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Abstract

Background: Depression and anxiety are the main sources of work and social disabilities as well as health-related problems
around the world. Digital therapeutic solutions using cognitive behavioral therapy have demonstrated efficacy in depression and
anxiety. A common goal of digital health apps is to increase user digital engagement to improve outcomes. However, there is a
limited understanding of the association between digital platform components and clinical outcomes.

Objective: The aim of the study is to investigate the contribution of specific digital engagement tools to mental health conditions.
We hypothesized that participation in coaching sessions and breathing exercises would be associated with a reduction in depression
and anxiety.

Methods: Depression and general anxiety symptoms were evaluated in real-world data cohorts using the digital health platform
for digital intervention and monitoring change. This retrospective real-world analysis of users on a mobile platform–based
treatment followed two cohorts of people: (1) users who started with moderate levels of depression and completed at least 2
depression assessments (n=519) and (2) users who started with moderate levels of anxiety and completed at least 2 anxiety
assessments (n=474). Levels of depression (Patient Health Questionnaire-9) and anxiety (Generalized Anxiety Disorder-7) were
tracked throughout the first 16 weeks. A piecewise mixed-effects model was applied to model the trajectories of the Patient Health
Questionnaire-9 and the Generalized Anxiety Disorder-7 mean scores in 2 segments (1-6 weeks and 7-16 weeks). Finally, simple
slope analysis was used for the interpretation of the interactions probing the moderators: coaching sessions and breathing exercises
in both depression and anxiety cohorts.

Results: Analysis revealed a significant decrease in depression symptoms (β=–.37, 95% CI –0.46 to 0.28; P≤.001) during the
period of weeks 1-6 of app use, which was maintained during the period of 7-16 weeks. Coach interaction significantly moderated
the reduction in depression symptoms during the period of weeks 1-6 (β=–.03, 95% CI –0.05 to –0.001; P=.02). A significant
decrease in anxiety symptoms (β=–.41, 95% CI –0.50 to –0.33; P≤.001) was revealed during the period of 1-6 weeks, which was
maintained during the period of 7-16 weeks. Breathing exercises significantly moderated the reduction in anxiety symptoms
during the period of 1-6 weeks (β=–.07, 95% CI –0.14 to –0.01; P=.04).

Conclusions: This study demonstrated general improvement followed by a period of stability of depression and anxiety symptoms
associated with cognitive behavioral therapy–based digital intervention. Interestingly, engagement with a coaching session but
not a breathing exercise was associated with a reduction in depression symptoms. Moreover, breathing exercise but not engagement
with a coaching session was associated with a reduction of anxiety symptoms. These findings emphasize the importance of using
a personalized approach to behavioral health during digital health interventions.
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Introduction

Depression and anxiety are the main sources of social and work
disabilities as well as health-related problems around the world
and the prevalence of these common mental health disorders is
increasing [1,2]. Furthermore, the COVID-19 pandemic has
reinforced the need to strengthen mental health treatment
worldwide by offering more robust services during times of
more restricted personal movement [2]. The burden of
depression and anxiety is elevated across the entire lifespan,
with no evidence of global reduction since 1990 [3]. For
example, major depression places fourth on the list of disorders
with the highest burden of disease and is expected to be on the
top of the list in high-income countries by 2030 [4].

Depressive and anxiety disorders have a major impact on
managing daily life and interfere with work and productivity
[5]. In this study, we analyzed the follow-up data of 2 mental
health–related cohorts during the digital intervention. We
investigated the nonlinear behavior path for digital health
intervention for mental health, suggesting that coaching and
breathing exercises are exclusively boosting the improvement
of depression and anxiety symptoms correspondently.

These mental health disorders are also major public health
problems among working-age adults [6]. Several studies have
shown the immense economic challenge these disorders pose
to communities and society at large as a result of health and
social care expenditures [7,8]. Efforts to reduce work
impairment caused by depression are crucial [9].

There are various psychological interventions for anxiety
disorders and evidence supporting their effectiveness in the past
decades [10-12]. Previous research has shown that depressed
primary care patients preferred psychological treatments over
psychiatric drug treatment and research found that patients who
did not receive their preferred form of treatment evidenced
lower working alliance scores [4,6,13,14].

