a difference in effect size in follow-ups according 
to weeks (Linardon et al. 2019). Third, self-report measurement 
tools were used in all studies included in the meta-analysis. In 
anxiety measurements, self-report measurement tools can only 
provide information in a one-sided and narrow scope (Schat 
et al. 2017). Finally, the diversity of control groups included in 
the research did not allow for analysis of the digital placebo ef-
fect (Torous and Firth 2016).

5   |   Conclusions

Although mobile apps in the field of healthcare are developed 
with commercial and economic motivations rather than sci-
entific motivations (Martínez-Pérez, de la Torre-Díez, and 
López-Coronado 2013),CBT is one of the most commonly used 
approaches in mental health mobile apps in general (Leong 
et al. 2022) and anxiety-related apps (Drissi et al. 2020; Marshall, 
Dunstan, and Bartik 2020). The findings of this research make 
a substantive contribution to the measures required for stan-
dardizing the mental health services delivered via science-based 
mobile applications, tailoring to the target population. In this 
regard, considering that women and middle-adult clients may 
benefit more from mobile applications for anxiety, depending on 
the characteristics of the participants, it indicates that gender-
specific and age group-specific adaptations may need to be 
made in these applications. Establishing that methodological 
approaches like measurement tools and experiment design play 
a role in the outcomes of studies on the effectiveness of mobile 
applications is instrumental in guiding the development and 
adoption of future treatment protocols. Additionally, the re-
sult that mobile applications with intervention durations over 
6 weeks are more effective in reducing anxiety levels under-
scores the importance of prolonged engagement. It emphasizes 
the need to prioritize the design of longer duration interven-
tions in mobile applications to maximize therapeutic benefits. 
In conclusion, the results of this meta-analysis provide robust 
evidence supporting the effectiveness of science-based mobile 
applications for anxiety reduction. The identified moderators 
offer valuable insights into optimizing these interventions for 
different populations and contexts. Increasing and disseminat-
ing science-based mobile applications holds promise for advanc-
ing the democratization of psychological help.

Acknowledgements

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The corresponding author can provide the dataset analysed for this 
study upon request.

References

References with an asterisk denote the studies included in meta-analysis.

Addepally, S. A., and S. Purkayastha. 2017. “Mobile-Application 
Based Cognitive Behavior Therapy (cbt) for Identifying and Managing 
Depression and Anxiety.” Lecture Notes in Computer Science: 3–12. 
https://​doi.​org/​10.​1007/​978-3-​319-​58466-9_​1.

Alfaro, A. J., J. Wielgosz, E. Kuhn, C. Carlson, and C. E. Gould. 2024. 
“Determinants and Outcome Correlates of Engagement With a Mobile 
Mental Health Intervention for Depression and Anxiety in Middle-Aged 
and Older Adults.” Journal of Clinical Psychology 80, no. 3: 509–521. 
https://​doi.​org/​10.​1002/​jclp.​23636​.

*Al-Refae, M., A. Al-Refae, M. Munroe, N. A. Sardella, and M. Ferrari. 
2021. “A Self-Compassion and Mindfulness-Based Cognitive Mobile 
Intervention (Serene) for Depression, Anxiety, and Stress: Promoting 
Adaptive Emotional Regulation and Wisdom.” Frontiers in Psychology 
12: 648087. https://​doi.​org/​10.​3389/​fpsyg.​2021.​648087.

Amer, N. A., S. M. Shohieb, W. M. Eladrosy, H. M. Elbakry, and S. 
M. Abd Elrazek. 2023. “Sokoon: A Gamification-Based Cognitive 
Behavioral Therapy Application–An Application for Depression, Stress, 
and Anxiety.” International Journal of Gaming and Computer-Mediated 
Simulations (IJGCMS) 15, no. 1: 1–26. https://​doi.​org/​10.​4018/​ijgcms.​
324098.

American Psychological Association Presidential Task Force 
on Evidence-Based Practice. 2006. “Evidence-Based Practice in 
Psychology.” American Psychologist 61: 271–285. https://​doi.​org/​10.​
1037/​0003-​066X.​61.4.​271.

Andersson, G., and N. Titov. 2014. “Advantages and Limitations of 
Internet-Based Interventions for Common Mental Disorders.” World 
Psychiatry Official Journal of the World Psychiatric Association (WPA) 
13, no. 1: 4–11. https://​doi.​org/​10.​1002/​wps.​20083​.

Andlin-Sobocki, P., and H. U. Wittchen. 2005. “Cost of Anxiety 
Disorders in Europe.” European Journal of Neurology 12, no. s1: 39–44. 
https://​doi.​org/​10.​1111/j.​1468-​1331.​2005.​01196.​x.

Anguera, J. A., J. T. Jordan, D. Castaneda, A. Gazzaley, and P. A. Areán. 
2016. “Conducting a Fully Mobile and Randomised Clinical Trial for 
Depression: Access, Engagement and Expense.” BMJ Innovations 2: 
14–21. https://​doi.​org/​10.​1136/​bmjin​nov-​2015-​000098.

