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ABSTRACT ARTICLE HISTORY
Cognitive behavioral therapy (CBT) is the first-line treatment for Received 11 July 2024
panic disorder and agoraphobia. Supportive digital technologies Accepted 2 May 2025
can enhance the effectiveness of CBT. This pilot randomized con- KEYWORDS

trolled trial (RCT) investigates if patients with panic disorder and/or  ,cgr. plended cognitive
agoraphobia benefit from blended cognitive behavioral therapy behavioral therapy; digital
(bCBT), combining standard CBT with an integrated digital applica- health; digital therapeutics;
tion. Patients were randomized into two study groups: The bCBT panic disorder; agoraphobia
group, receiving standard CBT plus a digital application (efona

therapy) used between sessions (n=34), and the control group,

receiving standard CBT alone (n = 22). Anxiety, depression, quality

of life, work and daily functioning, and mental health literacy were

assessed at baseline (T0), at 6 weeks (T1), and at 12 weeks (T2).

Improvements in anxiety symptoms were descriptively larger for

the bCBT group at 6 weeks (d =-.28), though not significantly. The

bCBT group showed significantly greater improvement in depres-

sion symptoms than the standard CBT group at 12 weeks (d =-.46 p

=.028). Improvements in other secondary outcomes were descrip-

tively larger for bCBT but not significant. bCBT shows promise in

enhancing CBT for panic disorder and/or agoraphobia, warranting

further research with larger RCTs.

Introduction

Panic disorder is an anxiety disorder characterized by frequent and spontaneous panic
attacks. Fear of circumstances from which escape may be challenging characterizes
agoraphobia, an anxiety disorder that often, coexists with panic disorder (Carr &
McNulty, 2006). Panic disorder and agoraphobia are closely associated with worse
mental and physical health, diminished social and occupational functioning, increased
difficulties in managing daily tasks, and higher risk for subsequent depressive disorders
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(Kim et al., 2021; Rubin et al., 2000; Wittchen et al., 2003). In Europe, about 1.8% of
adults experience panic disorder (with or without agoraphobia) within a year, while
approximately 1.3% of adults are affected by agoraphobia during the same period
(Goodwin et al., 2005).

Cognitive-behavioral therapy (CBT) is the most widely used psychotherapeutic treat-
ment for panic disorder and agoraphobia, and it is highly effective, often with a quick
response trajectory (Bandelow et al., 2017; Otto et al., 2005). Despite its effectiveness, the
utilization of CBT for panic disorder and agoraphobia is hindered by limited access to
treatment, low patient adherence to the recommended treatment plan, and limited
application of gains beyond the therapy sessions (Starcevic, 2008; Taylor et al., 2012;
Van Dis et al., 2020). Many individuals who could benefit from CBT do not receive this
treatment due to factors such as a shortage of trained therapists, geographical barriers,
financial constraints, and long waiting lists (Shafran et al., 2009). Even when patients
receive CBT, many struggle to engage in therapeutic tasks as recommended or transfer
strategies learned in therapy sessions to real-world situations (Craske & Barlow, 2008;
Helbig & Fehm, 2004; Pittig & Hoyer, 2017; Pittig et al., 2019; Westra et al., 2007).

Over the past decade, the need for innovative therapeutic approaches has given
rise to the concept of internet-delivered cognitive behavioral therapy (iCBT), either
in the form of self-managed digital therapeutics, or as an integration of digital
therapeutics within face-to-face CBT treatment, as in blended cognitive behavioral
therapy (bCBT) (Erbe et al., 2017; Lattie et al., 2022). To overcome shortcomings of
standard face-to-face CBT, bCBT programs extend CBT treatment more into
patients’ daily lives and promote patients’ treatment adherence between sessions
through interactive homework and exercises (Schuster et al.,, 2018; Schuster,
Topooco, et al.,, 2020). Increasing treatment adherence ultimately helps increasing
treatment effectiveness (Glenn et al., 2013; Kazantzis et al., 2018). In bCBT pro-
grams, the digital application serves as an adjunct to psychotherapy by providing
patients with access to tools for self-directed learning, symptom tracking, and
continued assistance outside scheduled sessions (Tang & Kreindler, 2017). In this
regard, bCBT also poses advantages over iCBT, as bCBT programs incorporate
digital tools to enhance patient autonomy while preserving the benefits of direct
therapist interaction and the therapeutic relationship (Kenter et al., 2015). Extensive
research has established that the therapeutic relationship is one of the predictors of
patient recovery in psychotherapy, which can be leveraged through bCBT while not
through self-guided approaches (Baier et al., 2020; Fliickiger et al., 2018).
Psychotherapists and patients tend to favor bCBT over fully self-guided digital
interventions, demonstrating greater acceptance and preference for this hybrid
approach (Atik et al., 2022; Phillips et al., 2022; van der Vaart et al., 2014). By
integrating digital support with therapist involvement, bCBT fosters a deeper
understanding of CBT principles, facilitates their practical application in daily life,
and enables an empathetic, individualized assessment of patients’ needs (van der
Vaart et al., 2014). The feasibility and acceptability of blended therapy for treating
anxiety disorders is well established (Atik et al., 2023; Lungu et al., 2020; Mansson
et al., 2013). For the treatment of affective disorders, there are also various studies
investigating additional benefits of bCBT over standard CBT (Berger et al., 2018;
Kalde et al., 2023; Kooistra et al., 2019; Pérez et al., 2021; Schuster, Laireiter, et al.,
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2020; Thase et al., 2018). Some of these study findings demonstrate the superiority
of bCBT over CBT (Berger et al., 2018; Kalde et al., 2023; Schuster, Laireiter, et al.,
2020; Thase et al., 2018), while other studies fail to find a difference between the
two treatment approaches (Kooistra et al., 2019; Pérez et al., 2021). However, there
is limited research on the benefits of blended treatment over standard CBT for
anxiety disorders. A few studies comparing bCBT and CBT for anxiety disorders
show no significant differences between the two treatment approaches (Romijn
et al., 2021; Witlox et al., 2021). These studies included a predetermined, standar-
dized selection of online activities in addition to face-to-face therapy sessions. Thus,
the digital treatment component was neither individualized nor specifically inte-
grated into the individual therapy sessions or treatment course. Yet, other research
shows that potential patients in a blended treatment setting call for integrated
digital apps that augment face-to-face sessions in a more specific and customized
manner (Atik et al., 2022).

