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Abstract

Background: A total of 1 in 2 adults with attention-deficit/hyperactivity disorder (ADHD) struggles with major depressive or
anxiety disorders. The co-occurrence of these disorders adds to the complexity of finding utility in as well as adherence to a
treatment option. Digital therapeutic solutions may present a promising alternative treatment option that could mitigate these
challenges and alleviate symptoms.

Objective: This study aims to investigate (1) the feasibility and acceptance of a digital mental health intervention, (2) participants’
engagement and retention levels, and (3) the potential efficacy with respect to anxiety and depression symptoms in a population
with ADHD. Our main hypothesis was that a digital, data-driven, and personalized intervention for adults with coexisting ADHD
and depressive or anxiety symptoms would show high engagement and adherence, which would be accompanied by a decrease
in depressive and anxiety symptoms along with an increase in quality of life and life satisfaction levels.

Methods: This real-world data, single-arm study included 30 adult participants with ADHD symptomatology and coexisting
depressive or anxiety symptoms who joined a 16-week digital, data-driven mental health support program. This intervention is
based on a combination of evidence-based approaches such as cognitive behavioral therapy, mindfulness, and positive psychology
techniques. The targeted symptomatology was evaluated using the Patient Health Questionnaire–9, Generalized Anxiety Disorder–7,
and Barkley Adult ADHD Rating Scale–IV. Quality of life aspects were evaluated using the Satisfaction With Life Scale and the
Life Satisfaction Questionnaire, and user feedback surveys were used to assess user experience and acceptability.

Results: The study retention rate was 97% (29/30), and high engagement levels were observed, as depicted by the 69 minutes
spent on the app per week, 5 emotion logs per week, and 11.5 mental health actions per week. An average decrease of 46.2%
(P<.001; r=0.89) in depressive symptoms and 46.4% (P<.001; r=0.86) in anxiety symptoms was observed, with clinically
significant improvement for more than half (17/30, 57% and 18/30, 60%, respectively) of the participants. This was followed by
an average increase of 23% (P<.001; r=0.78) and 20% (P=.003; r=0.8) in Satisfaction With Life Scale and Life Satisfaction
Questionnaire scores, respectively. The overall participant satisfaction level was 4.3 out of 5.

Conclusions: The findings support the feasibility, acceptability, and value of the examined digital program for adults with
ADHD symptomatology to address the coexisting depressive or anxiety symptoms. However, controlled trials with larger sample
sizes and more diverse participant profiles are required to provide further evidence of clinical efficacy.
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Introduction

Background
Attention-deficit/hyperactivity disorder (ADHD), as defined in
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV), is a heritable, chronic, and
neurobehavioral disorder of childhood onset and is characterized
by symptoms of inattentiveness and hyperactivity-impulsivity
[1]. Although the exact etiology of ADHD is still unknown,
there is an ever-growing body of neurobiological evidence that
supports a multifaceted neurodiversity that contributes to
impairment in multiple domains, such as cognitive processing,
attention, motor planning, speed of processing responses, and
other behavioral issues observed in ADHD [2]. Specifically,
the prefrontal cortex, caudate, and cerebellum regions are
interconnected by a network of neurons and together regulate
attention, thoughts, emotions, behavior, and actions [1,3]. This
neurobiological research adds a layer of insight into the
presentation of ADHD symptoms, which begin in childhood,
affecting the level of quality in social and occupational
functioning, and continue to cause problems into adulthood for
approximately 29% of people diagnosed [4]. The typical clinical
picture of adults with ADHD is characterized by inattention or
hyperfocus, hyperactivity, mind wandering, and impulsivity.
Furthermore, emotional dysregulation and functional impairment
are also characteristic features of adults with ADHD [1,2,5]. In
terms of emotional dysregulation, the observed emotional
changes are short-lived and usually triggered by daily activities
[1-3,5], whereas functional deficits mainly include problems
with inhibition and working memory; organizing, prioritizing,
and initiating work; focusing, sustaining, and shifting attention
to tasks; managing frustration; and self-regulating emotions and
behaviors [1-3,5]. The array of symptoms and functioning in
adults with ADHD suggests a multimodal treatment approach
requiring a sophisticated treatment solution that can address the
variety of symptoms.

The need to find a viable solution that can alleviate the burden
of the varied symptoms of adults with ADHD, including the
symptoms coming from coexisting disorders, is further
emphasized by the worldwide prevalence of ADHD in the
general adult population, which is approximately 2.5%. In
addition, it is associated with substantial individual impacts
such as difficulties in interpersonal functioning, educational
and occupational performance, and community activities [6-9].
Patients with ADHD also have a high risk of criminal behavior
and substance use disorders, an increased risk of accidents or
unintentional injuries [10-13], and poor health and lifestyle
choices [14-16]. Moreover, as many as 80% of patients with
ADHD have at least 1 coexisting psychiatric disorder [6,17,18].
The most frequent comorbid psychopathologies include mood
and anxiety disorders, bipolar disorder, and personality
disorders. Approximately 20% to 50% of adults with ADHD
have major depressive disorder (MDD) or dysthymia, whereas
approximately 1 in 2 struggles with anxiety disorders

(generalized anxiety disorder [GAD]) [17]. The co-occurrence
of these disorders adds to the complexity of finding utility in
as well as adherence to a treatment option. This highlights the
need to find therapeutic solutions for the population with ADHD
who have comorbid depression and anxiety disorders that will
alleviate symptoms and positively affect their quality of life.

Traditionally, the treatment options for adults with ADHD are
medication or psychotherapy as stand-alone treatments or in
combination with each other. Although the standard of care for
the comorbidity of MDD and GAD is similar to that of ADHD
[17], the presence of these symptoms can mask symptoms of
ADHD and forestall the diagnosis of ADHD in adults, which
prevents the population from receiving appropriate treatment
that addresses ADHD [3,5,17]. In addition, symptoms of
depression and anxiety can create a barrier to the use of any
relevant treatment option for ADHD [10,18,19]. An additional
treatment factor to consider is that adults with ADHD tend to
prefer nonpharmacological options for managing their symptoms
[20,21]. Therefore, psychotherapy, which includes behavioral
and cognitive behavioral therapy (CBT) both individually and
in groups as well as skills training, can provide a suitable
treatment option [22-24]. Finally, it is important to mention that
the effectiveness of any intervention is closely related to keeping
regular appointments and adherence to treatment
recommendations [25,26]. Digital therapeutic solutions may
present a promising alternative treatment option that could
mitigate these challenges.

The scientific community has made great efforts to improve
adherence and engagement with the introduction of tools such
as digital mental health interventions. These digital tools stem
from mobile health or digital health research to support behavior
change, which has grown in relevance over the past 2 decades
[27]. Digital interventions have the potential to evoke changes
unavailable in traditional methods because of the ability to
design personalized treatment models and measure engagement
[28-30]. Increasing evidence focusing on the effectiveness of
these interventions for MDD and GAD exists in the literature
[31,32]. In addition, there is early evidence for adults with
ADHD that shows positive clinical outcomes, suggesting that
a digital solution can help improve co-occurring symptoms and
daily functioning by providing digitally designed programs to
meet the patient’s needs [1,20,21,33,34]. Furthermore, as many
patients with ADHD prefer a nonpharmacological option to
manage their symptoms [20,35], digital mental health
interventions may offer a viable solution to meet their treatment
needs. Patient adherence may also be improved by providing
evidence-based solutions such as 24/7 access to educational
information and resources, personalized support, and targeted
interventions and skills training via technology (eg, apps or
websites) [21,35] in the comfort of their own homes [20,30].
Digital mental health interventions are novel solutions, and
consideration should also be given to newly developed industry
guidelines and socioeconomic and cultural determinants that
affect design and engagement [36-38]. Therefore, it is important
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to test the feasibility of new data-driven digital mental health
interventions for adults with ADHD and comorbidities with the
aim of improving their overall mental health status and quality
of life.

In this study, we used a digital mental health solution that was
designed and developed by Feel Therapeutics in the context of
a real-world data, proof-of-concept study targeting a population
with ADHD symptomatology and coexisting depressive or
anxiety symptoms. The specific solution regards a digital,
data-driven mental health support program that spans a 16-week
period and combines emotion journaling, evidence-based CBT,
mindfulness, and positive psychology techniques augmented
with the Feel Digital Precision Medicine Platform. For this
study, the main components of the program are (1) the Feel
mobile app, which enables participants to journal their emotions,
have access to other mental health–related metrics, and
participate in the weekly sessions; (2) personalized weekly
15-minute coaching sessions; and (3) structured weekly mental
health educational material and exercises. In addition, a
wrist-worn device, the Feel Emotion Sensor, which continuously
monitors changes in the participants’autonomic nervous system
and captures a series of mental health–related metrics, is
provided as an optional component.

Objectives
In this proof-of-concept study, we investigated (1) the feasibility
and acceptance of a digital mental health program, (2) the
participants’ engagement and retention levels during the study,
and (3) the potential efficacy of the solution with respect to
anxiety and depression symptoms in a specific population. Our
main hypothesis was that a digital, data-driven solution
customized to the individual would show high engagement and
adherence levels, which is of utmost importance when
considering the coexisting ADHD symptoms. In addition, we
expected that this would be accompanied by a substantial
decrease in depressive and anxiety symptoms along with an
overall increase in quality of life and life satisfaction levels.

Methods

Study Design and Participant Recruitment
This was a prospective, decentralized, and single-arm feasibility
study. Participants for this study were recruited via the following
channels: (1) candidate referrals from the undergraduate student
mental health support unit of the National and Kapodistrian
University of Athens, (2) social media advertisements (eg,
Facebook and Instagram), and (3) word of mouth. A custom
web page, which included general information about the
intervention and study, was built by Feel Therapeutics for study
recruitment purposes. The study’s inclusion and exclusion
criteria were evaluated based on self-reported candidate
responses to the eligibility questionnaire, and the validity of
their responses was also confirmed during their introductory
session. The main inclusion criteria were (1) mild to severe

MDD (Patient Health Questionnaire–9 [PHQ-9] ≥5) or GAD
(Generalized Anxiety Disorder–7 [GAD-7] ≥5), (2) age of ≥18
years, and (3) smartphone ownership. In contrast, the main
exclusion criteria were (1) personality disorders, (2) psychotic
disorders, (3) bipolar disorder, (4) eating disorders, (5) suicidal
or self-harm thoughts, (6) psychotropic medication, and (7)
substance abuse.