The COVID-19 pandemic intensified depression and anxiety
symptoms and people are experiencing difficulties in accessing
appropriate psychological treatment [15]. Digital mental health
services have the potential to expand the accessibility of mental
health care [15]. The Unified Protocol for Transdiagnostic
Treatment Anxiety and Depressive Disorders (UP) is a
well-regarded framework in the field of mental health. While
it was initially developed as a face-to-face therapy, its principles
and adaptability make it a promising framework in the context
of digital health interventions. UP is based on Cognitive
Behavioral Therapy and was designed to be used for the
treatment of a broad range of emotional disorders and applied
for individuals diagnosed with anxiety disorders, depression, and
related disorders supported by clinical evidence [16-21]. A
common language and a specific set of treatment principles are
used in transdiagnostic protocols like UP in order to target
various clinical or comorbid conditions typically, anxiety and
depression [22]. The current interest in digital therapeutics for

mental health is highly driven by the need to increase access to
mental health services and presents new treatment opportunities
[23]. The UP approach allows for more efficient and effective
delivery of therapeutic tools by addressing shared mechanisms
rather than focusing on disorder-specific protocols. In a digital
health setting, this flexibility can cater to a broader range of
users with different emotional disorders. The intervention based
on UP can be delivered directly to individuals with high
reliability and leveraging technology platforms such as
smartphones, empowers individuals to self-manage mental
health conditions [24,25]. Digital therapeutics technology
presents an opportunity to transform mobile phones into devices
that could provide global, cost-effective, and evidence-based
mental health services on demand and in real-time [26]. There
has been an increase in recent years in the use of mobile health
platforms to intervene in the management of anxiety and
depression and these 2 disorders have the highest prevalence
among mental health conditions [27]. Digital interventions use
features such as module-based sessions and teach coping and
management techniques, problem-solving therapy, and
psychoeducation [27]. Digital health services for mental health
provide extensive access and increase cost-effectiveness
compared with traditional face-to-face interventions [21,28,29].
Technology may include incorporating automated tailored
messages; reporting thoughts, feelings, or behaviors;
recommending exercises; provision of mental health
information; and real-time engagement or activities explicitly
linked to specific reported mood problems [30]. Empirical
evidence has shown that engagement with a digital mental health
intervention is associated with therapeutic benefits [25] and was
even seen as similarly efficacious as traditional face-to-face
treatments [21,29].

Coaching has been proposed to facilitate improvements in
depression in a personal capacity targeting broad life challenges
and empowering users to formulate their own solutions [31].
Prior studies have shown that digital mental health interventions
may be highly effective for mental health disorders such as
depression when incorporating in-person elements [32].
Supporting coaching was shown as an effective approach to
creating positive change, facilitating goal attainment using
problem-solving, and enhancing self-efficacy [31]. It was
demonstrated that participating in a digital video coaching
session was associated with lower depression symptoms in the
immediate week [33].

Participating in digital coaching sessions was found to contribute
to durable decreases in depression [33-36]. Further research is
required to better understand the specific effect of coaching on
mobile mental health, specifically in depression [32,37] and the
temporal dynamics of the digital therapeutic approaches should
be investigated [38]. To further understand the value and specific
therapeutic contribution of UP-based tools, we tested the effect
of coaching on depression and anxiety outcomes, suggesting
the supportive role of coaching for users with depression
symptoms.
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On the other hand, breathing techniques are mostly used as
primary supplemental treatments for stress and anxiety [39].
Previous studies have demonstrated a reduction in stress levels
after 12 weeks of breathing exercises linked to an increased
feeling of well-being and a reduction in anxiety [40]. Recent
research has revealed intriguing connections between anxiety
and autonomic, respiratory, and cardiac activity, hinting at
potential underlying mechanisms involving cellular membrane
potential changes in response to physiological alterations
induced by various emotional states [39,41,42]. There are
specific characteristics of sympathetic or parasympathetic
activity and respiration that are related to certain emotional
states such as anxiety or happiness. Emotional states such as
anxiety or fear tend to be associated with increased sympathetic
activity and may lead to rapid, shallow breathing. Nonetheless,
emotions like happiness and relaxation are associated with
increased parasympathetic activity. This can lead to slower,
deeper breathing, which has a calming effect on the body
[39,43,44]. Principally, deep breathing increases oxygenation
and inhibits excitatory activity and widespread depolarization
leading to emotional calming [45,46].