APA. 2023. “Adulthood.” https://​dicti​onary.​apa.​org/​adult​hood.

Asher, M., A. Asnaani, and I. M. Aderka. 2017. “Gender Differences 
in Social Anxiety Disorder: A Review.” Clinical Psychology Review 56: 
1–12. https://​doi.​org/​10.​1016/j.​cpr.​2017.​05.​004.

Bakker, D., N. Kazantzis, D. Rickwood, and N. Rickard. 2016. 
“Mental Health Smartphone Apps: Review and Evidence-Based 
Recommendations for Future Developments.” JMIR Mental Health 3, 
no. 1: e7. https://​doi.​org/​10.​2196/​mental.​4984.

Balaskas, A., S. M. Schueller, A. L. Cox, and G. Doherty. 2021. “The 
Functionality of Mobile Apps for Anxiety: Systematic Search and 
Analysis of Engagement and Tailoring Features.” JMIR mHealth and 
uHealth 9, no. 10: e26712. https://​doi.​org/​10.​2196/​26712​.

Balaskas, A., S. M. Schueller, A. L. Cox, and G. Doherty. 2022. 
“Understanding Users' Perspectives on Mobile Apps for Anxiety 
Management.” Frontiers in Digital Health 4: 854263. https://​doi.​org/​10.​
3389/​fdgth.​2022.​854263.

Bandelow, B., and S. Michaelis. 2015. “Epidemiology of Anxiety 
Disorders in the 21st Century.” Dialogues in Clinical Neuroscience 17, 
no. 3: 327–335. https://​doi.​org/​10.​31887/​​DCNS.​2015.​17.3/​bband​elow.

Bandelow, B., S. Michaelis, and D. Wedekind. 2017. “Treatment of 
Anxiety Disorders.” Dialogues in Clinical Neuroscience 19, no. 2: 93–107. 
https://​doi.​org/​10.​31887/​​DCNS.​2017.​19.2/​bband​elow.

Barlow, D. H. 2002. Anxiety and Its Disorders: The Nature and Treatment 
of Anxiety and Panic. 2nd ed. The Guilford Press.

 10990879, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cpp.3058 by H

asan K
alyoncu U

niversity, W
iley O

nline L
ibrary on [21/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/978-3-319-58466-9_1
https://doi.org/10.1002/jclp.23636
https://doi.org/10.3389/fpsyg.2021.648087
https://doi.org/10.4018/ijgcms.324098
https://doi.org/10.4018/ijgcms.324098
https://doi.org/10.1037/0003-066X.61.4.271
https://doi.org/10.1037/0003-066X.61.4.271
https://doi.org/10.1002/wps.20083
https://doi.org/10.1111/j.1468-1331.2005.01196.x
https://doi.org/10.1136/bmjinnov-2015-000098
https://dictionary.apa.org/adulthood
https://doi.org/10.1016/j.cpr.2017.05.004
https://doi.org/10.2196/mental.4984
https://doi.org/10.2196/26712
https://doi.org/10.3389/fdgth.2022.854263
https://doi.org/10.3389/fdgth.2022.854263
https://doi.org/10.31887/DCNS.2015.17.3/bbandelow
https://doi.org/10.31887/DCNS.2017.19.2/bbandelow
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fcpp.3058&mode=


12 of 14 Clinical Psychology & Psychotherapy, 2024

Baumel, A., F. Muench, S. Edan, and J. M. Kane. 2019. “Objective use 
Engagement With Mental Health Apps: Systematic Search and Panel-
Based Usage Analysis.” Journal of Medical Internet Research 21, no. 9: 
e14567. https://​doi.​org/​10.​2196/​14567​.

Baxter, A. J., T. Vos, K. M. Scott, A. J. Ferrari, and H. A. Whiteford. 
2014. “The Global Burden of Anxiety Disorders in 2010.” Psychological 
Medicine 44, no. 11: 2363–2374. https://​doi.​org/​10.​1017/​S0033​29171​
3003243.

Becker, S., T. Miron-Shatz, N. Schumacher, J. Krocza, C. Diamantidis, 
and U. V. Albrecht. 2014. “mHealth 2.0: Experiences, Possibilities, and 
Perspectives.” JMIR mHealth and uHealth 2, no. 2: e24. https://​doi.​org/​
10.​2196/​mheal​th.​3328.

Bekker, M. J., K. M. Griffiths, and P. M. Barrett. 2017. “Improving 
Accessibility of Cognitive Behavioural Therapy for Children and 
Adolescents: Review of Evidence and Future Directions.” Clinical 
Psychologist 21, no. 3: 157–164. https://​doi.​org/​10.​1111/​cp.​12099​.

Borenstein, M. 2005. “Software for Publication Bias.” In Publication 
Bias in Meta-Analysis: Prevention, Assessment and Adjustments, 193–
220. John Wiley & Sons. https://​doi.​org/​10.​1002/​04708​70168​.

Borenstein, M., L. V. Hedges, J. P. Higgins, and H. R. Rothstein. 2011. 
Introduction to Meta-Analysis. John Wiley & Sons.