Interested candidates could access the recruitment web page by
either clicking on the social media advertisement or directly
clicking on the web page link if recruitment took place through
the National and Kapodistrian University of Athens or word of
mouth. Therefore, the first step of the process was for interested
candidates to visit the recruitment web page and complete the
demographic and eligibility questionnaire, followed by the
PHQ-9, GAD-7, Barkley Adult Attention-Deficit/Hyperactivity
Disorder Rating Scale–IV (BAARS-IV), Life Satisfaction
Questionnaire (LISAT-11), and Satisfaction With Life Scale
(SWLS). Their responses were used to evaluate their eligibility
for the study according to the study’s inclusion and exclusion
criteria. The participant group that showed ADHD
symptomatology (based on their responses to the BAARS-IV)
as well as MDD or GAD symptoms (based on their responses
to the PHQ-9 and GAD-7, respectively) was considered eligible
for the study and was allocated to the 16-week intervention. For
eligible candidates, these responses constituted the baseline
values for the assessment of the progression of depressive and
anxiety symptoms as well as quality of life and well-being
levels. Candidates who did not fulfill the study’s inclusion
criteria (regarding demographics and depression and anxiety
symptoms; see the Study Design and Participant Recruitment
section) were immediately disqualified and received proper
communication.

Eligible candidates were invited to join the study, and a remote
video orientation session was scheduled with a member of our
customer success team in which they were informed about the
study’s scope and components and became acquainted with the
various features of the program. Moreover, the demographic
information (eg, age and gender) collected in the demographic
survey was cross-validated during this session. They then
downloaded, installed, and registered to the Feel app and went
through the app onboarding tasks that aimed to walk them
through the different parts of the program. Among these,
participants could check the providers’ availability, select their
preferred one, and book their 16 weekly sessions. In addition,
the (optional) Feel Emotion Sensor was shipped to the
participants who opted to use it. Finally, the progression of their
depressive and anxiety symptoms, along with their life
satisfaction and quality of life levels, were monitored in the
middle (ie, after the eighth session) and at the end of the study
(ie, after the 16th session). The study took place between August
2022 and January 2023. A high-level presentation of the
participant involvement step flow is illustrated in Figure 1, and
the participant funnel for the study is presented in Figure 2.
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Figure 1. Overview of participant involvement steps. BAARS-IV: Barkley Adult Attention-Deficit/Hyperactivity Disorder Rating Scale–IV; GAD-7:
Generalized Anxiety Disorder–7; LISAT-11: Life Satisfaction Questionnaire; PHQ-9: Patient Health Questionnaire–9; SWLS: Satisfaction With Life
Scale.

Figure 2. Participant funnel for the study. ADHD: attention-deficit/hyperactivity disorder.

Materials

Demographic and Eligibility Questionnaire
This questionnaire was completed by candidates at the screening
stage to assess their eligibility for the study and collect basic
profiling information. The questions regarded basic demographic

information (eg, gender, age, and location) as well as the
presence of any of the inclusion and exclusion criteria. The
demographic and eligibility questionnaire was embedded in the
recruitment web page and completed at baseline.
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PHQ-9 Scale
The PHQ-9 is a 9-item self-administered questionnaire widely
used to assess the severity of depressive symptoms [39]. Each
of the items composing the questionnaire scores the frequency
of occurrence of the 9 DSM-IV criteria on a 4-point Likert scale
from 0 (not at all) to 3 (nearly every day), with the overall score
being the sum of the 9 individual scores. The total score serves
as a classification threshold for the level of depressive
symptoms. The PHQ-9 was completed at baseline (embedded
in the recruitment web page) and at weeks 8 (midprogram) and
16 (end of program) on the Feel app.

GAD-7 Scale
The GAD-7 is a 7-item self-administered questionnaire that
serves as a brief clinical measure for assessing the severity of
GAD [40]. Each of the items composing the questionnaire scores
the frequency of occurrence of symptoms on a 4-point Likert
scale from 0 (not at all) to 3 (nearly every day), with the total
score being the sum of the 7 individual scores. The total score
serves as a classification threshold for the level of GAD
symptoms. The GAD-7 was completed at baseline (embedded
in the recruitment web page) and at weeks 8 (midprogram) and
16 (end of program) on the Feel app.

BAARS-IV Scale
The BAARS-IV is an 18-item self-administered questionnaire
that is used to assess current ADHD symptoms and domains of
impairment [41]. The item pool for the BAARS-IV consists of
the 18 DSM-IV symptoms related to inattention, hyperactivity,
and impulsivity rated on a 4-point Likert scale ranging from 1
(never or rarely) to 4 (very often). The frequency of current
inattention or hyperactivity-impulsivity symptoms, along with
the total ADHD score, are used for the evaluation of ADHD
symptoms. The BAARS-IV was completed at baseline
(embedded in the recruitment web page).

LISAT-11 Scale
The LISAT-11 is an 11-item self-administered questionnaire
used for measuring life satisfaction [42]. The 11 items are used
to evaluate life as a whole (1 global item) along with vocational
and financial situation, leisure, contact with friends, sexual life,
activities of daily living, family life, partnership relationship,
physical health, and psychological health aspects (10 items).
Each of the items is scored on a 6-point Likert scale ranging
from 1 (very dissatisfied) to 6 (very satisfied), with the total
score being the average of the 11 individual scores. The final
score is used to evaluate quality of life and life satisfaction
aspects. The LISAT-11 was completed at baseline (embedded
in the recruitment web page) and at weeks 8 (midprogram) and
16 (end of program) on the Feel app.

SWLS Scale
The SWLS is a 5-item self-administered subjective well-being
questionnaire that measures global life satisfaction [43]. Each
item is scored on a 7-point Likert scale ranging from 1 (strongly
disagree) to 7 (strongly agree), with the total score being the
sum of the 5 individual scores. The final score is used to evaluate

the global cognitive judgments of an individual’s life
satisfaction. The SWLS was completed at baseline (embedded
in the recruitment web page) and at weeks 8 (midprogram) and
16 (end of program) on the Feel app.

Self-Assessment Questionnaire
The self-assessment questionnaire is a custom 6-item
self-administered questionnaire aiming to capture the
participants’ perceptions regarding their accomplishments and
progress throughout the 16 weeks of the study. Each item is
scored on a 5-point Likert-type scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Indicative questions of this
survey are “I learned one or more strategies to solve or cope
with challenging situations” and “I have improved my lifestyle
choices in at least one Wellness area (e.g. get more sleep, eat
better, reach out to friends more, seek out time to connect with
nature, etc.).” The self-assessment questionnaire was completed
at week 16 (end of program) on the Feel app.

User Feedback Survey
The user feedback survey is a custom 12-item self-administered
questionnaire used to evaluate various aspects related to the
participants’ experience throughout the study, including overall
level of satisfaction, as well as program component–specific
feedback (eg, Feel mobile app, psychoeducational material, and
customer support). The first 10 items, which are closed-ended,
are scored on a 5-point Likert-type scale ranging from 1 (not at
all) to 5 (extremely), whereas the last 2 items are open-ended.
These allowed for open-ended comments about features of the
program that the participants particularly liked or considered
useful, as well as recommendations for improvements. The user
feedback survey was completed after the end of the study on
the Feel app.

Mobile App Interaction Metrics
A wide range of mobile app–related metrics were collected
during the study, including participants’emotion logs, completed
exercises, number of attended weekly sessions, and overall time
spent on the mobile app.

Intervention: The Feel Program for Populations With
ADHD
Feel Therapeutics has introduced an integrated digital mental
health support program, the Feel Program for populations with
ADHD, aiming to leverage precision medicine tools in the
treatment of mental health disorders. These tools create an
ecosystem that combines various evidence-based approaches,
such as CBT, mindfulness, and positive psychology techniques,
with numerous data modalities (eg, patient-reported outcomes,
emotion journaling, and physiological data). These capture a
diverse range of elements and factors that are strongly related
to various mental health conditions (eg, mood level, social
interactions, and symptom progression). The data-driven nature
of the program is maximized when data collected from the Feel
Emotion Sensor are available. The program that is currently
available in the United States and Europe includes the ecosystem
components outlined in Textbox 1.
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Textbox 1. Feel Program for populations with attention-deficit/hyperactivity disorder (ADHD): ecosystem components.

Feel mobile app

• The Feel mobile app serves as a digital front door to the Feel Program. This design creates a user-friendly environment for adults with ADHD
and comorbidities. Each element of the app leverages behavioral activation principles to promote knowledge and awareness and build
self-management skills. The user journey begins with the study onboarding step, which provides basic information about the scope and aims and
walks participants through the value of the different program components. Participants can also schedule and attend their weekly personalized
video sessions with a dedicated coach via the Feel app. In addition, the structured weekly mental health educational material and exercises are
hosted on the app. Finally, the entirety of the patient-reported outcomes and surveys administered during the study are integrated into the app,
and participants are notified to complete them at regular intervals. Finally, the Feel app collects the data from the Feel Emotion Sensor (FES)
and transmits them to the Feel cloud-based processing infrastructure for the participants who opted to use the FES. The Feel mobile app is
available on Android and iOS.

Personalized weekly sessions

• During the study, participants have access to 15-min remote weekly video sessions (apart from the introductory session that lasts 45 min) with
their behavioral health coach. During the session, coaches leverage data provided by the Feel app and the FES along with a wide range of metrics
via a dashboard to identify themes, keywords, and behavior patterns; connect the dots with the weekly material and exercises; and be able to
target feedback and personalize interventions. Customizing the user experience has the potential to sustain attention and prompt the use of program
modalities, which are typically behavioral challenges for adults with ADHD. In addition, the behavioral coping strategies and interventions are
aligned with the transtheoretical model, also referred to as the stages of change model (ie, contemplation, preparation, action, maintenance, and
relapse) [44,45], along with motivational interviewing in the weekly sessions.

