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Abstract

Background: Individualswith generalized anxiety disorder (GAD) often face challenges with self-regulation and limited access
to traditional therapy. Although acceptance and commitment therapy (ACT) has demonstrated both efficacy and effectivenessin
promoting psychological flexibility, scalable solutions are necessary to address these barriers. This study introduces Anzeilax,
an ACT-based digital therapeutic (DTx) that incorporates self-talk as anovel mechanism of action (MoA) to enhance psychol ogical
flexibility in the treatment of GAD.

Objective: Thisstudy aimed to evaluate the efficacy of Anzeilax in reducing anxiety symptoms in individuals with GAD.

Methods: A 10-week, parallel-group, superiority randomized controlled trial (RCT) was conducted with 96 parti cipants diagnosed
with GAD (Generalized Anxiety Disorder 7-item scale [GAD-7] scores>10, age=19 years). The participants were randomly
assigned (1:1) to receive either Anzeilax alongside treatment as usual (TAU, treatment group; n=48, 50%) or TAU a one (control
group; n=48). Only the outcome evaluators were blinded to the group assignment. The primary outcome was the change in the
GAD-7 score from baselineto week 10. The secondary outcomesincluded the Beck Anxiety Inventory (BAI) for anxiety symptoms,
the Penn State Worry Questionnaire (PSWQ) for pathological worry, and the Hospital Anxiety and Depression Scale (HADS)
for anxiety (HADS-A) and depression (HADS-D) symptoms. All self-report outcomes were assessed at baseline and at weeks 5
(midintervention), 10 (postintervention), and 15 (follow-up).

Results: During thetrial, 34 (71%) and 31 (65%) participants in the treatment group maintained at least 80% of the prescribed
usage frequency at weeks 5 and 10, respectively. Based on the full analysis set (FAS), participants using Anzeilax demonstrated
significant improvement in anxiety symptoms compared to the control group. Analysis of the primary outcome at 10 weeks
postintervention compared to baseline exhibited a significant reduction in GAD-7 scores (adjusted mean difference —2.26, 95%
Cl —3.78 to -0.74, P=.002). Secondary outcomes at the same time point indicated consistent improvements, with significant
group-by-timeinteractions observed in the GAD-7 (Cohen d=0.60, P=.008), BAl (Cohen d=0.50, P=.008), PSWQ (Cohen d=0.62,
P=.002), and HADS-A (Cohen d=0.50, P=.01) scores. These improvements were sustained at the follow-up assessment (week
15). Although the differences in depressive symptoms between the two groups did not present statistical significance, notable
improvements were observed in the treatment group.

Conclusions: Anzeilax demonstrated clinically meaningful efficacy in reducing anxiety symptoms when combined with TAU.
The results showed consistent improvements across multiple anxiety measures, with effects sustained through follow-up. The
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incorporation of context-sensitive self-talk within an ACT-based DTx framework offers a promising and accessible solution for

treating individuals with GAD.
Trial Registration:

(J Med Internet Res 2025;27:€69981) doi: 10.2196/69981
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Introduction

Generalized anxiety disorder (GAD) affects approximately 4%
of the population [1,2] and is characterized by persistent and
excessive worry that significantly disrupts daily functioning
and diminishes quality of life[3,4]. The socioeconomic burden
of GAD is substantial, comprising direct health care costs and
reduced productivity [5]. Individuals with GAD often exhibit
impaired self-regulation, which perpetuates excessive rumination
and worry patterns[6]. This maladaptive cycle underminestheir
ability to adaptively engage with emotions across various
contexts, whether positive, negative, or neutral [7,8].

Acceptance and commitment therapy (ACT) [9] has emerged
as an effective intervention for GAD, which promotes
psychological flexibility and cognitive defusion [10-12]. Recent
meta-analyses have demonstrated ACT's efficacy in anxiety
disorders, with effect sizes comparable to traditional cognitive
behavioral therapy (CBT) approaches [13,14]. This approach
enables individuals to observe and disengage from distressing
thoughts, while making value-aligned decisions[15]. However,
traditional therapeutic approaches often encounter accessibility
barriersdueto logistical and scheduling constraints, emphasizing
the need for scalable solutions [16]. The advent of
smartphone-based digital therapeutics (DTxs) has addressed
this gap by making ACT-based interventions more widely
accessible [17,18]. The high smartphone ownership rates
worldwide present an unprecedented opportunity to deliver
therapeutic content directly to individuals in need [19]. In
addition, several studies have demonstrated significant
reductionsin anxiety symptomsthrough these platforms[20-25].

DTxsfor anxiety disorders have evolved considerably in recent
years. For GAD, specifically, severa platforms have
demonstrated efficacy in randomized trials, with effect sizes
ranging from small to moderate [26,27]. Although these digital
interventions show promising potential, they naturally face some
developmental challenges asthe domain matures. For instance,
many interventions are still in the process of establishing more
robust theoretical foundations and working to enhance long-term
engagement strategies. They areal so gradually devel oping more
sophisticated approaches to address the complex,
context-dependent nature of anxiety symptoms [28-30].
Although some digital platforms effectively incorporate ACT
principlesinto these sophisticated approaches[31], the discipline
continuesto exploreinnovative waysto trand ate the experiential
and context-sensitive aspectsthat makein-person ACT delivery
so effective into digital formats—a natural evolution as
technology and therapeutic approaches continue to converge.

https://www.jmir.org/2025/1/e69981

This study introduced Anzeilax, an innovative ACT-based DTXx
that incorporates self-talk as a mechanism of action (MoA) to
enhance psychologica flexibility and self-regulation.
Self-talk—broadly defined as verbalizations or statements
directed at oneself to serve self-regulatory functions[32]—isa
central mechanism within self-regulation theory. It alows
individuals to interpret situations, guide their behavior, and
regulate emotions[33]. Past studies have demonstrated efficacy
of self-talk in enhancing focus and self-regul ation across various
domains, including sports psychology and test anxiety [34,35].

Asamechanism for guiding thoughts and actions, self-talk plays
apivotal rolein self-regulation; positive or constructive self-talk
enhances focus and motivation, whereas negative or critical
self-talk hinders performance[36]. Within the ACT framework,
self-talk aligns with the principle of cognitive defusion, which
encouragesindividualsto recognize thoughts astransient mental
events, rather than absolute truths dictating behavior [37,38].
This approach transforms self-talk into supportive internal
dialogue, helping individual s distance themsel ves from unhel pful
thoughts and refocus on meaningful, value-driven action,
effectively bridging self-regulation theory and ACT principles.

Anzeilax adopts self-talk in acontext-sensitive manner, tailoring
its application to the users emotional states. During negative
emotional states, self-distancing strategies are used to reduce
the intensity of rumination, promote psychological flexibility,
and diminish theinfluence of maladaptive thought patterns[39].
Conversely, during positive states, self-referencing [38,39]
techniques are incorporated to foster adaptive emotional
engagement, thereby enhancing motivation and alignment with
personal goals. By addressing the challenges individuals with
GAD face in adaptive emotional processing [40], this
context-sensitive approach bridges theoretical insights from
ACT and self-regulation theory with practical, personalized
interventions. This adaptivity addresses shortcomings of past
DTxs, which typically use static intervention strategies
regardless of the user’s emotional context [41].

We conducted a paralel-group, superiority randomized
controlled trial (RCT) to compare the efficacy of Anzeilax
combined with treatment as usual (TAU; treatment group)
against TAU aone (control group) in individuals with GAD
over a10-week intervention period, with afollow-up assessment
at week 15. Our primary hypothesis was that participants
receiving Anzeilax combined with TAU would show a
significantly greater reductionin GAD symptoms, as measured
by the Generalized Anxiety Disorder 7-item scale (GAD-7) at
the 10-week postintervention assessment compared to those
receiving TAU aone. This hypothesis was based on the
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established efficacy of ACT for anxiety disorders [13] and
evidence suggesting that digital delivery of psychological
interventions can achieve clinically meaningful outcomes[42].
Secondary objectivesincluded evaluating the effects of Anzeilax
on specific anxiety symptoms, worry, and depression, both
postintervention and at follow-up. Safety outcomes were also
monitored to ensure the long-term sustainability of the
intervention.

This study aimed to advance the field of DTxs for GAD by
evaluating a novel, patient-centered approach that integrates
ACT principles with context-sensitive self-talk. Through this
innovative combination, Anzeilax seeks to offer an accessible
and effective solution for managing GAD symptoms, potentially
expanding access to evidence-based care [43].

Methods

Trial Design

A phase 11, randomized (1:1), single-blind (evaluator-blind),
parallel-group superiority trial was conducted with a primary
endpoint at 10 weeks after randomization.

Ethical Considerations

The KoreaMinistry of Food and Drug Safety approved thetrial
protocol (protocol number 1289). The Ingtitutional Review
Board (IRB) of Gangnam Severance Hospital, Yonsel
University, South Koreaal so approved the protocol (registration
number 2022-0961-020; project number 3-2023-0018). The
trial was registered at Clinical Trials.gov (NCT06010654). The
trial adhered to ethical standards in accordance with the
Declaration of Helsinki. The study was conducted in full
accordance with the pre-registered methodol ogy, which ensured
consistency and adherence to the original study design (see
Multimedia Appendix 1 for the CONSORT (Consolidated
Standards of Reporting Trials) E-HEALTH checklist of the
trid).

All participants provided written informed consent before
enrollment. The consent form clearly outlined their right to
withdraw from the study at any time without penalty. The form
ensured their full understanding of the study’s scope and
procedures. It specified that their data could be used for both
primary and secondary analyses. All participant data were
deidentified prior to analysisin accordance with IRB-approved
protocols to ensure privacy and confidentiality. Personally
identifiable information (eg, names, contact details) was
excluded from the analytic dataset. All participants received
monetary compensation for their involvement. Thisincluded a
participation fee of 20,000 KRW (US$15) for thefirst visit and
abasefeeof 10,000 KRW (US $7.50) each for the second, third,
and fourth online assessments, which totaled up to South Korean
won (KRW) 50,000, or US $37.50. Participantsin thetreatment
group were aso eligible for an additional compensation up to
KRW 150,000 (US $112.50) based on their level of engagement
with the intervention throughout the study.