Borghouts, J., E. Eikey, G. Mark, et al. 2021. “Barriers to and Facilitators 
of User Engagement With Digital Mental Health Interventions: 
Systematic Review.” Journal of Medical Internet Research 23, no. 3: 
e24387. https://​doi.​org/​10.​2196/​24387​.

Chan, S., L. Li, J. Torous, D. Gratzer, and P. M. Yellowlees. 2019. “Review 
and Implementation of Self-Help and Automated Tools in Mental Health 
Care.” Psychiatric Clinics of North America 42, no. 4: 597–609. https://​
doi.​org/​10.​1016/j.​psc.​2019.​07.​001.

Christensen, H., K. Griffiths, and K. Evans. 2002. “e-Mental health in 
Australia: Implications of the Internet and Related Technologies for 
Policy.” Commonwealth Department of Health and Ageing.

*Christoforou, M., J. A. Sáez Fonseca, and E. Tsakanikos. 2017. 
“Two Novel Cognitive Behavioral Therapy–Based Mobile Apps for 
Agoraphobia: Randomized Controlled Trial.” Journal of Medical 
Internet Research 19, no. 11: e398. https://​doi.​org/​10.​2196/​jmir.​7747.

Clark, D. A., and A. T. Beck. 2010. Cognitive Therapy of Anxiety 
Disorders: Science and Practice. Guilford Press.

Cohen, J. 2013. Statistical Power Analysis for the Behavioral Sciences. 
2nd ed. Routledge.

Cooper, H., L. V. Hedges, and J. C. Valentine. (Eds.). 2019. The Handbook 
of Research Synthesis and Meta-Analysis. Russell Sage Foundation.

Cotiga, A. C., Ş. A. Zanfirescu, D. Iliescu, M. Ciumăgeanu, I. Gotcha, 
and C. O. Popa. 2023. “Psychometric Characteristics of the Romanian 
Adaptation of the GAD-7.” Journal of Psychopathology and Behavioral 
Assessment 45: 691–701. https://​doi.​org/​10.​1007/​s1086​2-​023-​10062​-​8.

Cuijpers, P., and J. Schuurmans. 2007. “Self-Help Interventions for 
Anxiety Disorders: An Overview.” Current Psychiatry Reports 9: 284–
290. https://​doi.​org/​10.​1007/​s1192​0-​007-​0034-​6.

*Danieli, M., T. Ciulli, S. M. Mousavi, et al. 2022. “Assessing the Impact 
of Conversational Artificial Intelligence in the Treatment of Stress and 
Anxiety in Aging Adults: Randomized Controlled Trial.” JMIR Mental 
Health 9, no. 9: e38067. https://​doi.​org/​10.​2196/​38067​.

Drissi, N., S. Ouhbi, M. A. Janati Idrissi, and M. Ghogho. 2020. “An 
Analysis on Self-Management and Treatment-Related Functionality 
and Characteristics of Highly Rated Anxiety Apps.” International 
Journal of Medical Informatics 141: 104243. https://​doi.​org/​10.​1016/j.​
ijmed​inf.​2020.​104243.

Dworschak, C., E. Heim, and A. Maercker. 2022. “Efficacy of Internet-
Based Interventions for Common Mental Disorder Symptoms and 
Psychosocial Problems in Older Adults: A Systematic Review and 

Meta-Analysis.” Internet Interventions 27: 100498. https://​doi.​org/​10.​
1016/j.​invent.​2022.​100498.

Firth, J., J. Torous, J. Nicholas, R. Carney, S. Rosenbaum, and J. Sarris. 
2017. “Can Smartphone Mental Health Interventions Reduce Symptoms 
of Anxiety? A Meta-Analysis of Randomized Controlled Trials.” 
Journal of Affective Disorders 218: 15–22. https://​doi.​org/​10.​1016/j.​jad.​
2017.​04.​046.

Fritz, C. O., P. E. Morris, and J. J. Richler. 2012. “Effect Size 
Estimates: Current Use, Calculations, and Interpretation.” Journal of 
Experimental Psychology General 141, no. 1: 2–18. https://​doi.​org/​10.​
1037/​a0024338.

Goodwin, R. D., C. Faravelli, S. Rosi, et  al. 2005. “The Epidemiology 
of Panic Disorder and Agoraphobia in Europe. European 
Neuropsychopharmacology.” Journal of the European College of 
Neuropsychopharmacology 15, no. 4: 435–443. https://​doi.​org/​10.​1016/j.​
euron​euro.​2005.​04.​006.

Gould, C. E., C. Carlson, F. Ma, V. Forman-Hoffman, K. Ranta, and E. 
Kuhn. 2021. “Effects of Mobile App–Based Intervention for Depression 
in Middle-Aged and Older Adults: Mixed Methods Feasibility Study.” 
JMIR Formative Research 5, no. 6: e25808. https://​doi.​org/​10.​2196/​
25808​.