Previous studies have shown the efficacy of using deep breathing
techniques as a part of stress and anxiety management programs
[47,48]. With the widespread everyday use of smartphones and
regarding the benefits of digital mental health programs [47],
such as accessibility issues, cost, and convenience, further
research is required to understand the specific efficacy and
temporal dynamic of digitally delivered breathing exercises
component on anxiety symptoms.

Evidence-based workplace interventions may be a key
component to prevent the development of and decrease
symptoms of depression or anxiety among adults. Workplace
interventions may also help establish a set of therapeutic tools
for depressive and anxious conditions.

Although more than 10,000 mental health apps are available
today, very few (around 4%) have demonstrated clinical efficacy
[49-51]. To date, there have been very few large-scale studies
examining the effectiveness of digital therapeutic interventions
for emotional disorders delivered in real-world settings. The
lack of effectiveness across specific platforms may be
attributable to a limited available evidence base for many of the
interventions [52-54]. There also is limited quantitative literature
on the associations between the program components and
clinical outcomes [55]. Most of the interventions developed
were examined in strictly controlled study environments with
challenges such as lower participant engagement that may reflect
the narrow interests of a small, biased group of researchers and
do not translate into a “real-world” environment [52,56]. Clinical
significance refers to the practical importance of the changes
observed in individuals’ mental health symptoms or overall
well-being. In general, modeling the use of clinical significance
as an outcome in the digital health real-world data can contribute
to the advancement of mental health interventions. Further
evidence is required to better understand the effectiveness of
digital health tools as well as their moderating factors [6,25,35].

Importantly, the process of mental health healing using digital
therapeutic tools is not linear [57,58] and should be

appropriately modeled. Moreover, the efficacy of digital
therapeutics for mental health conditions shows strong
heterogeneity [53,59], while users’ efforts and training may
boost healing.

Many evidence-based therapies for mental health are typically
structured as time-limited interventions spanning several weeks.
A 16-week time frame aligns with the duration of such
interventions, allowing for comprehensive modeling of the
treatment process and outcomes. The UP-based interventions
have previously demonstrated mental disorder symptom
reduction following 16 weeks of treatment [60]. Digital tools
and coaching are expected to have a measurable impact on users
over an 8-12 week window [61-63]; there is additional evidence
for a change in behavioral activation correlated with a 6-week
self-help program [37]. A 16-week time frame provides an
opportunity to assess the sustainability of treatment effects
beyond the immediate period. By evaluating outcomes at
multiple time points within the 16-week period, it becomes
possible to examine if the observed changes in mental health
symptoms are maintained over time.

We suggested that during the initial period of using a behavioral
health platform, experiencing coaching and breathing exercises
would be associated with reduced depression and anxiety levels
correspondently. By modeling the 2-stage trajectory process,
we expected to show the improvement in depression and anxiety
symptoms to persist during the initial 6-8 weeks of the
intervention, followed by symptom maintenance until week 16.
We hypothesized that (1) coach interaction will moderate the
depression symptom recovery and (2) breathing exercises will
moderate anxiety symptom recovery. We also explored the
moderating effect of app session completion and watched video
sessions on depression and anxiety symptom improvement.

Methods

Platform
The Dario behavioral health platform is essentially a modular,
transdiagnostic tool delivering emotion-focused support
designed to be applicable to a range of mental health conditions.
Members generally have access to the Dario Health behavioral
health platform as part of their employee or health plan benefits.
A clinically based screening tool assesses each person’s needs
and guides users to the most efficient support. The platform
was built using the UP framework for depression, anxiety, anger,
stress, and substance use and can be used as a self-guided
intervention or with the help of a certified coach. The UP is a
recently developed transdiagnostic treatment that was designed
to be used for the treatment of anxiety and depressive disorders
[64]. Members using the digital program complete modules
based on the UP framework. Coaches assist where members
have challenges focusing on accountability and goal setting.

