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Abstract

Background: Blended cognitive behavioral therapy (bCBT)—the combination of digital elements and face-to-face
psychotherapy—has been proposed to alleviate challenges that patients and therapists face in conventional cognitive behavioral
therapy. There is growing evidence that adding digital elements to face-to-face psychotherapy can contribute to better treatment
outcomes. However, bCBT programs still show considerable shortcomings, and knowledge on how to improve digital apps using
a bCBT protocol is limited.

Objective: This study aimed to inductively identify functions and qualities that are expected from a bCBT treatment for depression
in the eyes of patients and psychotherapists who were not currently receiving or practicing bCBT treatment.

Methods: We used a qualitative exploratory study design and conducted 3 focus group interviews (n=6 in each) and 5
semistructured in-depth interviews with therapists as well as 11 individual interviews with patients with a primary diagnosis of
depression and currently undergoing cognitive behavioral therapy treatment in Germany. Themes and categories were established
inductively from transcribed interview records based on a rigorous coding method.

Results: Both therapists and patients expected a digital app to provide patients with the opportunity to track their mood, work
on therapeutic homework activities, easily access an intervention set for harder moments, and efficiently facilitate administrative
tasks. The desire to be able to customize bCBT protocols to individual patient circumstances was evident in both patient and
therapist interviews. Patients differed with respect to what content and the amount of material the app should focus on as well as
the method of recording experiences. Therapists viewed digital apps as potentially aiding in their documentation work outside
of sessions. Different attitudes surfaced on the topic of data security, with patients not as concerned as therapists.

Conclusions: Both patients and therapists had substantially positive attitudes toward the option of an integrated bCBT treatment.
Our study presents novel findings on the expectations and attitudes of patients and therapists.

(JMIR Ment Health 2022;9(12):e36806)   doi:10.2196/36806

KEYWORDS

blended cognitive behavioral therapy; bCBT; cognitive behavioral therapy; digital health; mental health; internet; mobile app;
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Introduction

Background
Depression is one of the most common mental health–related
diagnoses worldwide [1]. It causes debilitating psychological
pain, problems in one’s social life, and loss of productivity to
individuals who have it. Furthermore, the hopelessness that
many patients with depression feel is linked to suicidal behavior
[2]. For many individuals, depression has a recurring trajectory
over the life span, and each recurrent episode increases the
likelihood of development of later episodes [3]. Beyond the
hardships that individuals go through, depression also imposes
a considerable burden on health care systems worldwide as the
psychological and pharmaceutical treatments for depression are
costly [4].

Cognitive behavioral therapy (CBT) is an effective and
well-researched psychotherapy approach with extensive
evidence on its effectiveness in the treatment of a wide range
of mental health disorders, including major depression and
dysthymia [5-7]. Especially for the treatment of depression,
CBT has been shown to provide superior treatment outcomes
compared with alternative psychotherapy methods [8]. In CBT,
a high degree of adherence to the therapy is key to a successful
treatment process and long-term outcomes. Insufficient
engagement with therapeutic resources (especially between
sessions) and dropouts from psychotherapy because of poor
engagement are potential hazards for patients that may impair
its effectiveness [9]. Research shows that patients’ adherence
to assigned homework within their treatment
program—especially behaviorally demanding assignments—is
considerably low [10,11]. According to therapists, more than
half of patients face difficulties in completing their homework
as prescribed, which in some cases leads to considerable
negative consequences for therapy outcomes [12]. In contrast,
there is a wealth of evidence that homework compliance is a
significant predictor of better treatment outcomes [13-16]. Given
these circumstances, it is not surprising that relapse and
recurrence rates are high in CBT treatments. For example, a
meta-analysis addressing relapse and recurrence rates following
CBT programs for depression reported that relapse and
recurrence rates can be as high as 46.5% throughout the
treatment and highly predicted by residual depressive symptoms
after the completion of therapy [17].

To alleviate these problems and support patients in CBT
adherence, scholars have proposed to leverage the advantages
of internet-based CBT (iCBT) in conventional face-to-face CBT
treatment plans [18]. iCBT treatment options consist of
web-based platforms offered to patients for use through
smartphones or computers that provide them with
psychoeducational content and homework tasks digitally [19].
By integrating an iCBT app and face-to-face CBT treatment
into the same treatment protocol, a blended CBT (bCBT)
modality offers a new treatment method that aims to incorporate
the merits of both [20]. Although it promotes patient autonomy
and makes psychotherapy easily accessible outside the therapy
sessions, bCBT still preserves personal contact with a therapist
and recognizes the therapeutic relationship as an important

factor in treatment success [21]. bCBT programs have been
suggested to intensify the therapy process by making it easier
to record a patient’s activities and thoughts, review the content
of the therapy between sessions, and organize homework.
Organizing homework in particular leads patients to focus on
completion and enhances learning as a result [22]. bCBT
programs also promise to reduce the total therapy duration
[23,24].

Although there is no consensus in the literature on a single
taxonomy for bCBT programs [18,25,26], bCBT treatments
have primarily been categorized as either sequential or
simultaneous according to how the face-to-face and digital
components of blended therapy are introduced and scheduled
[18]. In sequential bCBT treatments, patients’ individual work
with a digital mental health app either precedes or follows the
face-to-face treatment with a psychotherapist [18]. Stepped care
approaches could exemplify sequential blended treatments
[27,28]. Simultaneous bCBT programs offer face-to-face and
digital elements within the same period [18], oftentimes in the
form of working on therapeutic homework through the digital
app between face-to-face sessions with a therapist [29,30]. Our
focus in this study is on simultaneous bCBT treatment as we
believe this approach has the greatest potential to efficiently
achieve positive long-term therapy goals.

Several studies have confirmed the additional benefits of
simultaneous bCBT compared with face-to-face therapy in
alleviating depression symptoms and mental health–related
burdens on patients [18,25,29,31-33], whereas there are also
studies where patient mental health outcomes in bCBT
conditions were found to be similar to usual treatment
[21,34-36]. Important is that none of those studies found that
bCBT resulted in worse mental health outcomes. Similarly,
some studies find bCBT to be a more cost-effective alternative
to standard CBT [24,34,37], whereas others find longer total
treatment time and higher costs in bCBT conditions when the
amount of therapist contact remains constant [21,38]. More
research is needed to shed light on these various outcome
findings. The bCBT programs in these studies face shortcomings
as they are rarely developed as a unique synthesis of the digital
app and face-to-face therapy but simply use them simultaneously
as distinct or adjunct therapy elements [29,39]. As an alternative
to adjunct programs, more personalized and interconnected
digital and face-to-face elements would offer an integrated
bCBT program [25,30].

Objectives
To overcome the obstacles associated with conventional CBT
programs and leverage the advantages that bCBT programs
promise, understanding the demands and requirements of an
integrated bCBT program is essential. Accordingly, this study
aimed to discover patients’ and therapists’ attitudes and
expectations from digital mental health apps to develop
better-integrated bCBT protocols. Existing knowledge on how
to design an efficient digital mental health app for a bCBT
protocol is heavily based on qualitative data collected during
pilot studies of newly developed apps [30,40,41]. Unlike those
studies, this research aimed to collect input from patients and
therapists who were naive in bCBT programs, which means
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that they were not currently receiving a bCBT treatment and
were not introduced to any bCBT app for the goals of the
research. Principally, we also assumed that they had no previous
experience with a bCBT program as integration of digital health
apps in the psychological health care system is new in Germany
and there were no bCBT options at the time of data collection
or earlier [42,43]. As a result, we were able to identify the needs
and expectations of patients and therapists from a perspective
of inexperience with bCBT programs. Such an approach would
also allow us to discover if patients and therapists have different
user needs in the digital working spaces within a mental health
app. Developers of new apps in this field would thereby have
a general perspective on the needs of users rather than user
reflections guided (and directly influenced) by previous
interactions with already extant platforms.

We designed this explorative study to this end. The following
research questions were addressed: (1) What are therapists’ and
patients’ attitudes toward integrating digital interventions into
conventional face-to-face CBT? What are the expected benefits?
What are their concerns? (2) Do patients and therapists have
different needs or attitudes regarding digital apps? (3) How do
these attitudes and needs (including differences) translate into
features of a digital mental health or software app?

Methods

Setting
We used a qualitative research design for this study. Qualitative
methods are especially suitable for studies based on explorative
research as these methods enable deriving direct insights from
this study without presuppositions from earlier research [44,45].
We conducted semistructured interviews with both
CBT-oriented psychotherapists and patients who were in
psychotherapeutic treatment at the time of the study to unravel
the perspectives of both sides of a therapeutic relationship. We
deliberately targeted a patient sample with depression as the
advantages of bCBT over face-to-face therapy appear most
evident in this patient population [25,29,33,34]. Patients and
therapists were given an explanatory introduction to the concept
of bCBT programs to ensure a common understanding of the
target topic of inquiry before the interviews took place. In these
interactions, we made clear that our focus was on simultaneous
bCBT protocols that present digital apps within the same period
as face-to-face treatment [18]. We communicated that our goal
would ultimately be to develop a digital app based on and
incorporating the participants’ feedback.

Participants and Recruitment

Patients
We conducted one-to-one interviews with 11 patients who were
at the time of the interviews undergoing an individual standard
face-to-face psychotherapy program (ie, no group therapy) for
the treatment of unipolar depression at practices associated with
the training institute Academy of Behavioral Therapy in
Cologne, Germany. In total, 82% (9/11) female patients and
18% (2/11) male patients (mean age 33.27, SD 11.78; range
22-57 years) participated in the study. We approached patients
via email based on referrals from participating therapists from

the same training institute. Inclusion criteria for patients were
being between the ages of 18 and 65 years, having been
diagnosed with mild to moderate depression by their therapists
and assessed as not currently suicidal, having sufficient German
language skills, and owning a smartphone with the iOS or
Android operating system with internet access. Patients were
excluded if they were experiencing or had experienced psychotic
symptoms or substance dependence in the past or were currently
using a digital mental health app for the treatment of a mental
health diagnosis. All participating patients gave informed
consent to take part in this study and provide researchers with
personal data.