To overcome these limitations of previous work, this pilot randomized controlled
trial (RCT) compares the effectiveness of an integrated digital application within
a blended cognitive behavioral therapy program to standard CBT in patients with
panic disorder and/or agoraphobia. In our study, blended treatment was operationa-
lized as the integration of a digital health application (elona therapy) into 12-week
CBT treatment, allowing patients to participate in customized exercises and thera-
peutic content outside their routine appointments. elona therapy consists of two
separate interfaces: A smartphone (for patients) and a web application (for therapists).
Using elona therapy, therapists can create personalized treatment plans for their
patients consisting of homework, techniques, psychoeducative content and exercises
relevant to patient’s current issues and themes drawn from a large content library and
intelligently delivered through the app.

The aim of this study is to explore the effectiveness of a bCBT program compared to
standard CBT. With this, we aimed to provide insights into the benefits of using digital
applications in existing CBT protocols for patients suffering from agoraphobia and/or
panic disorder, and furthermore to better integrate available digital applications
into CBT.

Methods
Study aim and hypotheses

This multi-center, two-armed randomized-controlled pilot trial aimed to assess
the effectiveness and safety of the anxiety module of elona therapy in addition to
standard CBT. The primary hypothesis posited that patients in the bCBT group
would exhibit stronger improvements in their symptoms of anxiety, as evaluated
by the Beck Anxiety Inventory (BAI) (Beck et al., 1988), compared to those in the
standard CBT group over 12-weeks treatment. Secondary hypotheses anticipated
that patients in the bCBT group would experience greater improvements in
symptoms of depression, quality of life, work and social adjustment, perceived
self-efficacy, mental health literacy, working alliance, treatment adherence and
fewer therapy-related negative events compared to patients in the standard CBT
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group. The safety hypothesis was that patients in the bCBT group would not
experience more adverse events or more serious adverse events (as assessed by
patient-rated NEQ and therapist-rated electronic adverse event reports) during
treatment.

Ethical standards and ethical approval

This trial was recorded in the ISRCTN registry (ID: 16328317) as part of a larger
study conducted with separate depression and anxiety patient samples. For both
samples, the study design remained the same except for the treatment modules
provided in elona therapy (i.e. Anxiety or Depression) and for the selection of
questionnaires. Results from the study with depression sample have been reported
by (Kalde et al. 2023). Ethical approval for this study was granted by the Ethics
Committee of the Faculty of Medicine at the Heinrich Heine University
Diisseldorf under the reference 2021-1470_1. Adherence to ethical standards out-
lined in the Declaration of Helsinki and Good Clinical Practice for the Clinical
Investigation of Medical Devices for Human Subjects (ISO 14,155) was strictly
maintained. Participants were provided comprehensive details about the trial both
verbally and in writing prior to enrollment, and their voluntary written and
informed consent was obtained.

Participants

Initially, 56 participants with panic disorder and/or agoraphobia were recruited
into the study and randomized either to the CBT or bCBT conditions. Figure 1
presents the study flow chart illustrating participant enrollment and dropout
throughout the investigation. Fifty of the originally randomized 56 individuals
provided data at least at one measurement point, allowing them to be included in
the intention-to-treat (ITT) analysis. The demographic details of this final sample
are shown in Table 1.

Neither demographic variables (all ps > .137, see Table 1), nor outcome baseline
values (ps > .364) differed between the two study groups. Furthermore, there was no
significant difference in the number of therapy sessions throughout the study period
between the CBT (M =11.12, SD = 1.32 sessions) and the bCBT (M =10.56, SD = 1.83
sessions) groups, #(40) =.1.08, p =.287. A total of 23 psychotherapists participated in
the study. The participating therapists were instructed to diagnose the individuals in
accordance with standard clinical procedures before inclusion in the trial. Diagnoses
were determined by comparing the clinically presented symptoms with the respective
ICD-10 criteria for most participants (n=46). For 22 of these participants, the
diagnosis was additionally secured through other means (e.g. a structured clinical
interview; Mini-DIPS, Structured Clinical Interview for the DSM—Clinical Version
(First et al., 2015; Margraf et al., 2017)). Two participants were diagnosed solely
through a structured clinical interview, and two people were diagnosed through other
means.
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Assessed for eligibility (n = 310)

Excluded (n = 254)
o Patient has a contraindication (n= 108)
] o Main diagnosis other than panic disorder or

agoraphobia (n = 60)

o Patient is already undergoing psychotherapy (n = 34)

=] Patient does not meet the criteria for 2 mental health
disorder (n = 29)

o Patient does not have time for the study (n = 8)

o Patient is not willing to paricipate in a study {n = 6)

= Patient is too sick to be treated in an outpatient
setting (n = 6)