The structure of each program is composed of app sessions
including conceptual videos, textual skills, breathing exercises,
and monitoring progress tools. This study focuses on tracking
cohorts of users with depression and anxiety scores measured
by their responses to Patient Health Questionnaire-9 (PHQ-9)
and Generalized Anxiety Disorder-7 (GAD-7) questionnaires.
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In the depression program, a broad overview of depression is
provided, and users receive a variety of literature-supported
reasons why depression exists, statistics to help normalize its
presence, and a framework for why depressive symptoms may
be different for everyone. Subsequent program content
introduces empirically supported techniques for depression,
including activity scheduling, behavioral momentum,
mindfulness, and relaxation-based strategies and coaching. Later
sessions introduce the role of automatic thoughts, strategies for
managing them, values-based interventions, and relapse
prevention skills.

The anxiety program begins with psychoeducation about
generalized anxiety, how it differs from “normal” anxiety, as
well as how it presents itself physically, mentally, and
emotionally. The latter portion of the program introduces coping
strategies, including the relationship between thoughts, feelings,
and behaviors, and ways to influence these interconnected
variables in a positive manner. These include supported skills
in cognitive strategies to challenge and alter anxiety-promoting
thoughts. In addition, during these skills-based sessions, various
mindfulness and relaxation skills and coaching are introduced
to assist with reducing anxiety.

Coaching and breathing exercises are introduced as a support
component in the digital health platform for users with
depression and anxiety symptoms and can be a valuable addition
to their overall care. Coaching can provide personalized
guidance, motivation, and support to users as they navigate their
mental health journey.

Measures
Depressive symptoms were tracked over 16 weeks using the
PHQ-9, a 9-item self-reported, in-app delivered questionnaire
designed to evaluate the presence of depressive symptoms. Each
of the 9 items, asking for each of the DSM-IV (Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition) diagnostic
criteria, is scored from 0 (not at all) to 3 (nearly every day). The
sum score ranges from 0 (absence of depressive symptoms) to
27 (severe depressive symptoms). Scores between 0 and 4
signify the absence of a depressive disorder, scores from 5 and
9 indicate a mild level of depressive symptoms, scores from 10
and 14 indicate a moderate level of depressive symptoms, scores
between 15 and 19 indicate moderately severe major depression,
and a score of 20 and above indicate a severe level of depression
[65,66]. The PHQ-9 has demonstrated good internal reliability
with a Cronbach α of .83 [67]. Anxiety symptoms were tracked
over 16 weeks using the GAD-7, a 7-item self-reported anxiety
questionnaire designed to assess the patient’s health status. Each
of the items is scored from 0 (not at all) to 3 (nearly every day).
The sum score ranges from 0 (absence of anxiety symptoms)
to 21 (severe anxiety symptoms). Scores between 0 and 4 signify
the absence of anxiety symptoms, scores between 5 and 9
indicate a mild level of anxiety, scores between 10 and 14
indicate a moderate level of anxiety and a score of 15 and above
indicates a severe level of anxiety [68]. The internal reliability
of the GAD-7 is high with a Cronbach α of .86 [69].

Independent variables included in the analysis as potential
moderating factors were self-use sessions, breathing exercises,
and coach interactions, operationalized as the number of times

a user experienced an activity each week, and available
demographic variables such as gender. All data were transferred
and stored in compliance with Health Insurance Portability and
Accountability Act (HIPAA) requirements, using MongoDB
or BigQuery database services. All data were anonymized before
extraction for this study.

Users
A retrospective data evaluation study was performed on the
Dario database.

The depression cohort consisted of a group of 519 platform
users who used the Dario Behavioral Health platform between
2019 and 2021. The sample included 389 (75%) women, 118
(23%) men, and 12 (2%) others. The age distribution was as
follows: <35 (47%), 36-45 (26%), and >45 (27%) years. The
anxiety cohort consisted of a group of 474 platform users who
used the Dario Behavioral Health platform between 2019 and
2021. The sample included 353 (75%) women, 110 (23%) men,
and 11 (2%) others. The age distribution was as follows: <35
(47%), 36-45 (25%), and >45 (28%) years.