Psychotherapists
We conducted 3 focus group interview sessions with a total of
18 therapists and 5 individual therapist interviews. Focus groups
and individual interviews were combined to obtain practitioners’
collective opinions within the context of interaction with their
colleagues as well as individually, where topics were addressed
with greater specificity. Overall, we had 23 psychotherapist
participants in our study (n=19, 83% female and n=4, 17% male;
mean age 31.91, SD 8.11; range 25-58 years). All therapists
participating in the study were either certified practitioners (7/8,
88% female and 1/8, 12% male; mean age 39, SD 10.38; range
28-58 years) or psychotherapists in their last year of training
(12/15, 80% female and 3/15, 20% male; mean age 28.13, SD
2.33; range 25-33 years), and all were practicing CBT. Except
for 1 certified therapist in the focus groups interviews who had
a PhD in clinical psychology, all therapists had a Master of
Science. Participating therapists were recruited from multiple
practices in Germany and via the training institute Academy of
Behavioral Therapy, Cologne, Germany, and referrals made by
this training institute. Potential participants were approached
directly through email or telephone. Participating therapists
gave informed consent to take part in this study and provide
researchers with personal data.

For both samples, potential participants were approached
directly through email or telephone. As we recruited participants
through referrals, we did not record demographic information
of those who declined participation in the study or did not
respond to the invitation.

Ethics Approval
The study was approved by the Ethical Board of the University
of Mannheim (EK Mannheim 38/2020). Interviews were
conducted by coauthor MS, who is experienced as an interviewer
and has conducted several qualitative studies in the past focused
on digitalization and product development. There was no
relationship between the interviewer and participants before
this study. Interviews with participants were conducted between
February 2021 and May 2021. Participants did not receive any
monetary compensation for taking part.

Data Collection

Interviews With Patients
Semistructured interviews were used to explore patients’
attitudes, expectations, and concerns regarding digital mental
health apps. The interviews with patients were conducted on
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the web via tele- and videoconferencing and lasted an average
of 35 (SD 9) minutes. The interviews were audio recorded with
the consent of the patients and transcribed within 24 hours of
the completion of the interviews.

The following questions were the main points addressed and
directed to patients: (1) Can you imagine a digital mental health
app offering assistance to your ongoing psychotherapy? How
would such an option help? Which functions would be helpful
for you? How much time would you dedicate to working with
such an app? (2) Which functions can you imagine within a
digital mental health app? Which would you consider unhelpful
or disturbing? (3) What would you think about having a digital
mental health app recommended to you by your therapist?
Would you feel forced to use it? (4) What would be your attitude
toward sharing your therapy-related data with your therapist
through the app? What would be your attitude if the app used
your data to offer a better version of the program? (5) Do you
have any concerns regarding receiving treatment using a bCBT
program? What are they? Do you have concerns regarding data
security?

Focus Groups and Subsequent Interviews With
Psychotherapists
We first conducted focus groups to explore psychotherapists’
attitudes, expectations, and concerns regarding digital mental
health apps. During the focus groups, web-based and digital
tools (ie, Miro web-based whiteboard) were used to document
the discussion and results, and meeting notes were taken. Focus
group interviews were conducted on the web via
videoconferencing, moderated by MS, and lasted approximately
3 hours on average. An assistant was present to take notes and
introduce the web-based tool (ie, Miro). The focus groups were
not audio recorded (notes were taken instead). The following
questions guided the focus group interviews: (1) What do you
expect from a digital health app? What are the pros and cons?
(2) What does a day in the life of a psychotherapist look like?
How can a digital health app support you? (3) How are the usual
treatments of depression designed? What is special about these
patients? How can a digital health app support usual treatment
for depression?

Subsequent individual therapist interviews were conducted to
explore specific issues that came up during the focus group
sessions in more detail. Individual interviews were conducted
on the web via tele- and videoconferencing and lasted an average
of 39 (SD 3) minutes. The interviews were audio recorded with
the consent of the psychotherapists and transcribed within 24
hours of the completion of the interviews.

Data Analysis
The transcripts and meeting notes from the interviews were
coded according to grounded theory, a systematic data analysis

methodology that focuses on inductively developing abstract
theoretical conceptions from empirical data [46,47]. For the
coding of transcriptions, Dedoose software (version 8.0.35;
SocioCultural Research Consultants) for qualitative research
was used. Patient and therapist interviews were coded separately
and each interview independently. First, patient interviews were
coded. Then, therapist interviews were coded. As a result of
qualitative analysis of patient interviews, 4 main categories
(expected features of bCBT apps, expected qualities of bCBT
apps, qualities to avoid in bCBT apps, and concerns regarding
bCBT apps) and several subcategories within these main
categories were formed by inductive category formation based
on the content of the interviews and codes assigned to text
passages within them. Similarly, based on therapist interviews,
5 main categories (day of a therapist, attitudes toward digital
apps, expected features of bCBT apps, expected qualities of
bCBT apps, and concerns regarding app integration into therapy)
and several subcategories within these main categories were
formed inductively. We iterated between the developing model
and the data until a viable set of first-order codes, second-order
themes, and aggregate dimensions was identified, stopping when
we reached “theoretical saturation” [48]. A joint agreement was
reached among all authors to stop recruitment when saturation
was achieved. The coding procedure was conducted by multiple
researchers to ensure intercoder reliability—EA completed the
first round of coding the data, and MS reviewed the coding
scheme. A second coding round was then performed by EA and
MS. Subsequently, the coding scheme was reviewed again by
EA, MS, and JAH, and some adaptations were discussed.
Finally, JAH approved the categories. As there were only minor
adaptations that emerged from cross-checking, 2 coding rounds
were considered sufficient. The completed COREQ
(Consolidated Criteria for Reporting Qualitative Research) [49]
checklist can be found in Multimedia Appendix 1. The interview
quotes included in this paper were translated by a professional
translator from German into English.

Results

Patient Interviews

Overview
During the interviews, patients shared their conception of a
digital app intended to deliver an integrated bCBT program. In
general, patients had very positive attitudes toward bCBT
programs. They made specific references to expected features
and qualities they would like to see in the apps and those they
would like to avoid. Participants also addressed their concerns
regarding bCBT (ie, under which therapeutic circumstances or
conditions they would not feel comfortable using a digital app).
The categories, themes, and dimensions emerged from the
coding of patient interviews are illustrated in Table 1.
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Table 1. Results of the interviews with patients.

Third-order aggregate
dimensions

Second-order themesFirst-order categories

Expected features of

bCBTa apps

Mood and symptom tracking• Keep track of details and timing of bad days
• Reminders on incomplete mood and symptom entries
• Overview of mood and symptoms through time

Expected features of
bCBT apps

Organizational functions• Communication, calendar, and appointment management
• Easier management of questionnaires and diagnostics
• Help structure patient everyday activities
• Provide a timeline of activity history (for therapist and patient)

Expected features of
bCBT apps

Therapeutic content and resources• Provide psychoeducation
• Engaging with therapy activities
• Collection of emergency therapeutic tools

Expected qualities of
bCBT apps

Usability• Need to regard the app as useful, relevant, and integrated
• Pleasant and easy to understand
• Option to use it from a computer
• Different media to convey content (visual, text, and auditory)

Expected qualities of
bCBT apps

Individualized features• Personalized reminder schedule for different users
• Flexible tools to express oneself

Expected qualities of
bCBT apps

Gamification• Feeling of success through use
• Marking certain activities as “done” and seeing personal history in the form of

completion steps
• Setting notifications when required or by choice

Expected qualities of
bCBT apps

Priority and balance with face-to-
face treatment

• Engagement with the app should not replace a face-to-face session
• Introduce app only with accompanying therapist supervision
• App should not encourage frequent and spontaneous contact with the therapist
• App should not create a potential for dependency

Expected qualities of
bCBT apps

Use time fitted to patients’ needs• Dispersed use throughout the day is preferred
• Need to be able to work on the app in a quiet and personal space
• A total weekly amount of 1-2 hours of app use is foreseen

Expected qualities of
bCBT apps

Inclusion• People with disabilities and who speak minority languages should be able to use
the app

• Therapy app helps destigmatize psychotherapy

Expected qualities of
bCBT apps

Transfer to in-person sessions• Mood and symptom tracking helps more efficient and realistic communication of
one’s current situation to the therapist in sessions

• Open-ended thought record can help patients come to the sessions better equipped
(specific triggers and questions recorded in a timely fashion)

Qualities to avoid in
bCBT apps

Feeling distant and technical com-
plexity

• Educating language and lifestyle tips
• Heavy numerical demonstration of one’s progress
• Advertisements and user cookies

Qualities to avoid in
bCBT apps

Input bombardment• Too much content
• Overwhelming sound, color, or text
• Too many push notifications
• Excessive focus on one’s depressive thoughts and experiences

Qualities to avoid in
bCBT apps

Pressuring patients• Presentation of therapy activities as “must-do”
• Constantly aiming to advance and be happy

Concerns regarding
bCBT apps

Framing of a bCBT plan• Recommendation by therapist is acceptable
• Alternative description to “prescription” wording should be used as it is too much

for some patients
• Therapist prescription is positive if therapist explains how and why the app helps
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Third-order aggregate
dimensions

Second-order themesFirst-order categories

Concerns regarding
bCBT apps

Sharing of therapy-related data• App’s use of data to provide better service is acceptable
• Sharing relevant therapy data with therapist is meaningful and acceptable
• Data security is not a major theme of concern

abCBT: blended cognitive behavioral therapy.