= Patient is younger than 18 years (n=2)

o Patient is not comfortable with technology use
(smartphonefinternet) (n=1)

[ Enrollment

A 4

Randomized (n = 56)

-
{ Allocation ) L J
Allocated to the CBT control (n = 22) Allocated to bCBT intervention (n = 34)
#Received allocated intervention (n = 21) + Received allocated intervention (n = 29)
+ Did not receive allocated intervention (n = 1): + Did not receive allocated intervention (n = 5):
o Patient was too distressed to start outpatient o Patient was too distressed to start outpatient treatment
treatment (n = 1) n=1)

o Therapist falled to invite the patient into the app (n=3)
o Patient reported not having enough time for the study
requirements (n=1)

| : : 1

Ti

+ Completed T1 measurement (n = 17) + Completed T1 measurement (n = 26)
# Lostto T1 (n=4) #+ LosttoT1(n=3)
o Discontinuation of therapy due to the cholce of <  Discontinuation of therapy due to relocation (n = 1)
aroup therapy (n=1) o  Discontinuation of therapy due to unknown reason (n
o Discontinuation of therapy due to unknown =1)
reasons (n = 2) o Tha study took too much time (n=1)
o The study took too much time (n = 1)

| ) ,
+ Completed T2 measurement (n = 17) + Completed T2 measurement (n = 24)
* Lostto T2 (n=0) ¢ Lostto T2 (n=2)

o Unknown reason (i = 2)

Figure 1. Study flow diagram.

Post hoc power analyses (Cronbach’s a =.05) showed that the study had a moderate
power to detect a large (78% for Cohen d = 0.80), and small power to detect a medium
(40% for Cohen d =0.50), and small (11% for Cohen d = 0.20) between-group effects.

Procedure

Patient recruitment and data collection were carried out in outpatient psychother-
apeutic clinics in Germany, between April 2022 and November 2023. These clinics
were part of a network of clinics in North Rhine-Westphalia, all affiliated with one of
the largest training institutes for CBT therapists in Germany, based in Cologne.
Inclusion criteria were: i) meeting ICD-10 diagnostic criteria for panic disorder
and/agoraphobia (with or without panic disorder) as the primary diagnosis, ii) age
between 18 and 65 years, iii) possessing sufficient German language proficiency, iv)
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Table 1. Sample characteristics.

CBT bCBT
(n=21) (h=29 p
Age in years, mean (standard deviation) 30.14 3003 870
(9.64) (9.62)
Gender, n
Female 17 24
Male 4 5
Diverse
Diagnosis, n 137
Agoraphobia (no specification) (F40.0) 0 4
Agoraphobia: Without history of panic disorder (F40.00) 2 1
F40.01 Agoraphobia: With panic disorder (F40.01) 8 15
Panic disorder (F41.0) 1 9
Presence of a comorbidity, n 293
Yes 1 4
No 20 25
Psychopharmacological medication, n 924
Yes 2 3
No 19 26
Previous experience with psychotherapeutic or psychiatric treatment, n 991
Yes 8 1"
No 13 18
Formal education, n 325
Training in the dual system (combination of college and apprenticeship), technical college 7 10
degree, technical diploma
Bachelor 3 10
Master 4 5
Ph.D. 0 0
Currently enrolled in a bachelor’s program 6 4
Without degree 1 0
Employment status, n 418
Self-employed 1 0
Student 5 10
Employed (full-time) 8 14
Employed (part-time) 5 3
Seeking employment 1 0
Other 1 2
Relationship status, n 352
Single 6 12
In a relationship 15 17

CBT = cognitive behavioral therapy. bCBT = blended CBT with elona therapy. p = p-value associated with the test of
statistically significant differences between the two intervention groups (t-tests for continuous and x2-tests for
categorical variables).

owning a smartphone with internet access. Exclusion criteria were i) acute suicidality,
ii) comorbid current or previous organic disease, including symptomatic, mental
disorders (F00-F09), iii) comorbid mental and behavioral disorders due to psychoac-
tive substance use (except tobacco) (F10-F19, except F17), iv) comorbid disorders
with psychotic symptoms (F20-29, including F32.3 and F33.3), v) comorbid bipolar
disorder, vi) post-traumatic stress disorder (PTSD) symptomatology or dissociative
experiences, vii) current psychotherapy treatment, viii) an intention to change the
dose of a psychiatric medication or start a new psychopharmacological treatment
within the study period (a stable dose of psychiatric medication is allowed during the
study). Acute suicidality was operationalized as a score of 2 or higher on the Beck
Depression Inventory (BDI-II) (Beck et al., 1996) suicidality item. Prior to enroll-
ment, all participants were required to give informed consent and commit to follow-
ing the study procedure.
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Patients who did not meet the inclusion criteria received information about standard
routine care options from the therapists who conducted the initial assessment sessions.
Participants enrolled in the study were registered to the electronic data capture (EDC)
system to submit online questionnaires. Therapists were not able to access patient
questionnaire responses. Data storage took place in Germany, with encryption applied
during both storage and transmission phases. Participating therapists were compensated
for patient completion of the procedure (up to €150 per patient), while patients received
no monetary compensation. Randomization into treatment groups was performed
through the online EDC tool with a 1:1 group allocation. The EDC tool ensured that
the allocation of treatment groups was concealed from the therapists before allocation
was completed. To minimize the effects of patient expectations, participants in both
study groups were informed that the study investigates the optimal timing for initiating
a bCBT application during therapy, and that they would receive access to elona therapy at
a random time within the 12-week treatment span (cover story). At the end of the study,
participants were debriefed about the existence of only two conditions. Therapists were
aware of the study aim and existing study groups. After study completion, participants
were free to continue (bCBT condition) or try (CBT condition) the use of elona therapy.