Participants

This clinical trial included adults aged 19 years or older with
at least a high school diploma. Participants were required to
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have been diagnosed with GAD according to the Diagnostic
and Satistical Manual of Mental Disorders, Fifth Edition
(DSM-5), with International Classification of Diseases 10th
Revision (ICD-10) code 300.02 (F41.1); have a GAD-7 score
of 10 or higher (indicating moderate-to-severe anxiety); and to
have been currently taking the prescribed medication for GAD.
Individualswith other anxiety disorders, such as panic disorder
(PD), socia anxiety disorder (SAD), or major depressive
disorder (MDD) accompanied by excessive worry (a key
symptom of GAD), were aso eligible. The participants had to
fully understand the purpose, content, and process of theclinical
trial and provide written consent to participate.

Participants were excluded if they met any of the following
criteria inability to read the consent form; lack of proficiency
in using a smartphone; current or past psychiatric history
(including schizophrenia, psychosis, bipolar disorder, or
epilepsy); brain injury; cognitive impairment; neurological
disorders; intellectual disability; substance or alcohol use
disorder, suicidal intent, suicidal ideation, or self-harm within
the past 6 months; recent (within the past 3 months) or current
participationin CBT for anxiety, depression, or mood disorders,
or enrollment in another clinical study. They were also excluded
if the investigator deemed them unsuitable for the trial.

Intervention

Participants in the treatment group were given access to the
Anzeilax app, asalf-guided DTx developed for iOS and Android
platforms, and launched in 2023 by HAII Corp (see Multimedia
Appendix 2). Anzeilax isdesigned for daily use over a10-week
intervention period and features two main programs. Self-Talk
and Salf-Talk Plus.

The primary program, Self-Talk, delivers one piece of content
daily, accompanied by an introductory explanation to enhance
user comprehension and engagement. Upon completing
Self-Talk exercises, participants gain access to Self-Talk Plus,
which allowsthem to expresstheir current emotions by selecting
descriptors, such as weather icons and emotion words. Based
on these context inputs, the program generates customized
self-talk exercises for participants to practice independently.

Both Self-Tak and Self-Talk Plus include two types of
exercises. reading ACT-based metaphorical content and
self-verbalization, which involvesvocalizing responsesto guided
guestions. These practicesrequire usersto record their responses
whilereading or answering promptsand listen to their recordings
as afinal reflective step, reinforcing the therapeutic content.

In addition to the main programs, users can access features such
as log history, basic information, and reward badges through
the app menu, providing additional motivation and tracking as
they progress through the program.

To enhance user comfort during the listening phase, Anzeilax
incorporates a voice equalization feature designed to address
the common discomfort associated with hearing one’srecorded
voice. Research on sdlf-talk suggests that individuals often
perceive their recorded voice as unfamiliar or uncomfortable
due to the absence of the bone conduction component in the
sound [44-46]. The voice equalization feature mitigates this
discomfort by adjusting the audio frequencies: amplifying mid-
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and high-frequency bands, while attenuating low-, low-mid-,
and ultrahigh-frequency bands. This process creates a more
natural and pleasant auditory experience for users.

To promote consi stent engagement, automated push notifications
were tailored to adapt to individual usage patterns. Participants
were instructed to use Anzeilax at least 4 days per week
throughout the 10-week intervention period. If a participant’s
usageindicated arisk of falling bel ow thisthreshold, areminder
notification with an encouraging message was sent. For
participants who maintained regular usage, motivational
messages were delivered to reinforce their engagement.

Thefrequency and content of these notificationswere carefully
calibrated to avoid overwhelming participants with repetitive
or excessive messaging, ensuring sustained adherence to the
program without causing notification fatigue.

Study Procedure and Randomization

To facilitate recruitment, the RCT was publicized through
multiple channels, including Seoul Metro advertisements,
hospital postings, and psychiatric patient community websites.
Thoseinterested applied for thetrial using Google Forms. After
an initial online screening, eligible participants underwent a
video interview viaZoom with a certified clinical psychologist
using the Mini-International Neuropsychiatric Interview [47]
to confirm the diagnosis and inclusion criteria. To ensure the
accuracy of diagnoses, only patientswith aconfirmed diagnosis
of GAD were recruited for this study. As part of the screening
process, participants were required to present their recent
prescription records, which were reviewed by the certified
clinical psychologist to verify their diagnosis. This approach
helped maintain diagnostic validity and consistency across the
study sample.

Prior to the trial, participants received verbal and written
explanations of the study procedures and provided written
informed consent during a face-to-face baseline assessment
meeting at Gangnam Severance Hospital. Allocation numbers
were generated by the sponsor, seal ed in opague envel opes, and
provided to the researchers. Upon meeting eligibility
requirements and providing consent, each participant was
randomly assigned to either the treatment group (Anzeilax and
TAU) or the control group (TAU only) by drawing an envelope
containing their allocation number.

Each participant drew a slip marked “treatment group” or
“control group” under the supervision of the clinical research
coordinator, who documented the randomi zation date and signed
the dlip. The randomization number, along with the participant’s
screening number, served as the identification code throughout
the tria. As a single-blind (evauator-blind) study, the
randomization records were managed by the principal
investigator and a designated randomization officer.

For participants assigned to the treatment group, personal login
codesfor Anzeilax were provided immediately after the baseline
assessment, ensuring that intervention initiation occurred without
delay. Participants were instructed to use the app at least four
times per week over the 10-week intervention period. Although
participants could flexibly access the app based on their
schedules, engagement was encouraged through an incentive
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system. Assessments for both groups were conducted at weeks
5, 10, and 15, with all postbaseline assessments administered
online.

TAU, applied to both groups, consisted of maintaining
participants’ existing treatment regimens, including current
psychiatric medications. M edi cation management followed the
pharmacological treatment guidelines for GAD established by
the Korean Medical Association. Adjustments to medication
type or dosage, as deemed necessary by thetreating psychiatrist,
were allowed and not restricted by the study protocol.

TAU was provided at different hospitals, ensuring that the
psychiatrists providing TAU were unaware of their patients
participation in the study, thereby minimizing potential bias.
This ensured that TAU was prescribed independently of the
research, maintaining standard care without influence from the
study protocol or trial considerations.

Sample Size

A sample size of 66 participants (n=33, 50%, per group) was
required to detect a small-to-medium effect size (Cohen d=0.5)
with 80% power and a one-sided significance level (a=.025,
Z=1.960) between the groups [48-50]. Accounting for an
anticipated 30% attrition rate (19%-45%) [21,36,37], an
additional 15 participants per group were included, resulting in
atotal sample size of 96 participants (n=48, 50%, per group).

M easures

Assessmentswere conducted at four time points: baseline (week
0), midintervention (week 5), postintervention (week 10), and
follow-up (week 15). Baseline measurements were completed
in person at the hospital, while subsequent assessments were
conducted online. The primary outcome measure wasthe GAD-7
[38], a validated tool for measuring the severity of GAD
symptoms. The GAD-7 consists of 7 items rated on a 4-point
Likert scale (0-3), with a total score range of 0-21. Based on
the score, anxiety severity is classified as minimal (0-4), mild
(5-9), moderate (10-14), or severe (15-21). In this study, a
GAD-7 score of 10 or higher was used as the cutoff for
determining clinically significant anxiety.

Secondary outcomes included specific domains of anxiety,
evaluated using standardized measures. Cognitive and physical
symptoms of anxiety were assessed with the Beck Anxiety
Inventory (BAI) [51], worry severity was measured using the
Penn State Worry Questionnaire (PSWQ) [52], and overall
anxiety and depression symptoms were evaluated using the
Hospital Anxiety and Depression Scale (HADS; HADS-A for
anxiety and HADS-D for depression) [53]. More detailed
information on the cutoff scores can be found in Section 5 in
Multimedia Appendix 2.

Participant safety was monitored throughout the study period
viathe spontaneous reporting of adverse events, defined as any
undesirable clinical or physical findings not present before the
trial began, including anticipated side effects. Reported adverse
events were classified as mild, moderate, or severe based on
their severity.

To evaluate participants’ engagement and experience, adherence
to the intervention was measured, offering valuable insights
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into their response to the Anzeilax DTx and TAU. This metric
wascrucial for ng engagement levelsand user satisfaction
throughout the intervention period.

Statistical Analysis

The analysis was conducted using the full analysis set (FAS)
with adjustments made using thelast observation carried forward
(LOCF) method. Subsequently, analysis was performed on the
per protocol (PP) population. In cases where discrepancieswere
observed between the FAS and PP results, the FAS analysis
was designated asthe primary analysis method, with PPanalysis
serving as a supplementary approach. To assess consistency,
the results of the PP analysis were compared with those of the
FAS analysis.

For the primary outcome analysis, GAD-7 scoreswere collected
through surveysat thefirst visit (baseline) and after completion
(week 10). For the treatment group, the values before (baseline)
and after using Anzeilax (week 10) were summarized using
descriptive statistics. For the control group, the values before
starting TAU (baseline) and after 10 weeks were summarized
similarly. For the primary efficacy endpoint analysis of the
GAD-7 scores, a between-group comparison of the difference
in the scores from baseline to week 10 was performed using
ANCOVA, with baselinevaluesasacovariate. Thesignificance
level was set at a one-sided P value of <.03.

To evaluate the secondary outcomes, changes over time, and
between-group differences in symptom relief compared to
baselinefor the treatment and control groups, repeated-measures
ANOVA was conducted at 5-week intervals over atotal of 15
weeks (10-week intervention and 5-week follow-up periods).
The analysis was performed on the GAD-7, BAI, PSWQ, and
HADS measurements taken at baseline, midintervention (5
weeks), postintervention (10 weeks), and follow-up (15 weeks).
The significance level was set at a one-sided P value of <.03.
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All statistical analyses were conducted using R (version 4.4.1;
R Foundation for Statistical Computing), an open source
statistical computing software program, and each participant
was assigned a unique study-specific identifier. Additional
statistical analyses, including alternative missing data—handling
methods and sensitivity analyses, were conducted to assessthe
robustness of our findings. The details of these analyses and
their results are provided in Sections 7-11 in Multimedia
Appendix 2.