Structured weekly mental health educational material and exercises

• This component is also embedded in the Feel mobile app and includes tutorials, exercises, and tools that focus on the challenges present when
dealing with depression and anxiety. The 16-week clinical protocol comprises 3 phases. The first 3 weeks begin with identifying Specific,
Measurable, Achievable, Relevant, and Time-Bound (SMART) goals [46] and familiarization with program components along with enhancing
knowledge of the foundational theories and science behind the program interventions. The following 5 weeks build awareness of body-mind
connection and implement cognitive restructuring, whereas the final weeks develop skills to increase resilience and self-management and
implement long-term positive habits. The material is designed to keep the participants engaged during the study, support behavioral activation,
and explain the rationale and scientific basis of the different interventions available during the study. These core interventions have been
scientifically validated to support positive clinical outcomes [47]. The exercises complement the material and are customized by the coach based
on the participants’ weekly data. Both the exercises and material accommodate the transtheoretical model. The digital delivery of this information
enables audio, visual, and tactile stimulation and has the potential to captivate adults with ADHD and increase engagement.

Feel Emotion Sensor (FES)

• The FES is a wrist-worn device designed and manufactured by Feel Therapeutics that facilitates the ubiquitous monitoring of physiological data
using 4 main sensors: an electrodermal activity sensor, a photoplethysmography sensor, a skin temperature sensor, and a 9-axis inertial measurement
unit. Data collected by the FES are fused with data captured by the mobile device and the Feel app and uploaded to the Feel Digital Precision
Medicine Platform (DPMP). The DPMP, a platform focusing on the monitoring and analysis of psychophysiological data, then extracts a variety
of mental health–related metrics and markers, part of which are shared with the participants and their assigned behavioral health coach. The FES
is an optional component for this study, but when chosen, it provides behavioral prompts to the user, which can be particularly helpful for a
population of adults with ADHD.

Emotion Journaling
The emotion journaling component, which is based on CBT
principles, is a significant feature of the Feel Program as it
enables participants to understand their thought, feeling, and
behavior cycle; facilitates personalized in-the-moment
interventions; and provides powerful insights to the coaches
that are important for the weekly sessions. The journaling
process can be initiated by either a notification sent by the
Digital Precision Medicine Platform (when the Feel Emotion
Sensor has been deployed) or by the participants themselves.
In the former case, participants receive a distinct vibration
pattern through their sensor followed by a notification on the
Feel app and are requested to ideally confirm or reject (they can
also skip if they are unsure) that they have experienced an
emotional moment. Following the confirmation of an emotional
moment, they are asked to select the exact emotion experienced
among 4 different categories (positive or negative valence and
low or high intensity), as well as further characterize it through
a set of (predefined or custom) emotion tags that best describe

it. These 2 mandatory steps are also the first steps of the
user-triggered emotion journaling process. In both cases,
participants are also asked to evaluate the perceived intensity
of the experienced emotion on a scale of 1 to 10 (nonmandatory
step). Participants are then given the option to add any triggers,
thoughts, behaviors, and physical sensations that are related to
the experienced emotion (nonmandatory step). The completion
of all mandatory and nonmandatory steps constitutes an emotion
journal, whereas only completing the mandatory steps is
considered an emotion log. Finally, after successfully completing
an emotion log or journal, participants are prompted to take an
optional mood booster to support emotion regulation.

Midprogram and End of Program Evaluations
The progression of participants’ depressive and anxiety
symptoms was monitored immediately after the completion of
the eighth week of the program along with their life satisfaction
and well-being levels. The same questionnaires, followed by
the self-assessment and user feedback surveys, were then
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completed at the end of the 16-week program. All surveys were
administered via the Feel app.

Ethical Considerations
This single-arm study was conducted in accordance with the
Declaration of Helsinki and approved by the institutional review
board of the Neurosciences and Precision Medicine Research
Institute “Costas Stefanis” (approval 72/26072021). Before their
participation in the study, all individuals were informed about
the study scope, objectives, methodology, and components and
provided written informed consent. Each participant was
assigned a unique identifier after providing informed consent.
The collected data were pseudonymized, and no personal
identifiers were used during data processing and results
reporting. Participants could withdraw from the study at any
time. Finally, participants were not provided any monetary
compensation for taking part in the study.

Statistical Analysis
Regarding the assessment of the feasibility of the intervention,
the overall onboarding process is summarized and presented,
followed by the participant responses to the eligibility survey.
For the rest of the analysis, an intention-to-treat approach was
followed, and thus, all participants who took part in the
intervention were considered. When assessing the participants’
level of engagement, the mean values and their respective SDs
of a wide range of app-related metrics are presented. With
respect to the preliminary assessment of the intervention effect
on depressive and anxiety symptoms as well as on the
participants’ quality of life and life satisfaction levels, average
values at baseline, midprogram (ie, 8 weeks), and end of
program (ie, 16 weeks) and their respective SEs were used. To
compare the clinical and life satisfaction scores among the
different evaluation periods, we first investigated the
distributions of the paired score differences. Using
Kolmogorov-Smirnov tests, we concluded that the score
differences did not meet the criteria for normality. Consequently,
as an alternative to the paired t test, which requires that the
paired differences be normally distributed [48], we used the
2-tailed Wilcoxon signed rank test to investigate the statistical
significance of our results. The specific test asserts whether the
distribution of the differences is symmetrical around zero [49].
In addition, it is nonparametric and, thus, does not require any
particular form for the underlying distributions that are
examined. The cutoff P value for statistical significance was
set at .05. For the effect size, we used the matched-pairs rank
biserial correlation (r), which resembles the difference between
the proportion of the data that, according to the statistical test,
show favorable and unfavorable results [50]. For the PHQ-9
and GAD-7 questionnaires, a favorable result corresponded to
a decrease in the respective score, whereas for the LISAT-11

and SWLS, it was associated with an increase in the score.
Minimal clinically important differences were defined as at least
5 points for the PHQ-9 scores [51] and at least 4 points for the
GAD-7 scores [52]. The missing values were assumed to be
missing at random, accounting for 4% of the total assessment
survey values used in the analysis, and thus, their impact was
considered minimal. We imputed the missing values using the
multivariate feature imputation available in the open-source
scikit-learn Python package (Python Software Foundation) [53].
This method incorporates information from the entire feature
set (ie, scores from all evaluation periods) to provide a better
estimation of the missing values compared with simpler methods
such as mean or median imputation [54]. Finally, regarding the
self-assessment and user feedback questionnaires, all participants
who successfully completed these were considered in the
corresponding results. All participant data collected during the
study were stored and processed in our secure cloud-based
infrastructure in Europe. For privacy reasons and to adhere to
the General Data Protection Regulation, all data were
pseudonymized before any processing or insight extraction.

Results

Recruitment, Feasibility, and Acceptability
In total, 1878 individuals expressed their interest in participating
in the study and completed the baseline screening assessment,
of whom 341 (18.16%) were eligible to participate. Their
responses to the eligibility questionnaire are presented in Table
1. It should be noted that the overall eligibility ratio was not
directly derived as the combination of the individual ratios of
each inclusion and exclusion criterion as most of the ineligible
candidates failed to satisfy more than one criterion.

A focus group of 30 participants exhibiting ADHD
symptomatology was identified and analyzed in this study. Their
average age was 31.34 (SD 6.44) years, with a female-male
distribution of 67% (20/30) to 33% (10/30). In addition, the
vast majority of them (25/30, 83%) were either full-time
employees or students, whereas more than half of them (17/30,
57%) held a bachelor’s degree and almost 1 in 4 (7/30, 23%)
had a trade school degree. Moreover, their average baseline
PHQ-9 and GAD-7 scores were 14.3 (SD 6.08) and 11.4 (SD
4.83), respectively, with an even distribution among different
depression severity levels and a higher concentration at higher
anxiety severity levels. Finally, their average baseline
BAARS-IV score was 23.8 (SD 10.23). More information about
the participants’ demographic characteristics and baseline
assessment scores is presented in Table 2. Within this group,
97% (29/30) of the participants completed the 16 weeks of the
study monitoring period, whereas 3% (1/30) discontinued the
study for personal reasons.
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Table 1. Candidate responses to the eligibility questionnaire (N=1878).

Values, n (%)Candidate responses

Bipolar disorder

70 (3.72)Yes

1808 (96.27)No

Eating disorders

351 (18.69)Yes

1527 (81.31)No

Psychotic disorders

122 (6.5)Yes

1756 (93.5)No

Personality disorders

133 (7.08)Yes

1745 (92.92)No

PTSDa

227 (12.09)Yes

1651 (87.91)No

MDDb

63 (3.35)No

1815 (96.65)Mild, moderate, moderately severe, or severe

GADc

137 (7.29)No

1741 (92.71)Mild, moderate, or severe

Substance abuse

162 (8.63)Yes

1716 (91.37)No

Suicidal or self-harm thoughts

291 (15.5)Yes

1587 (84.5)No

Psychotropic medications

377 (20.07)Yes

1501 (79.93)No

Age (years)

16 (0.85)>18

1862 (99.15)≤18

aPTSD: posttraumatic stress disorder.
bMDD: major depressive disorder.
cGAD: generalized anxiety disorder.
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Table 2. Participant demographic characteristics and baseline assessment scores (n=30).

Values, n (%)Characteristic

Age group (y)

4 (13)18-23

14 (47)24-35

11 (37)36-45

1 (3)46-65

Sex

20 (67)Female

10 (33)Male

Employment status

19 (63)Full time

2 (7)Part time

1 (3)Homemaker

6 (20)Student

1 (3)Casual

1 (3)Unemployed

Level of education

5 (17)Secondary school

17 (57)Bachelor’s degree

1 (3)Master’s degree

7 (23)Trade school

MDDa symptom severity

1 (3)Minimal

8 (27)Mild

6 (20)Moderate

7 (23)Moderately severe

8 (27)Severe

GADb symptom severity

3 (10)Minimal

6 (20)Mild

11 (37)Moderate

10 (33)Severe

aMDD: major depressive disorder.
bGAD: generalized anxiety disorder.