*Greer, J. A., J. Jacobs, N. Pensak, et al. 2019. “Randomized Trial of a 
Tailored Cognitive-Behavioral Therapy Mobile Application for Anxiety 
in Patients With Incurable Cancer.” Oncologist 24, no. 8: 1111–1120. 
https://​doi.​org/​10.​1634/​theon​colog​ist.​2018-​0536.

*Ham, K., S. Chin, Y. J. Suh, et al. 2019. “Preliminary Results From a 
Randomized Controlled Study for an App-Based Cognitive Behavioral 
Therapy Program for Depression and Anxiety in Cancer Patients.” 
Frontiers in Psychology 10: 1592. https://​doi.​org/​10.​3389/​fpsyg.​2019.​
01592​.

*Hamamura, T., S. Suganuma, M. Ueda, J. Mearns, and H. Shimoyama. 
2018. “Standalone Effects of a Cognitive Behavioral Intervention 
Using a Mobile Phone App on Psychological Distress and Alcohol 
Consumption Among Japanese Workers: Pilot Nonrandomized 
Controlled Trial.” JMIR Mental Health 5, no. 1: e24. https://​doi.​org/​10.​
2196/​mental.​8984.

Hartley, C. A., and E. A. Phelps. 2012. “Anxiety and Decision-Making.” 
Biological Psychiatry 72, no. 2: 113–118. https://​doi.​org/​10.​1016/j.​biops​
ych.​2011.​12.​027.

Hedges, L. V. 1981. “Distribution Theory for Glass's Estimator of Effect 
Size and Related Estimators.” Journal of Educational Statistics 6, no. 2: 
107–128. https://​doi.​org/​10.​3102/​10769​98600​6002107.

*Hunt, M., S. Miguez, B. Dukas, O. Onwude, and S. White. 2021. 
“The Efficacy of Zemedy, a Mobile Digital Therapeutic for the Self-
Management of Irritable Bowel Syndrome: A Cross-Over, Randomized 
Controlled Trial (Preprint).” JMIR mHealth and uHealth 9, no. 5: e26152. 
https://​doi.​org/​10.​2196/​26152​.

*Hur, J.-W., B. Kim, D. Park, and S.-W. Choi. 2018. “A Scenario-Based 
Cognitive Behavioral Therapy Mobile App to Reduce Dysfunctional 
Beliefs in Individuals With Depression: A Randomized Controlled 
Trial.” Telemedicine and e-Health 24, no. 9: 710–716. https://​doi.​org/​10.​
1089/​tmj.​2017.​0214.

*Hwang, H., S. M. Kim, B. Netterstrøm, and D. H. Han. 2022. “The 
Efficacy of a Smartphone-Based App on Stress Reduction: Randomized 
Controlled Trial.” Journal of Medical Internet Research 24, no. 2: e28703. 
https://​doi.​org/​10.​2196/​28703​.

Ivanova, E., P. Lindner, K. Ly, et  al. 2016. “Guided and Unguided 
Acceptance and Commitment Therapy for Social Anxiety Disorder 
and/or Panic Disorder Provided via the Internet and a Smartphone 
Application: A Randomized Controlled Trial.” Journal of Anxiety 
Disorders 44: 27–35. https://​doi.​org/​10.​1016/j.​janxd​is.​2016.​09.​012.

Kazdin, A. E., and S. L. Blase. 2011. “Rebooting Psychotherapy Research 
and Practice to Reduce the Burden of Mental Illness. Perspectives on 

 10990879, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cpp.3058 by H

asan K
alyoncu U

niversity, W
iley O

nline L
ibrary on [21/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.2196/14567
https://doi.org/10.1017/S0033291713003243
https://doi.org/10.1017/S0033291713003243
https://doi.org/10.2196/mhealth.3328
https://doi.org/10.2196/mhealth.3328
https://doi.org/10.1111/cp.12099
https://doi.org/10.1002/0470870168
https://doi.org/10.2196/24387
https://doi.org/10.1016/j.psc.2019.07.001
https://doi.org/10.1016/j.psc.2019.07.001
https://doi.org/10.2196/jmir.7747
https://doi.org/10.1007/s10862-023-10062-8
https://doi.org/10.1007/s11920-007-0034-6
https://doi.org/10.2196/38067
https://doi.org/10.1016/j.ijmedinf.2020.104243
https://doi.org/10.1016/j.ijmedinf.2020.104243
https://doi.org/10.1016/j.invent.2022.100498
https://doi.org/10.1016/j.invent.2022.100498
https://doi.org/10.1016/j.jad.2017.04.046
https://doi.org/10.1016/j.jad.2017.04.046
https://doi.org/10.1037/a0024338
https://doi.org/10.1037/a0024338
https://doi.org/10.1016/j.euroneuro.2005.04.006
https://doi.org/10.1016/j.euroneuro.2005.04.006
https://doi.org/10.2196/25808
https://doi.org/10.2196/25808
https://doi.org/10.1634/theoncologist.2018-0536
https://doi.org/10.3389/fpsyg.2019.01592
https://doi.org/10.3389/fpsyg.2019.01592
https://doi.org/10.2196/mental.8984
https://doi.org/10.2196/mental.8984
https://doi.org/10.1016/j.biopsych.2011.12.027
https://doi.org/10.1016/j.biopsych.2011.12.027
https://doi.org/10.3102/10769986006002107
https://doi.org/10.2196/26152
https://doi.org/10.1089/tmj.2017.0214
https://doi.org/10.1089/tmj.2017.0214
https://doi.org/10.2196/28703
https://doi.org/10.1016/j.janxdis.2016.09.012
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fcpp.3058&mode=


13 of 14

Psychological Science.” A Journal of the Association for Psychological 
Science 6, no. 1: 21–37. https://​doi.​org/​10.​1177/​17456​91610​393527.