Both study groups received 12 weeks of weekly face-to-face CBT. No treatment guide-
lines were employed in this study to represent realistic care conditions. Patients in the
bCBT group additionally accessed the anxiety module of elona therapy. elona therapy was
designed as a medical device under European regulations based on state-of-the-art
guidelines and treatment manuals (e.g (Hefler-Kaufmann & Neudeck, 2020; Pittig
et al., 2021; Schneider & Margraf, 2017). Therapists were either licensed CBT therapists
or were currently in the CBT-based psychotherapeutic training. All participating

Table 2. Content of elona therapy - anxiety module.
Chapter Content

About anxiety Psychoeducational content and disorder-specific knowledge about
psychotherapy, the symptoms of anxiety disorders, individual symptom:s,
comorbidities, and the vicious cycle of anxiety.

Emergence and maintenance of Psychoeducational content on the development and maintenance conditions of
anxiety anxiety disorders and individual application of the acquired knowledge.
Exposure methods Information on exposure procedures. More specifically, the mechanisms of

exposure are taught, and the patient is given the opportunity to prepare for
exposure interventions.

Thoughts and anxiety Support in identifying and dealing with anxiety-related thoughts. Practicing
methods to examine and change anxiety-related thoughts.

Emotions and anxiety Psychoeducational content on differentiating emotions and interpreting them
as indicators of psychological needs. Developing strategies for dealing with
emotions.

Acceptance and Commitment Learning and practicing methods of ACT to deal with symptoms of anxiety

Therapy (ACT) for anxiety

Relapse prevention for anxiety Methods of general relapse prevention. Motivating patients to continuously
practice what they have learned.

About relaxation* Psychoeducational content on relaxation techniques, focus on physiological
processes.

Progressive muscle relaxation (PMR) Mechanisms and goals of PMR and related exercises.
*

Imagination® Psychoeducation on imagination techniques and related exercises.
Mindfulness and meditation* Psychoeducation on awareness and meditation techniques and related
exercises.

Chapters marked with *are part of a relaxation module that is generally offered alongside elona therapy irrespective of the
module.
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therapists received an introduction to elona therapy and the study procedure from
a senior psychotherapist before recruitment.

Psychotherapists were provided access to the whole collection of interventions
and psychoeducational resources addressing anxiety through the therapist web
interface of elona therapy. The content of elona therapy anxiety module is based
on current cognitive-behavioral treatment models and is summarized in Table 2.
Therapists could choose and activate relevant therapeutic content that patients
may access on their smartphones based on each patient’s specific symptoms,
needs, and current psychotherapy focus. Upon program enrollment, the digital
health application also offered default content to all users. The content comprised
modules covering emotional awareness and goal setting, as well as basic informa-
tion about the disorder, the psychotherapy process, and various psychotherapy
approaches. In addition to the therapeutic material that elona therapy provides,
the program enhances treatment by tracking and visualizing treatment progress by
assessing mood on a daily basis and helps to stay on track with therapy sessions
through session reflections, and digitally scheduled therapy appointments. The
therapists’ module assists psychotherapists in intelligently creating a personal
treatment plan, assigning activities tailored to each patient’s needs, and monitor-
ing treatment progress.

Outcome measures

Online study questionnaires including standardized outcome measures were emailed to
participants by the EDC system. The baseline measurement (T0) was administered
following random assignment to study groups. At TO, demographic data were also
collected. At six (T1) and 12 weeks (T2), participants received additional measurements.
All outcome measures were administered at all three time points, except for the working
alliance (patient- and therapist-rated), negative therapeutic effects (patient-rated), and
patient adherence (patient- and therapist-rated). These measures were only administered
at T1 and T2.

Symptoms of anxiety
The Beck Anxiety Inventory (BAI) (Beck et al., 1988; Margraf & Ehlers, 2007) has
21 items scored on a 4-point Likert scale from 0 “not at all” to 3 “severely-- it
bothered me a lot” to assess the severity of common anxiety symptoms over the
past month. The German BAI has demonstrated validity and reliability (Geissner
& Huetteroth, 2018).

Symptoms of depression

The Beck Depression Inventory II (BDI-II) (Beck et al., 1996; Kiithner et al., 2007) has
21 items scored on a 4-point Likert scale ranging from 0 “I do not feel sad” to 3 “ I
am so sad or unhappy that I can’t stand it.” to evaluate the severity of depression
symptoms over the last two weeks. The German BDI-II is valid and reliable (Kiithner
et al., 2007).
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Quality of life

The WHOQOL-BREF (Angermeyer et al., 2000; WHO, 1996) assesses quality of life in
five areas using 26 items on a 5-point Likert scale from 1 “not at all” to 5 “extremely”.
This scale measures quality of life in following domains: General health and well-being,
physical health, psychological health, and social relationships. The German WHOQOL-
BREEF is valid and reliable (Skevington et al., 2004).

Impairment in work and social life

The Work and Social Adjustment Scale (WSAS) (Heissel et al., 2021; Mundt et al., 2002)
has five items scored on a 9-point Likert scale from 0 “not at all impaired” to 8 “very
seriously impaired” to measure how poorly patients adjust to their work and social life.
The German WSAS is valid and reliable (Heissel et al., 2021).