Study Design
We applied a retrospective cohort study design to follow
depression and anxiety symptoms over time. We used a database
containing previously recorded follow-up data from the Dario
Health users. The inclusion criteria for the depression cohort
included users who started at a moderate and above level of
depression (PHQ-9 mean score of >9) and those who completed
at least 2 PHQ-9 assessments. The inclusion criteria for the
anxiety cohort included users who started at a moderate and
above level of anxiety (GAD-7 score of >9) and those who
completed at least two GAD-7 assessments.

Ethical Considerations
This study is based on an analysis of an existing database already
collected in the digital platform. All data were anonymized
before extraction for this study. Ethical and Independent Review
Services [70], a professional review board, issued the
institutional review board exemption for this study (21235-01#).

Statistical Analysis
Previous studies consistently demonstrated a 2-stage dynamic
of clinical outcomes associated with digital interventions: an
initial improvement is followed by stabilization of the outcome
[57,58]. A classical linear longitudinal model assumes a
single-slope growth pattern for changes in an outcome variable
across time. In contrast, piecewise‐based mixed‐effects
models allow flexibility in the modeling of variable change
trajectories across time [71]. The model is based on a set of
linear slopes, shaping curvilinear behavior of the outcome over
time.

Following visualization of the distribution of the depression
and anxiety estimates time, the piecewise cutoff point for the
model slopes was chosen at 6 weeks of platform use, assuming
a change in the time-related depression severity level trajectory
after 6 weeks [61-63]. Such behavior is in line with our previous
research on digital follow-up measures in chronic conditions
management [72-74].
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Here, a piecewise mixed-effects model was conducted to model
the trajectories of the PHQ-9 and the GAD-7 mean scores in 2
segments (1-6 weeks and 7-16 weeks) to allow the data to
exhibit different linear trends over different time regions.

Next, we tested whether interactions with the coach moderate
2 piecewise time trajectories in depression and anxiety (1-6,
7-16 weeks). In addition, breathing exercises use was tested as
a moderator of depression and anxiety fluctuations over both
time periods. Simple slope analysis was used for the
interpretation of the interactions probing the moderators at 1
SD below (low use) and above (high use) the average. The same
statistical framework was applied to test the moderating effect
of the number of app sessions completed and the number of
watched video sessions.

Results

Study 1: Depression Symptoms Analysis
A total of 63% of the users showed an overall improvement in
their depression levels over the study period. Moreover, 190
out of 519 (37%) of the users showed a reduction of ≥5 points
(generally considered clinically significant [75]) in their
depression levels over this period. The dropout rate was 25.2%.

Figure 1A demonstrates the time-related fluctuation of
depression symptoms. Piecewise mixed model analysis revealed
a significant decrease in depression symptoms (β=–.37, 95%
CI –0.46 to 0.28; P≤.001) during the period of weeks 1-6 of the
platform use. There were no significant time-related trends in
depression during the period from 7 to 16 weeks (β=–.09, 95%
CI –0.21 to 0.02; P=.11).

Figure 1. Depression symptom fluctuation over 16 weeks of app use. (A) The blue line presents less smoothing of depression symptoms over time.
The gray area around the line represents 95% CI. (B) Simple slope analysis of the depression time trajectories during weeks 1-6 weeks of app use
moderated by the interaction with a coach.

Coach interaction significantly moderated the reduction in
depression symptoms during the period of weeks 1-6 (β=–.03,
95% CI –0.05 to –0.001; P=.02). Users with increased coach
interactions (+1 SD) demonstrated a stronger reduction in
depression (β=–.59, 95% CI –0.81 to –0.36; P≤.001) comparing
to the users with low coach interactions level (–1 SD) that was
also significant (β=–.23, 95% CI –0.46 to 0.00; P=.047) (Figure
2). Coach interactions did not moderate the time trajectory of
depression symptoms during the period of 7-16 weeks (β=.00,
95% CI –0.03 to 0.04; P=.75).

Figure 1B presents low and high levels of interaction with a
coach showing a significant reduction in depression symptoms
but the reduction is stronger for the users with higher levels of
interactions.

Breathing exercise did not significantly moderate a reduction
in depression symptoms in both periods of time (weeks 1-6:
β=–.05, 95% CI –0.12 to 0.02; P=.16 and weeks 7-16: β=–.02,
95% CI –0.12 to 0.09; P=.76).