Kern, A., V. Hong, J. Song, S. K. Lipson, and D. Eisenberg. 2018. 
“Mental Health Apps in a College Setting: Openness, Usage, and 
Attitudes.” Mhealth 4: 20. https://​doi.​org/​10.​21037/​​mheal​th.​2018.​
06.​01.

Kertz, S. J., J. Maclaren Kelly, K. T. Stevens, M. Schrock, and S. B. 
Danitz. 2017. “A Review of Free iPhone Applications Designed to Target 
Anxiety and Worry.” Journal of Technology in Behavioral Science 2, no. 
2: 61–70. https://​doi.​org/​10.​1007/​s41347-​016-​0006-​y.

Kessler, R. C., A. M. Ruscio, K. Shear, and H.-U. Wittchen. 2009. 
“Epidemiology of Anxiety Disorders.” In Behavioral Neurobiology of 
Anxiety and Its Treatment, edited by M. B. Stein and T. Steckler, 21–35. 
Springer Science + Business Media.

Kim, S. Y., Y. A. Kim, D.-Y. Song, et al. 2021. “State and Trait Anxiety of 
Adolescents With Autism Spectrum Disorders.” Psychiatry Investigation 
18, no. 3: 257–265. https://​doi.​org/​10.​30773/​​pi.​2020.​0328.

Kiropoulos, L. A., B. Klein, D. W. Austin, et al. 2008. “Is Internet-Based 
CBT for Panic Disorder and Agoraphobia as Effective as Face-To-Face 
CBT?” Journal of Anxiety Disorders 22, no. 8: 1273–1284. https://​doi.​
org/​10.​1016/j.​janxd​is.​2008.​01.​008.

Konkan, R., Ö. Şenormancı, O. Güçlü, E. Aydın, and M. Z. Sungur. 
2013. “Validity and Reliability Study for the Turkish Adaptation 
of the Generalized Anxiety Disorder-7 (GAD-7) Scale.” Archives of 
Neuropsychiatry 50, no. 1: 53–58. https://​doi.​org/​10.​4274/​npa.​y6308​.

*Kosasih, F. R., V. T. Yee, S. H. Toh, and O. Sündermann. 2023. “Efficacy 
of Intellect's Self-Guided Anxiety and Worry Mobile Health Programme: 
A Randomized Controlled Trial With an Active Control and a 2-Week 
Follow-Up.” PLOS Digital Health 2, no. 5: e0000095. https://​doi.​org/​10.​
1371/​journ​al.​pdig.​0000095.

Lal, S., and C. E. Adair. 2014. “E-Mental Health: A Rapid Review of 
the Literature.” Psychiatric Services 65, no. 1: 24–32. https://​doi.​org/​10.​
1176/​appi.​ps.​20130​0009.

Leon, A. C., L. Portera, and M. M. Weissman. 1995. “The Social Costs 
of Anxiety Disorders.” British Journal of Psychiatry 166, no. S27: 19–22. 
https://​doi.​org/​10.​1192/​S0007​12500​0293355.

Leong, Q. Y., S. Sridhar, A. Blasiak, et  al. 2022. “Characteristics of 
Mobile Health Platforms for Depression and Anxiety: Content Analysis 
Through a Systematic Review of the Literature and Systematic Search of 
Two App Stores.” Journal of Medical Internet Research 24, no. 2: e27388. 
https://​doi.​org/​10.​2196/​27388​.

Levin, M., J. Haeger, and R. Cruz. 2018. “Tailoring Acceptance 
and Commitment Therapy Skill Coaching in the Moment Through 
Smartphones: Results From a Randomized Controlled Trial.” 
Mindfulness 10: 689–699. https://​doi.​org/​10.​1007/​s1267​1-​018-​1004-​2.

Linardon, J., P. Cuijpers, P. Carlbring, M. Messer, and M. Fuller-
Tyszkiewicz. 2019. “The Efficacy of App-Supported Smartphone 
Interventions for Mental Health Problems: A Meta-Analysis of 
Randomized Controlled Trials.” World Psychiatry 18, no. 3: 325–336. 
https://​doi.​org/​10.​1002/​wps.​20673​open_​in_​new.