Participant responses to the user feedback survey, which
included questions addressing aspects such as participant
satisfaction, mobile app usability, participant support services,
and importance of program components followed by open-ended
feedback, are presented in Table 3. For the closed-ended
questions, a 5-point Likert-type scale was introduced, whereas
for the open-ended questions, participants could suggest up to
3 features or components that they particularly liked and 3 that
they would want to improve or add. The overall participant
satisfaction level was 4.3 (SD 0.67) out of 5, with 87% (26/29)
of the participants being very or extremely satisfied. Similarly,

86% (25/29) of them stated that the program met their
expectations, whereas almost all (23/29, 79%) would
recommend it to someone they knew (average score 4.8, SD
0.51 out of 5). Finally, 9 (26/29, 90%) out of 10 participants
would be disappointed if they could no longer participate in the
program. Regarding the usability of the Feel mobile app, 83%
(24/29) of participants found it very easy to navigate through
it, with 97% (28/29) of them being able to find the information
they were looking for in the app. Participant support services
were also rated very highly (4.7, SD 0.71 out of 5) as 93%
(27/29) of participants had their questions or concerns addressed
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in a very responsive manner. Furthermore, when it comes to
the importance of the different program components, the
personalized weekly sessions received the highest score (4.9
out of 5), with an impressive 100% (29/29) of participants
considering them very important, followed by the Mental Health
Resource Center and Feel mobile app with average ratings of
4.7 and 4.3 out of 5, respectively. Finally, participants chose
(1) cognitive restructuring and behavior modification exercises,

(2) daily functioning support through weekly sessions, and (3)
overall program structure and design as the program features
that they liked the most. In contrast, the user experience with
the notes sections in the exercises, access to technology-enabled
material and personal data trends, and a more intuitive mobile
app flow were identified as features that could be improved or
added to the program.
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Table 3. Participant responses to the user feedback survey (n=29).

Values, n (%)Survey question and participant responses

Participant satisfaction

Overall, how satisfied are you with the Feel Program?

13 (45)Extremely

13 (45)Very

3 (10)Neutral

0 (0)Slightly

0 (0)Not at all

How well did the Feel Program meet your expectations?

13 (45)Extremely

12 (41)Very

3 (10)Neutral

1 (3)Slightly

0 (0)Not at all

How likely are you to recommend the Feel Program to someone?

23 (79)Extremely

5 (17)Very

1 (3)Neutral

0 (0)Slightly

0 (0)Not at all

How would you feel if you had to give up the program?

11 (38)Very disappointed

15 (52)Somewhat disappointed

1 (3)Indifferent

2 (7)Somewhat relieved

0 (0)Very relieved

Feel mobile app usability

How easy is it to navigate in the Feel app?

16 (55)Extremely

8 (28)Very

5 (17)Neutral

0 (0)Slightly

0 (0)Not at all

Were you able to find the information you were looking for on the Feel app?

17 (59)Extremely

11 (38)Very

1 (3)Neutral

0 (0)Slightly

0 (0)Not at all

Participant support services

How responsive have we been to your questions or concerns about the Feel Program?

23 (79)Extremely

4 (14)Very
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Values, n (%)Survey question and participant responses

1 (3)Neutral

1 (3)Slightly

0 (0)Not at all

Program component importance

Feel mobile app

17 (59)Extremely

7 (24)Very

4 (14)Neutral

0 (0)Slightly

1 (3)Not at all

Mental Health Resource Center

21 (72)Extremely

7 (24)Very

0 (0)Neutral

1 (3)Slightly

0 (0)Not at all

Personalized weekly sessions

26 (90)Extremely

3 (10)Very

0 (0)Neutral

0 (0)Slightly

0 (0)Not at all

Open-ended feedbacka

Features that participants particularly liked

19 (66)Cognitive restructuring and behavior modification exercises

16 (55)Daily functioning support through weekly sessions

9 (31)Program structure and design

Features to improve or add

7 (24)UXb with notes in the exercises

5 (17)Technology-enabled material and personal data trends

4 (14)Mobile app flow

aParticipants could suggest up to 3 features in each question, so the percentages do not add up to 100.
bUX: user experience.

Participant Retention and Engagement
Of the group of 30 participants, 29 (97%) successfully
completed the program and 1 (3%) decided to discontinue the
program for personal reasons. Consequently, the overall
retention rate during the 4-month study period was 97% (29/30).
Focusing on overall participant engagement, 93% (28/30) of
them were active on a weekly basis during the 16-week program
for an average of 3.2 (SD 0.99) days per week. This translates
to 69 (SD 18.04) minutes spent on the Feel mobile app on
average every week, with participants accessing it approximately
20 (SD 6.72) times per week. Regarding emotion journaling,

participants logged on average approximately 5 (SD 0.85)
emotional events per week with an average journaling rate of
82.07%, whereas 52.51% (1318/2510) of the total logs
concerned positive valence emotions and 47.49% (1192/2510)
regarded emotions of negative valence. With respect to the
personalized weekly sessions with the behavioral health coach,
a 94.2% (452/480) session attendance was observed. At the
same time, participants completed on average 3.48 (SD 0.79)
mental health exercises per week. Aiming to capture the
participants’ progress and their actions toward improving their
mental health status (eg, emotion journaling and exercises), a
new metric, the mental health actions, was introduced. Higher
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values of the mental health action metric indicated higher
engagement and usability of mental health resources, and lower
values indicated lower engagement and usability of mental
health resources. For the focus group of this study, participants
averaged 11.42 (SD 2.34) mental health actions per week.

Preliminary Assessment of Impact on Depressive and
Anxiety Symptoms
In Figure 3, we present the average values and their respective
SEs for the participants’PHQ-9 (Figure 3A) and GAD-7 (Figure
3B) scores at the baseline, midprogram, and end of program
evaluations. Overall, a significant decrease was observed in
both cases. More specifically, the average PHQ-9 score at
baseline was 14.3 (SE 1.09), whereas at the midprogram and
end of program evaluations, it decreased to 9.97 (SE 0.98) and
7.7 (SE 0.96), respectively. The relative baseline to midprogram
and midprogram to end of program PHQ-9 score decrease was
approximately 30.3% (P<.001; r=0.71) and 22.7% (P=.03;
r=0.48), respectively, whereas the overall change (baseline to
end of program) was 46.2% (P<.001; r=0.89). Similarly, the
average GAD-7 score at baseline was 11.4 (SE 0.87), whereas
at the midprogram and end of program evaluations, it decreased

to 8.3 (SE 0.94) and 6.1 (SE 0.83), respectively. Pairwise
comparisons among the different evaluation periods yielded a
relative change of approximately 27% between the baseline and
midprogram evaluations and between the midprogram and end
of program evaluations. Both were statistically significant
(P=.001 and P=.004, respectively) with medium to large effect
sizes (r=0.74 for the former and r=0.68 for the latter). The
overall change (baseline to end of program) was of the order of
46.3% (P<.001; r=0.86). All changes in average PHQ-9 and
GAD-7 scores were statistically significant with medium to
high effect sizes. More specifically, 87% (26/30) of the
participants showed an improvement in depressive symptoms,
and 77% (23/30) showed an improvement in anxiety symptoms.
In addition, 77% (23/30) exhibited an improvement in both
symptom categories, whereas 87% (26/30) showed an
improvement in at least one of them. Finally, clinically
significant improvement was observed in 57% (17/30) of the
participants for depressive symptoms and in 60% (18/30) of the
participants for anxiety symptoms. Overall, the statistical
significance of the results suggests a potentially beneficial
impact of the Feel Program on depression and anxiety
symptoms.

Figure 3. (A) Average participant Patient Health Questionnaire–9 (PHQ-9) and (B) average Generalized Anxiety Disorder–7 (GAD-7) scores at the
baseline, midprogram, and end of program evaluations. The vertical bars represent the SE.

Preliminary Assessment of Impact on Quality of Life
and Well-Being
Figure 4 shows the average values and their respective SEs for
participants’ SWLS (Figure 4A) and LISAT-11 (Figure 4B)
scores during the 3 evaluation periods. More specifically, for
the SWLS, the average value at baseline was 17.2 (SE 1.32),
whereas at midprogram it increased to 18.9 (SE 1.13), with a
further increase to 21.2 (SE 1.08) at the end of program time
point. Pairwise comparisons among the baseline, midprogram,
and end of program evaluations yielded an average change of
approximately 10% (P=.03; r=0.48) and 12% (P=.01; r=0.56),
respectively, whereas the overall change (baseline to end of
program) was 23% (P<.001; r=0.78). At the same time, for the

LISAT-11, we observed an average value of 3.1 (SE 0.14) at
baseline, whereas the corresponding value was 3.5 (SE 0.17) at
midprogram and 3.7 (SE 0.18) for the end of program
evaluation. The average increase between the baseline and
midprogram evaluations and between the midprogram and end
of program evaluations was 10.6% and 7.7%, respectively,
which in both cases is characterized as marginally significant
(P=.051 and P=.049, respectively). However, the overall change
from the baseline to end of program assessment was 20%, which
was statistically significant (P=.004; r=0.8). Thus, the overall
change in participants’ SWLS and LISAT-11 scores was
statistically significant with a large effect size. Finally, 67%
(20/30) of participants exhibited an increase in SWLS scores,
and 50% (15/30) exhibited an increase in LISAT-11 scores.
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Figure 4. (A) Average participant Satisfaction With Life Scale (SWLS) and (B) average Life Satisfaction Questionnaire (LISAT-11) scores at the
baseline, midprogram, and end of program evaluations. The vertical bars represent the SE.

Preliminary Assessment of Participant Self-Assessment
Results
An additional tool aimed at evaluating the participants’
perceptions regarding their progress and learning during the
program, the self-assessment survey, was introduced.
Participants’ responses to the self-assessment survey are
presented in Table 4, where it becomes evident that participants
anticipated that significant progress would be achieved. In this
context, 93% (27/29) of participants stated that they had learned

strategies that would help them handle challenging situations,
whereas almost all of them (19/29, 66%) learned coping
strategies to reduce distressing emotions or behaviors. In
addition, 2 out of 3 participants strongly believed that they had
strengthened their self-management skills, with 86% (25/29)
having improved their lifestyle choices (eg, getting more sleep
and eating better). Finally, 83% (24/29) of the participants
increased their ability to recognize and express their feelings,
and 72% (21/29) of them found their self-confidence or
self-esteem to be enhanced.
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Table 4. Participant responses to the self-assessment questionnaire (n=29).

Values, n (%)Survey question and participant responses

I learned one or more strategies to solve or cope with challenging situations.

20 (69)Strongly agree

7 (24)Agree

2 (7)Neither disagree nor agree

0 (0)Disagree

0 (0)Strongly disagree

I learned to have balanced or alternative thinking as well as a growth mindset to reduce distressing emotions or behaviors.

19 (66)Strongly agree

9 (31)Agree

0 (0)Neither disagree nor agree

1 (3)Disagree

0 (0)Strongly disagree

I strengthened one or more self-management skills (eg, awareness of my thoughts, feelings, and behaviors; cultivating the positive; and self-
care).