The number of the completed sessions did not moderate the
time trajectory of depression symptoms during the period of
weeks 1-6 (β=–.01, 95% CI –0.06 to 0.03; P=.55) and 7-16
(β=–.03, 95% CI –0.13 to 0.06; P=.48). In addition, the number
of watched videos did not moderate the time trajectory of
depression symptoms during the period of 1-6 (β=–.02, 95%
CI –0.06 to 0.01; P=.21) and 7-16 week (β=–.02, 95% CI –0.05
to 0.02; P=.37).
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Figure 2. Anxiety symptom fluctuations over 16 weeks of app use. (A) The blue line presents less smoothing of anxiety symptoms over time. The gray
area around the line represents 95% CI. (B) Simple slope analysis of the anxiety time trajectories during weeks 1-6 of app use moderated by breathing
exercises.

Study 2: Anxiety Symptoms Analysis
A total of 63% of the users showed an overall improvement in
their anxiety levels over the study period. Moreover, 159 out
of 474 (34%) of the users showed a reduction of ≥5 points (4
points is generally considered clinically significant [76]) in their
anxiety levels. The dropout rate was 28.4%.

Figure 2A demonstrates the time-related fluctuation of anxiety
symptoms. Piecewise mixed model analysis revealed a
significant decrease in anxiety symptoms (β=–.41, 95% CI –0.50
to –0.33; P≤.001) during the period of 1-6 weeks of app use.
There were no significant time-related trends in anxiety during
the period of 7-16 weeks (β=–.09, 95% CI –0.19 to 0.02; P=.12).

Breathing exercise significantly moderated the reduction in
anxiety symptoms during the period of 1-6 weeks (β=–.07, 95%
CI –0.14 to –0.01; P=.04). Users who frequently used breathing
exercises (+1 SD) demonstrated significant reductions in anxiety
(β=–.53, 95% CI –0.66 to –0.39; P<.001) comparing to users
who were less engaged with breathing exercises (–1 SD) that
was also significant (β=–.31, 95% CI –0.44 to –0.18; P<.001).
The time-related anxiety symptom trajectory during the period
of 7-16 weeks was not moderated by breathing exercises
(β=–.04, 95% CI –0.14 to 0.05; P=.34).

Figure 2B demonstrates the moderating role of breathing
exercises in the anxiety symptoms fluctuation: users with high
versus low use of breathing exercises showed a stronger
reduction in anxiety symptoms. However, the reduction of
anxiety symptoms over time was significant in both groups of
users.

Coach interaction did not significantly moderate a reduction in
anxiety symptoms in both periods of time (weeks 1-6: β=–.03,
95% CI –0.05 to 0.03; P=.68; weeks 7-16: β=–.01, 95% CI
–0.05 to 0.04; P=.72).

The number of completed sessions did not moderate the time
trajectory of anxiety symptoms during the period of 1-6 (β=–.02,
95% CI –0.07 to 0.04; P=.55) and 7-16 weeks (β=–.12, 95%
CI –0.24 to 0.00; P=.057). In addition, the number of watched
videos did not moderate the time trajectory of anxiety symptoms
during the period of 1-6 (β=–.01, 95% CI –0.05 to 0.02; P=.37)
and 7-16 weeks (β=.01, 95% CI –0.04 to 0.03; P=.68).

Discussion

Principal Results
This study tested the effect of a digital therapeutic product on
depression and anxiety symptoms over time, specifying
therapeutic instruments for mental health conditions. Piecewise
mixed model analysis indicated a significant decrease in
depression symptoms during the period of the first 6 weeks of
the product use and maintained during the period from 7 to 16
weeks with no significant time-related trends. Exclusively coach
interaction moderated the reduction in depression symptoms
during the period of weeks 1-6. Our findings also revealed a
significant decrease in anxiety symptoms during the period of
1-6 weeks. During the period of 7-16 weeks, the reduced level
of anxiety was maintained, and there were no significant
time-related trends. As expected, breathing exercises moderated
the reduction in anxiety symptoms during the period of 1-6
weeks however did not moderate depression symptoms
improvement. App sessions completion and watched video
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sessions did not moderate the reduction of either the depression
symptoms or anxiety symptoms.