Results

Baseline Characteristics

Between August 14, 2023, and April 11, 2024, 2034 people
were screened for the trial. Of these, 1723 (84.7%) were
excluded because their anxiety levels were lower than 10 on
the GAD-7. A total of 311 (15.3%) patients were assessed for
eligibility, and 96 (30.9%) met all the inclusion criteria and
were randomized to either the treatment (n=48, 50%) or the
control (n=48, 50%) group; of these, 61 (63.5%) were females.
The mean age was 30 (SD 7.87) years, with arange of 19-60
years. Table 1 provides an overview of the demographics and
baseline scores for primary and secondary outcomes by group.
The postintervention and follow-up assessmentswere completed
on June 20 and July 25, 2024, respectively.

In the treatment group, 17 (35.4%) participants discontinued
the intervention. Among those who completed the trial, the
participants practiced an average of 63 and 81 Self-Talk and
Self-Talk Plus sessions, respectively. The frequency of Self-Talk
Plus practice ranged from 46 to 243. Self-verbalization, which
involvesvocalizing responsesto guided questions, was the most
frequently selected program type in Self-Talk Plus (reading
ACT content: 1029; self-verbalization: 1467). In the control
group, 2 (4.2%) participants were lost to follow-up. Thus, 77
(80.2%) participants (treatment arm: n=31, 40.3%; control arm:
n=46, 59.7%) completed all the trial assessments (Figure 1).
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Table 1. Baseline characteristics of study participants (N=96).
Overal (N=96) Treatmentarm  Control arm X2 (df) P vaue
(n=48) (n=48)
Age (years), mean (SD) 30.00(7.87)  3192(878)  2892(659) _a —
Gender, n (%) 0.45 (1) 83
Male 35 (36.5) 17 (35.4) 18 (37.5) — —
Female 61 (63.5) 31 (64.6) 30 (62.5) — —
Education, n (%) 321 (3) .36
Doctoral degree 1(1) 0 1(2.1) — —
Master’s degree 10 (10.4) 6 (12.5) 4(8.3) — —
Undergraduate degree 59 (61.5) 32 (66.7) 27 (56.3) — —
High school 26 (27.1) 10 (20.8) 16 (33.3) — —
Work status, n (%) 5.28 (2) 71
Employed 49 (51.0) 30 (62.5) 19 (39.6) — —
Not employed 43 (44.8) 16 (33.3) 27 (56.2) — —
Did not answer 4(4.2) 2(4.2 2(4.2) — —
Anxiety history (years), n (%) 239(3) .50
<1 8(8.3) 3(6.3) 5 (10.4) — —
1-5 57 (59.4) 30 (62.5) 27 (56.3) — —
6-10 22 (22.9) 9(18.8) 13(27.1) — —
>10 9(9.4) 6 (12.5) 3(6.3) — —
Psychiatric comorbidities, n (%) — —
MDDP 50 (52.1) 27 (56.3) 23(47.9) 0.67 (1) 4
PDC 25 (26) 8(16.7) 17 (35.4) 4.38 (1) 04
sapd 3(3.1) 1(2.1) 2(4.2) 0.34 (1) 56
Other 23 (24.0) 8(16.7) 15 (31.3) 2.8(1) .09
Physical comorbidities, n (%) 21(21.9) 9(18.8) 12 (25.0) 0.55 (1) 46
QOutcomes, mean (SD)
Bassline GAD-7¢ 12.36(349)  12.42(357) 12.31 (3.45) 16.7 (14) 27
Bassline BAI 2510(10.02) 24.81(114)  2540(854)  50.1(36) .06
Basdline PSWQY 56.44 (4.7) 57.23(4.64)  55.65(4.68)  22.6(20) 31
Bassline HADS.AN 1150(381)  1344(367)  1319(263)  18.2(15) 25
Basdline HADS.D! 1331(318)  1219(410)  11.00(343)  214(16) 16

3Not applicable.

bMDD: major depressive disorder.

°PD: panic disorder.

9SAD: social anxiety disorder.

€GAD-7: Generalized Anxiety Disorder 7-item scale.

fBAI: Beck Anxiety Inventory.

IPSWQ: Penn State Worry Questionnaire.

"HADSA: Hospital Anxiety and Depression Scale — Anxiety.
'HADS-D: Hospital Anxiety and Depression Scale — Depression.

https://www.jmir.org/2025/1/e69981

RenderX

JMed Internet Res 2025 | vol. 27 | e69981 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Park et a

Figurel. CONSORT flow diagram of participants. CBT: cognitive behavioral therapy; CONSORT: Consolidated Standards of Reporting Trials; FAS:
full analysis set; GAD: generalized anxiety disorder; GAD-7: Generalized Anxiety Disorder 7-item scale; PP: per protocol.

Invited individuals who suffered from
anxiety symptoms to sign up for the study
(N=2034)

Excluded (n=1723) for not meeting inclusion criteria

r

GAD-7 score < 10

Assessed for eligibility
(n=311)

Excluded (n=215) because
- Comorbidity of other psychiatric disorder
(n=3)
Risk of suicidal intent (n=12)

v

Current participation in CBT program (n=2)
Did not meet the diagnosis of GAD (n=136)
No response to invite (n=38)

Withdrew (n=24)

Randomization (n=96)

/\

Allocation

Assigned to treatment group (n=48)

l

5-week assessment
Completed assessment (n=34)
Discontinued intervention (n=14)

:

10-week assessment
Completed assessment (n=31)
Discontinued intervention (n=3)

:

15-week assessment
Completed assessment (n=31)

A

Included in FAS analysis (n=48)
Included in PP analysis (n=31)

Analysis

I ntervention Effects on the Primary Outcome

To ensure the robustness of the findings, we examined the
potential impact of outliers. No data points were excluded solely
based on outlier detection, as the study followed the
intention-to-treat (ITT) principlewithinthe FAS. Consequently,
all randomized participants were included in the analysis, and
no extreme values were identified that warranted exclusion.

The FAS and PP groups demonstrated reductions in GAD-7
scores from baseline to postintervention (week 10). Inthe FAS
population, the treatment group’s mean GAD-7 score decreased
from 12.42 (SD 3.57) at basdline to 8.83 (SD 3.99) at week 10,
reflecting a mean reduction of 3.58 points (95% Cl —4.88 to
—2.28). In comparison, the control group’s mean GAD-7 score
decreased from 12.31 (SD 3.45) at baselineto 11.04 (SD 4.29)
at week 10, indicating a mean reduction of 1.27 points (95%
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l

5-week assessment
Completed assessment (n=46)
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l

10-week assessment
Completed assessment (n=46)

:

15-week assessment
Completed assessment (n=46)

A,

Included in FAS analysis (n=48)
Included in PP analysis (n=46)

Cl —2.35 to -0.19). In the PP population, the treatment group
(n=31, 64.6%) exhibited a mean reduction of 4.94 points (95%
Cl —6.52 to —3.36), with mean scores decreasing from 12.10
(SD 3.49) at baselineto 7.16 (SD 3.40) at week 10. However,
the control group (n=46, 95.8%) showed a mean reduction of
1.33 points (95% Cl —2.45 to—0.21), with mean scores declining
from 12.37 (SD 3.49) at baseline to 11.04 (SD 4.37) at week
10 (Table 2).

The analysis of treatment effects using ANCOVA, controlling
for baseline scores, revealed significant differences between
the groups in both analysis sets (Figure 2). In the FAS
population, the adjusted mean difference between groups was
—2.26 points (95% Cl —3.78 to —0.74, P=.002), with a medium
effect size (Cohen d=0.60). The PP analysis showed an even
more pronounced treatment effect, with an adjusted mean
difference of —3.74 points (95% CI -5.41 to—2.07, P<.001) and
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alarge effect size (Cohen d=0.95). See Table 3and Multimedia  Appendix 2.

Table 2. Changesin GAD-72 scores from baseline to postintervention (week 10) in FAS? and PP° populations.

Postintervention, mean (SD)

Change in mean (95% CI)

Population Baseline, mean (SD)
FAS
Treatment group (n=48) 12.42 (3.57) 8.83(3.99) —3.58 (-4.88 10 —2.28)
Control group (n=48) 12.31 (3.45) 11.04 (4.29) —1.27 (-2.35t0-0.19)
PP
Treatment group (n=31) 12.10 (3.49) 7.16 (3.40) —4.94 (-6.52 to —3.36)
Control group (n=46) 12.37 (3.49) 11.04 (4.37) -1.33 (-2.45t0-0.21)

8GAD-7: Generalized Anxiety Disorder 7-item scale.
BEAS: full analysis set.
°PP: per protocol.

Figure 2. Comparison of the adjusted mean difference in GAD-7 scores between the treatment and control groups at week 10 in the FAS and PP
populations. FAS: full analysis set; PP: per protocol; GAD: generalized anxiety disorder; GAD-7: Generalized Anxiety Disorder 7-item scale.
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Table 3. Postintervention outcomes for GAD-72in FAS? and PP populations.
Population Adjusted difference, mean (SE; 95% CI) P vaue Effect size (Cohen d)
FAS (treatment vs control) —2.26 (0.77;, -3.78 to -0.74) .002 0.60
PP (treatment vs control) —3.74 (0.84; -5.41 to —2.07) <.001 0.95

3GAD-7: Generalized Anxiety Disorder 7-item scale.
BEAS: full analysis set.
°PP: per protocol.

Intervention Effects on Secondary Outcomes

The secondary outcome measures, including GAD-7, BAI,
PSWQ, and HADS subscales for anxiety and depression, were

https://www.jmir.org/2025/1/e69981
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analyzed using repeated-measures ANOVA to examine
group-by-time interactions across four time points. baseline,
midintervention (week 5), postintervention (week 10), and
follow-up (week 15). See Table 4 and Figure 3.
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Table 4. Impact of the intervention on secondary outcome measures (FASY).