19 (66)Strongly agree

10 (34)Agree

0 (0)Neither disagree nor agree

0 (0)Disagree

0 (0)Strongly disagree

I have improved my lifestyle choices in at least one wellness area (eg, getting more sleep, eating better, reaching out to friends more, and
seeking out time to connect with nature).

12 (41)Strongly agree

13 (45)Agree

4 (14)Neither disagree nor agree

0 (0)Disagree

0 (0)Strongly disagree

I increased my ability to recognize, name, and appropriately express my feelings.

16 (55)Strongly agree

8 (28)Agree

5 (17)Neither disagree nor agree

0 (0)Disagree

0 (0)Strongly disagree

I increased my self-confidence or self-esteem.

10 (34)Strongly agree

11 (38)Agree

5 (17)Neither disagree nor agree

1 (3)Disagree

2 (7)Strongly disagree

Discussion

Principal Findings
This study was designed to explore and evaluate the feasibility
and acceptance of a structured 16-week digital mental health

program in a population with ADHD symptomatology, targeting
co-occurring depression or anxiety symptoms. Specifically, this
study focused on the utility of a digital mental health solution
with this population; the opportunity for digitally designed and
enhanced cognitive and behavioral interventions to positively
affect engagement and adherence; and the potential relationship
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with the emergence of changes over time in psychometric
indicators of depression, anxiety, and overall quality of life.
The program may represent a valuable treatment solution as the
population of adults with ADHD can be difficult to engage in
any type of treatment because of the nature of their symptoms
and functioning [25,26,55]. Adding to that the layer of a
comorbidity such as depression or anxiety, it can become
insurmountable [17,19,56] and challenge clinicians to find
innovative ways of engagement and treatment delivery.

In this context, the main hypothesis of the study was that a
data-driven, personalized, evidence-based digital therapeutic
solution would support participant engagement along with
enhanced exposure and adherence to clinical interventions,
followed by an improvement in presenting symptoms. To
support this hypothesis, three aims were investigated: (1) the
feasibility and acceptance of a digital mental health program,
(2) the participants’ engagement and retention levels during the
study, and (3) the potential efficacy of the solution with respect
to anxiety and depression symptoms in a specific population.
The study results positively supported all 3 aims, as detailed in
the following paragraphs. Highlights include high feasibility
and acceptance of the solution based on the high interest in
participating, completion rate of the onboarding steps, and very
favorable scores on the user feedback survey. Moreover, we
observed high participant retention and engagement, supported
by the considerable time participants spent on the app and their
overall activity per week. Finally, a substantial reduction in
anxiety and depressive symptoms, followed by an improvement
in quality-of-life measures, was reported by participants.

Program feasibility was evaluated based on 3 factors: the
targeted population’s interest in the program and the operational
and technical delivery of the program. First, a very high number
of individuals (1878 candidates) expressed interest in
participating in the study by completing the eligibility survey.
The recruitment process yielded 341 eligible candidates who
were interested in joining the study, of whom approximately
8.8% (30/341) self-reported ADHD symptomatology.
Operational feasibility was then evaluated in the recruitment
and onboarding phases. The study leveraged social media
channels for recruitment, which created a digital front door for
potential participants to be remotely assessed for eligibility.
The onboarding workflow enabled participants to complete all
digital onboarding steps on the same day. Finally, the program
demonstrated technical feasibility through its availability via
iOS or Android, which represent approximately 99% of mobile
devices worldwide [57]. The Feel app enabled the delivery of
digital evidence-based interventions, such as cognitive
restructuring tools, emotion regulation techniques, and
behavioral activation exercises. These interventions were
accessible to the participants at any moment of need and
leveraged digital behavior design elements to prompt behavior
change and increase use. On the basis of these measures of
feasibility, we consider the program to be a viable solution for
the target population.

The acceptability of the program was assessed based on 3
different time points in relation to the intervention delivery
period [58]. The time points were before intervention delivery,
during intervention delivery, and after intervention delivery.

To begin, all participants (30/30, 100%) attended the
videoconference study orientation, whereas it is worth noting
that 97% (29/30) of them also attended their introductory
session. In addition, the vast majority (29/30, 97%) of
participants who completed the in-app onboarding step attended
their introductory session. Both of these preintervention delivery
behaviors imply a perceived goodness of fit for the study and
the program as the participants chose to continue on to the next
step of the program. Interestingly enough, the participant who
did not attend the introductory session eventually dropped out
of the program. Next, the during-intervention-delivery behavior
showed extremely high activity levels, with 93% (28/30) of
participants using the app weekly for the duration of the
program, accessing the app approximately 20 times per week.
Finally, the postintervention delivery acceptability was rated
through a user feedback survey. To begin, the overall participant
satisfaction level was 4.3 out of 5, with 90% (26/29) of
participants being very or extremely satisfied, along with 86%
(25/29) of them stating that the program met their expectations.
In further detail, 83% (24/29) of participants reported that the
app was very or extremely easy to navigate, and a high
percentage of participants saw the value in each of the program
core components (Feel mobile app: 24/29, 83%; Mental Health
Resource Center: 28/29, 97%; Personalized weekly sessions:
29/29, 100%; provided high or very high ratings). In addition,
the survey results showed that 9 out of 10 participants would
be disappointed if they could no longer take part in the program,
whereas almost all (28/29, 97%) would recommend it to
someone they knew. On the basis of this acceptance, we consider
the Feel Program to be highly tolerable for this patient
population.

The favorable acceptability of the program was represented by
complimentary participant engagement and retention, which
are a particularly important aspect for this population as
treatment adherence can be challenging. The study retention
rate was 97% (29/30), with participants being engaged on an
average of 3.2 days per week. With respect to the different study
components, participants were actively engaged. More
specifically, they spent an average of 69 minutes on the mobile
app weekly with a 94.2% (452/480) session attendance, whereas
they frequently used the journaling component, with an average
of 5 emotional events per week and a journal completion rate
of 82.11% (2061/2510). The mental health exercises were
observed to be an important component as well, with participants
averaging 3.48 exercises per week. A high use rate was observed
for the “Express gratitude,” “Body scan,” and “Daily activities”
exercises, which address common symptoms that persist in this
study population [59]. The overall high engagement of the
participants can be summarized through our mental health action
metric, which attained a weekly average of 11.42.

As we further explore the current impact of digital mental health
interventions, we recognize that, although there is recent
research on the application of digital therapeutic models in
adults with ADHD, to the best of our knowledge, there is no
evidence that focuses on the co-occurrence of MDD and GAD
symptomatology in adults with ADHD. Therefore, this study
offers a preliminary look into the possibility of using such digital
interventions for this population. For depression and anxiety
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symptoms as indicated by PHQ-9 and GAD-7 scores,
respectively, a continuing decrease in average scores was
observed from baseline to midprogram and all the way to the
end of the program. The overall PHQ-9 and GAD-7 change
(baseline to end of program) was approximately 46% and
statistically significant for both scales, suggesting that there
was overall progress on both scales. This progress is reflected
in improvements in the symptoms as reported through
participants’ responses. We also observed clinically significant
changes in 57% (17/30) of participants for depressive symptoms
and in 60% (18/30) for anxiety symptoms. This may be related
to the high level of participant engagement and adherence to
the personalized, data-driven program components. The
program’s personalized direction (eg, emotion journaling,
exercises, and weekly sessions) helped participants attain their
goals, such as developing emotion regulation, strengthening
resilience, and building self-management skills. By achieving
their weekly goals, they were able to redefine their beliefs about
themselves, contributing to changes in their depression and
anxiety symptoms. The effectiveness of the program’s
interventions aligns with previous research on this population
that suggests that cognitive restructuring is a helpful tool to
address self-limiting thinking and recalibrate beliefs about what
behaviors can affect positive change [60-65]. Participants in
this study were able to move from intention to action by
promoting tasks of engagement rather than avoidance [60-65].
Overall, the statistical significance of the results suggests a
potentially beneficial impact of the FP on depression and anxiety
symptoms.

As we continue to explore the progression of depression and
anxiety symptoms, we consider the potential connection between
the use of the transtheoretical model and motivational
interviewing to promote behavioral activation and positively
affect health outcomes. In this study, participants were either
at the contemplation stage (20/30, 67%) or the preparation stage
(10/30, 33%), which was evaluated by the behavioral health
coach during the introductory session. During the study, the 2
groups showed different engagement behaviors. More
specifically, participants at the preparation stage had a mean
BAARS-IV score of 26.4 (SE 3.37), spent on average 1.42 hours
on the mobile app, and averaged 16.8 mental health actions on
a weekly basis. At the same time, participants at the
contemplation stage had a mean score of 22.5 (SE 2.23) on the
BAARS-IV questionnaire, spent approximately 1 hour on the
mobile app, and completed on average 8.7 mental health actions
per week. Nevertheless, a significant observational result was
that both groups of participants showed significant reductions
in depression and anxiety symptoms. In more detail, we
observed an approximately 50% overall reduction in PHQ-9
and GAD-7 scores (P<.001; r=0.98 in both cases) in the
contemplation stage group, whereas for the preparation stage
group, the overall reduction was 41% (P=.04; r=0.73) in PHQ-9
scores and 42% (P=.14; r=0.61) in GAD-7 scores. We also
observed that 77% (23/30) of participants showed improvement

in depression and anxiety symptomatology regardless of their
stage of change (contemplation or preparation).

Finally, improvements in symptoms were followed by a
subsequent increase in health-related quality of life metrics
(baseline to end of program evaluations), as reflected by
participants’ responses to the SWLS and LISAT-11. These
measures are of particular relevance to the patient population,
which faces a serious disruption to life domains [8-10,14]. In
summary, this study suggests that the investigated 16-week
digital mental health intervention (ie, Feel Program for
populations with ADHD) for a population of adults with ADHD
who have MDD and GAD symptoms retains high levels of
participant engagement following clinically significant
reductions in MDD and GAD symptoms and overall
improvement in quality of life and life satisfaction.