Expected Features of bCBT Apps

Mood and Symptom Tracking

A common desire of patients was a function through which they
could keep regular track of their mood and symptoms regarding
their mental health issues. In addition to recording details such
as specific times when moods would occur, interviews also
revealed a common need for the option to review one’s mood
and symptom history whenever they either wanted or needed
to look back on their treatment path:

Sometimes, for me, depressive episodes have been so
often that I forget that I was doing fine two weeks
ago. Getting reminded that there have been times or
there are things which can make me believe I can
cope with this would be helpful. [Patient 4]

Patients noted that, to achieve regular mood and symptom
tracking, the digital app could ask questions that are delivered
to their smartphone regularly via push notifications. Some
patients also noted that push notifications could indicate
incomplete entries, thus serving as an additional reminder
mechanism to increase program adherence. In addition to
tracking their mood, patients also indicated a desire to record
more detailed notes and how they coped with the situation.
Hence, we would infer that adding such notes provides a richer
and qualitative character to the mood-recording function.

Organizational Functions

Patients identified numerous possible app functions, such as a
calendar, appointment management, communication with the
therapist via a messaging platform, and practical help in dealing
with questionnaires used for diagnostics:

Adding functions such as making appointments,
canceling appointments, and rescheduling
appointments would be helpful. And this also touches
on the topic of achieving goals, in the sense of,
“Where do I actually stand now in my therapy?” and
“How many sessions does my health insurance still
cover?” [Patient 8]

Interviewees envisioned a digital app that offered additional
help to organize their daily life, such as a personal checklist of
activities and options to schedule (and receive reminders for)
selected activities:

If it (app) says you’ve had a glass of water, check;
you’ve brushed your teeth today, check. You’ve
managed to walk 10 minutes today, check. Then those
would be things for me which are somehow feasible,
which help me in a depressive phase to take care of
myself, but which don’t put pressure on me that I have
to do them. [Patient 3]

Apart from assistance in organizing one’s daily life, an app
could also broadly support a patient’s psychotherapy progress
by recording important tasks and activities when they were
completed and providing an accurate timeline that could be
reviewed:

It would be cool if one has something like a book, I
mean of course digital, where it (the app) says, yes,
you’ve done this or that. Where you can kind of enter
milestones or something, because I don’t even
remember a lot of things. [Patient 2]

A patient highlighted that such a timeline would benefit not
only patients but also their therapists in overviewing patient
history. In this way, functions within the app (such as a digital
journal) could offer another channel of communication between
therapists and patients that takes place outside of sessions.

Therapeutic Content and Resources

Patients expressed their willingness to use a digital app to
maintain the connection with their therapist via therapy-related
material outside of regularly scheduled meetings:

I would find that perfect if it (the app) would provide
clarification about how psychotherapy works and
which specific form of therapy is the one that I have
been working out with my therapist. [Patient 8]

A common point addressed by several patients concerned
“emergency” situations—specific instances in daily life where
the patients felt a notable sudden deterioration in their feelings,
symptoms, or thought patterns. Patients drew attention to the
difficulty of remembering possible intervention techniques to
make themselves feel better in such moments. A collection of
a toolkit for harder moments offered through the digital app
was seen as a very useful support function during such episodes:

When you’re suddenly in a situation where you’d like
to see the therapist right away but she’s not
there...having some tools in the app that can calm
you down and keep yourself under control for that
moment [would be helpful]. [Patient 10]

As a result, app developers should consider including options
where access to such interventions is at the topmost layer such
that patients can easily access such information as needed in a
crisis.

Expected Qualities of bCBT Apps

Usability

Patients expressed a common need to see the digital app as
relevant to their treatment goals and easy to integrate into their
daily routine:
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I would use it frequently if I can somehow integrate
it into my everyday life. If I have the need to look into
it in the morning and if it becomes part of my
everyday life, like part of my routine, then I would
use it frequently. [Patient 6]

Patients would like an app that is easy to understand and looks
esthetically pleasing. The app should contain various kinds of
media (text, pictures, graphics, or audio) to present content to
create a pleasant user experience:

I’m a purely visual person. I totally struggle when
something contains only textual processing. I’m a
picture person. So if it’s intuitive and presented with
pictures, I find it easier to use. [Patient 5]

A specific reference to the option of using the app in a desktop
format was made by 18% (2/11) of the participants (because of
the possibility of typing faster on a computer).

Individualized Features

The need for an individualized program was the most commonly
raised issue in interviews among all patients. Interviewees
reported that they would like to engage with a digital app that
can be tailored to the needs of individual users:

It would definitely be good to be able to set it up in
such a way that you can have it individualized, that
it is related to your therapy progress, that you get a
list of what’s coming up or what you need to do at a
certain time, depending on how you feel or how
receptive you are. [Patient 1]

Patients also advocated for flexibility in how they expressed
themselves. They recommended open-ended questions or
customizable settings instead of only multiple-choice questions
or standard options such as emojis to record their mood and
feelings:

How many smileys would I have to choose from, six,
seven, eight? What if the worst smiley was a crying
smiley but I don’t cry on a bad depression day. For
me a day where I cry is when I can admit to myself
that things aren’t going the way I want them to but
when I’m much more open about it and also
communicate with people about it. That means a
crying smiley would not be the definition of disaster
for me. [Patient 4]

Gamification

The need to include gamification elements in a digital app
emerged in the interviews. To maintain continuous use of the
app over a longer time—which is very relevant for
psychotherapy—patients wanted to experience a feeling of
success. Such a moment could be ticking some items on a
checklist as “done,” with goals broken down into smaller
components to be accomplished in a certain order. As a patient
put it, “I’m just super gamified in my consumption, and I also
just jump at reward systems...I think it’s very pleasant in the
design when you see that you’ve done something when you
complete something” (Patient 3).

Priority and Balance With Face-to-face Treatment

Every patient expressed the need to see the digital app as well
integrated with face-to-face psychotherapy treatment. They
highlighted that good integration and engagement with the app
should never lead to replacing the face-to-face sessions with a
therapist. They were unanimous that such an app should not be
offered without accompanying therapist supervision:

I really think the interpersonal contact with the
therapist is the key to success in the whole story...The
combination of real sessions and the app is totally
important because otherwise it’s basically a lifestyle
product for me. It’s not a clinical aid if I had to use
it all by myself. I think I just wouldn’t use it then.
[Patient 5]

At the same time, a design that enables frequent spontaneous
contact with the therapist was seen as something to be avoided.
A patient stated the following:

I think direct contact with therapists on the app is a
bit too much to ask of the therapist. I would rather
not do that. [Patient 7]

Digital apps should be developed in a way that considers the
risk to therapists regarding the loss of personal boundaries.

Use Time Fitted to Patient Needs

A total weekly amount of approximately 1 to 2 hours spent on
a digital app was considered the right amount of time. Most of
the participants (9/11, 82%) preferred a dispersed app use time
throughout the day over a single continuous interaction. Those
who preferred dispersed use patterns noted the possibility of
taking advantage of the time spent on the bus or train. However,
patients differed in their preferences in this respect, with a
patient highlighting their need to work on the app in a quiet and
personal space:

I couldn’t work on that in a noisy environment. I
would really have to have my peace of mind somehow
to be able to carry out such exercises. [Patient 9]

Some patients noted the need for the app to accommodate
potential variability in use patterns across time and that there
should not be the expectation that patients sustain the same
amount and frequency of use of the app at all times:

Especially at the beginning [of treatment], I can
imagine that in the first few weeks you kind of spend
significantly more time...When it later shifts to
exercises and making appointments and reading, it
could be less and then become more again. [Patient
8]

Inclusion

The chance to contribute to ending the stigma regarding mental
health issues also emerged as an expected benefit. Some patients
considered the addition of a digital app to one’s daily life as a
good opportunity to also integrate organic conversations on
receiving psychotherapy treatment in discussions with their
loved ones:

If such an app leads mental illness to become a bit
more socially acceptable so that people can also talk
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about it—that there are offers of help and also modern
means of communication between therapist and
patient—I think that would be a good thing. [Patient
5]

Another expectation with respect to inclusion concerned the
importance of developing a digital app suitable for people with
disabilities, such as visual or auditory impairments, as well as
for people who speak different native languages:

It would be so supportive to have functions for
visually and hearing-impaired people, and also
linguistically. In Germany in particular, making the
app available in Arabic or Turkish would be great.
These things can really help to promote
communication. [Patient 3]

Transfer to In-Person Sessions

There emerged an expectation in patients that having an
integrated digital mental health app should also positively
translate to face-to-face sessions. Easy access to mood and
symptom-tracking functions would enable patients to talk about
their symptoms more realistically. Noting which events or
thoughts triggered specific moods or symptoms as well as
questions that occurred to them would help patients come to
sessions more aware and, therefore, use the time more
efficiently:

You would then (with the app) actually be able to use
the therapy hours more efficiently because reviewing
your timeline (in the app) would already have gotten
a bit involved in your thoughts about your progress.
[Patient 5]

Qualities to Avoid in bCBT Apps

Feeling Distant and Technical Complexity

Patients converged on the point that they did not want to engage
with a digital app that used an overly educational or distant
voice with a “know-it-all” tone. Stereotypical advice such as
simple lifestyle tips were identified as potential examples of
this:

If you always have something appearing on your
screen saying “go out in the sun” and “breathe in
some fresh air” or such—I would drop something like
that. [Patient 2]

Content that is difficult to understand by lay audiences, the
overuse of numbers, and demonstrating patient progress through
the excessive use of statistics or visuals would be too demanding
for patients. Even though patients acknowledge that graphics
and numerically charting progress could potentially be very
helpful, they expressed concern about such materials not being
easy to understand and use by the audience. Patients also
reported working with a program that did not display
advertisements or use cookies to be desirable.

Input Bombardment

Most patients (7/11, 64%) expressed concerns about being
overwhelmed by a digital app. Too much content; design aspects
involving too much sound, color, or text; and frequent
notifications sent to the patient’s phone were some examples

of excessive input that they noted. Some interviewees underlined
that frequent questions on mood and symptoms might lead
patients to focus excessively on their depressive feelings and
experiences and be drawn into a depressive spiral. This risk
should also be kept in mind when deciding how frequently a
digital app asks patients to reflect on their depression.