Perceived self efficacy

The General Self-Efficacy Scale (GSE) (Schwarzer & Jerusalem, 1995) has ten
items scored on a 4-point Likert scale from 1 “strongly disagree” to 4 “strongly
agree” to evaluate people’s confidence in their capacity to handle novel and
difficult circumstances. The German GSE is valid and reliable (Schwarzer &
Jerusalem, 1999).

Mental health literacy

The Mental Health Literacy Scale (MHLS) (Lalk, 2021) has 20 items scored on a 5-point
Likert scale from 1 “strongly disagree” to 5 “strongly agree” to assess understanding of
mental disorders and their therapies. The version of this scale used in this study includes
the first 20 items of the original MHLS. The other parts of the MHLS that concentrate on
differentiating between distinct mental health disorders were omitted in this study due to
the focus of this investigation. Previous studies have demonstrated the validity and
reliability of the MHLS (O’Connor & Casey, 2015).

Working alliance

The Working Alliance Inventory—Short Revised (WAI-SR) (Hatcher & Gillaspy, 2006)
uses twelve items scored on a 5-point Likert scale from 1 “seldom” to 5 “always” to
evaluate the therapeutic relationship (working alliance). The German WAI-SR total score
can be used to accurately and consistently evaluate the working alliance, which has been
established to be a significant predictor of the success of psychotherapy treatment
(Fluckiger et al., 2018; Wilmers et al., 2008). Both patients and their therapists completed
the WAI-SR to gather multiple viewpoint indications of the quality of the working
alliance. Patient and therapist subscales of the WAI-SR have different items that are
adapted to the respective group.

Adverse events

Adverse events (negative effects) in psychotherapy treatment were measured with the
Negative Effects Questionnaire (NEQ) (Rozental et al., 2016). The NEQ captures poten-
tial negative effects in three steps. Initially, participants reported if each of the 20 adverse
events occurred during the treatment. Second, using a 5-point Likert scale with 0
representing “not at all” and 4 representing “extremely,” participants rate the degree to
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which each adverse event negatively affected them. Finally, the participants reported if
they linked an adverse event to the course of treatment or to any other external factors.

Patient adherence to treatment

Patient adherence involved four items assessed from both therapist and patient view-
points, such as engagement in therapy-related activities between sessions. These items
were designed by five senior clinical psychology researchers and psychotherapists based
on research on patient adherence (e.g Andrews et al., 2018). The adherence items can be
found in Table SI.

Statistical analyses

We calculated means, standard deviations, and reliabilities (Cronbach’s a) for each outcome
and measurement time point. Independent samples t-tests and X2 -tests checked for differ-
ences between TO values and dropouts between the two study groups. In addition, we
evaluated whether baseline characteristics of study participants who dropped out prior to
the T2 measurement point differed from those of research participants who completed the
trial. Intention-to-treat (ITT) analysis was performed using a dataset of participants who
received the intervention they were assigned to and provided at least one data point. Following
current recommendations, we did not impute missing values since doing so might unneces-
sarily distort study results (e.g Chakraborty & Gu, 2009). We examined every outcome
measured at baseline using a mixed linear model (MLM). This method uses all available
participant data. Fixed effects of time point (T0, T1, T2), condition (CBT, bCBT), baseline
value of the associated outcome, the time point*condition, and the time point*baseline
interactions were included in the models. Random intercepts were modeled to take participant
variance into account. A significant time point*condition interaction indicated differences in
the changes in the respective outcome between the two intervention groups. At the two time
points (T1, T2), specific contrasts were computed from the models to specifically test between-
group differences at the respective time point. Estimated trends from the models, which show
the linear change in an outcome per measurement time point (i.e. the slope), were used to
evaluate intra-group effects. The MLM provided all effect estimates for the outcomes eval-
uated at baseline. Standardized effect sizes were calculated using the Shiny app of the effectsize
(0.5.0) R package. We used independent-samples ¢-tests to compare the working alliance and
negative therapy effects between the study conditions, as these outcomes could not be assessed
at baseline.

Results

The descriptive statistics and internal consistencies (Cronbach’s a) of the employed standar-
dized questionnaires across the three time points and both intervention groups are shown in
Table 3. Most of the outcome measures had satisfactory reliabilities (a = .70 to .93). Exceptions
were the WHOQOL-BREF quality of life and general health, physical health, and social
relationships subscales, along with patient and therapist reported adherence scales. The
reliability of these scales was below the acceptable internal consistency criteria (a < .70) at
least at one measurement point (see to Table 2). Dropout from T0 to T'1 (X2 (LN=50)=.77,p
=.381) and from TO to T2 (X2 (1, N=50) = .25, p =.617) did not differ significantly between
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Table 3. Reliabilities (a), means (M), and standard deviations (SD) for the cognitive behavioral therapy
(CBT) and blended cognitive behavioral therapy (bCBT) conditions.