This real-world analysis presents new evidence regarding the
dynamic efficacy of digital therapeutic solutions for people with
depression or anxiety symptoms. These findings support the
hypothesis of nonlinear depression and anxiety symptom
recovery via digital therapeutic intervention [57,59]. Nonlinear
effect of digital therapeutics has previously been demonstrated
in studies of chronic condition management such as glucose
control in diabetes [72], and also in fluctuations of blood
pressure levels over time [73] and in pain levels and posture
perception [74].

In mental health and psychotherapy, a period of critical
fluctuation can be used to identify points of system transition,
moving from stabilization to sustainability [77]. The point of
this transition that was identified in our study was after 6 weeks
in both cohorts; depression and anxiety symptoms were
stabilized and sustained.

To explore the relationship between specific digital tools and
improvement in mental health symptoms, we examined the
effect of coach interactions via a digital platform. We
hypothesized that coach interactions would moderate the
reduction in depression symptoms. Health coaching may drive
a change via motivational interviewing to create specific goals,
or through mood improvement that enables the stabilization of
mood swing experiences or patient-driven interactions based
on social factors and life contexts [78,79] that are usually
targeted in the depression interventions. The coach interaction
component was previously demonstrated as a factor simulating
an in-person experience and helped achieve positive outcomes
and behavioral change in various conditions such as weight loss
and diabetes [78,80].

The interpersonal relationship has been found to be the common
factor in psychotherapeutic interventions [81]. Thus, coaching
may offer the needed interpersonal support in the digital journey.
It also can continue supporting the user experiencing depression
in focusing on goals and challenges, as well as acting as
assistance to the care plan. A coach may help users increase
self-esteem and therefore, users may cease to see themselves
as a failure and may deal with rejection and disapproval
effectively, which may contribute to reduced depression
symptoms.

Previous studies have shown that those who had a low level of
interaction with a coach were consistently less likely to improve
clinical outcomes than those with a high level in the follow-up
period [62]. Moreover, research has demonstrated that the active
use of digital interventions leads to behavior change related to
better depression outcomes [35]. The clinical improvement
associated with the moderators of treatment outcomes will assist
in developing better digital health interventions for depression
[35].

Our findings provide insight into the nonlinear nature of
depression symptom reduction during the first 16 weeks of a
digital behavioral health program by showing the direct
association with coaching during the improvement stage in the
first 6 weeks and emphasizing the key role of digital coaching

in depression symptom reduction. In the next 7-16 weeks the
reduced levels of depression are maintained indicating that
experiencing the use of a behavioral health digital program with
coaching is a sustainable approach that may create a positive
environment leading to meaningful change.

We also hypothesized that breathing techniques may be an
enhanced method to address and reduce the bodily and mental
processes associated with anxiety. Anxiety causes sympathetic
activation that is due to widespread depolarization throughout
the brain and body [39]. Therefore, slow and deep breathing
may lead to parasympathetic activation due to widespread
inhibition and hyperpolarization [44]. It has been demonstrated
that during respiration, inspiration inhibits sympathetic nervous
system activity [82-84]. Furthermore, slow-deep breathing has
been shown to cause near-complete sympathoinhibition [39,85].
Therefore, breathing techniques could be used as first-line and
supplemental treatments for stress or anxiety and some
emotional disorders [39].

Our findings demonstrate stronger anxiety reduction in the first
6 weeks of the digital intervention for users who more
intensively used breathing exercises. In line with this, previous
studies have shown that breathing exercises and yoga training
for 6 weeks modulate sweating response to dynamic exercise
and improve respiratory pressures [86]. Previous findings also
indicated that a change in respiratory rate could be attributed
to the effectiveness of the diaphragmatic breathing practice over
the 8 weeks achieving mental health benefits such as reduced
physiological stress [87].

Health behavior change theory posits that new health behaviors
emerge when people achieve both knowledge and self-efficacy
to implement the suggested knowledge [88,89]. We posit that
the first 6 weeks of using specific activities such as breathing
exercises through a digital platform, is a prime opportunity for
reinforcing knowledge and building self-efficacy for the future.
Moreover, the next 7-16 weeks remained with reduced levels
of anxiety indicating sustainability and may imply behavioral
change and adaptation of relaxation techniques. Coaching was
not seen as critical with anxiety symptoms as with depressive
symptoms. Based on these findings, one may speculate that how
the interpersonal relationship interacts with treatment for anxiety
needs to be further explored.