Pressuring Patients

Therapy activities involving the digital app should not be
presented as “must” assignments (as such framing would be
either harmful or counterproductive) but rather as suggestions.
This approach would fit better with the patients’ vision of the
digital app filling the role of a “supportive companion”:

In my case, in a burnout case, it would have been
counterproductive if it (the app) had told me, “but
now you have to do at least five exercises until the
next session.”...If I said that voluntarily to myself, it’s
okay, but if it had been associated with pressure like
that, it would not be good. I would probably have
dropped out. [Patient 5]

Patients emphasized that it would be a substantial drawback to
using a digital app if it constantly pressured them to be happy.
Questions prompting patients to record their moods and
overview history should not give the impression that the patient
can only record good feelings as allowing for negativity and
embracing it is an essential part of the therapy:

When depressed it might be nice sometimes to see,
oh I’ve actually got out of bed three times now. It’s
great that I get this push notification telling me that.
But I believe that it could also be very brutal if things
are conveyed too positively. I am not a therapist but
I know that my therapist has often told me that I get
up too often and don’t allow myself to say I’m sick
today. [Patient 4]

Concerns Regarding bCBT Apps

Framing of a bCBT Plan

In the interviews, we asked patients what they would think about
having a bCBT program recommended by their psychotherapist.
For most patients (6/11, 55%), such a recommendation would
be viewed positively, both because of natural curiosity regarding
a new therapeutic medium and trust in their therapist. A few
patients (5/11, 45%) balked at the idea of their therapist
“prescribing” a bCBT program, considering it unhelpful and
“too much” in the context of psychotherapy:

Prescriptions always have something brutal about
them. I mean, if the therapist were to say to me, “The
app that we both will have is really helpful and we
need to use it.” That would make it sound a thousand
times better to me than saying, “I’ll prescribe it for
you.” Prescription always has something very, very
stringent, like it is unavoidable, in my opinion. I would
have a problem with my therapist saying that I have
to use this app. [Patient 8]

For those who were concerned about the idea of having a digital
program prescribed to them, simply having their therapist
explain to them why they needed to use it and how it could help
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was sufficient to resolve their resistance. Patients’ doubts were
instead centered on how the “prescription” was presented to
them.

Sharing of Therapy-Related Data

The possibility of sharing data with their therapist through the
app and with app developers to enhance programs were specific
issues that interviewers posed explicit questions about to
patients. Surprisingly, the fact that patients would have to share
a lot of personal data with a digital app was not a major point
of concern for them. Hence, data security concerns appeared to
be an unlikely reason for the target audience to walk away from
a digital app. Overall, patients were very willing to share
personal data this way, with an offhand remark by a patient—“If
the app can do that, why not?” (Patient 1)—being representative
of the attitudes of the patients as a whole. It is noteworthy that
sharing data with the app providers was an acceptable option

only if their data were anonymous, secured, and not used for
any other purposes.

Therapist Interviews

Overview
During the interviews, therapists’ daily routines and their
organization and preparation workload outside of sessions were
first addressed. We explored their usual work habits to better
understand the issues that may benefit from additional support
from a bCBT plan. Interviewed therapists were open to and
curious about digital smartphone app use in the context of
psychotherapy. They identified potential beneficial app features
and qualities that could enhance the quality of their workday.
Participants also voiced their concerns regarding bCBT (ie,
points that should be critically and carefully evaluated before
deciding to work with a bCBT plan). The categories, themes,
and dimensions emerged from the coding of therapist interviews
are illustrated in Table 2.
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Table 2. Results of the interviews with therapists.

Third-order aggregate dimensionsSecond-order themesFirst-order categories

Day of a therapistNature of organizational work• Planning sessions and becoming familiar with patient history
• Note taking after the session
• Analog versus digital organization of therapy documents

Day of a therapistProblems that emerge during
the workday

• Appointment management is stressful
• Therapy worksheets get lost or are difficult to organize
• Insufficient current digital organization tools
• Paper-based documentation makes planning difficult (especially outside

the office)
• Session planning and after-session notes are sometimes lengthy
• Guidebooks for planning sessions are too rigid and difficult to adapt to in-

dividual patients

Attitudes toward digital appsAttitudes toward app use• Practicality
• Open and curious toward apps

Attitudes toward digital appsAttitudes toward app use in
psychotherapy

• Positive attitudes toward app use in psychotherapy
• Therapy app could potentially enhance therapeutic relationship
• Prescription of therapy app fosters adoption
• Unsatisfactory current therapy apps

Expected features of bCBT appsBenefits of bCBTa apps for
therapists

• Documentation and writing session protocols
• Support session preparation via patient history and therapeutic resources
• Appointment management
• Monitoring of patient progress

Expected features of bCBT appsBenefits of bCBT apps for pa-
tients

• Mood and symptom tracking
• Collecting therapeutic toolkit for harder moments
• Better questionnaire and diagnostic management
• Offer and remind regarding therapy resources and interventions
• Encourage independence of patients

Expected features of bCBT appsGeneral benefits of bCBT apps• Ease the organizational workload and protect in-session time
• Contribute to the connection between patient and therapist
• Extra help in structuring therapy
• Visualization of achieved milestones and successes

Expected qualities of bCBT appsHigh usability• Personalization of intervention content
• Dynamic versus monotonous experience to support changes in use over

time
• Easy and intuitive to use
• No advertisements

Concerns regarding app integration
into therapy

Concerns regarding therapeutic
qualities of a bCBT app

• App should not distort therapist work-life balance
• App should not replace in-person sessions but complement them
• App should preserve seriousness of therapy

Concerns regarding app integration
into therapy

General concerns regarding
smartphone apps

• Data security
• Wasting time with unhelpful or addictive features

abCBT: blended cognitive behavioral therapy.

Day of a Therapist

Nature of Organizational Work

The work outside of sessions with patients consists mainly of
preparation for the upcoming sessions and taking notes about
the session after patients leave. Therapists also have to note and
manage appointment schedules and share documents with the
patient’s insurance company.

For the organization and collection of therapy-related files
(session protocols, questionnaire results of patients, homework

papers, and insurance papers), some therapists used a
paper-based file collection, whereas others used digital software
that is designed to organize this work. Therapists similarly
differed in their preference for use of paper-and-pen calendars
versus digital systems for appointment management.
Interestingly, many therapists noted that they used their existing
personal calendars for this purpose and not a distinct work
calendar.
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Problems That Emerge During the Workday

A common problem for both therapists and patients was that
homework sheets were difficult to manage in their paper-based
format. A therapist spoke for many when she shared that “these
worksheets somehow get lost or the patients don’t bring them
to session. And that means they can’t do them” (Therapist 4).

A similar problem with paper-based organization systems is the
case therapy documentation that therapists have to manage.
Documents are typically stored in huge folders in the office
such that it is difficult to manage them and they are impossible
to work with outside the office:

I find it really annoying if it’s only on paper because
then I can’t look at them again at home. I’m not in
the office every day and sometimes I think of the
patients and want to check something, but then I
would have to go to the practice first to check or ask
a colleague to look at the file. [Therapist 5]

However, those therapists who used digital software for
documentation purposes were also rarely satisfied with the
programs they had been using, with a therapist describing theirs
as a “mechanical and dull program and also not that easy to
work with...There are tens of spaces to click and hundreds of
rows in front of you” (a therapist in the focus group discussion).

Finally, therapists noted that session planning before and note
taking after sessions sometimes takes longer than planned, and
the nondigital tools used to facilitate them (eg, guidebooks for
planning sessions) are not helpful as they are not flexible (eg,
session guidebooks follow a rigid suggestion format that is
difficult to adapt to individual patients).

Attitudes Toward Digital Apps

Attitudes Toward App Use

The therapists interviewed were open and curious about digital
smartphone apps in general and thought that digitalization brings
about new and creative practical solutions to everyday matters.
In this respect, they did not view psychotherapy as an exception
and saw using a bCBT program in mental health treatment as
a viable option that both therapists and patients would benefit
from.

Attitudes Toward App Use in Psychotherapy

Therapists had diverging opinions about whether a digital
ingredient within the therapeutic relationship would potentially
enhance the relationship between the therapist and the patient.
Some therapists stated that a digital app would contribute to
improved therapeutic relationships, whereas others thought that
it would not. One noted that a digital app could give patients a
sense of continuing care and attention from their therapists
outside of sessions:

I think it’s quite nice for some patients if they think
to themselves: Oh, my therapist has already looked
in the app about what I’ve been doing this week. So
I think that can be beneficial for their relationship.
[Therapist 1]

Others expressed skepticism regarding the positive impact of a
digital app on a therapeutic relationship built on face-to-face
interactions within the context of a therapy session:

I don’t exactly know how an app is supposed to bond
me and my patient. My experience is that the
relationship simply grows from face-to-face contact
and from the feelings that you feel for each other, and
not from a worksheet or a digital platform. [Therapist
3]

Importantly, no interviewed therapist believed that a digital app
would damage the therapeutic relationship.

Therapists responded positively to the idea of prescribing a
bCBT program, noting that it “does more justice” to the reality
of the current generation of patients. They thought that a
prescription could foster adoption by patients who already invest
“two to three hours a day” in screen time and would prescribe
a bCBT plan if they were convinced that the digital app
supported the face-to-face therapy process “not only to deal
with the therapy in the session but to accelerate this everyday
transfer to promote and make it easier” (Therapist 3).

None of the interviewed therapists had suggested a
psychotherapy-related app to a patient before, let alone
prescribed one. The apps that the therapists were familiar with
were deemed not satisfactory enough to recommend their use
by patients.