Limitations
This study has several limitations that may affect the
generalizability of the results and should be considered when
interpreting them. The most important among these is the sample
size of the study, which was relatively small, with 97% (29/30)
of the participants successfully completing the study. In addition,
all recruited participants had self-reported symptoms of ADHD
and MDD or GAD. Considering the small sample size and the
lack of a professional diagnosis, we are unable to generalize the
findings to a broader population with ADHD experiencing
depression and anxiety symptoms. Furthermore, the lack of a
control group significantly restrains our ability to support the
effectiveness of the intervention and associate it with overall
depressive and anxiety symptom changes and improvements in
quality of life. Finally, we did not monitor the participants’ level
of proficiency with mobile devices, and thus, assessing its
impact on participants’ engagement was not possible. Overall,
this study suggests that an investment in future studies that
address these limitations and strengthen the integrity of the
outcomes to apply the findings to adults with ADHD and
co-occurring symptoms of depression and anxiety would be
beneficial.

Considering the aforementioned aspects, future studies should
include a broader and more diverse sample population to validate
the outcomes of this study and mitigate potential bias, along
with a professional medical diagnosis that will validate the
participant profiles. To this end, various enhancements to the
recruitment process, such as engaging community clinics along
with ADHD groups, experts, and foundations, could be very
important. In addition, the inclusion of a control group would
provide strong evidence regarding the efficacy of the
intervention. It would also be valuable to explore the impact of
access to the digital solution and monitor any constraints because
of smartphone ownership, data use, and technical proficiency.
In addition, we believe that it would be very interesting to
explore the potential effect of the observed improvement in
depressive and anxiety symptoms on ADHD symptomatology
treatment. Finally, comparison groups to determine the impact
of medication or alternative treatments could also be considered.

JMIR Form Res 2023 | vol. 7 | e48362 | p. 17https://formative.jmir.org/2023/1/e48362
(page number not for citation purposes)

Tsirmpas et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Acknowledgments
This research received no external funding. The authors would like to thank Dimitra Owens for her support in the preparation of
this manuscript.

Data Availability
The original contributions presented in this study are included in the paper; further inquiries can be directed to the corresponding
authors.

Authors' Contributions
CT, MN, SK, PF, KK, and CP contributed to the conceptualization and methodology of the study, whereas SK, MN, and PF
contributed to the selection of measures. CT and DA designed and performed the data curation and statistical analyses. The
original draft was prepared by MN, SK, DA, and CT, and all authors edited multiple drafts and reviewed the final manuscript.

Conflicts of Interest
CT is employed by Feel Therapeutics Inc, receives a salary, and owns a large share of the company stocks. DA, PF, SK, and MN
are employed by Feel Therapeutics Inc, receive a salary, and own options in the company. The remaining authors declare that
the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential
conflict of interest.

References

1. The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. Virginia, WA: American Psychiatric Association;
2013.

2. Asherson P, Buitelaar J, Faraone SV, Rohde LA. Adult attention-deficit hyperactivity disorder: key conceptual issues.
Lancet Psychiatry 2016 Jun;3(6):568-578 [doi: 10.1016/S2215-0366(16)30032-3] [Medline: 27183901]

3. Skirrow C, Asherson P. Emotional lability, comorbidity and impairment in adults with attention-deficit hyperactivity
disorder. J Affect Disord 2013 May;147(1-3):80-86 [FREE Full text] [doi: 10.1016/j.jad.2012.10.011] [Medline: 23218897]

4. Barbaresi WJ, Colligan RC, Weaver AL, Voigt RG, Killian JM, Katusic SK. Mortality, ADHD, and psychosocial adversity
in adults with childhood ADHD: a prospective study. Pediatrics 2013 Apr;131(4):637-644 [FREE Full text] [doi:
10.1542/peds.2012-2354] [Medline: 23460687]

5. Kooij JJ, Bijlenga D, Salerno L, Jaeschke R, Bitter I, Balázs J, et al. Updated European consensus statement on diagnosis
and treatment of adult ADHD. Eur Psychiatry 2019 Mar;56:14-34 [FREE Full text] [doi: 10.1016/j.eurpsy.2018.11.001]
[Medline: 30453134]

6. Torgersen T, Gjervan B, Rasmussen K. ADHD in adults: a study of clinical characteristics, impairment and comorbidity.
Nord J Psychiatry 2006;60(1):38-43 [FREE Full text] [doi: 10.1080/08039480500520665] [Medline: 16500798]

7. Surman CB, Hammerness PG, Pion K, Faraone SV. Do stimulants improve functioning in adults with ADHD? A review
of the literature. Eur Neuropsychopharmacol 2013 Jun;23(6):528-533 [FREE Full text] [doi: 10.1016/j.euroneuro.2012.02.010]
[Medline: 23391411]

8. Kessler RC, Adler L, Ames M, Barkley RA, Birnbaum H, Greenberg P, et al. The prevalence and effects of adult attention
deficit/hyperactivity disorder on work performance in a nationally representative sample of workers. J Occup Environ Med
2005 Jun;47(6):565-572 [FREE Full text] [doi: 10.1097/01.jom.0000166863.33541.39] [Medline: 15951716]

9. Biederman J, Monuteaux MC, Doyle AE, Seidman LJ, Wilens TE, Ferrero F, et al. Impact of executive function deficits
and attention-deficit/hyperactivity disorder (ADHD) on academic outcomes in children. J Consult Clin Psychol 2004
Oct;72(5):757-766 [FREE Full text] [doi: 10.1037/0022-006X.72.5.757] [Medline: 15482034]

10. Redelmeier DA, Chan WK, Lu H. Road trauma in teenage male youth with childhood disruptive behavior disorders: a
population based analysis. PLoS Med 2010 Nov 16;7(11):e1000369 [FREE Full text] [doi: 10.1371/journal.pmed.1000369]
[Medline: 21125017]

11. Mannuzza S, Klein RG, Moulton JL3. Lifetime criminality among boys with attention deficit hyperactivity disorder: a
prospective follow-up study into adulthood using official arrest records. Psychiatry Res 2008 Sep 30;160(3):237-246 [FREE
Full text] [doi: 10.1016/j.psychres.2007.11.003] [Medline: 18707766]

12. Brunkhorst-Kanaan N, Libutzki B, Reif A, Larsson H, McNeill RV, Kittel-Schneider S. ADHD and accidents over the life
span - a systematic review. Neurosci Biobehav Rev 2021 Jun;125:582-591 [FREE Full text] [doi:
10.1016/j.neubiorev.2021.02.002] [Medline: 33582234]

13. Chang Z, Lichtenstein P, D'Onofrio BM, Sjölander A, Larsson H. Serious transport accidents in adults with
attention-deficit/hyperactivity disorder and the effect of medication: a population-based study. JAMA Psychiatry 2014
Mar;71(3):319-325 [FREE Full text] [doi: 10.1001/jamapsychiatry.2013.4174] [Medline: 24477798]

14. Nigg JT. Attention-deficit/hyperactivity disorder and adverse health outcomes. Clin Psychol Rev 2013 Mar;33(2):215-228
[FREE Full text] [doi: 10.1016/j.cpr.2012.11.005] [Medline: 23298633]

JMIR Form Res 2023 | vol. 7 | e48362 | p. 18https://formative.jmir.org/2023/1/e48362
(page number not for citation purposes)

Tsirmpas et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/S2215-0366(16)30032-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27183901&dopt=Abstract
https://doi.org/10.1016/j.jad.2012.10.011
http://dx.doi.org/10.1016/j.jad.2012.10.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23218897&dopt=Abstract
https://europepmc.org/abstract/MED/23460687
http://dx.doi.org/10.1542/peds.2012-2354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23460687&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0924-9338(18)30196-2
http://dx.doi.org/10.1016/j.eurpsy.2018.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30453134&dopt=Abstract
https://doi.org/10.1080/08039480500520665
http://dx.doi.org/10.1080/08039480500520665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16500798&dopt=Abstract
https://doi.org/10.1016/j.euroneuro.2012.02.010
http://dx.doi.org/10.1016/j.euroneuro.2012.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23391411&dopt=Abstract
https://doi.org/10.1097/01.jom.0000166863.33541.39
http://dx.doi.org/10.1097/01.jom.0000166863.33541.39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15951716&dopt=Abstract
https://doi.org/https://doi.org/10.1037/0022-006X.72.5.757
http://dx.doi.org/10.1037/0022-006X.72.5.757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15482034&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1000369
http://dx.doi.org/10.1371/journal.pmed.1000369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21125017&dopt=Abstract
https://europepmc.org/abstract/MED/18707766
https://europepmc.org/abstract/MED/18707766
http://dx.doi.org/10.1016/j.psychres.2007.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18707766&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0149-7634(21)00056-7
http://dx.doi.org/10.1016/j.neubiorev.2021.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33582234&dopt=Abstract
https://europepmc.org/abstract/MED/24477798
http://dx.doi.org/10.1001/jamapsychiatry.2013.4174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24477798&dopt=Abstract
https://europepmc.org/abstract/MED/23298633
http://dx.doi.org/10.1016/j.cpr.2012.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23298633&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Weissenberger S, Ptacek R, Vnukova M, Raboch J, Klicperova-Baker M, Domkarova L, et al. ADHD and lifestyle habits
in Czech adults, a national sample. Neuropsychiatr Dis Treat 2018 Jan;14:293-299 [FREE Full text] [doi:
10.2147/NDT.S148921] [Medline: 29391802]

16. Björk A, Rönngren Y, Selander J, Vinberg S, Hellzen O, Olofsson N. Health, lifestyle habits, and physical fitness among
adults with ADHD compared with a random sample of a Swedish general population. Soc Health Vulnerability 2018 Dec
18;9(1):1553916 [FREE Full text] [doi: 10.1080/20021518.2018.1553916]

17. Katzman MA, Bilkey TS, Chokka PR, Fallu A, Klassen LJ. Adult ADHD and comorbid disorders: clinical implications of
a dimensional approach. BMC Psychiatry 2017 Aug 22;17(1):302 [FREE Full text] [doi: 10.1186/s12888-017-1463-3]
[Medline: 28830387]

18. Sobanski E, Brüggemann D, Alm B, Kern S, Deschner M, Schubert T, et al. Psychiatric comorbidity and functional
impairment in a clinically referred sample of adults with attention-deficit/hyperactivity disorder (ADHD). Eur Arch
Psychiatry Clin Neurosci 2007 Oct;257(7):371-377 [FREE Full text] [doi: 10.1007/s00406-007-0712-8] [Medline: 17902010]

19. Sobanski E. Psychiatric comorbidity in adults with attention-deficit/hyperactivity disorder (ADHD). Eur Arch Psychiatry
Clin Neurosci 2006 Sep;256 Suppl 1(S1):i26-i31 [FREE Full text] [doi: 10.1007/s00406-006-1004-4] [Medline: 16977548]