Linardon, J., J. Torous, J. Firth, P. Cuijpers, M. Messer, and M. Fuller-
Tyszkiewicz. 2024. “Current Evidence on the Efficacy of Mental Health 
Smartphone Apps for Symptoms of Depression and Anxiety. A Meta-
Analysis of 176 Randomized Controlled Trials.” World Psychiatry 23, 
no. 1: 139–149. https://​doi.​org/​10.​1002/​wps.​21183​.

Lipschitz, J. M., S. L. Connolly, C. J. Miller, T. P. Hogan, S. R. Simon, 
and K. E. Burdick. 2020. “Patient Interest in Mental Health Mobile App 
Interventions: Demographic and Symptom-Level Differences.” Journal 
of Affective Disorders 263: 216–220. https://​doi.​org/​10.​1016/j.​jad.​2019.​
11.​083.

*Litvin, S., R. Saunders, M. A. Maier, and S. Lüttke. 2020. “Gamification 
as an Approach to Improve Resilience and Reduce Attrition in Mobile 

Mental Health Interventions: A Randomized Controlled Trial.” PLoS 
ONE 15, no. 9: e0237220. https://​doi.​org/​10.​1371/​journ​al.​pone.​0237220.

Lu, S., M. Xu, M. Wang, et  al. 2022. “Effectiveness and Minimum 
Effective Dose of App-Based Mobile Health Interventions for Anxiety 
and Depression Symptom Reduction: Systematic Review and Meta-
Analysis.” JMIR Mental Health 9, no. 9: e39454. https://​doi.​org/​10.​2196/​
39454​.

Marshall, J. M., D. A. Dunstan, and W. Bartik. 2020. “Apps With 
Maps—Anxiety and Depression Mobile Apps With Evidence-Based 
Frameworks: Systematic Search of Major app Stores.” JMIR Mental 
Health 7, no. 6: e16525. https://​doi.​org/​10.​2196/​16525​.

Martínez-Pérez, B., I. de la Torre-Díez, and M. López-Coronado. 2013. 
“Mobile Health Applications for the Most Prevalent Conditions by the 
World Health Organization: Review and Analysis.” Journal of Medical 
Internet Research 15, no. 6: e120. https://​doi.​org/​10.​2196/​jmir.​2600.

*McCloud, T., R. Jones, G. Lewis, V. Bell, and E. Tsakanikos. 2020. 
“Effectiveness of a Mobile App Intervention for Anxiety and Depression 
Symptoms in University Students: Randomized Controlled Trial.” JMIR 
mHealth and uHealth 8, no. 7: e15418. https://​doi.​org/​10.​2196/​15418​.

Michael, T., U. Zetsche, and J. Margraf. 2007. “Epidemiology of Anxiety 
Disorders.” Psychiatry 6, no. 4: 136–142. https://​doi.​org/​10.​1016/j.​
mppsy.​2007.​01.​007.

*Nicol, G., R. Wang, S. Graham, S. Dodd, and J. Garbutt. 2022. 
“Chatbot-Delivered Cognitive Behavioral Therapy in Adolescents With 
Depression and Anxiety During the COVID-19 Pandemic: Feasibility 
and Acceptability Study.” JMIR Formative Research 6, no. 11: e40242. 
https://​doi.​org/​10.​2196/​40242​.

Olfson, M., M. Guardino, E. Struening, F. R. Schneier, F. Hellman, 
and D. F. Klein. 2000. “Barriers to the Treatment of Social Anxiety.” 
American Journal of Psychiatry 157, no. 4: 521–527. https://​doi.​org/​10.​
1176/​appi.​ajp.​157.4.​521.

Orosa-Duarte, Á., R. Mediavilla, A. Muñoz-Sanjose, et  al. 2021. 
“Mindfulness-Based Mobile App Reduces Anxiety and Increases Self-
Compassion in Healthcare Students: A Randomised Controlled Trial.” 
Medical Teacher 43: 686–693. https://​doi.​org/​10.​1080/​01421​59X.​2021.​
1887835.

Owen, J. E., B. K. Jaworski, E. Kuhn, K. N. Makin-Byrd, K. M. Ramsey, 
and J. E. Hoffman. 2015. “mHealth in the Wild: Using Novel Data to 
Examine the Reach, Use, and Impact of PTSD Coach.” JMIR Mental 
Health 2, no. 1: e7. https://​doi.​org/​10.​2196/​mental.​3935.

Page, M. J., J. E. Mckenzie, P. M. Bossuyt, et al. 2021. “The PRISMA 
2020 Statement: An Updated Guideline for Reporting Systematic 
Reviews.” BMJ: n71. https://​doi.​org/​10.​1136/​bmj.​n71.

Patel, A., M. Knapp, J. Henderson, and D. Baldwin. 2002. “The Economic 
Consequences of Social Phobia.” Journal of Affective Disorders 68, no. 
2–3: 221–233. https://​doi.​org/​10.​1016/​s0165​-​0327(00)​00323​-​2.

*Qin, X., C. Liu, W. Zhu, Y. Chen, and Y. Wang. 2022. “Preventing 
Postpartum Depression in the Early Postpartum Period Using an App-
Based Cognitive Behavioral Therapy Program: A Pilot Randomized 
Controlled Study.” International Journal of Environmental Research 
and Public Health 19, no. 24: 16824. https://​doi.​org/​10.​3390/​ijerp​h1924​
16824​.