Recent reviews call for research that moves beyond examining
aggregate mental health program effects to more nuanced
investigations that explore the associations between the program
building blocks and the clinical outcomes that disentangle the
relative contributions of specific activity in digital health
management protocols [52,55].

Our findings indicate that coaching and breathing exercises
directly help people lower their depression and anxiety symptom
levels respectively. These findings suggest that increasing digital
interactions with specific activities in a lower engaged
population may be an efficient way to optimize digital platforms
supporting patients with depression and anxiety symptoms. New
models of care and digital tools have the potential to help enable
more people to access and benefit from high-quality care that
is patient-centered, timely, equitable, and efficient. We expect
that the analytical approach applied in this study will be
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beneficial for personalizing interventions and optimizing
incentivization planning. This information could be used to
further personalize outreach to encourage users to maintain their
personal critical level of mental health activities. More research
is required to further understand the current and potential
moderating factors of digital intervention tools for mental health
and how independent use of these tools or use with a coach
influences the care of patients with depression and anxiety [90].

Limitations
We note several limitations in this study. First, as in all studies
involving retrospective real-world data, groups were not
randomly assigned, and treatment protocols were not prescribed.
Both factors create challenges for drawing causal conclusions.
Surely, it is possible that people who chose to use digital
therapeutic instruments were those who were the most motivated
to make a change in their condition.

The dropout rate was 25.2% for the depression sample and
28.4% for the anxiety sample. These numbers come in line with
the average dropout rate of mental health apps data, reported
by a recent meta-analysis (26.2%) [91]. A significant challenge
encountered in the use of mHealth interventions for patient care
is attrition. Previous studies have highlighted that a substantial
proportion, potentially up to 80%, of participants in mHealth
interventions exhibit minimal engagement, which is defined as
logging into the service fewer than twice. Moreover, only a
small fraction of users consistently use the intervention over an
extended period [92]. It is worth noting that while clinical trials
frequently report retention rates of 70% or higher, these trials
are often of short duration, some lasting less than 2 months.
Therefore, these retention rates may not accurately reflect
real-world use scenarios [93]. Dropout attrition is a threat to
validity because it may introduce a selection bias [94]. Gender
and age may affect dropout rates [93]. For this reason, we tested
whether these factors are associated with the risk of a dropout
using logistic regression. Neither age nor gender was related to
the risk of dropout. Potentially, other sociodemographic factors

that were not measured could be related to the risk of dropouts,
limiting the validity and generalizability of our conclusions.

In this real-world data analysis, the time scale was designed to
reflect weekly interval change over a 16-week period. However,
the relationships of interest in this study could be potentially
investigated in different scales emphasizing daily, or monthly
outcomes. Owing to the difficulty in tracking daily changes in
anxiety in real-world studies, most studies focus on weekly
fluctuations. Another challenge regarding our data was that
available demographic data were limited.

Conclusions
Our findings suggest that the use of specific components in the
mental health management platform as coaching sessions or
breathing exercise, help users with depression and anxiety
symptoms attend to and reduce symptoms of their mental health
conditions. For users who participated in coaching sessions and
breathing exercises, a significant decrease in depression and
anxiety symptoms (respectively) was observed in the initial
stages, reflecting the importance of session attendance for
establishing the foundational rationale for future practice.
Focusing on mental health support by using an app as an
integrated part of the health self-management process
significantly improved clinical outcomes. From a behavioral
science perspective, directly focusing on actionable areas for
improvement is expected to increase thought and action, and
the amount of attention paid to actionable areas is likely to vary
considerably among individuals. Future work investigating
strategies for specific components that drive the focus and
execution of actionable health behaviors in a highly personalized
manner is needed. Furthermore, similar studies examining these,
and other moderating factors that impact different behavioral
health conditions including stress, anger, or substance use are
warranted. Such a body of literature would help to move the
field beyond the current state of “do digital tools work?” to a
more nuanced understanding of what specific tools drive which
specific clinical outcomes for which people under what
circumstances.
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