20. Kenter RM, Schønning A, Inal Y. Internet-delivered self-help for adults with ADHD (MyADHD): usability study. JMIR
Form Res 2022 Oct 21;6(10):e37137 [FREE Full text] [doi: 10.2196/37137] [Medline: 36269662]

21. Moëll B, Kollberg L, Nasri B, Lindefors N, Kaldo V. Living SMART — A randomized controlled trial of a guided online
course teaching adults with ADHD or sub-clinical ADHD to use smartphones to structure their everyday life. Internet Interv
2015 Mar;2(1):24-31 [FREE Full text] [doi: 10.1016/j.invent.2014.11.004]

22. Knouse LE, Teller J, Brooks MA. Meta-analysis of cognitive-behavioral treatments for adult ADHD. J Consult Clin Psychol
2017 Jul;85(7):737-750 [FREE Full text] [doi: 10.1037/ccp0000216] [Medline: 28504540]

23. Young Z, Moghaddam N, Tickle A. The efficacy of cognitive behavioral therapy for adults with ADHD: a systematic
review and meta-analysis of randomized controlled trials. J Atten Disord 2020 Apr;24(6):875-888 [FREE Full text] [doi:
10.1177/1087054716664413] [Medline: 27554190]

24. Lopez PL, Torrente FM, Ciapponi A, Lischinsky AG, Cetkovich-Bakmas M, Rojas JI, et al. Cognitive-behavioural
interventions for attention deficit hyperactivity disorder (ADHD) in adults. Cochrane Database Syst Rev 2018 Mar
23;3(3):CD010840 [FREE Full text] [doi: 10.1002/14651858.CD010840.pub2] [Medline: 29566425]

25. Safren SA, Duran P, Yovel I, Perlman CA, Sprich S. Medication adherence in psychopharmacologically treated adults with
ADHD. J Atten Disord 2007 Mar;10(3):257-260 [FREE Full text] [doi: 10.1177/1087054706292165] [Medline: 17242421]

26. Kooij JJ, Rösler M, Philipsen A, Wächter S, Dejonckheere J, van der Kolk A, et al. Predictors and impact of non-adherence
in adults with attention-deficit/hyperactivity disorder receiving OROS methylphenidate: results from a randomized,
placebo-controlled trial. BMC Psychiatry 2013 Jan 24;13(1):36 [FREE Full text] [doi: 10.1186/1471-244x-13-36]

27. Taj F, Klein MC, van Halteren A. Digital health behavior change technology: bibliometric and scoping review of two
decades of research. JMIR Mhealth Uhealth 2019 Dec 13;7(12):e13311 [FREE Full text] [doi: 10.2196/13311] [Medline:
31833836]

28. Cole-Lewis H, Ezeanochie N, Turgiss J. Understanding health behavior technology engagement: pathway to measuring
digital behavior change interventions. JMIR Form Res 2019 Oct 10;3(4):e14052 [FREE Full text] [doi: 10.2196/14052]
[Medline: 31603427]

29. Berrouiguet S, Perez-Rodriguez MM, Larsen M, Baca-García E, Courtet P, Oquendo M. From eHealth to iHealth: transition
to participatory and personalized medicine in mental health. J Med Internet Res 2018 Jan 03;20(1):e2 [FREE Full text]
[doi: 10.2196/jmir.7412] [Medline: 29298748]

30. Torous J, Nicholas J, Larsen ME, Firth J, Christensen H. Clinical review of user engagement with mental health smartphone
apps: evidence, theory and improvements. Evid Based Ment Health 2018 Aug;21(3):116-119 [FREE Full text] [doi:
10.1136/eb-2018-102891] [Medline: 29871870]

31. Lattie EG, Adkins EC, Winquist N, Stiles-Shields C, Wafford QE, Graham AK. Digital mental health interventions for
depression, anxiety, and enhancement of psychological well-being among college students: systematic review. J Med
Internet Res 2019 Jul 22;21(7):e12869 [FREE Full text] [doi: 10.2196/12869] [Medline: 31333198]

32. Andrews G, Basu A, Cuijpers P, Craske MG, McEvoy P, English CL, et al. Computer therapy for the anxiety and depression
disorders is effective, acceptable and practical health care: an updated meta-analysis. J Anxiety Disord 2018 Apr;55:70-78
[FREE Full text] [doi: 10.1016/j.janxdis.2018.01.001] [Medline: 29422409]

33. Kenter RM, Lundervold AJ, Nordgreen T. A self-guided internet-delivered intervention for adults with ADHD: a protocol
for a randomized controlled trial. Internet Interv 2021 Dec;26:100485 [FREE Full text] [doi: 10.1016/j.invent.2021.100485]
[Medline: 34877262]

34. Păsărelu CR, Andersson G, Dobrean A. Attention-deficit/ hyperactivity disorder mobile apps: a systematic review. Int J
Med Inform 2020 Jun;138:104133 [FREE Full text] [doi: 10.1016/j.ijmedinf.2020.104133] [Medline: 32283479]

35. Knouse LE, Hu X, Sachs G, Isaacs S. Usability and feasibility of a cognitive-behavioral mobile app for ADHD in adults.
PLOS Digit Health 2022 Aug;1(8):e0000083 [FREE Full text] [doi: 10.1371/journal.pdig.0000083] [Medline: 36812621]

36. Guidances with digital health content. U.S. Food & Drug Administration. URL: https://www.fda.gov/medical-devices/
digital-health-center-excellence/guidances-digital-health-content [accessed 2023-02-07]

JMIR Form Res 2023 | vol. 7 | e48362 | p. 19https://formative.jmir.org/2023/1/e48362
(page number not for citation purposes)

Tsirmpas et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/29391802
http://dx.doi.org/10.2147/NDT.S148921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29391802&dopt=Abstract
https://doi.org/10.1080/20021518.2018.1553916
http://dx.doi.org/10.1080/20021518.2018.1553916
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-017-1463-3
http://dx.doi.org/10.1186/s12888-017-1463-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28830387&dopt=Abstract
https://doi.org/10.1007/s00406-007-0712-8
http://dx.doi.org/10.1007/s00406-007-0712-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17902010&dopt=Abstract
https://doi.org/10.1007/s00406-006-1004-4
http://dx.doi.org/10.1007/s00406-006-1004-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16977548&dopt=Abstract
https://formative.jmir.org/2022/10/e37137/
http://dx.doi.org/10.2196/37137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36269662&dopt=Abstract
https://doi.org/10.1016/j.invent.2014.11.004
http://dx.doi.org/10.1016/j.invent.2014.11.004
https://doi.org/10.1037/ccp0000216
http://dx.doi.org/10.1037/ccp0000216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28504540&dopt=Abstract
https://doi.org/10.1177/1087054716664413
http://dx.doi.org/10.1177/1087054716664413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27554190&dopt=Abstract
https://europepmc.org/abstract/MED/29566425
http://dx.doi.org/10.1002/14651858.CD010840.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29566425&dopt=Abstract
https://doi.org/10.1177/1087054706292165
http://dx.doi.org/10.1177/1087054706292165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17242421&dopt=Abstract
https://doi.org/10.1186/1471-244X-13-36
http://dx.doi.org/10.1186/1471-244x-13-36
https://mhealth.jmir.org/2019/12/e13311/
http://dx.doi.org/10.2196/13311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31833836&dopt=Abstract
https://formative.jmir.org/2019/4/e14052/
http://dx.doi.org/10.2196/14052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31603427&dopt=Abstract
https://www.jmir.org/2018/1/e2/
http://dx.doi.org/10.2196/jmir.7412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29298748&dopt=Abstract
https://doi.org/10.1136/eb-2018-102891
http://dx.doi.org/10.1136/eb-2018-102891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29871870&dopt=Abstract
https://www.jmir.org/2019/7/e12869/
http://dx.doi.org/10.2196/12869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31333198&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0887-6185(17)30447-4
http://dx.doi.org/10.1016/j.janxdis.2018.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29422409&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(21)00125-1
http://dx.doi.org/10.1016/j.invent.2021.100485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34877262&dopt=Abstract
https://doi.org/10.1016/j.ijmedinf.2020.104133
http://dx.doi.org/10.1016/j.ijmedinf.2020.104133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32283479&dopt=Abstract
https://europepmc.org/abstract/MED/36812621
http://dx.doi.org/10.1371/journal.pdig.0000083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36812621&dopt=Abstract
https://www.fda.gov/medical-devices/digital-health-center-excellence/guidances-digital-health-content
https://www.fda.gov/medical-devices/digital-health-center-excellence/guidances-digital-health-content
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. Torous J, Stern AD, Bourgeois FT. Regulatory considerations to keep pace with innovation in digital health products. NPJ
Digit Med 2022 Aug 19;5(1):121 [FREE Full text] [doi: 10.1038/s41746-022-00668-9] [Medline: 35986056]

38. Ramos G, Ponting C, Labao JP, Sobowale K. Considerations of diversity, equity, and inclusion in mental health apps: a
scoping review of evaluation frameworks. Behav Res Ther 2021 Dec;147:103990 [FREE Full text] [doi:
10.1016/j.brat.2021.103990] [Medline: 34715396]

39. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med 2001
Sep;16(9):606-613 [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

40. Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097 [FREE Full text] [doi: 10.1001/archinte.166.10.1092] [Medline:
16717171]

41. Barkley RA. Barkley Adult ADHD Rating Scale--IV. New York City, NY: Guilford Publications; Feb 2011.
42. Fugl-Meyer AR, Bränholm IB, Fugl-Meyer KS. Happiness and domain-specific life satisfaction in adult northern Swedes.