QOutcome measure Treatment group, Control group, mean Estimated mean change differ- P value Effect size (Co-
mean (SD) (SD) ence, mean (95% CI) (groupxtime)  hen d)
GAD-7°
Baseline 12.42 (357) 12.31 (3.45) 0.1(-1.34t0 1.55) _c —
Midintervention (week 5) 9.77 (3.78) 10.31 (3.89) —0.54 (-2.12t0 1.03) .25 —
Postintervention (week 10) 8,83 (3.99) 11.04 (4.29) —2.21 (-3.91t0o-0.51) .008 0.60
Follow-up (week 15) 8.58(3.83) 10.21 (4.76) -1.62 (-3.4t00.15) .009 —
BAIY
Basdline 24.81 (11.4) 25.40 (8.54) —0.58 (—4.72 10 3.55) — —
Midintervention (week 5) 21.10 (11.0) 23.79 (10.8) —2.69 (—7.17 t0 1.79) 12 —
Postintervention (week 10)  17.77 (10.6) 23.46 (9.99) —5.69 (-9.92 to —1.45) .008 0.50
Follow-up (week 15) 17.58 (8.93) 23.44 (10.9) —5.85 (-9.95t0 -1.76) .004 —
PSWQ®
Baseline 57.23 (4.64) 55.65 (4.68) 1.58 (-0.33 0 3.5) — —
Midintervention (week 5) 54.83 (4.94) 56.15 (5.06) -1.31(-3.37100.74) .10 —
Postintervention (week 10)  54.35 (4.84) 55.73 (4.93) —1.38 (-3.3810 0.63) .002 0.62
Follow-up (week 15) 55.08 (4.94) 55.06 (7.31) 0.02 (-2.54 10 2.58) .007 —
HADS-A'
Basdline 13.44 (3.67) 13.19 (2.63) 0.25 (—1.06 to 1.56) — —
Midintervention (week 5) 11.96 (3.75) 12.83 (3.47) —-0.88 (—2.36 t0 0.61) 10 —
Postintervention (week 10)  10.67 (3.85) 12.17 (3.82) —-1.5(-3.08t0 0.08) .01 0.50
Follow-up (week 15) 11.19 (4.18) 12.21 (4.34) -1.02 (-2.771t00.73) .04 —
HADS-DY
Baseline 12.19 (4.10) 11.00 (3.43) 1.19 (-0.36 t0 2.74) — —
Midintervention (week 5) 11.10 (4.65) 10.33(3.73) 0.77 (-0.96 to 2.5) .03 —
Postintervention (week 10)  10.23 (4.63) 10.25 (4.08) -0.02 (-1.81t0 1.77) 10 0.30
Follow-up (week 15) 10.42 (4.54) 10.44 (4.21) -0.02 (-1.821t0 1.78) .10 —

3FAS: full analysis set.

bGAD-7: Generalized Anxiety Disorder 7-item scale.

®Not applicable.

9BAI: Beck Anxiety Inventory.

€PSWQ: Penn State Worry Questionnaire.

'HADSA: Hospital Anxiety Depression Scale — Anxiety.
9HADS-D: Hospital Anxiety Depression Scale — Depression.
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Figure 3. Mean changesin GAD-7, BAI, PSWQ, HADS-A, and HADS-D scores between treatment and control groups in the FAS population. BAI:
Beck Anxiety Inventory; FAS: full analysis set; GAD: generalized anxiety disorder; GAD-7: Generalized Anxiety Disorder 7-item scale; HADS-A:

Hospital Anxiety and Depression Scale — Anxiety; HADS-D: Hospita
Questionnaire.
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The analysis of GAD-7 scores revedled a significant
group-by-time interaction through postintervention (Fjgs
183.60—4-32, P=.008) and follow-up (F, g 26177=3.51, P=.009).
The treatment group demonstrated greater reductions from
baseline (mean 12.42, SD 3.57) to week 10 (mean 8.83, SD
3.99) compared to controlsfrom baseline (mean 12.31, SD 3.45)
to week 10 (mean 11.04, SD 4.29), with a medium effect size
(Cohen d=0.60). The estimated mean change differences
between groups for GAD-7 scores were —0.54 (95% Cl —2.12
to 1.03) at week 5, —2.21 (95% Cl —3.91 to —0.51) at week 10,
and —1.62 (95% Cl —3.4 to 0.15) at week 15. Both groups
showed initial reductions through midintervention (week 5);
however, the trajectory diverged thereafter. Although the
treatment group continued to show decreasing GAD-7 scores,
the control group demonstrated a rebound effect after week 5,
followed by a slight reduction postintervention.

The analysis of anxiety symptoms using the BAI revealed a
significant group-by-time interaction through postintervention
(F1o0 18711=4.22, P=.008) and follow-up (F,g3 26625=4.17,
P=.004). Despite similar baseline scoresin the treatment group
(mean 24.81, SD 11.4) and control group (mean 25.40, SD
8.54), thetreatment group showed substantial reductionsthrough
week 10 (mean 17.77, SD 10.6), which were maintained at week
15 (mean 17.58, SD 8.93). The control group showed minimal
changesfrom baseline (mean 25.40, SD 8.54) to week 10 (mean
23.46, SD 9.99) and week 15 (mean 23.44, SD 10.9). The
estimated mean change difference between groups increased
from week 10 (-5.69, 95% Cl —9.92 to 1.45) to week 15 (-5.85,
95% CI —9.95 to —1.76), indicating a growing treatment effect

https://www.jmir.org/2025/1/e69981

over time. The change-based effect size was medium (Cohen
d=0.50).

The PSWQ showed a significant group-by-time interaction
through postintervention (Fyg, 18003=6.26, P=.002) and
follow-up (F,76 25084=3.71, P=.007). The treatment group
demonstrated reductions from baseline (mean 57.23, SD 4.64)
toweek 10 (mean 54.35, SD 4.84), whereas control group scores
remained stable from baseline (mean 55.65, SD 4.68) to week
10 (mean 55.73, SD 4.93), yielding amedium effect size (Cohen
d=0.62). The estimated mean change differences between groups
were —1.31 (95% Cl —3.37 to 0.74) at week 5, —1.38 (95% ClI
—3.38 t0 0.63) at week 10, and 0.02 (95% Cl —2.54 to 2.58) at
week 15.

HADS-A showed significant group-by-timeinteractionsthrough
postintervention (F g5 18306=3-66, P=.014) and follow-up (F, g9,
253.13=2.36, P=.039). The treatment group demonstrated greater
reductions from baseline (mean 13.44, SD 3.67) to week 10
(mean 10.67, SD 3.85) compared to controls from baseline
(mean 13.19, SD 2.63) to week 10 (mean 12.17, SD 3.82), with
a medium effect size (Cohen d=0.50). The estimated mean
change differences between groups for HADS-A were —0.88
(95% Cl —2.36 t0 0.61) at week 5, —1.5 (95% CI —3.08 to 0.08)
at week 10, and —1.02 (95% CI —2.77 t0 0.73) at week 15. The
significant group difference observed postintervention indicated
agreater reduction in HADS-A scores for the treatment group
compared to the control group.
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Although HADS-D showed no significant group-by-time
interaction through postintervention (Fy o7 184.9,=1.68, P=.096)
or follow-up (F,79, 26212=1.56, P=.101), the treatment group
demonstrated a notable reduction from baseline (mean 12.19,
SD 4.10) to week 10 (mean 10.23, SD 4.63) compared to more
modest changesin the control group from baseline (mean 11.00,
SD 3.43) to week 10 (mean 10.25, SD 4.08), with asmall effect
size (Cohen d=0.30). The estimated mean change differences
between groups for HADS-D were 0.77 (95% CI —0.96 to 2.5)
at week 5, —-0.02 (95% CI —1.81 to 1.77) at week 10, and —0.02
(95% Cl —1.82 t0 1.78) at week 15.

Safety and Adherence

Safety and adherence analyses were conducted only for the
treatment group. Throughout the study period, no severe adverse
events were reported by any participants receiving Anzeilax.
Adherenceto Anzeilax was defined as completing at |east 80%
of the prescribed usage frequency (20 sessions at 5 weeks and
40 sessions at 10 weeks), as measured using the app usage log
data. During the trial, 34 (70.8%) and 31 (64.6%) participants
inthetreatment group maintained at least 80% of the prescribed
usage frequency at weeks 5 and 10, respectively.

Discussion

Principal Findings

This study demonstrated the superior efficacy of Anzeilax, a
novel ACT-based DTx incorporating context-sensitive self-talk,
when combined with TAU for the treatment of GAD. Significant
between-group differences were observed in both FAS and PP
analyses, with particularly strong outcomesin the PP analysis.
The magnitude of treatment effects differed between the FAS
(Cohen d=0.60) and PP (Cohen d=0.95) analyses. This
discrepancy ismethodol ogically consistent with the underlying
principlesof these analytical approaches[54,55]. FAS provides
aconservative estimate of real-world effectiveness by including
all randomized participants regardless of adherence, while PP
measures efficacy under optimal adherence conditions. The
higher effect size in PP analysis emphasizes the importance of
treatment engagement in maximizing therapeutic outcomes.

Although the adjusted mean difference was slightly below the
established GAD-7 minima clinically important difference
(MCID) of four points [56], the results indicated meaningful
clinical improvement in anxiety symptoms. The standardized
response mean (SRM), a commonly used effect size measure
for quantifying the magnitude of clinical change and
contributing to the estimation of the MCID, further supports
the clinical relevance of these findings (see Section 11 in
Multimedia Appendix 2) [56-58]. The interpretation is further
supported by consistent positive outcomes across secondary
measures.

The intervention's effectiveness was demonstrated by
improvements across multiple anxiety measures, notably a
substantial reduction in BAI scores (Cohen d=0.50). The
concurrent reduction in GAD-7 and BAI scores highlights a
broad therapeutic impact, as these instruments assess
complementary dimensions of anxiety. The GAD-7 focuses on
cognitive and emotional symptoms, whereas the BAI captures
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physical manifestations[59]. This comprehensiveimprovement
suggests potential applications beyond GAD to conditionswith
prominent physical symptoms, such as PD [60].