Remes, O., C. Brayne, R. van der Linde, and L. Lafortune. 2016. “A 
Systematic Review of Reviews on the Prevalence of Anxiety Disorders 
in Adult Populations.” Brain and Behavior: A Cognitive Neuroscience 
Perspective 6, no. 7: e00497. https://​doi.​org/​10.​1002/​brb3.​497.

Rosenthal, R. 1979. “The File Drawer Problem and Tolerance for Null 
Results.” Psychological Bulletin 86, no. 3: 638–641. https://​doi.​org/​10.​
1037/​0033-​2909.​86.3.​638.

Schat, A., M. Noorden, E. Giltay, M. Noom, R. Vermeiren, and F. Zitman. 
2017. “Concordance Between Self-Reported and Observer-Rated 
Anxiety Severity in Outpatients With Anxiety Disorders: The Leiden 

 10990879, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cpp.3058 by H

asan K
alyoncu U

niversity, W
iley O

nline L
ibrary on [21/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1177/1745691610393527
https://doi.org/10.21037/mhealth.2018.06.01
https://doi.org/10.21037/mhealth.2018.06.01
https://doi.org/10.1007/s41347-016-0006-y
https://doi.org/10.30773/pi.2020.0328
https://doi.org/10.1016/j.janxdis.2008.01.008
https://doi.org/10.1016/j.janxdis.2008.01.008
https://doi.org/10.4274/npa.y6308
https://doi.org/10.1371/journal.pdig.0000095
https://doi.org/10.1371/journal.pdig.0000095
https://doi.org/10.1176/appi.ps.201300009
https://doi.org/10.1176/appi.ps.201300009
https://doi.org/10.1192/S0007125000293355
https://doi.org/10.2196/27388
https://doi.org/10.1007/s12671-018-1004-2
https://doi.org/10.1002/wps.20673open_in_new
https://doi.org/10.1002/wps.21183
https://doi.org/10.1016/j.jad.2019.11.083
https://doi.org/10.1016/j.jad.2019.11.083
https://doi.org/10.1371/journal.pone.0237220
https://doi.org/10.2196/39454
https://doi.org/10.2196/39454
https://doi.org/10.2196/16525
https://doi.org/10.2196/jmir.2600
https://doi.org/10.2196/15418
https://doi.org/10.1016/j.mppsy.2007.01.007
https://doi.org/10.1016/j.mppsy.2007.01.007
https://doi.org/10.2196/40242
https://doi.org/10.1176/appi.ajp.157.4.521
https://doi.org/10.1176/appi.ajp.157.4.521
https://doi.org/10.1080/0142159X.2021.1887835
https://doi.org/10.1080/0142159X.2021.1887835
https://doi.org/10.2196/mental.3935
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/s0165-0327(00)00323-2
https://doi.org/10.3390/ijerph192416824
https://doi.org/10.3390/ijerph192416824
https://doi.org/10.1002/brb3.497
https://doi.org/10.1037/0033-2909.86.3.638
https://doi.org/10.1037/0033-2909.86.3.638
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fcpp.3058&mode=


14 of 14 Clinical Psychology & Psychotherapy, 2024

Routine Outcome Monitoring Study.” Psychology and Psychotherapy: 
Theory, Research and Practice 90: 705–719. https://​doi.​org/​10.​1111/​papt.​
12134​.

Spielberger, C. D. 1983. Manual for the State-Trait Anxiety Inventory. 
Consulting Psychologists Press, Inc.

Spitzer, R. L., K. Kroenke, J. B. W. Williams, and B. Löwe. 2006. “A 
Brief Measure for Assessing Generalized Anxiety Disorder: The GAD-
7.” Archives of Internal Medicine 166, no. 10: 1092–1097. https://​doi.​org/​
10.​1001/​archi​nte.​166.​10.​1092.

Sucala, M., P. Cuijpers, F. Muench, et  al. 2017. “Anxiety: There Is an 
App for That. A Systematic Review of Anxiety Apps.” Depression and 
Anxiety 34, no. 6: 518–525. https://​doi.​org/​10.​1002/​da.​22654​.

Szuhany, K. L., and N. M. Simon. 2022. “Anxiety Disorders: A Review.” 
Jama 328, no. 24: 2431–2445. https://​doi.​org/​10.​1001/​jama.​2022.​22744​.

*Taylor, R. W., R. Male, M. Economides, H. Bolton, and K. Cavanagh. 
2023. “Feasibility and Preliminary Efficacy of Digital Interventions 
for Depressive Symptoms in Working Adults: Multiarm Randomized 
Controlled Trial.” JMIR Formative Research 7: e41590. https://​doi.​org/​
10.​2196/​41590​.

Thibaut, F. 2017. “Anxiety Disorders: A Review of Current Literature.” 
Dialogues in Clinical Neuroscience 19, no. 2: 87–88. https://​doi.​org/​10.​
31887/​​DCNS.​2017.​19.2/​fthibaut.