Expected Features of bCBT Apps

Benefits of bCBT Apps for Therapists

Therapists remarked that digital documentation of many
different kinds of therapy-related material, whether therapy
activities, information on patients, or session protocols, would
be helpful. A therapist specifically noted that having their
session protocols digitally available would allow them to “search
for keywords if you know that a topic has come up before or
something” (Therapist 3). Better documentation functionality
would also lead to easier planning for sessions, where therapists
usually need to look at their notes and session protocols from
previous meetings.

Another potentially useful contribution of a digital app would
be providing therapeutic information that therapists could
consult when needed:

So if I am focused on a topic, then I read up in my
books, or I would look again in my personal notes. I
google general things, for example grief counseling
or things like that. Then I write down things that I
find interesting and take them with me to the session.
So yeah, I would use the app if I could access that
information through it. [Therapist 4]

Moreover, therapists expressed the desire to see basic
information about a patient and where they stand in their therapy
progress in a brief and easy-to-understand visual format:

It would be really helpful to have such an overview
in which relevant diagnostics and symptom history
for the patient can also be seen. And their status,
information on the next session and perhaps also
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something like, “where does the patient stand right
now in the therapy?” [Therapist 2]

Finally, many therapists (3/5, 60%) cited setting and canceling
appointments as well as seeing their scheduled appointments
in calendar form as helpful functions in an app.

Benefits of bCBT Apps for Patients

Within the context of CBT treatment, receiving help from a
digital app by working with therapy resources and interventions
would be one of the main possible benefits. Therapists stated
that the app could offer intervention activities and therapeutic
content as well as reminders for patients. Although it would
support patients’ between-session progress, the app would also
ease administrative aspects of the work therapists do:

I have the feeling that maybe the homework would be
done more often [with the app] and I wouldn’t always
have to print everything out. Sometimes there’s
information that I don’t feel like explaining in the
session; maybe depending on the app patients could
read about it. [Therapist 5]

Many other functions that therapists wanted were also in line
with patients’expectations. Similar to patients, therapists named
mood and symptom tracking, easier management and overview
of diagnostics questionnaires, and collection of a toolkit that
includes specific therapeutic interventions to use in harder
moments as potentially helpful for patients. The ability to recall
past data was prominently cited by many therapists:

If the app saves the data, you could also look again
specifically at how it was three months ago because
I’ve often had the experience that patients can’t
remember. [Therapist 5]

An opinion shared by a few participants (2/5, 40%) was that
the opportunity to engage with therapy material more intensively
during a patient’s personal time through the app would
encourage the independence of patients:

It could contribute to the agency of my patients, where
I wouldn’t be the sole communicator of therapeutic
knowledge and advice and so on. When they read
some of the stuff on the app, and do homework more
often than before with the app, it could give a sense
of increased control and autonomy. [A therapist in
the focus group discussion]

General Benefits of bCBT Apps

Therapists thought that both they and their patients would take
advantage of functions that ease the organizational workload
and, therefore, preserve limited in-session time for more efficient
use. Both parties would benefit from routinely available extra
help to structure the therapy. Similar to patients, therapists also
brought up the potential for a sense of continued togetherness
between the therapist and patient and an enhanced therapeutic
relationship because of a bCBT app. In addition, the potential
to visualize achieved milestones and successes would make
them easier to understand and aim for by patients and therapists.

Expected Qualities of bCBT Apps

Unsurprisingly, therapists were interested in a smooth, easy,
and intuitive experience for both themselves and their patients

when using the digital app. Therapists particularly noted that,
as a course of treatment for many patients typically takes
months, the digital app should offer a dynamic and engaging
experience instead of a potentially monotonous one. The app
needs to support patients as their functions change over the
course of treatment through effective notification strategies.
Personalization of intervention content for each patient would
also lead to patients following the bCBT protocol over a longer
time. The therapists stressed that the app should not incorporate
advertisements (especially in the context of a prescription app).

Concerns Regarding App Integration Into Therapy

Concerns Regarding the Therapeutic Qualities of a bCBT
App

Some of the therapists interviewed (2/5, 40%) were concerned
that introducing a digital medium to the psychotherapy work
might give the impression of appearing overly available to
patients. They especially pointed to the potential ability of
patients to send them messages and commented that such a
function would distort their work-life balance. A therapist
suggested that the app could keep a record of such queries and
that the therapist could access them to “get an idea of what has
preoccupied the patient” without feeling the obligation to
respond.

Another major concern was defining the role of a digital app
within the therapeutic relationship. A digital app should not
change the frame of in-person sessions so that its role replaces
a session. It should be clear to patients that the digital program
has a complementary function supporting sessions with the
therapist. A therapist mentioned the concern that the digital app
might potentially look too game-like, which could be
counterproductive for therapy purposes. Although it should
offer a user-friendly interface, it should also preserve the
seriousness of therapy.

General Concerns Regarding Smartphone Apps

Unlike patients in our interviews, all therapists were concerned
with the fact that an app they would prescribe to their patients
should ensure patients’ data security. The difference between
the responses of patients and therapists in this respect might be
tied to the responsibility that therapists feel in the context of
suggesting or even prescribing the app:

I think it’s really important for the patients that I can
tell them credibly it’s safe and that the data will not
be misused for any other purposes—that it won’t be
the case that insurance will not pay for treatment
anymore depending on what they write on there or
their insurance premiums will go up. [Therapist 3]

Therapists highlighted that it is also crucial to ensure that, for
a digital mental health app, the known danger of addiction when
using digital apps (such as social media) is not present. Patients
should not waste their time with unhelpful functions or (even
worse) become dependent on the app in ways that contribute to
the mental health issues the patient is grappling with.
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Discussion

Principal Findings
Our study explored patients’ and psychotherapists’ attitudes
toward the introduction of a digital mental health app into their
ongoing psychotherapy process, including their expected
features and concerns regarding bCBT protocols. We gained
valuable insights into the perspectives of both potential user
groups. Both patients and therapists had positive attitudes toward
bCBT and digital health apps in general. The results provide
not only a rich frame of reference regarding what functions are
expected from an integrated digital app but also a guide on what
to avoid.

We suggest that this qualitative study is an important
contribution to the relevant literature as scientific inquiry into
how to construct a digital app for bCBT protocols has not been
extensive enough to create a solid framework [26]. Current
knowledge is mostly based on interview data with patients or
therapists regarding their personal experiences with existing
bCBT programs combined with initial evaluations of programs
that have been developed [30,40,41]. Our study alternatively
offers fruitful data on patient and therapist experiences and
expectancies that were not guided by any particular digital
program. As patients and therapists in our study were not
actively using a bCBT program and were assumed to lack
experience with such programs given that these were not
available earlier [43] (and no sample intervention was provided),
they were not oriented toward a specific existing digital health
program while voicing their views on potentially helpful and
unhelpful digital program features. In conducting such an
exploration without focusing on a particular digital health app,
our study resonates with the work by van der Vaart et al [50],
although their study used survey questions and qualitative data
in parallel. A similar methodological approach to ours was used
in the qualitative investigation by Cerga-Pashoja et al [51], but
they conducted their exploration only with therapists. With this
study, those who wish to develop integrated blended solutions
for existing problems in psychotherapy can find the voices of
both patients and therapists regarding potential problems and
practical solutions. To our knowledge, the explicit distinction
between adjunct and integrated digital app designs in bCBT
programs has not been made earlier in the literature. On the
basis of studies on existing digital apps calling themselves as
such [29,30], we pointed out this distinction and showed in this
study that an integrated bCBT design is more desirable to
potential users.

In this study, patients and therapists mostly agreed on which
functions would be expected in a digital app, and the differences
were few but notable. Data security proved to be one of the
fundamental issues that therapists needed assurance about,
whereas patients were not as concerned. Conversely, patients
saw potential negative connotations attached to the prescription
of a digital mental health program, whereas therapists did not.
These findings inform researchers and developers working in
the field of digital mental health apps on how different
functional aspects were viewed positively or negatively and

underline how psychotherapy is experienced differently by
patients and therapists.

Our findings are in line with the existing consensus in the bCBT
literature on the need for customizability of digital apps to an
individual patient’s needs in terms of both content and use
[26,41,50]. Both therapists and patients view the rigidity and
nonexclusiveness of existing digital tools as the reasons for their
current limited use [52]. Our study supports these findings.
Similarly, references to a desire for high usability in a digital
program were made by both therapists and patients, supporting
an earlier study with therapists pointing to “intuitive usability
and logical structure of online platform” as a facilitator of bCBT
use [41]. Attempts to develop new digital mental health
programs or modify existing ones should address these concerns.

Aside from simply replicating the findings on the need for
personalization, we argued that there could be 2 different
interpretations of what personalization of a digital program
means. According to one interpretation of the data, different
patients should not be given identical psychological intervention
content or feedback, which is consistent with previous research
[26,41,50,53,54]. A second interpretation suggests that some
patients view any restricted means for personal expression as a
feature to avoid (as in the example of smiley faces or
multiple-choice questions). Patients reported that these methods
were inadequate to their communication needs. To our
knowledge, this call for more open-ended and expressive means
of recording one’s mood and symptom history as well as
personal thoughts is a new interpretation of customization in
the digital mental health domain.

Previous findings on the needs of patients and therapists within
the context of bCBT programs agreed that digital apps should
avoid overwhelming patients [40,51]. For example, the volume
of homework exercises delivered through the digital app [40]
and the reminders and notifications provided [51] should not
be excessive. Our findings endorse these earlier studies.
Similarly, our findings supported the findings of van der Vaart
et al [50] that therapists are concerned about preserving
boundaries and keeping in-person therapy sessions central. Our
study suggests that face-to-face and web-based elements should
focus on distinct goals within a bCBT protocol, with the latter
concentrating on the practical aspects of the therapy (such as
homework assignments, diaries, and psychoeducation), whereas
process-related matters and evaluation of the patient’s condition
are reserved for face-to-face meetings with the therapist [50].
Therapists had differing views on the potential effect of digital
mental health apps on the therapeutic relationship between a
patient and a therapist, with some suggesting that treatment
through bCBT protocols may foster this relationship, whereas
others expressed skepticism. Remarkably, none of the therapists
thought that digital mental health apps would hinder the
relationship between patient and therapist. These findings are
important considering that the therapeutic relationship is known
to be one of the strongest predictors of treatment success
[55-57].