T0 T T2
CBT bCBT CBT bCBT CBT bCBT
Outcome a M(@D) M(SD) a M(D) M(SD) a M(SD) M (SD)
Anxiety symptoms (BAI) 89 2481 2762 90 2118 21.15 89 1259 16.40
(9.65)  (11.93) (10.78)  (9.49) (7.81)  (8.93)
Depressive symptoms .88 21.10 19.14 82 1582 13.04 87 10.88 8.16
(BDI-II) (8.02) (10.07) (7.73)  (6.56) (8.81)  (4.98)
Work and social maladjustment (WSAS) .80  18.29 1879 .70 13.82 1500 .85 11.71 11.00
(6.97) (9.73) (7.27) (7.85) (9.04) (7.77)
General perceived self-efficacy (GSE) .88 2552 2503 80 26.88 2554 .88 2894 2844
(5.81) (4.97) (3.26) (4.47) (4.02) (5.05)
Mental health literacy (MHLS) .88  84.05 8400 .84 86.63 8423 83 87.65 85.76
(10.23)  (9.49) (9.62) (7.44) (8.70) (8.02)
Quality of life (WHOQOL-BREF)
Quality of life and general health 51 5.81 593 52 653 658 48  7.06 7.24
(1.36) (1.39) (1.23) (1.36) (1.34) (1.39)
Physical health 79 2552 2528 65 26.65 2692 .70 26.76 28.04
(3.83) (4.64) (3.26) (3.54) (3.03) (3.49)
Psychological health 79 1733 18.03 .77 19.06 1931 .79  20.65 20.84
(3.35) (4.28) (3.67) (3.87) (4.40) (2.93)
Social relationships 57 10.52 9.97 71 11.06 9.69 58 114 10.28
(2.18) (2.50) (2.63) (2.54) (2.76) (2.05)
Environment 70 31.24 30.14 .63 31.59 31.27 .68  33.65 31.76
(3.35) (4.70) (3.16) (3.88) (2.26) (4.26)
Working alliance (WAI-SR)
Patient report - - - 93  47.06 48.04 93 5071 52.52
(9.65) (8.37) (9.04) (5.50)
Therapist report - - - .89  48.88 50.22 .87 5194 51.72
(7.03) (4.74) (4.93) (4.98)
Negative therapy effects (NEQ)
Frequency - - - - 2.94 2.77 - 3.00 2.52
(272)  (2.18) (289) (1.71)
Total severity - - - 72 5.06 4.62 .75 5.18 436
(6.01) (4.86) (6.28) (4.81)
Adherence - - -
Patient report - - - 37 1481 1562 .41 15.76 16.52
(1.76) (1.79) (1.56) (1.76)
Therapist report - - - .69 1559 16.27 63 17.06 17.52
(2.94)  (2.38) (1.64)  (2.16)

BAI = Beck Anxiety Inventory. BDI-Il = Beck Depression Inventory-Il. WSAS = Work and Social Adjustment Scale. GSE = The
General Self Efficacy Scale. MHLS = Mental Health Literacy Scale. WHOQOL-BREF = World Health Organization Quality of
Life short version. WAI-SR = Working Alliance Inventory - Short Revised. NEQ = Negative Effects Questionnaire.

the two intervention conditions. Moreover, at baseline, no significant difference was observed
in any of the outcome variables (all ps > .364) between the two treatment groups. Four patients
from the bCBT group and five from the CBT group dropped out between T0 and T1. There
were no adverse events recorded by therapists in either the bCBT or CBT groups.

Primary hypothesis: improvement in anxiety symptoms (BAl)

Table 4 displays the between-group differences in the effects of bCBT and CBT treat-
ments after six (T1) and 12 weeks (T2) for all study outcomes. The within-group effects
(Table S2) and the full model parameters (Tables S3 to S12) can be found in the
Supplementary Material. Participants in the bCBT (B =-5.89, p<.001) and the CBT
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Table 4. Between-Group Differences in therapy effects (specific contrasts) after 6 weeks (T1) and
12 weeks (T2).

T T2
Contrast Contrast

Outcome (B) 95% Cl p d (B) 95% Cl p d

Anxiety symptoms (BAI) -0.98 [-2.94, 324 —0.28 -0.78 [-3.37,1.81] 553 -0.12
0.99]

Depressive symptoms (BDI-II) -1.59 [-3.42, .088 —-0.50 -2.57 [—4.86, 028 -0.46
0.25] —-0.28]

Quality of life (WHOQOL-BREF)

Quality of life and general health 0.12 [-0.22, 490 0.19 0.21 [-0.22,0.63] 316 0.20
0.46]

Physical health 0.14 [-0.22, 442 0.22 0.23 [-0.20, 0.67] .292 0.22
0.49]

Psychological health 0.01 [-0.71, 975 0.01 0.00 [-0.93,0.93] .997 0.00
0.74]

Social relationships -0.37 [-0.98, 232 034 —0.62 [-1.37,0.12] .101 -0.35
0.24]

Environment 0.09 [-0.88, 856  0.05 -0.20 [-1.41,1.01] .742 -0.07
1.06]

Work and social maladjustment -0.29 [-2.65, .804 —0.07 —0.69 [-3.54,2.16] .632 -0.10

(WSAS) 2.07]

Mental health literacy (MHLS) -0.44 [-2.50, 672 —0.12 -0.61 [-3.11,1.88] .626 —0.10
1.63]

General perceived self-efficacy (GSE) 0.01 [-1.10, 986 0.01 0.13 [-1.28, 1.54] .856 0.04

1.12]

BAI = Beck Anxiety Inventory. BDI-Il = Beck Depression Inventory-ll. WHOQOL-BREF = World Health Organization Quality
of Life short version. WSAS = Work and Social Adjustment Scale. MHLS = Mental Health Literacy Scale. GSE = The
General Self Efficacy Scale. Contrast (B) = unstandardized estimator of the specific contrast for the respective time based
on the LMM analyses. 95% Cl = 95% confidence interval. d = standardized between-group difference in therapy effect
for the respective time. All standardized effect sizes indicating at least small (i.e. = |.20| (Andrews et al., 2018);) between-
group effects in favor of bCBT compared to CBT were underlined.