Tiller, J. W. 2013. “Depression and Anxiety.” The Medical Journal of 
Australia 199, no. S6: S28–S31. https://​doi.​org/​10.​5694/​mja12.​10628​.

Torous, J., and J. Firth. 2016. “The Digital Placebo Effect: Mobile Mental 
Health Meets Clinical Psychiatry.” Lancet Psychiatry 3, no. 2: 100–102. 
https://​doi.​org/​10.​1016/​S2215​-​0366(15)​00565​-​9.

Türkçapar, H. 2018. Cognitive Behavioural Therapy: Basic Principles 
and Practice. Epsilon Publications.

Wang, Q., W. Zhang, and S. An. 2023. “A Systematic Review and Meta-
Analysis of Internet-Based Self-Help Interventions for Mental Health 
Among Adolescents and College Students.” Internet Interventions 34: 
100690. https://​doi.​org/​10.​1016/j.​invent.​2023.​100690.

White, A. E., and J. E. Karr. 2023. “Psychometric Properties of the 
GAD-7 Among College Students: Reliability, Validity, Factor Structure, 
and Measurement Invariance.” Translational Issues in Psychological 
Science. https://​doi.​org/​10.​1037/​tps00​00382​.

WHO World Mental Health Survey Consortium. 2004. “Prevalence, 
Severity, and Unmet Need for Treatment of Mental Disorders in the 
World Health Organization World Mental Health Surveys.” JAMA: The 
Journal of the American Medical Association 291, no. 21: 2581–2590. 
https://​doi.​org/​10.​1001/​jama.​291.​21.​2581.

Wittchen, H. U. 2002. “Generalized Anxiety Disorder: Prevalence, 
Burden, and Cost to Society.” Depression and Anxiety 16: 162–171. 
https://​doi.​org/​10.​1002/​da.​10065​.

Wu, A., M. A. Scult, E. D. Barnes, J. A. Betancourt, A. Falk, and F. 
M. Gunning. 2021. “Smartphone Apps for Depression and Anxiety: 
A Systematic Review and Meta-Analysis of Techniques to Increase 
Engagement.” NPJ Digital Medicine 4, no. 1. https://​doi.​org/​10.​1038/​
s41746-​021-​00386-​8.

Yang, S., and X. Xu. 2022. “Anxiety and Quality of Life Among Papillary 
Thyroid Cancer Patients Awaiting Final Pathology Results After 
Surgery.” Endocrine 76, no. 2: 377–384. https://​doi.​org/​10.​1007/​s1202​
0-​022-​02996​-​y.

*Yang, Y. J., and K.-M. Chung. 2022. “Pilot Randomized Control Trial 
of an App-Based CBT Program for Reducing Anxiety in Individuals 
With ASD Without Intellectual Disability.” Journal of Autism and 
Developmental Disorders 53, no. 4: 1331–1346. https://​doi.​org/​10.​1007/​
s1080​3-​022-​05617​-​9.

 10990879, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cpp.3058 by H

asan K
alyoncu U

niversity, W
iley O

nline L
ibrary on [21/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/papt.12134
https://doi.org/10.1111/papt.12134
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1002/da.22654
https://doi.org/10.1001/jama.2022.22744
https://doi.org/10.2196/41590
https://doi.org/10.2196/41590
https://doi.org/10.31887/DCNS.2017.19.2/fthibaut
https://doi.org/10.31887/DCNS.2017.19.2/fthibaut
https://doi.org/10.5694/mja12.10628
https://doi.org/10.1016/S2215-0366(15)00565-9
https://doi.org/10.1016/j.invent.2023.100690
https://doi.org/10.1037/tps0000382
https://doi.org/10.1001/jama.291.21.2581
https://doi.org/10.1002/da.10065
https://doi.org/10.1038/s41746-021-00386-8
https://doi.org/10.1038/s41746-021-00386-8
https://doi.org/10.1007/s12020-022-02996-y
https://doi.org/10.1007/s12020-022-02996-y
https://doi.org/10.1007/s10803-022-05617-9
https://doi.org/10.1007/s10803-022-05617-9
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fcpp.3058&mode=

	Science-­Based Mobile Apps for Reducing Anxiety: A Systematic Review and Meta-­Analysis
	ABSTRACT
	1   |   Introduction
	1.1   |   The Present Study

	2   |   Method
	2.1   |   Research Strategy
	2.2   |   Eligibility Criteria
	2.3   |   Study Selection
	2.4   |   Data Collection Process
	2.5   |   Data Analysis

	3   |   Results
	3.1   |   Study Characteristics
	3.2   |   Meta-­Analysis Findings and Moderator Analyses
	3.2.1   |   Characteristics of Participants
	3.2.2   |   Methodological Factors
	3.2.3   |   Intervention Duration

	3.3   |   Publication Bias and Heterogeneity

	4   |   Discussion
	4.1   |   Limitations

	5   |   Conclusions
	Acknowledgements
	Conflicts of Interest
	Data Availability Statement

	References