The significant improvement in PSWQ scores highlights the
treatment’s efficacy in addressing pathological worry, a core
feature of GAD. The PSWQ is specifically designed to
distinguish pathological worry from norma anxiety by
measuring the user’s excessive, pervasive, and uncontrollable
nature [61]. Although the GAD-7 assesses broader anxiety
symptoms, it offers a more nuanced evaluation of the cognitive
worry component central to GAD. The synchronad
improvementsin both measures demonstrate the comprehensive
therapeutic impact of Anzeilax on general anxiety symptoms
and specific cognitive mechanisms underlying pathological
worry.

Although past research on ACT manifested a positive
expectation in reducing depressive symptoms [62,63], our results
areinconsistent with those findings. Several factors may account
for this outcome. Firgt, the fully automated approach used in
this study may have contributed to the discrepancy. In previous
research, therapists were likely to actively involved in the
treatment program [23,64], whereas we used a fully automated
approach without human interaction. Given that therapeutic
alliance and human contact are critical componentsin addressing
depressive symptoms [65-67], this methodological difference
may have influenced the results. Second, the inclusion of
participants without comorbid MDD may have affected the
findings. Specifically, 21 (43.8%) participantsin the treatment
group and 25 (52.1%) in the control group did not have MDD
as acomorbid condition. This suggests that not all participants
exhibited depressive symptoms substantial enough to contribute
meaningfully to the analysis.

To further examine this possibility, subgroup analyses were
conducted comparing participants with and without MDD.
Independent-sample t tests revealed no significant differences
in GAD symptom reduction between the two groups. In addition,
linear regression analyses showed that MDD status is not a
significant predictor of GAD change, indicating that the
observed improvementsin anxiety symptoms are not dependent
on the presence or absence of comorbid depression. These
results suggest that the presence of comorbid MDD does not
significantly influence treatment response. Although this
supports the robustness of the intervention across diagnostic
subgroups, we recognize the clinical heterogeneity of the sample
asapotential limitation. The absence of asignificant modifying
effect should be interpreted conservatively, as the sample size
was not cal culated to detect interaction effects across diagnostic
groups (see Section 12 in Multimedia Appendix 2).

To evaluate thelasting effect of Anzeilax, follow-up assessments
were conducted at 5 weeks postintervention. The therapeutic
effectsexhibited differential patterns across outcome measures.
Thetreatment group maintai ned reductionsin anxiety symptoms,
as measured by the GAD-7 and BAI, whereas the PSWQ and
HADS-A scores showed some rebound during the follow-up
period. This divergence may reflect the distinct dimensions of
anxiety assessed by each measure: the GAD-7 assesses core
GAD symptoms, the BAl emphasizes physical manifestations
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of anxiety, HADS-A focuses on general emotional tension and
fear, and the PSWQ evaluates worry persistence. The latter
dimensions may be less stable due to the chronic and dynamic
nature of these symptoms. Notably, these findings suggest that
Anzeilax provides comprehensive effectiveness across various
anxiety dimensions during active use, while maintaining
particularly strong effects on core anxiety symptoms even after
discontinuation.

The findings are consistent with Anzeilax’s therapeutic
mechanism, which integrates ACT principles with
context-sensitive self-talk to enhance psychological flexibility
and modul ate anxiety-related cognitive and behavioral processes
within a contextual behavioral science framework [68].
Although Anzeilax is designed to improve individuals
relationship with worry rather than eliminate it completely,
participants may experience recurring worry loops when not
actively engaging with the DTx. Although a 10-week
intervention period appears sufficient to initiate cognitive shift
through self-talk practices, more deeply ingrained worry habits
may require extended or more intensive intervention to sustain
consistent improvement during follow-up periods.

The positive outcomes observed in this study can be attributed
to the innovative integration of self-talk within the ACT
framework. By using context-sensitive self-talk strategies,
Anzeilax appeared to enhance the effectiveness of cognitive
defusion techniques central to ACT. The structured vocalization
process during negative emotional states likely facilitates
psychological distancing from anxious thoughts, whereas
self-referencing techniques during positive states reinforce
adaptive coping patterns. This dual approach, rooted in
self-regulation theory and ACT principles, effectively addresses
the challenges individuas with GAD face in emotiona
processing and regulation.

Additionally, the self-talk strategy encourages usersto actively
engage with the Anzeilax program by verbalizing its content
aloud and listening to their own words[69,70]. This deliberate
action not only reinforces the therapeutic concepts but aso
fosters deeper immersion in the intervention. By transforming
passive engagement into active participation, this approach may
significantly enhance the delivery and effectiveness of ACT'’s
core mechanisms, potentially contributing to therapeutic
improvement in individuals with GAD.

Anzeilax is a noninvasive treatment method with minimal risk
of adverse events or device-related effects. The absence of
adverse events during our trial suggests that Anzeilax has a
favorable safety profile when used as prescribed for GAD
treatment. However, as a self-guided DTx, implementing a
systematic reporting mechanism for technical issues will be
essential when the product becomes available to the public.

Clinical Implications

Our findings have several important clinical implications. The
digita format of Anzeilax enhances accessibility, while
sustained follow-up resultsindicate durable benefitsfor anxiety
management. The integration of self-talk offers patients a
feasible strategy for managing their symptoms, with observed
improvements across anxiety-specific and genera emotion
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regul ation measures suggesting potentially broader benefitsfor
overal emotiona well-being.

Limitations

Thisstudy had several limitations. First, the single-blind design
(evaluator-blind) allowed participants to know their group
assignments, potentially introducing response bias in
sdlf-reported outcomes. Although the sustained effects observed
during thefollow-up period suggest genuine therapeutic benefits
rather than mere expectancy effects, future research should
implement an active control condition using a sham device to
minimize such bias. Thisapproach would enable amore precise
examination of the specific mechanisms underlying Anzeilax's
efficacy, independent of expectancy or placebo effects.

Second, although additional analyseswere conducted to explore
the role of comorbid depression, the study was not designed to
detect interaction effects acrossclinical subgroups. Theinclusion
of participants with diverse diagnostic profiles introduces a
level of heterogeneity that may limit the specificity and
generalizability of the findings.

Given the recurring nature of psychological disorders, future
research should investigate the sustainability of therapeutic
benefits beyond the follow-up assessment at week 15. Asshown
in previous DTx studies, such as Carl et a [26], which included
follow-up assessments at week 26 to evaluate treatment
persistence, we recognize theimportance of extended follow-up
periods to better assess long-term effectiveness and
sustainability. Additionally, to enhance understanding of the
intervention's MOA, subsequent studies should aim to
distinguish the specific contributions of context-sensitive
self-talk from standard ACT components.

Lastly, given the cultural context of the sample, the presence
of culture-bound syndromes, such as Hwabyung, may have
influenced symptom expression. Although this study did not
include a specific assessment for Hwabyung, prior research has
shown considerable symptomatic overlap between Hwabyung
and GAD, particularly in emotional dysregulation, rumination,
and affectivetension [71,72]. These shared features correspond
with cognitive and emotional processestargeted by ACT-based
interventions. Thus, although cultural nuanceswere not directly
captured, it is plausible that individuals with Hwabyung-like
symptoms may have experienced therapeutic benefits through
mechanisms, such as acceptance, defusion, and increased
psychological flexibility. That being said, we acknowledge the
need for greater diagnostic specificity in culturally embedded
contexts. Future studies will incorporate validated
Hwabyung-sensitive screening tools and examine outcomes
stratified by symptom profile.

Conclusion

In conclusion, this study provides evidence of the efficacy of
Anzeilax and demonstrates that the integration of
context-sensitive self-talk within an ACT-based DTx framework
can effectively reduce anxiety symptoms in individuals with
GAD. Consistent improvements across multiple measures of
anxiety and worry, coupled with the maintenance of these gains
at follow-up, suggest that this approach offers a promising
scalable solution for the treatment of GAD. The absence of
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severe adverse events and reasonable adherence rates further  clinical practice.
support the feasibility and safety of implementing Anzeilax in

Acknowledgments

The authors gratefully acknowledge all the study participants for their time and dedication to this clinical trial and extend their
appreciation to the research staff at the Gangnam Severance Hospital for their assistance in conducting the study. We would like
to disclose that generative artificial intelligence was used for grammatical corrections to enhance the clarity and readability of
the manuscript. However, all intellectual contributions, including the study design, analysis, interpretation of results, and overall
writing, were entirely conducted by the authors. This work was supported by the Ministry of Trade, Industry & Energy (MOTIE,
Korea) and the Korea Planning & Evaluation Institute of Industrial Technology (KEIT; project number RS-2024-00431485). It
was al so supported by the KoreaMedical Device Development Fund grant funded by the Korean government (Ministry of Science
and ICT; Ministry of Trade, Industry and Energy; Ministry of Health and Welfare; Ministry of Food and Drug Safety; project
number 2710000040, RS-2022-00141223).

Data Availability
Data supporting the finding of this study are available from the corresponding author upon reasonable request.

Authors Contributions

JJK designed the study. CP and JK led the conceptualization of the intervention. EK and H-JJ performed data collection. CP,
HS, and HK conducted dataanalysis. JK and JHL supervised data analysis and manuscript writing. CP and HS wrote the original
manuscript. JHL, JJK, and JK reviewed, revised, and edited the manuscript. All authors have approved the final version for
submission. JK led the whole project. Funding acquisition was also led by JK.

Conflicts of Interest

HAII Corp provided research support and contributed to the study conceptualization, trial design, implementation, and manuscript
preparation. JK isthe chief executive officer of HAIl Corp. CP, HS, and HK are employees of HAII Corp.