Clin Rehabil 2016 Jul 01;5(1):25-33 [FREE Full text] [doi: 10.1177/026921559100500105]
43. Diener E, Emmons RA, Larsen RJ, Griffin S. The satisfaction with life scale. J Pers Assess 1985 Mar;49(1):71-75 [FREE

Full text] [doi: 10.1207/s15327752jpa4901_13] [Medline: 16367493]
44. Prochaska JO, DiClemente CC. The Transtheoretical Approach: Crossing Traditional Boundaries of Therapy. Malabar,

FL: Krieger Publishing Company; 1984.
45. Prochaska J, DiClemente CC. Stages and processes of self-change of smoking: toward an integrative model of change. J

Consult Clin Psychol 1983 Jun;51(3):390-395 [FREE Full text] [doi: 10.1037//0022-006x.51.3.390] [Medline: 6863699]
46. Iraola AB, Sánchez RÁ, Petsani D, Hors-Fraile S, Bamidis P, Konstantinidis E. Virtual coaching for older adults at home

using SMART goal supported behavior change. In: Proceedings of the Companion Publication of the 2020 International
Conference on Multimodal Interaction. 2020 Oct Presented at: ICMI '20: INTERNATIONAL CONFERENCE ON
MULTIMODAL INTERACTION; October 25-29, 2020; Virtual Event Netherlands [doi: 10.1145/3395035.3425311]

47. Sprich SE, Knouse LE, Cooper-Vince C, Burbridge J, Safren SA. Description and demonstration of CBT for ADHD in
adults. Cogn Behav Pract 2012 Mar 01;17(1):9-15 [FREE Full text] [doi: 10.1016/j.cbpra.2009.09.002] [Medline: 24379644]

48. Kim TK. T test as a parametric statistic. Korean J Anesthesiol 2015 Dec;68(6):540-546 [FREE Full text] [doi:
10.4097/kjae.2015.68.6.540] [Medline: 26634076]

49. Rey D, Neuhäuser M. Wilcoxon-Signed-Rank test. In: Lovric M, editor. International Encyclopedia of Statistical Science.
Berlin, Germany: Springer; Dec 02, 2014.

50. Kerby DS. The simple difference formula: an approach to teaching nonparametric correlation. Compr Psychol 2014 Feb
14;3 [FREE Full text] [doi: 10.2466/11.it.3.1]

51. Kroenke K. Enhancing the clinical utility of depression screening. CMAJ 2012 Mar 21;184(3):281-282 [FREE Full text]
[doi: 10.1503/cmaj.112004] [Medline: 22231681]

52. Toussaint A, Hüsing P, Gumz A, Wingenfeld K, Härter 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 2020 Mar
15;265:395-401 [FREE Full text] [doi: 10.1016/j.jad.2020.01.032] [Medline: 32090765]

53. Abraham A, Pedregosa F, Eickenberg M, Gervais P, Mueller A, Kossaifi J, et al. Machine learning for neuroimaging with
scikit-learn. Front Neuroinform 2014 Feb 21;8:14 [FREE Full text] [doi: 10.3389/fninf.2014.00014] [Medline: 24600388]

54. Li P, Stuart EA, Allison DB. Multiple imputation: a flexible tool for handling missing data. JAMA 2015 Nov
10;314(18):1966-1967 [FREE Full text] [doi: 10.1001/jama.2015.15281] [Medline: 26547468]

55. Gajria K, Lu M, Sikirica V, Greven P, Zhong Y, Qin P, et al. Adherence, persistence, and medication discontinuation in
patients with attention-deficit/hyperactivity disorder - a systematic literature review. Neuropsychiatr Dis Treat 2014
Aug;10:1543-1569 [FREE Full text] [doi: 10.2147/NDT.S65721] [Medline: 25187718]

56. Reimherr F, Marchant B, Gift T, Steans TA. ADHD and anxiety: clinical significance and treatment implications. Curr
Psychiatry Rep 2017 Nov 20;19(12):109 [FREE Full text] [doi: 10.1007/s11920-017-0859-6] [Medline: 29152677]

57. Mobile operating system market share worldwide. StatCounter. URL: https://gs.statcounter.com/os-market-share/mobile/
worldwide [accessed 2023-02-07]

58. Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare interventions: an overview of reviews and development
of a theoretical framework. BMC Health Serv Res 2017 Jan 26;17(1):88 [FREE Full text] [doi: 10.1186/s12913-017-2031-8]
[Medline: 28126032]

59. Barkley RA, Murphy KR, Fischer M. ADHD in Adults: What the Science Says. New York City, NY: Guilford Publications;
2007.

60. Strohmeier CW, Rosenfield B, DiTomasso RA, Ramsay JR. Assessment of the relationship between self-reported cognitive
distortions and adult ADHD, anxiety, depression, and hopelessness. Psychiatry Res 2016 Apr 30;238:153-158 [FREE Full
text] [doi: 10.1016/j.psychres.2016.02.034] [Medline: 27086226]

61. Ramsay JR. The relevance of cognitive distortions in the psychosocial treatment of adult ADHD. Prof Psychol Res Pr
2017;48(1):62-69 [FREE Full text] [doi: 10.1037/pro0000101]

62. Ramsay JR, Rostain AL. The Adult ADHD Tool Kit: Using CBT to Facilitate Coping Inside and Out. Milton Park, UK:
Routledge; Sep 30, 2014.

JMIR Form Res 2023 | vol. 7 | e48362 | p. 20https://formative.jmir.org/2023/1/e48362
(page number not for citation purposes)

Tsirmpas et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://doi.org/10.1038/s41746-022-00668-9
http://dx.doi.org/10.1038/s41746-022-00668-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35986056&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0005-7967(21)00189-3
http://dx.doi.org/10.1016/j.brat.2021.103990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34715396&dopt=Abstract
https://europepmc.org/abstract/MED/11556941
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
https://doi.org/10.1001/archinte.166.10.1092
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
https://doi.org/10.1177/026921559100500105
http://dx.doi.org/10.1177/026921559100500105
https://doi.org/10.1207/s15327752jpa4901_13
https://doi.org/10.1207/s15327752jpa4901_13
http://dx.doi.org/10.1207/s15327752jpa4901_13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16367493&dopt=Abstract
https://doi.org/10.1037//0022-006x.51.3.390
http://dx.doi.org/10.1037//0022-006x.51.3.390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6863699&dopt=Abstract
http://dx.doi.org/10.1145/3395035.3425311
https://europepmc.org/abstract/MED/24379644
http://dx.doi.org/10.1016/j.cbpra.2009.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24379644&dopt=Abstract
https://europepmc.org/abstract/MED/26634076
http://dx.doi.org/10.4097/kjae.2015.68.6.540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26634076&dopt=Abstract
https://doi.org/10.2466/11.IT.3.1
http://dx.doi.org/10.2466/11.it.3.1
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=22231681
http://dx.doi.org/10.1503/cmaj.112004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22231681&dopt=Abstract
https://doi.org/10.1016/j.jad.2020.01.032
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
https://europepmc.org/abstract/MED/24600388
http://dx.doi.org/10.3389/fninf.2014.00014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24600388&dopt=Abstract
https://europepmc.org/abstract/MED/26547468
http://dx.doi.org/10.1001/jama.2015.15281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26547468&dopt=Abstract
https://europepmc.org/abstract/MED/25187718
http://dx.doi.org/10.2147/NDT.S65721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25187718&dopt=Abstract
https://doi.org/10.1007/s11920-017-0859-6
http://dx.doi.org/10.1007/s11920-017-0859-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29152677&dopt=Abstract
https://gs.statcounter.com/os-market-share/mobile/worldwide
https://gs.statcounter.com/os-market-share/mobile/worldwide
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2031-8
http://dx.doi.org/10.1186/s12913-017-2031-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28126032&dopt=Abstract
https://doi.org/10.1016/j.psychres.2016.02.034
https://doi.org/10.1016/j.psychres.2016.02.034
http://dx.doi.org/10.1016/j.psychres.2016.02.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27086226&dopt=Abstract
https://doi.org/10.1037/pro0000101
http://dx.doi.org/10.1037/pro0000101
http://www.w3.org/Style/XSL
http://www.renderx.com/


63. Ramsay JR, Rostain AL. Cognitive-Behavioral Therapy for Adult ADHD: An Integrative Psychosocial and Medical
Approach. Milton Park, UK: Routledge; Jul 24, 2007.

64. Knouse LE, Zvorsky I, Safren SA. Depression in adults with Attention-Deficit/Hyperactivity Disorder (ADHD): the
mediating role of cognitive-behavioral factors. Cognit Ther Res 2013 Dec;37(6):1220-1232 [FREE Full text] [doi:
10.1007/s10608-013-9569-5] [Medline: 26089578]

65. Knouse LE, Mitchell JT. Incautiously optimistic: positively-valenced cognitive avoidance in adult ADHD. Cogn Behav
Pract 2015 May;22(2):192-202 [FREE Full text] [doi: 10.1016/j.cbpra.2014.06.003] [Medline: 25908901]

Abbreviations
ADHD: attention-deficit/hyperactivity disorder
BAARS-IV: Barkley Adult Attention-Deficit/Hyperactivity Disorder Rating Scale–IV
CBT: cognitive behavioral therapy
DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
GAD: generalized anxiety disorder
GAD-7: Generalized Anxiety Disorder–7
LISAT-11: Life Satisfaction Questionnaire
MDD: major depressive disorder
PHQ-9: Patient Health Questionnaire–9
SWLS: Satisfaction With Life Scale

Edited by J Torous; submitted 20.04.23; peer-reviewed by H Ayatollahi, A Tal; comments to author 03.06.23; revised version received
27.07.23; accepted 20.08.23; published 11.10.23

Please cite as:
Tsirmpas C, Nikolakopoulou M, Kaplow S, Andrikopoulos D, Fatouros P, Kontoangelos K, Papageorgiou C
A Digital Mental Health Support Program for Depression and Anxiety in Populations With Attention-Deficit/Hyperactivity Disorder:
Feasibility and Usability Study
JMIR Form Res 2023;7:e48362
URL: https://formative.jmir.org/2023/1/e48362
doi: 10.2196/48362
PMID:

©Charalampos Tsirmpas, Maria Nikolakopoulou, Sharon Kaplow, Dimitrios Andrikopoulos, Panagiotis Fatouros, Konstantinos
Kontoangelos, Charalabos Papageorgiou. Originally published in JMIR Formative Research (https://formative.jmir.org), 11.10.2023.
This is an 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 JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2023 | vol. 7 | e48362 | p. 21https://formative.jmir.org/2023/1/e48362
(page number not for citation purposes)

Tsirmpas et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/26089578
http://dx.doi.org/10.1007/s10608-013-9569-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26089578&dopt=Abstract
https://europepmc.org/abstract/MED/25908901
http://dx.doi.org/10.1016/j.cbpra.2014.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25908901&dopt=Abstract
https://formative.jmir.org/2023/1/e48362
http://dx.doi.org/10.2196/48362
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/