Receiving extra assistance in a bCBT treatment was put forth
as an important potential benefit by both patients and therapists
in our interviews. Given that both patients and therapists are
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eager to try a digital app to promote their therapy progress,
digital apps appear to offer a practical solution to widespread
adherence issues regarding patients completing assigned
homework [10,12].

Limitations
As our patient sample included only those who were diagnosed
with depression and was small (n=11), the needs and
expectations of this patient group might not be generalizable to
all patients in psychotherapy. Patients with different mental
health diagnoses might have different needs and express them
differently than the population we studied. Moreover, our study
included a selective sample of adult patients who were already
undergoing CBT-oriented therapy and were seemingly motivated
and held positive attitudes regarding bCBT programs. Patients
who are not yet in treatment for their symptoms, such as those
on waiting lists, or those who are not receiving a first-line
treatment such as CBT might hold different views from those
of our sample. Similarly, we cannot make claims about the
potential of bCBT programs in children and teenagers with our
findings as we deliberately targeted only adult patients. Further
research is needed to understand if and in what conditions
nonadult users can benefit from bCBT programs. For some
patients, careful evaluation of their suitability for a bCBT
program might be necessary. For instance, based on our finding
that therapists believe it is crucial to ensure that digital app use
does not lead to excessive use of digital devices and potential
addiction as a result, patients who are prone to technology
addiction may need higher caution before a bCBT program is
introduced to them.

A limitation of our study is that we did not ask patients about
their current or previous involvement with stand-alone iCBT
programs or other digital apps. Differential familiarity with such
programs might potentially influence user views. Furthermore,
we did not record how long participating patients had been in
psychotherapy. Different experiences in terms of completed
therapy duration might have led to differing opinions of patients.
In contrast, examining patient views independent of the duration

they had spent in therapy could also be considered a strength
because, as we did not set any patient duration in therapy as an
inclusion criterion, our study potentially covers a higher variety
of patients. Finally, the explicit distinction we made between
adjunct and integrated bCBT programs was mainly based on
our observations in the literature. More research is needed to
support the validity of such a clear conceptual distinction.

Our therapist sample consisted of only those working with a
CBT orientation and was small (n=23). It should be noted that
previous research has showed that therapists who work with a
CBT orientation have more positive attitudes toward the idea
of using digital and blended interventions in the context of
psychotherapy compared with therapists using other
psychotherapy orientations [58,59]. Thus, the results of this
study might not be generalizable to all psychotherapists
regardless of their therapy orientations.

All patients and therapists participating in this study resided in
or close to Cologne, Germany. Hence, one cannot directly
generalize findings to other cultures or other regions of
Germany.

Further research is needed to investigate expectations and
opinions of different patient samples as well as comparisons of
participant expectations of various psychotherapy approaches.

Conclusions
Our qualitative study found that patients and therapists who had
never participated in a bCBT program could imagine themselves
using one. They were willing to incorporate a digital app into
their current face-to-face therapy practices. Both parties in the
therapy relationship were open and curious about the
possibilities and opportunities that technology could bring to
their treatment journey. Participants provided a detailed
framework for what features should be included in digital apps,
independent of any particular mental health app introduced to
them before the study. Therefore, researchers and developers
of new technological solutions can use our findings as an
independent guide when constructing new digital apps.
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Abstract

Serious mental illness is a chronic condition that requires long-term pharmacological treatment. Adherence to oral antipsychotic
medication has specific nuances that affects patients and physicians alike. For patients with serious mental illness, nonadherence
increases their risk of hospitalization and relapse. Nonadherence is a formidable barrier for physicians in accurately assessing
medication efficacy and helping patients achieve their fullest potential. A digital adherence system approved by the Food and
Drug Administration can provide near–real time aripiprazole ingestion information. The system records ingestions through an
embedded ingestible sensor in oral aripiprazole, which sends a transient local signal to a patch worn on the patient’s torso that is
then stored on a paired smartphone app. With patient permission, these data can be viewed remotely by their physician, along
with a patient’s mood, activity, and time spent resting. Such data are able to do the following: reveal broad patterns of medication
adherence behavior to the patient as well as their physician; help physicians and patients understand and create more realistic
expectations for adherence; promote discussion of treatment options; and minimize therapeutic appointment time devoted to
determining actual adherence, thereby maximizing the time available to address each patient’s distinctive reasons for their
adherence pattern. Crucially, extra time created during appointments can be used to strengthen the therapeutic relationship, which
may translate into both improvements in adherence and patient attitude toward their medication. Future investigations are needed
to examine how this technology impacts the development of training and best practice guidelines for its use. Otherwise, the
potential benefits of this technology may be lost, or worse, inadequate and inappropriate use may harm the therapeutic relationship.

(JMIR Ment Health 2022;9(12):e39047)   doi:10.2196/39047

KEYWORDS

patient-physician relationship; ingestible sensor; mental health; serious mental illness; antipsychotic; medication adherence;
digital adherence; therapy; digital intervention; digital mental health

Introduction

Overview
The art has three factors, the disease, the patient, the
physician. The physician is the servant of the art. The
patient must cooperate with the physician in
combatting the disease. [Hippocrates]

Heralded as the father of western medicine, Hippocrates’
contributions to medicine remain foundational to current

perceptions of disease and the body [1]. He used multiple
strategies to treat ailments, including herbal remedies in a
manner similar to modern prescribed pharmaceuticals [2,3].
Hippocrates’ understood that the medicinal art form requires a
compassionate, holistic, yet highly individualized series of
investigations into how the patient and disease intertwine. He
understood there must be trust and honesty between both parties,
and a doctor’s help can only go as far as patients are willing to
cooperate. Every patient has the power to render any oral
medication 100% ineffective, no matter how much money, time,
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or human resources the pharmaceutical industry infuses into its
creation; a drug is only effective if it is taken [4].

Medication adherence is especially important in cases of serious
mental illness (SMI), a term referring to bipolar disorder,
schizoaffective disorder, and schizophrenia [5]. Reported
adherence rates to antipsychotics vary, ranging from 24% to
90%, with a mean of 58% [6]. Nonadherent patients with
schizophrenia have 55% higher odds of being admitted to
hospital; adequate adherence is imperative to ensure remission
and prevent SMI relapse [7].

The first ingestible-sensor–based digital adherence system
(iDAS) to follow and support oral medication adherence was
approved by the Food and Drug Administration in 2014 [8].
The major advancement associated with this medical device is
capture of real-time data on actual drug ingestion along with
capture of simultaneous physiological data [9]. Specific approval
of the ingestible sensor system with the atypical antipsychotic
aripiprazole was obtained in 2017 [10,11]. Aripiprazole,
originally approved for use in schizophrenia [12], is also
currently approved for use as an adjunct or monotherapy in
bipolar I mania [13-17] and major depressive disorder [18].
Approval of digital aripiprazole included the use of an app
tailored specifically for patients with serious mental illness
under the name Abilify Mycite System [19].

This viewpoint discusses how iDAS adherence data may be
used to benefit psychiatric consultations and positively impact
the physician-patient relationship. We focus on how iDAS may
be used to serve and strengthen the therapeutic relationship
(TR), foundational to any beneficial outcome of any technology
application [20]. Could iDAS represent a new era of
physician-patient interactions, a technological turning point that
Hippocrates could not have foreseen?

For the sake of clarity, at the outset, our discussion assumes
patients give informed consent before and throughout their use
of iDAS. We focus on how iDAS may be used to serve and
strengthen the TR, which is foundational to any beneficial
outcome of any technological application [20]. The ethics of
informed consent is of critical importance when using this
technology (see analysis and discussion by Beriain and Gonzalez
[21] and Torous and Roberts [20]). As the cornerstone of any
TR is trust, and a large portion of such trust comes from
continued consent over time, we subsequently discuss dynamic
consent during iDAS use.

Background
A Food and Drug Administration–approved iDAS, comprising
the ingestible sensor and a generic app [8], has been used with
multiple oral medications [22-24]. The iDAS for aripiprazole,
developed in collaboration with Otsuka America Pharmaceutical,
Inc [25], was approved with an app developed specifically for
the use of patients with SMI and released under the name Abilify
Mycite System [26]. The iDAS for aripiprazole has 3
components, which are aripiprazole with embedded ingestible
sensor, a patch, and a paired smartphone with installed iDAS
app (Figure 1). When ingested and in contact with gastric fluids,
the sensor sends an electrochemical signal unique to aripiprazole
that is recognized and stored by a patch worn on the user’s torso.
The patch then communicates via Bluetooth to the patient’s
paired smartphone with installed app, which stores the time and
date of successful medication ingestion [27]. Over 90% of pill
ingestions are detected by the patch in 3 minutes, while the
patch can take up to 2 hours to sync ingestion data with the app
[28,29]. The app has several features, including tracking mood,
rest, and activity.

Figure 1. Depiction of the components of aripiprazole ingestible-sensor–based digital adherence system (iDAS). (1) Aripiprazole with an embedded
ingestible sensor, a patch, and paired smartphone with an installed iDAS app. (2) When ingested and in contact with gastric fluids, the sensor sends an
electrochemical signal unique to aripiprazole that is recognized and stored by a patch worn on the user’s torso. (3) The patch then communicates via
Bluetooth to the patient’s paired smartphone with an installed app that stores the time and date of successful medication ingestion. (4-5) The patient
allows the prescribing provider to view ingestion data via a website that is accessed through a secure server.