Multimedia Appendix 1

CONSORT-eHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDF File), 1017 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Supplementary figures and tables.
[PDE File (Adobe PDF File), 1924 KB-Multimedia Appendix 2]

References

1. Ruscio AM, Hdlion LS, Lim CCW, Aguilar-Gaxiola S, Al-Hamzawi A, Alonso J, et a. Cross-sectional comparison of the
epidemiology of DSM-5 generalized anxiety disorder across the globe. JAMA Psychiatry. May 01, 2017;74(5):465-475.
[EREE Full text] [doi: 10.1001/jamapsychiatry.2017.0056] [Medline: 28297020]

2.  Kesser RC, Petukhova M, Sampson NA, Zaslavsky AM, Wittchen H. Twelve-month and lifetime prevalence and lifetime
morbid risk of anxiety and mood disorders in the United States. Int J Methods Psychiatr Res. Sep 2012;21(3):169-184.
[FREE Full text] [doi: 10.1002/mpr.1359] [Medline: 22865617]

3. Borkovec TD, Inz J. The nature of worry in generalized anxiety disorder: a predominance of thought activity. Behav Res
Ther. 1990;28(2):153-158. [doi: 10.1016/0005-7967(90)90027-g] [Medline: 2183759]

4.  Henning ER, Turk CL, Mennin DS, Fresco DM, Heimberg RG. Impairment and quality of lifeinindividualswith generalized
anxiety disorder. Depress Anxiety. 2007;24(5):342-349. [doi: 10.1002/da.20249] [Medline: 17091478]

5. Revicki DA, Travers K, Wyrwich KW, Svedsiter H, Locklear J, MatteraM S, et al. Humanistic and economic burden of
generalized anxiety disorder in North Americaand Europe. J Affect Disord. Oct 2012;140(2):103-112. [doi:
10.1016/j.jad.2011.11.014] [Medline: 22154706]

6. Mennin DS, Heimberg RG, Turk CL, Fresco DM. Preliminary evidence for an emotion dysregulation model of generalized
anxiety disorder. Behav Res Ther. Oct 2005;43(10):1281-1310. [doi: 10.1016/j.brat.2004.08.008] [Medline: 16086981]

7.  Campbell-SillsL, Barlow DH, Brown TA, Hofmann SG. Acceptability and suppression of negative emotion in anxiety and
mood disorders. Emation. Nov 2006;6(4):587-595. [doi: 10.1037/1528-3542.6.4.587] [Medline: 17144750]

8.  McLaughlin KA, Mennin DS, Farach FJ. The contributory role of worry in emotion generation and dysregulation in
generalized anxiety disorder. Behav Res Ther. Aug 2007;45(8):1735-1752. [doi: 10.1016/j.brat.2006.12.004] [Medline:
17270145]

https://www.jmir.org/2025/1/e69981 JMed Internet Res 2025 | vol. 27 | e69981 | p. 13
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v27i1e69981_app1.pdf&filename=f6bab0c3abf7df702e5e97cefd5c338a.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e69981_app1.pdf&filename=f6bab0c3abf7df702e5e97cefd5c338a.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e69981_app2.pdf&filename=f11038044c0f6994645d0493c8c22d87.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e69981_app2.pdf&filename=f11038044c0f6994645d0493c8c22d87.pdf
https://europepmc.org/abstract/MED/28297020
http://dx.doi.org/10.1001/jamapsychiatry.2017.0056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28297020&dopt=Abstract
https://europepmc.org/abstract/MED/22865617
http://dx.doi.org/10.1002/mpr.1359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22865617&dopt=Abstract
http://dx.doi.org/10.1016/0005-7967(90)90027-g
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2183759&dopt=Abstract
http://dx.doi.org/10.1002/da.20249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17091478&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2011.11.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22154706&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2004.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16086981&dopt=Abstract
http://dx.doi.org/10.1037/1528-3542.6.4.587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17144750&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2006.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17270145&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Park et a

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Hayes SC, Pierson H. Acceptance and commitment therapy. In: Freeman A, Felgoise SH, Nezu CM, Nezu AM, Reinecke
MA, editors. Encyclopedia of Cognitive Behavior Therapy. Boston, MA. Springer; 2005:1-4.

Arch JJ, Craske MG. Acceptance and commitment therapy and cognitive behavioral therapy for anxiety disorders: different
treatments, similar mechanisms? Clin Psychol: Sci Pract. Dec 2008;15(4):263-279. [doi: 10.1111/].1468-2850.2008.00137.X]
Fledderus M, Bohlmeijer ET, Fox JP, Schreurs KM, Spinhoven P. The role of psychological flexibility in a self-help
acceptance and commitment therapy intervention for psychological distressin arandomized controlled trial. Behav Res
Ther. Mar 2013;51(3):142-151. [doi: 10.1016/j.brat.2012.11.007] [Medline: 23337183]

Dindo L, Van Liew JR, Arch JJ. Acceptance and commitment therapy: atransdiagnostic behavioral intervention for mental
health and medical conditions. Neurotherapeutics. Jul 2017;14(3):546-553. [FREE Full text] [doi:
10.1007/s13311-017-0521-3] [Medline: 28271287]

A-Tjak JG, Davis ML, Morina N, Powers MB, Smits JA, Emmelkamp PM. A meta-analysis of the efficacy of acceptance
and commitment therapy for clinically relevant mental and physical health problems. Psychother Psychosom. Dec 24,
2015;84(1):30-36. [doi: 10.1159/000365764] [Medline: 25547522]

Haller H, Breilmann P, Schréter M, Dobos G, Cramer H. A systematic review and meta-analysis of acceptance- and
mindful ness-based interventions for DSM-5 anxiety disorders. Sci Rep. Oct 14, 2021;11(1):20385. [FREE Full text] [doi:
10.1038/s41598-021-99882-w] [Medline: 34650179]

Hayes SC, Levin ME, Plumb-Vilardaga J, Villatte JL, Pistorello J. Acceptance and commitment therapy and contextual
behavioral science: examining the progress of a distinctive model of behavioral and cognitive therapy. Behav Ther. Jun
2013;44(2):180-198. [FREE Full text] [doi: 10.1016/j.beth.2009.08.002] [Medline: 23611068]

Carlbring P, Andersson G, Cuijpers P, Riper H, Hedman-L agerl6f E. Internet-based vs. face-to-face cognitive behavior
therapy for psychiatric and somatic disorders: an updated systematic review and meta-analysis. Cogn Behav Ther. Jan
2018;47(1):1-18. [FREE Full text] [doi: 10.1080/16506073.2017.1401115] [Medline: 29215315]

Hong JS, Wasden C, Han DH. Introduction of digital therapeutics. Comput M ethods Programs Biomed. Sep 2021;209:106319.
[doi: 10.1016/j.cmph.2021.106319] [Medline: 34364181]

Ly KH, Dahl J, Carlbring P, Andersson G. Development and initial evaluation of a smartphone application based on
acceptance and commitment therapy. Springerplus. Jul 31, 2012;1(1):11. [EREE Full text] [doi: 10.1186/2193-1801-1-11]
[Medline: 23961342]

The mabile economy 2020. GSMA Intelligence. Mar 2020. URL: https://www.gsmaintelligence.com/research/
the-mobile-economy-2020 [accessed 2025-08-25]

Andersson G, Titov N, Dear BF, Rozental A, Carlbring P. Internet-delivered psychological treatments: from innovation to
implementation. World Psychiatry. Feb 02, 2019;18(1):20-28. [FREE Full text] [doi: 10.1002/wps.20610] [Medline:
30600624]

Dahlin M, Andersson G, Magnusson K, Johansson T, Sjogren J, Hakansson A, et al. Internet-delivered acceptance-based
behaviour therapy for generalized anxiety disorder: arandomized controlled trial. Behav Res Ther. Feb 2016;77:86-95.
[doi: 10.1016/j.brat.2015.12.007] [Medline: 26731173]

Buhrman M, Skoglund A, Husell J, Bergstrom K, Gordh T, Hursti T, et al. Guided internet-delivered acceptance and
commitment therapy for chronic pain patients: arandomized controlled trial. Behav Res Ther. Jun 2013;51(6):307-315.
[doi: 10.1016/j.brat.2013.02.010] [Medline: 23548250]

Carlbring P, Hagglund M, Luthstrém A, Dahlin M, Kadowaki A, Vernmark K, et al. Internet-based behavioral activation
and acceptance-based treatment for depression: arandomized controlled trial. J Affect Disord. Jun 2013;148(2-3):331-337.
[doi: 10.1016/j.jad.2012.12.020] [Medline: 23357657]

IvanovaE, Lindner P, Ly KH, Dahlin M, Vernmark K, Andersson G, et al. Guided and unguided acceptance and commitment
therapy for social anxiety disorder and/or panic disorder provided viathe Internet and asmartphone application: arandomized
controlled trial. J Anxiety Disord. Dec 2016;44:27-35. [doi: 10.1016/].janxdis.2016.09.012] [Medline; 27721123]

Kelson J, Rollin A, Ridout B, Campbell A. Internet-delivered acceptance and commitment therapy for anxiety treatment:
systematic review. J Med Internet Res. Jan 29, 2019;21(1):e12530. [FREE Full text] [doi: 10.2196/12530] [Medline:
30694201]

Carl JR, Miller CB, Henry AL, Davis ML, Stott R, Smits JAJ, et a. Efficacy of digital cognitive behavioral therapy for
moderate-to-severe symptoms of generalized anxiety disorder: arandomized controlled trial. Depress Anxiety. Dec 29,
2020;37(12):1168-1178. [doi: 10.1002/da.23079] [Medline: 32725848]

Fatouros P, Tsirmpas C, Andrikopoulos D, Kaplow S, Kontoangel os K, Papageorgiou C. Randomized controlled study of
adigital datadriven intervention for depressive and generalized anxiety symptoms. NPJDigit Med. Feb 19, 2025;8(1):113.
[FREE Full text] [doi: 10.1038/s41746-025-01511-7] [Medline: 39972054]

Wasil AR, Venturo-Conerly KE, Shingleton RM, Weisz JR. A review of popular smartphone apps for depression and
anxiety: assessing the inclusion of evidence-based content. Behav Res Ther. Dec 2019;123:103498. [doi:
10.1016/j.brat.2019.103498] [Medline; 31707224]