(B=-6.13, p<.001) conditions reported significant improvements in their BAI scores
(for within-group comparisons, B represents the average change in the respective out-
come per measurement time point (slope); for between-group comparisons, B represents
the unstandardized estimator of the specific contrast for the respective time point).
Regarding between-group differences, the time*condition interaction (B =0.60, p
=.158), the specific contrast at T1 (B=-0.98, p <.001), and the specific contrast at T2
(B=-0.78, p <.001) did not reach statistical significance, despite an observable descrip-
tive difference.

Secondary hypotheses

Participants in the bCBT condition reported improvements in all secondary outcomes
over twelve weeks (ps =<.001 to .026), except social relationships (WHOQOL-BREEF,
p=.573). Similarly, participants in the CBT group reported improvements in all
secondary outcomes over twelve weeks (ps=<.001 to .043), except physical health
(p =.128; see Table S3). Regarding between-group differences, the specific contrast at
T2 reached statistical significance for depressive symptoms assessed with the BDI-II
(B=-2.57, p=.028). However, the time*condition interaction was not statistically
significant, B =.595, p=.158. All other specific contrast at T1 (ps=.088 to .986),
specific contrast at T2 (ps =.101 to .997), and time*condition interaction (ps =.082 to
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Table 5. The most common negative effects reported and the negative effects that have
never been reported by the NEQ, with number of instances observed and frequencies in
the CBT and the bCBT group.

CBT group bCBT group
The most common
“Unpleasant memories resurfaced” “Unpleasant memories resurfaced”
14/22 (64%) 20/34 (59%)
“I experienced more unpleasant feelings” “I experienced more unpleasant feelings”
7/22 (32%) 15/34 (44%)
“I felt like | was under more stress” “I felt like | was under more stress”
4/22 (18%) 9/34 (26%)
“I felt more worried” “I experienced more anxiety”
4/22 (18%) 8/34 (24%)
Never reported
“I did not always understand my therapist” “I did not have confidence in my treatment”

“I felt that the treatment was not motivating”

.977) were not statistically significant (see Tables S4 to S13). Descriptively, the
between-group analyses revealed advantages (d > |.20|) for the bCBT condition over
the CBT condition in depressive symptoms assessed with the BDI-II (d = -.46), the
quality of life and general health (d =.20) and the physical health (d =.22) subscales
of the WHOQOL-BREF.

Patient-rated working alliance scores assessed with the WAI-SR did not differ sig-
nificantly between study groups at either T1 (t(40) =-.35, p=.731, d=-.11) or T2 (t
(24.055%) = —.74, p = .467, d = —.25). Likewise, therapist-rated working alliance was found
to be similar in both study groups at T1 (t(42) = -.76, p = .454, d = —.23) and T2 (t(40)
=.14, p=.888, d =.05). Patients’ self-reported treatment adherence was descriptively
stronger for the intervention group at T1 (t(40) =-1.42, p=.163, d=-.45) and T2 (t
(40) =-1.43, p=.161, d = —.44). However, comparisons were not significant at both time
points. Moreover, therapist-rated treatment adherence of patients was descriptively
stronger in the intervention group at both T1 (t(41) = —.84, p =.408, d = -.26) and T2
(t(40) =-.75, p = .461, d = —.23), albeit not significantly and showing a weaker trend than
the patients’ self-assessed adherence.

At T1, no difference in the frequency (t(40) = .22, p = .826, d = .07) or severity (t(40) = .27,
p=.793, d =.08) of negative events related to treatment assessed by the NEQ were observed
between the study groups. Similarly, there were no group differences at T2 in NEQ concerning
the frequency (t(40) = .68, p =.503, d = .21) or total severity (t(40) = .48, p=.636, d =.15) of
negative events. Table 5 depicts the most common negative effects reported, and the negative
effects that have never been reported by the NEQ in each treatment group, with numbers and
frequencies of occurrence. NEQ items cover themes such as felt anxiety or discomfort,
embarrassment due to treatment, hopelessness, misunderstanding of goals or therapist,
feelings of dependency on treatment, or symptom worsening.

Discussion
Principal findings

This pilot RCT investigated the benefit of a novel digital application when it is
integrated into standard CBT. Therefore, we compared the improvement in treatment
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outcomes of patients with panic disorder and/or agoraphobia receiving bCBT versus
standard CBT for 12 weeks. The results indicate that the improvements in anxiety
symptoms were descriptively larger for the bCBT group than for the CBT group at
6 weeks. This difference decreased at 12 weeks, although it was not significant at
either time point. Moreover, bCBT was superior to standard CBT in reducing
depression after 12 weeks. Secondary outcome measures show that improvements in
quality of life were descriptively larger for bCBT than for CBT, but these differences
did not reach statistical significance. Patient- and therapist-rated adherence to treat-
ment and patients’ working alliance with the therapist did not differ across study
groups.

The trend of better patient-reported outcomes for bCBT compared to CBT after
relatively short treatment intervals has been already reported (e.g Mehta et al., 2021).
Although it remains unclear why the trend of improvement in BAI at 6-weeks became
less apparent at 12-weeks, possible explanations may be as follows: The digital interven-
tion may have its strongest effects in the early stages of therapy, when patients are actively
engaged and integrating new strategies into their daily lives. Moreover, CBT for anxiety
disorders typically begins with psychoeducation (Craske & Simos, 2013; Kaczkurkin &
Foa, 2015), which may have encouraged patients to use the app more frequently during
this period, as the app contains considerable psychoeducational content. Further, the
non-significant difference between the study groups in anxiety outcome measures may be
due to the non-specificity of the questionnaires presented in this study. The BAI is
designed to measure anxiety symptoms in all anxiety disorders, including generalized
anxiety disorder and social phobia (Muntingh et al., 2011). Results might have been
different with a questionnaire that is developed specifically for patients with panic
disorder and agoraphobia.