Figure 2 shows the displays of each feature in addition to noting
if the feature’s data are manually entered. The patient may give
permission for their physician (and other trusted persons) to
access a web-based iDAS portal where their medication
adherence data can be view remotely. The app currently makes

clear attempts to gather a holistic data set, including information
on mood and activity from the patient. It uses friendly interface
displays such as “You’re all good!” once a pill is ingested. The
app has a casual appearance and does not, for example, display,
“You’re all good! Aripiprazole ingested: 11:24 AM. Ingestion
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data sent to Dr. Argus Panoptes at 12:24 AM.” The feel-good
design of iDAS chooses not to highlight physician monitoring,
for better or for worse.

The type of data collection by iDAS contributes to the
underappreciated “art of observation of the individual in its
entirety” [30], providing objective inside data about a patient’s
habits, thus falling under the umbrella of devices that contribute
to digital phenotyping, as defined by Torous et al [31]. Several
other tools have been developed to integrate digital phenotyping
data into patient care, including The SilverCloud platform using
digital phenotyping data to delineate different subtypes of
internet-based cognitive behavioral therapy [32] and the

MindLAMP platform, aimed at preventing relapse in people
with schizophrenia spectrum disorders [33,34].

Abilify iDAS is intended to augment treatment as usual by a
physician, a model incorporated into the MindLAMP [34] and
Horyzons platforms [35]. Abilify iDAS and these platforms
have consistently demonstrated feasibility of use and efficacy
with treatment as usual in psychiatric patients with SMI
[34,36-41]. These reports substantiate the proposal that Abilify
iDAS could support the TR. By and large, more data on patients
are not inherently beneficial nor harmful; rather, there are needs
for careful consideration of what information the iDAS can
provide and how this may be used to build trust and mutual
understanding in psychiatric consultations.

Figure 2. Features of the aripiprazole iDAS app. All pill ingestion information automatically enters the app and must be shared with a health care
provider with patient’s permission. Other features, including mood, rest, and activity, do not have to be shared with a physician. All features of the app
can be shared with 5 other people including friends or family, or another physician. iDAS: ingestible-sensor–based digital adherence system. (Images
adapted and used with permission from MyCite Menu Overview, 2021, Otsuka America Pharmaceutical, Inc).
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What Near–Real Time Adherence Data
May Bring to Psychiatric Consultations

Confirmation of a Patient’s Adherence
The iDAS technology allows for an accurate summary of
medication adherence available for medical visits. Through no
fault of their own, patients may demonstrate recall bias at
appointments by erroneously reporting medication adherence
or experience [42]. The physician and patient can look back at
the adherence data together and discuss how medication
adherence is going.

Inform Dosage Adjustment
The features of the iDAS may inform physicians tailoring the
aripiprazole dosage. Two common aripiprazole side effects
include restlessness and akathisia as well as somnolence [43].
iDAS ingestion data, in conjunction with rest and activity data,
may be helpful in gauging a patient’s experience with these side
effects. In theory, a doctor could adjust the aripiprazole dose in
a patient who complains of being unable to sit still, frequently
rates their rest at 1 star, and has relatively good medication
adherence. It is important to note, however, that Abilify iDAS
is not licensed to inform the modification of aripiprazole dosage
[44]. Nonetheless, real-time rest information in a patient
complaining of somnolence would be difficult to ignore. In
situations where the patient’s app data and verbal recollection
concur, a physician may feel more assured in changing a
patient’s dose.

Temporal Tracking of SMI Relapse Relative to
Medication Adherence
Another benefit of the aripiprazole iDAS is the potential to track
whether a symptomatic relapse was caused by nonadherence or
a medication’s lack of efficacy. As Weiden [45] describes,
relapse caused by inefficacy of a medication may begin prior
to nonadherence, and without clear data, relapses can be
misattributed to behavioral nonadherence. To illustrate this, a
clinician may assume that their patient ceased medication and
relapsed, leading them to encourage their patient to resume their
medication. However, using the aripiprazole iDAS, a clinician
could review ingestion data and build a more accurate timeline
of medication cessation in relation to their patient’s relapse. If
the physician concludes that the relapse began before medication
cessation, the physician can adjust the treatment regimen.
Similarly, physicians can also see when, despite maintaining
good adherence throughout, a patient relapsed and clearly
requires medication dosage or regimen changes.

Improve Patient’s and Physician’s Understanding
Patterns of Adherence
The duration and reliability of iDAS data allow patients and
physicians to isolate trends in adherence behavior. Much of the
discussion of the commercial Abilify Mycite product focuses
on its advantage to physicians, who are required to prescribe it.
Crucially, aripiprazole iDAS data may also aid a patient in
learning about themselves. Seemingly random instances of
nonadherence may be associated with broader patterns. These
patterns may be illuminated by simultaneously considering the

rest, activity, and mood recordings with ingestion data over
time. Browne et al [9] produced visualizations coupling iDAS
physiological data with adherence data in patients with diabetes,
which allowed easily accessible interpretation of individual
behavior patterns over time. iDAS data can provide the
opportunity for patients to use ingestion data as a lens to reveal
patterns in their own life, rhetorically asking, “What does
nonadherence tell me about my own life?” Physicians may use
adherence data in an opposite fashion: life patterns can be used
as a lens to reveal adherence data. A physician may rhetorically
ask, “What does a patient’s life tell me about their
nonadherence?”

Thus, the iDAS system can be used as a recordkeeper to help
understand patterns of adherence in patients, in ways that
directly benefit the psychiatric consultation. After all,
Hippocrates states that physicians are servants “to the art of
medicine” rather than patients being servants to the physician.
All art forms involve flexibility coupled with creativity, but this
art form, as every physician knows, requires the most precious
commodity of all in medical practice, which is time.

Time Opened up During Appointments
May Support the Therapeutic Relationship

Easily accessible and highly accurate adherence data provided
by iDAS shorten time spent on adherence detective work on the
part of the physician during consultations. This opens up
appointment time, which may be used to start healthy
conversations around adherence patterns. In a study of
conversations surrounding antipsychotic nonadherence during
psychiatric consultations, patients often tried to minimize the
risk of a “disciplinary” reply from their physician when
disclosing nonadherence [46]. Patients are frequently ashamed
of their noncompliance, especially when they are attached to
their treating physician. To illustrate this, 1 patient began the
disclosure of nonadherence by saying “My mood’s been fine
but you’re not gonna be very happy [to know] …” [46]. This
study of nonadherence disclosures highlights how difficult they
can be for the patient. The authors compare patients’ methods
of nonadherence disclosure to methods used to deliver bad news.
Patients should not worry or feel embarrassed by medication
nonadherence as there can be many reasons for it. While the
physician needs to spend time, interpreting patterns provided
by iDAS, this can be conducted with the patient, spending more
time exploring reasons for their behavior patterns.

Closing the Loop: Strengthening the
Therapeutic Relationship as a Means to
Antipsychotic Treatment Adherence

The value of adherence data cannot be overstated, even in
situations where patients seem to be making little progress in
becoming adherent to their medication regime. How can iDAS
be valuable when the patient is firmly nonadherent, despite a
kind and honest effort from their physician? In fact, these
situations of firm nonadherence may create tension between the
physician and patient, creating the sense that both parties are at
a standstill. Nevertheless, true medication adherence cannot
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exist without a patient’s notion of trust and confidence in their
physician. The availability of iDAS data means time—which
would otherwise have been spent trying to investigate whether
a patient is adherent to their regime at all—can be spent to
improve this trust during consultations.

In their book on therapeutic alliance, Leslie Greenberg and
Adam Horvath explicitly state that the core of therapeutic
alliance relies on a sense of collaboration [47]. One cannot
create a genuine collaboration with someone they do not trust.
Therapeutic alliance is contingent on factors beyond agreement
of treatment-related goals, with one of the most important factors
being the personal bond between patient and physician [47,48].
Forming such a bond takes time. Extra appointment time can
facilitate this bond, particularly when there may not be
agreement between a patient and physician.

The bond contributing to therapeutic alliance requires mutual
trust and regard [49]. Extra appointment time facilitated by
iDAS use may be spent strengthening the therapeutic alliance
by openly and nonjudgmentally discussing possible reasons for
nonadherence, trying to find the specific reasons why the
individual patient is not taking the medication as prescribed
[50]. Most patients are not aware of the multiple layers of
attitudinal and behavioral factors leading to therapeutic
adherence; when it is discussed in a cooperative, nonthreatening,
and constructive way, patients are usually very interested in
understanding their own behaviors [51]. Physicians need to
provide encouragement and positive feedback for patients’effort
[52].

Patients with schizophrenia who established a good therapeutic
alliance during the first 6 months of treatment had a significantly
increased likelihood of adhering to medication regimes [53].
This initial alliance was also significantly associated with
improved treatment outcomes using less medication when
compared to patients without good therapeutic alliance [54].
Subsequent studies on TR and antipsychotic adherence in
patients with schizophrenia demonstrated that TR is associated
with both adherence and attitude toward treatment with
antipsychotics [54]. The use of the Helping Alliance Scale
[54,55] to measure TR strength in clinicians and their patients
(higher scores signify a better TR) showed each unit increase
in the clinician’s TR rating was accompanied by a 65.9%
increase in the odds ratio of their patient having good medication
adherence. For each patient-rated TR unit increase, there was
a 20.8% increase in the odds ratio of good medication adherence
[54]. Consequently, extra time spent strengthening the
physician-patient bond could lead to better adherence in patients
taking antipsychotics.