Seo Y, Yong SY, Choi WW, Kim SH. Meta-analysis of studies on the effects of digital therapeutics. J Pers Med. Jan 30,
2024;14(2):157. [FREE Full text] [doi: 10.3390/jpm14020157] [Medline: 38392592]

https://www.jmir.org/2025/1/e69981 JMed Internet Res 2025 | vol. 27 | e69981 | p. 14

(page number not for citation purposes)


http://dx.doi.org/10.1111/j.1468-2850.2008.00137.x
http://dx.doi.org/10.1016/j.brat.2012.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23337183&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1878-7479(23)01436-8
http://dx.doi.org/10.1007/s13311-017-0521-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28271287&dopt=Abstract
http://dx.doi.org/10.1159/000365764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25547522&dopt=Abstract
https://doi.org/10.1038/s41598-021-99882-w
http://dx.doi.org/10.1038/s41598-021-99882-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34650179&dopt=Abstract
https://europepmc.org/abstract/MED/23611068
http://dx.doi.org/10.1016/j.beth.2009.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23611068&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/16506073.2017.1401115?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/16506073.2017.1401115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29215315&dopt=Abstract
http://dx.doi.org/10.1016/j.cmpb.2021.106319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34364181&dopt=Abstract
https://europepmc.org/abstract/MED/23961342
http://dx.doi.org/10.1186/2193-1801-1-11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23961342&dopt=Abstract
https://www.gsmaintelligence.com/research/the-mobile-economy-2020
https://www.gsmaintelligence.com/research/the-mobile-economy-2020
https://europepmc.org/abstract/MED/30600624
http://dx.doi.org/10.1002/wps.20610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30600624&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2015.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26731173&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2013.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23548250&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2012.12.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23357657&dopt=Abstract
http://dx.doi.org/10.1016/j.janxdis.2016.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27721123&dopt=Abstract
https://www.jmir.org/2019/1/e12530/
http://dx.doi.org/10.2196/12530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30694201&dopt=Abstract
http://dx.doi.org/10.1002/da.23079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32725848&dopt=Abstract
https://doi.org/10.1038/s41746-025-01511-7
http://dx.doi.org/10.1038/s41746-025-01511-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39972054&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2019.103498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31707224&dopt=Abstract
https://www.mdpi.com/resolver?pii=jpm14020157
http://dx.doi.org/10.3390/jpm14020157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38392592&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Park et a

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

Lutz J, Offidani E, Taraboanta L, Lakhan SE, Campellone TR. Appropriate controls for digital therapeutic clinical trials:
anarrative review of control conditionsin clinical trials of digital therapeutics (DTx) deploying psychosocial, cognitive,
or behavioral content. Front Digit Health. Aug 18, 2022;4:823977. [FREE Full text] [doi: 10.3389/fdgth.2022.823977]
[Medline: 36060538]

Levin ME, Haeger JA, Pierce BG, Twohig MP. Web-based acceptance and commitment therapy for mental health problems
in college students: arandomized controlled trial. Behav Modif. Jan 01, 2017;41(1):141-162. [doi:
10.1177/0145445516659645] [Medline: 27440189

Hardy J. Speaking clearly: acritical review of the self-talk literature. Psychol Sport Exercise. Jan 2006;7(1):81-97. [doi:
10.1016/j.psychsport.2005.04.002]

Orvell A, Kross E. How self-talk promotes self-regulation: implications for coping with emotional pain. In: Rudert SC,
Greifeneder R, WilliamsKD, editors. Current Directionsin Ostracism, Social Exclusion and Rejection Research. Oxfordshire,
UK. Taylor & Francis Group; 2019:82-99.

Alderson-Day B, Fernyhough C. Inner speech: development, cognitive functions, phenomenology, and neurobiol ogy.
Psychol Bull. Sep 2015;141(5):931-965. [FREE Full text] [doi: 10.1037/bul0000021] [Medline: 26011789]

Kross E, Bruehlman-Senecal E, Park J, Burson A, Dougherty A, Shablack H, et al. Self-talk as a regulatory mechanism:
how you do it matters. J Pers Soc Psychol. Feb 2014;106(2):304-324. [doi: 10.1037/a0035173] [Medline: 24467424]
KrossE, Ayduk O. Self-distancing: theory, research, and current directions. In: Olson JM, editor. Advancesin Experimental
Social Psychology. Cambridge, MA. Academic Press, 2017:81-136.

Healy H, Barnes-Holmes 'Y, Barnes-Holmes D, Keogh C, Luciano C, Wilson K. An experimental test of acognitive defusion
exercise: coping with negative and positive self-statements. Psychol Rec. May 29, 2017;58(4):623-640. [doi:
10.1007/bf03395641]

Masuda A, Hayes SC, Sackett CF, Twohig MP. Cognitive defusion and self-relevant negative thoughts: examining the
impact of a ninety year old technique. Behav Res Ther. Apr 2004,42(4):477-485. [FREE Full text] [doi:
10.1016/j.brat.2003.10.008] [Medline: 14998740]

Santos-Rosa FJ, Montero-Carretero C, Gomez-Landero LA, TorregrossaM, Cervelld E. Positive and negative spontaneous
self-talk and performance in gymnastics: the role of contextual, personal and situational factors. PLoS One. Mar 24,
2022;17(3):e0265809. [FREE Full text] [doi: 10.1371/journal.pone.0265809] [Medline: 35325003]

Aldao A, Nolen-Hoeksema S. The influence of context on the implementation of adaptive emotion regulation strategies.
Behav Res Ther. Aug 2012;50(7-8):493-501. [doi: 10.1016/].brat.2012.04.004] [Medline: 22659159]

Mohr DC, Zhang M, Schueller SM. Personal sensing: understanding mental health using ubiquitous sensors and machine
learning. Annu Rev Clin Psychol. May 08, 2017;13:23-47. [EREE Full text] [doi: 10.1146/annurev-clinpsy-032816-044949]
[Medline: 28375728]

Andersson G, Titov N. Advantages and limitations of internet-based interventions for common mental disorders. World
Psychiatry. Feb 2014;13(1):4-11. [FREE Full text] [doi: 10.1002/wps.20083] [Medline: 24497236]

Borkovec TD, Ruscio AM. Psychotherapy for generalized anxiety disorder. J Clin Psychiatry. 2001;62 Suppl 11:37-42;
discussion 43. [Medline: 11414549]

Békésy GV. The structure of the middle ear and the hearing of one's own voice by bone conduction. J Acoust Soc Am.
1949;21(3):217-232. [doi: 10.1121/1.1906501]

Porschmann C. Influences of bone conduction and air conduction on the sound of one'sown voice. ActaAcust united Acust.
2000;86(6):1038-1045.

Hosaka T, KimuraM, Yotsumoto Y. Neural representations of own-voice in the human auditory cortex. Sci Rep. Jan 12,
2021;11(1):591. [FREE Full text] [doi: 10.1038/s41598-020-80095-6] [Medline: 33436798]

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim B, Janavs J, Welller E, et a. The Mini-International Neuropsychiatric
Interview (MINI): the development and validation of astructured diagnostic psychiatric interview for DSM-1V and | CD-10.
J Clin Psychiatry. 1998;59 Suppl 20:22-33. [Medline: 9881538]

Titov N, Dear BF, Schwencke G, Andrews G, Johnston L, Craske MG, et al. Transdiagnostic internet treatment for anxiety
and depression: arandomised controlled trial. Behav Res Ther. Aug 2011;49(8):441-452. [doi: 10.1016/j.brat.2011.03.007]
[Medline: 21679925]

Richards D, Richardson T, Timulak L, McElvaney J. The efficacy of internet-delivered treatment for generalized anxiety
disorder: asystematic review and meta-analysis. Internet Interven. Sep 2015;2(3):272-282. [doi: 10.1016/j.invent.2015.07.003]
Bell CJ, Colhoun HC, Carter FA, Frampton CM. Effectiveness of computerised cognitive behaviour therapy for anxiety
disordersin secondary care. Aust N Z J Psychiatry. Jul 2012;46(7):630-640. [doi: 10.1177/0004867412437345] [Medline:
22327097]

Beck AT, Epstein N, Brown G, Steer RA. Aninventory for measuring clinical anxiety: psychometric properties. J Consult
Clin Psychol. Dec 1988;56(6):893-897. [doi: 10.1037/0022-006X.56.6.893]

Meyer T, Miller M, Metzger R, Borkovec TD. Development and validation of the Penn State Worry Questionnaire. Behav
Res Ther. Jan 1990;28(6):487-495. [doi: 10.1016/0005-7967(90)90135-6] [Medline: 2076086]

Zigmond AS, Snaith RP. The Hospital Anxiety and Depression Scale. ActaPsychiatr Scand. Jun 1983;67(6):361-370. [doi:
10.1111/j.1600-0447.1983.tb09716.x] [Medline: 6880820]

https://www.jmir.org/2025/1/e69981 JMed Internet Res 2025 | vol. 27 | e69981 | p. 15

(page number not for citation purposes)


https://europepmc.org/abstract/MED/36060538
http://dx.doi.org/10.3389/fdgth.2022.823977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36060538&dopt=Abstract
http://dx.doi.org/10.1177/0145445516659645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27440189&dopt=Abstract
http://dx.doi.org/10.1016/j.psychsport.2005.04.002
https://europepmc.org/abstract/MED/26011789
http://dx.doi.org/10.1037/bul0000021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26011789&dopt=Abstract
http://dx.doi.org/10.1037/a0035173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24467424&dopt=Abstract
http://dx.doi.org/10.1007/bf03395641
https://core.ac.uk/reader/191425056?utm_source=linkout
http://dx.doi.org/10.1016/j.brat.2003.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14998740&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0265809
http://dx.doi.org/10.1371/journal.pone.0265809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35325003&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2012.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22659159&dopt=Abstract
https://europepmc.org/abstract/MED/28375728
http://dx.doi.org/10.1146/annurev-clinpsy-032816-044949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28375728&dopt=Abstract
https://europepmc.org/abstract/MED/24497236
http://dx.doi.org/10.1002/wps.20083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24497236&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11414549&dopt=Abstract
http://dx.doi.org/10.1121/1.1906501
https://doi.org/10.1038/s41598-020-80095-6
http://dx.doi.org/10.1038/s41598-020-80095-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33436798&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9881538&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2011.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21679925&dopt=Abstract
http://dx.doi.org/10.1016/j.invent.2015.07.003
http://dx.doi.org/10.1177/0004867412437345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22327097&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.56.6.893
http://dx.doi.org/10.1016/0005-7967(90)90135-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2076086&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6880820&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Park et a