Simultaneous improvement of symptoms of depression following the treatment of
patients with panic disorder or agoraphobia is typically known to occur in internet-based
treatments (Domhardt et al., 2020; Polak et al., 2021) and standard face-to-face CBT
(Emmrich et al,, 2012). The data presented here suggest that bCBT contributes to the
further improvement of symptoms of depression in patients with panic disorder and/or
agoraphobia. Earlier research on blended treatment of anxiety disorders had failed to
detect any additional benefit of bCBT over standard CBT concerning symptoms of
anxiety and depression (Romijn et al., 2021; Witlox et al., 2021). With this pilot study,
we provide preliminary evidence that bCBT has additional benefits concerning the
treatment of anxiety disorders. The blended treatment program used in this study was
found to be a safe treatment option since there was no difference in the number or
frequency of negative events across the study groups. The most common negative events
reported in the NEQ were unpleasant memories and feelings that had to be dealt with and
felt stress or anxiety in both groups. It is widely recognized that these effects are likely to
be typical of usual psychotherapy treatment, and that increased stress, and unpleasant
feelings are even desired outcomes of exposure procedures applied in anxiety treatment.

Limitations and future research

This RCT was a pilot trial with a limited sample size. To confirm the results of this trial,
larger RCT's should be conducted. Likewise, being a pilot trial, it did not have sufficient
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statistical power to identify small differences between the two treatment alternatives.
Only a larger trial would be able to elucidate if the insignificant group difference we have
observed in the primary outcome, reduction of anxiety symptoms, is an actual difference
between study groups. Furthermore, since this study only targeted a sample with a panic
disorder and/or agoraphobia, generalizability of the findings to treatment of other
anxiety disorders such as social anxiety disorder or generalized anxiety disorder is very
limited. More studies are needed to investigate the additional benefits of the bCBT
applications in the CBT treatment of other anxiety disorders.

Following the 12 weeks study period, it may be possible that the advantages of bCBT
start to diminish. This underscores the need for longer-term follow-up assessments to
elucidate the trajectory of treatment outcomes. Future studies can complement our
findings by incorporating follow-up points such as three or six months after the end of
treatment that would allow for inferring the long-term effects of both therapies and if any
group difference can be observed in longer term assessment. Furthermore, the possibility
of earlier benefits of bCBT can be related to the characteristics and content of the specific
digital program that is being studied in this study. Studies comparing different digital
apps in bCBT programs could shed light on the mechanisms underlying the observed
outcomes and provide more insights for researchers and developers how to develop the
digital applications that are most appropriate for patients with panic disorder and
agoraphobia.

As we have also highlighted in the earlier subsection of the discussion, further research
should investigate the improvement of anxiety symptoms in patients with panic and
agoraphobia using other standardized questionnaires developed specifically for patients
with these disorders, such as the Panic and Agoraphobia Scale (PAS) (Bandelow, 1995).
A panic disorder-specific questionnaire, as opposed to the more general Beck Anxiety
Inventory utilized in this study, would have given us additional information on the
advantages of given treatments, since different anxiety disorder patients have varied
demands and difficulties in treating them (Barlow et al., 2007).

One of the major limitations of this study is that patients were randomized to the
study groups before the baseline assessment. Therefore, some patients were randomized
but did not complete the baseline questionnaires. As a result, these patients could not be
included in the intention-to-treat (ITT) analyses, which represents a limitation of our
approach.

A further limitation of this study concerns the use of the Negative Effects
Questionnaire for a patient group in the treatment of anxiety disorders to assess unde-
sired therapy effects. Some of the most common negative effects reported by the NEQ in
both study groups (shown in Table 5), such as increased resurfacing of unpleasant
feelings or increased stress, are effects that are, in fact, desired in the treatment of anxiety
disorders as part of exposure exercises. The ability of the NEQ to discriminate between
desired effects of treatment and undesired negative events appears to be limited. Future
research could use different outcome measures that address undesired effects of therapy.
Moreover, this pilot study did not present any measure to patients that assesses how they
perceive the received treatment. Future studies should incorporate standardized ques-
tionnaires assessing patient satisfaction with the treatment or the perceived usability of
the digital application used in the bCBT group. In this way, patient satisfaction could
have been compared between CBT and bCBT interventions, providing insights into the
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adoption of the digital application. Likewise, system usability scores could demonstrate
the feasibility and acceptance of the digital tool.

The study’s findings are exclusively quantitative and are derived from question-
naire data. Qualitative interviews with app users—both patients and therapists—
would supplement the data and give us further understanding of their needs, the
ways in which the additional digital intervention benefits them, and possible areas for
improvement to achieve better treatment outcomes. Also, the bCBT treatment may
offer additional benefits that were not assessed in this study. For instance, patients in
the bCBT group might experience a better retention of skills learned in the treatment,
potentially leading to a more favorable long-term trajectory and reduced relapse rates.
Furthermore, the integration of a digital application allows for the delegation of
certain therapeutic tasks—such as delivering psychoeducation, assigning homework,
and monitoring progress—to the app itself. This can reduce the felt burden on
therapists, enabling them to allocate more time to preparation and organizational
tasks. The efficacy demonstrated in this study could potentially lead to shortened
therapy durations for some patients in real-world clinical practice. Future research
could explore these aspects.

In sum, our research highlights the potential of bCBT as a viable treatment approach
for people with panic disorder and/or agoraphobia, especially when it comes to treating
depressive symptoms. Additional investigation is required to confirm and consolidate
these findings.
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