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

Gupta SK. Intention-to-treat concept: areview. Perspect Clin Res. Jul 2011;2(3):109-112. [FREE Full text] [doi:
10.4103/2229-3485.83221] [Medline: 21897887]

Hernan MA, Robins JM. Per-protocol analyses of pragmatic trials. N Engl J Med. Oct 05, 2017;377(14):1391-1398. [doi:
10.1056/nejmsm1605385]

Toussaint A, Hiising P, Gumz A, Wingenfeld K, Harter M, Schramm E, et al. Sensitivity to change and minimal clinically
important difference of the 7-item Generalized Anxiety Disorder Questionnaire (GAD-7). J Affect Disord. Mar 15,
2020;265:395-401. [doi: 10.1016/j.jad.2020.01.032] [Medline: 32090765]

Kroenke K, Baye F, Lourens S. Comparative responsiveness and minimally important difference of common anxiety
measures. Med Care. 2019;57(11):890-897. [doi: 10.1097/mlr.0000000000001185]

Kazis LE, Anderson JJ, Meenan RF. Effect sizes for interpreting changes in health status. Med Care. Mar 1989;27(3
Suppl):S178-S189. [doi: 10.1097/00005650-198903001-00015] [Medline: 2646488]

Hewitt PL, Norton GR. The Beck Anxiety Inventory: a psychometric analysis. Psychol Assess. Dec 1993;5(4):408-412.
[doi: 10.1037/1040-3590.5.4.408]

Leyfer OT, Ruberg JL, Woodruff-Borden J. Examination of the utility of the Beck Anxiety Inventory and itsfactorsasa
screener for anxiety disorders. J Anxiety Disord. Jan 2006;20(4):444-458. [doi: 10.1016/j.janxdis.2005.05.004] [Medline:
16005177]

Dear BF, Titov N, Sunderland M, McMillan D, Anderson T, Lorian C, et a. Psychometric comparison of the Generalized
Anxiety Disorder scale-7 and the Penn State Worry Questionnaire for measuring response during treatment of generalised
anxiety disorder. Cogn Behav Ther. 2011;40(3):216-227. [doi: 10.1080/16506073.2011.582138] [Medline: 21770844]
Avdagic E, Morrissey SA, Boschen MJ. A randomised controlled trial of acceptance and commitment therapy and
cognitive-behaviour therapy for generalised anxiety disorder. Behav Change. May 21, 2014;31(2):110-130. [doi:
10.1017/bec.2014.5]

Bohlmeijer ET, FledderusM, Rokx TAJJ, Pieterse ME. Efficacy of an early intervention based on acceptance and commitment
therapy for adults with depressive symptomatology: evaluation in arandomized controlled trial. Behav Res Ther. Jan
2011;49(1):62-67. [doi: 10.1016/j.brat.2010.10.003] [Medline: 21074752]

Krafft J, Ong CW, Davis CH, Petersen JM, Levin ME, Twohig MP. An open trial of group acceptance and commitment
therapy with an adjunctive mobile app for generalized anxiety disorder. Cognit Behav Pract. Nov 2022;29(4):846-859.
[doi: 10.1016/].cbpra.2021.05.008]

Newman MG, Szkodny LE, LleraSJ, Przeworski A. A review of technol ogy-assisted self-help and minimal contact therapies
for anxiety and depression: is human contact necessary for therapeutic efficacy? Clin Psychol Rev. Feb 2011;31(1):89-103.
[doi: 10.1016/j.cpr.2010.09.008] [Medline: 21130939]

Gariépy G, Honkaniemi H, Quesnel-Vallée A. Sacial support and protection from depression: systematic review of current
findings in Western countries. Br J Psychiatry. Oct 02, 2016;209(4):284-293. [doi: 10.1192/bjp.bp.115.169094] [Medline:
27445355]

Pfeiffer PN, Heidler M, Piette JD, Rogers MA, Valenstein M. Efficacy of peer support interventions for depression: a
meta-analysis. Gen Hosp Psychiatry. Jan 2011;33(1):29-36. [ FREE Full text] [doi: 10.1016/j.genhosppsych.2010.10.002]
[Medline: 21353125]

Hayes SC. Acceptance and commitment therapy: towards a unified model of behavior change. World Psychiatry. Jun 06,
2019;18(2):226-227. [FREE Full text] [doi: 10.1002/wps.20626] [Medline: 31059616]

Johnson JJ, Hrycaiko DW, Johnson GV, Halas M. Self-talk and female youth soccer performance. Sport Psychol.
2004;18(1):44-59. [doi: 10.1123/tsp.18.1.44]

Hatzigeorgiadis A, Zourbanos N, Mpoumpaki S, Theodorakis Y. Mechanisms underlying the self-talk—performance
relationship: the effects of motivational self-talk on self-confidence and anxiety. Psychol Sport Exercise. Jan
2009;10(1):186-192. [doi: 10.1016/j.psychsport.2008.07.009]

Min SK, Suh SY. The anger syndrome hwa-byung and its comorbidity. J Affect Disord. Jul 9, 2010;124(1-2):211-214.
[FREE Full text] [doi: 10.1016/j.jad.2009.10.011] [Medline: 19880191]

LeeJ, Wachholtz A, Choi K-H. A review of the Korean cultural syndrome hwa-byung: suggestionsfor theory and intervention.
Asia Tagpyongyang Sangdam Yongu. Jan 2014;4(1):49-199. [FREE Full text] [doi: 10.18401/2014.4.1.4] [Medline:
25408922]

Abbreviations

ACT: acceptance and commitment therapy

BAI: Beck Anxiety Inventory

CBT: cognitive behavioral therapy

CONSORT: Consolidated Standards of Reporting Trials
DTx: digital therapeutic

FAS: full analysis set

GAD: generalized anxiety disorder

https://www.jmir.org/2025/1/e69981 JMed Internet Res 2025 | vol. 27 | e69981 | p. 16

(page number not for citation purposes)


http://www.picronline.org/article.asp?issn=2229-3485;year=2011;volume=2;issue=3;spage=109;epage=112;aulast=Gupta
http://dx.doi.org/10.4103/2229-3485.83221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21897887&dopt=Abstract
http://dx.doi.org/10.1056/nejmsm1605385
http://dx.doi.org/10.1016/j.jad.2020.01.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32090765&dopt=Abstract
http://dx.doi.org/10.1097/mlr.0000000000001185
http://dx.doi.org/10.1097/00005650-198903001-00015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2646488&dopt=Abstract
http://dx.doi.org/10.1037/1040-3590.5.4.408
http://dx.doi.org/10.1016/j.janxdis.2005.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16005177&dopt=Abstract
http://dx.doi.org/10.1080/16506073.2011.582138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21770844&dopt=Abstract
http://dx.doi.org/10.1017/bec.2014.5
http://dx.doi.org/10.1016/j.brat.2010.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21074752&dopt=Abstract
http://dx.doi.org/10.1016/j.cbpra.2021.05.008
http://dx.doi.org/10.1016/j.cpr.2010.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21130939&dopt=Abstract
http://dx.doi.org/10.1192/bjp.bp.115.169094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27445355&dopt=Abstract
https://europepmc.org/abstract/MED/21353125
http://dx.doi.org/10.1016/j.genhosppsych.2010.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21353125&dopt=Abstract
https://europepmc.org/abstract/MED/31059616
http://dx.doi.org/10.1002/wps.20626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31059616&dopt=Abstract
http://dx.doi.org/10.1123/tsp.18.1.44
http://dx.doi.org/10.1016/j.psychsport.2008.07.009
https://doi.org/10.3389/fpsyg.2024.1461750
http://dx.doi.org/10.1016/j.jad.2009.10.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19880191&dopt=Abstract
https://europepmc.org/abstract/MED/25408922
http://dx.doi.org/10.18401/2014.4.1.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25408922&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Park et a

GAD-7: Generalized Anxiety Disorder 7-item scale

HADS: Hospital Anxiety and Depression Scale

HADS-A: Hospital Anxiety and Depression Scale — Anxiety
HADS-D: Hospital Anxiety and Depression Scale — Depression
IRB: Ingtitutional Review Board

MCID: minima clinically important difference

MDD: major depressive disorder

MoA: mechanism of action

PD: panic disorder

PP: per protocol

PSWQ: Penn State Worry Questionnaire

RCT: randomized controlled trial

SAD: socia anxiety disorder

TAU: treatment as usual

Edited by T de Azevedo Cardoso; submitted 12.Dec.2024; peer-reviewed by J-S Choi, R Ishii; comments to author 14.Jan.2025;
revised version received 26.Mar.2025; accepted 26.May.2025; published 14.0ct.2025

Please cite as:

Park C, Song H, KimH, KimE, Jo H-J, Kim J-J, Lee JH, Kim J

Efficacy of a Smartphone-Based Digital Therapeutic (Anzeilax) in Generalized Anxiety Disorder: Randomized Controlled Trial
J Med Internet Res 2025;27:€69981

URL: https://www.jmir.org/2025/1/e69981

doi: 10.2196/69981

PMID:

©Chanmi Park, Hyunsil Song, Hanna Kim, Eunji Kim, Hye-Jeong Jo, Jae-Jin Kim, Jee Hang Lee, Jinwoo Kim. Originally
publishedin the Journal of Medical Internet Research (https.//www.jmir.org), 14.0ct.2025. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original
publication on https://www.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2025/1/e69981 JMed Internet Res 2025 | vol. 27 | e69981 | p. 17
(page number not for citation purposes)

RenderX


https://www.jmir.org/2025/1/e69981
http://dx.doi.org/10.2196/69981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