Dynamic Consent With Third Party Availability
During iDAS Use May Minimize Risks to the
Therapeutic Relationship
The bond that forms the cornerstone of the TR is based on
mutual trust between physician and patient, which not only
builds over time, but may also change over time. To support
this bond over time iDAS used with dynamic consent may
increase trust. Prictor et al [56] defined dynamic consent as “an
approach to consent that enables people, through an interactive

digital interface, to make granular decisions about their ongoing
participation.” The iDAS MyCite app contains inclusion of a
digital interface allowing patients at any time to withdraw
consent to all or certain types of data sharing with some (or all)
of previously approved persons, including their physician [57].
Of course, it would be ideal if a patient felt comfortable telling
their doctor that they no longer want certain portions of their
data shared with their health care team. However, some patients
may prefer to withdraw consent on a digital platform by clicking
a “stop sharing data” button. It may also be important to consider
having access to a third party, such as a nurse or a consent
representative, to allow the patient to discuss their ongoing
iDAS consent and relationship with the doctor. This would
allow open conversations about withdrawing consent to be made
outside of the doctor-patient space and create a space of open
conversations about data sharing without a direct disruption in
the doctor-patient relationship. The availability of a third party,
such as a nurse, can directly address questions of “Who do you
want to allow to see your data?”, “What data are they allowed
to see?” and “How do you want these data to be used?” This
would allow a patient to discuss their patient-physician
relationship, patient-data relationship, and physician-data
relationship with someone in health care who is not their doctor.
The third-party patient advocate role would mitigate patient’s
concerns about withdrawing consent and would also allow a
patient to feel that their feelings and concerns are their health
care team’s priority. Dynamic consent, in addition to the
availability of a third party, facilitates methods for key patient
data control proposed by Vayena and Blasimme [58]—control
over who accesses one’s health care data and how those data
are used. Placing the patient at the center of the consent process
over time would likely optimize patient autonomy and
physician-patient confidence that iDAS was supporting their
relationship.

Conclusion
Assuming a patient agrees to use it over time, the aripiprazole
iDAS can provide information on an individual patient’s
adherence, which may help to inform dosage and trace SMI
relapse relative to medication adherence. iDAS data can be an
icebreaker in conversations surrounding medication adherence
or how patients feel about their current medication regime.
Through iDAS use, patients may learn more about their
relationship with adherence, and physicians may gain a more
accurate perspective on individual patients, improving both the
patient and physician’s understanding of adherence patterns.
Ultimately, this tool only reports behavioral data, which does
not change a patient’s attitude toward antipsychotics. It is up
to the physician to practice their art in a way that
compassionately understands and encourages patients to reach
their full potential. This can only be done through time spent
developing a strong and healthy therapeutic relationship, which
itself has repeatedly been shown to influence patient treatment
adherence. As data accumulate from patients and their
physicians choosing to use the aripiprazole iDAS, a more
complete picture will emerge of opportunities to tailor and
provide targeted use needed for different SMI diagnoses and
individual patient characteristics, such as gender. It is critical,
however, that future investigations examine how this technology
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impacts the physician-patient relationship to develop training
and provide best-practice guidelines on how to use it to
strengthen the therapeutic relationship. Otherwise, the potential

benefits of this technological advancement may be lost, or worse
still, inadequate and inappropriate use may result in harm to the
therapeutic relationship.
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Abstract

Background: Previous research has shown the feasibility of using machine learning models trained on social media data from
a single platform (eg, Facebook or Twitter) to distinguish individuals either with a diagnosis of mental illness or experiencing an
adverse outcome from healthy controls. However, the performance of such models on data from novel social media platforms
unseen in the training data (eg, Instagram and TikTok) has not been investigated in previous literature.

Objective: Our study examined the feasibility of building machine learning classifiers that can effectively predict an upcoming
psychiatric hospitalization given social media data from platforms unseen in the classifiers’ training data despite the preliminary
evidence on identity fragmentation on the investigated social media platforms.

Methods: Windowed timeline data of patients with a diagnosis of schizophrenia spectrum disorder before a known hospitalization
event and healthy controls were gathered from 3 platforms: Facebook (254/268, 94.8% of participants), Twitter (51/268, 19% of
participants), and Instagram (134/268, 50% of participants). We then used a 3 × 3 combinatorial binary classification design to
train machine learning classifiers and evaluate their performance on testing data from all available platforms. We further compared
results from models in intraplatform experiments (ie, training and testing data belonging to the same platform) to those from
models in interplatform experiments (ie, training and testing data belonging to different platforms). Finally, we used Shapley
Additive Explanation values to extract the top predictive features to explain and compare the underlying constructs that predict
hospitalization on each platform.

Results: We found that models in intraplatform experiments on average achieved an F1-score of 0.72 (SD 0.07) in predicting
a psychiatric hospitalization because of schizophrenia spectrum disorder, which is 68% higher than the average of models in
interplatform experiments at an F1-score of 0.428 (SD 0.11). When investigating the key drivers for divergence in construct
validities between models, an analysis of top features for the intraplatform models showed both low predictive feature overlap
between the platforms and low pairwise rank correlation (<0.1) between the platforms’ top feature rankings. Furthermore, low
average cosine similarity of data between platforms within participants in comparison with the same measurement on data within
platforms between participants points to evidence of identity fragmentation of participants between platforms.

Conclusions: We demonstrated that models built on one platform’s data to predict critical mental health treatment outcomes
such as hospitalization do not generalize to another platform. In our case, this is because different social media platforms consistently
reflect different segments of participants’ identities. With the changing ecosystem of social media use among different demographic
groups and as web-based identities continue to become fragmented across platforms, further research on holistic approaches to
harnessing these diverse data sources is required.
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Introduction

Background
Despite its relatively low prevalence compared with other mental
health disorders, the burden of schizophrenia spectrum disorder
(SSD) on patients, families, and society is substantial [1]. To
mitigate the burden of SSD, early diagnosis and treatment are
crucial. However, psychotic disorders, including SSD, often
receive delayed attention and care, resulting in worse health
outcomes [2,3]. At the same time, the use of social media is
high among patients with serious psychotic disorders such as
SSD, especially among adolescents and young adults, when
SSD typically emerges [4,5]. For instance, Birnbaum et al [4]
studied social media use among adolescents and young adults
with psychotic and mood disorders and found that 97.5% of
participants (mean age 18.3 years) regularly used social media,
spending approximately 2.6 (SD 2.5) hours per day on the web.
Similarly, Miller et al [5] studied the use of digital technologies
among patients diagnosed with SSD and found that, among
participants with access to the internet, 98% reported using at
least one social media service and 57% used social media daily.

Given this information, there has been an established body of
research on using social media data to identify and predict
psychiatric outcomes of social media users with SSD using
machine learning classifiers [6-8]. The most robust data sources
available to train these classifiers consist of textual content
posted on the web. Prior work in speech and text analysis among
patients with SSD has identified reliable linguistic markers
associated with SSD, which have been successfully used as
features for the aforementioned classifiers [7,9,10]. These
include certain word frequencies, word categories, and
self-referential pronouns [11,12]. Given that the use of image-
and video-based social media platforms such as Instagram,
Snapchat, and TikTok is associated with youths, there has also
been prior work in the analysis of images comparing between
patients with SSD and healthy controls [13,14]. Hänsel et al
[14] identified additional image markers associated with SSD,
such as the image’s colorfulness and saturation and the average
number of faces per image. By exploiting these markers,
previous research conducted by Birnbaum et al [15] and Ernala
et al [8] built classifiers to distinguish between users with a
confirmed diagnosis of SSD and healthy controls on Facebook
and Twitter with area under the receiver operating characteristic
curve (AUROC) scores of 0.75 and 0.82, respectively.

Although such results demonstrate the potential of automated
techniques in predicting the mental health outcomes of
individuals with SSD via social media data, many research gaps
remain that need to be addressed before psychiatrists can reliably
deploy such techniques for clinical purposes. Most prior work
in this area primarily focused on a single source of social media
data, either exclusively from Twitter or Facebook, for
downstream classification and analysis tasks [16]. However,
previous research has also shown that many social media users,

especially youths, use different social media platforms for
different purposes because of their variety in affordances and
culture. Among youths, Facebook use is associated with keeping
up with close and distant friends, whereas Instagram and
Snapchat use is associated with self-expression and gratification
[17,18]. In addition, researchers have argued that social media
users have fragmented identities across platforms [19,20].
Therefore, using a single source of social media data to build
psychiatric hospitalization prediction models may potentially
lead to low-sensitivity prediction models, making them
unsuitable for clinical purposes. However, few studies have
quantified the extent to which classifiers trained on data from
one social media platform are generalizable to other platforms.
To this end, our study aimed to measure the generalizability of
social media–based classifiers aimed at predicting upcoming
psychiatric hospitalizations to data from unseen social media
platforms. In addition, we aimed to surface any evidence of the
differing fragmented identities that are reflected on 3 popular
social media platforms—Twitter, Facebook, and Instagram—that
might affect the models’ generalizability.

Objectives
The research question we attempted to answer was as follows:
given the preliminary evidence of fragmented identities that are
reflected on the investigated social media platforms, can we
build classifiers that can effectively detect users at risk of an
upcoming psychiatric hospitalization using social media data
from platforms unseen in the training data?

To answer our research question, we collated textual and image
content (if available) from consenting participants’ social media
data from Facebook, Twitter, and Instagram. We then trained
platform-specific classifiers to distinguish between social media
data from healthy controls and data from patients with SSD
with an upcoming psychiatric hospitalization. We compared
the performance of classifiers on testing data between seen and
unseen social media platforms from the training data. We also
compared and analyzed the top predictive features and the
feature importance distributions between the 3 platform-specific
classifiers, with a view toward finding potential empirical
evidence for fragmented identities between the various social
media platforms.

Methods

Recruitment
We recruited participants clinically diagnosed with SSD and
clinically verified healthy controls aged between 15 and 35
years. These data were collected as part of a broader research
initiative involving the authors of this paper to identify
technology-based health information to provide early
identification, intervention, and treatment for young adults with
SSD [6].
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For participants with SSD aged between 15 and 35 years
(141/268, 52.6%), diagnoses were based on clinical assessment
of the most recent episode and were extracted from participants’
medical records at the time of their consent. Participants in this
group were recruited from the Northwell Health Zucker Hillside
Hospital and collaborating institutions located in East Lansing,
Michigan. Participants were excluded if they had an IQ of <70
(per clinical assessment), autism spectrum disorder, or
substance-induced psychotic disorder.

In addition, healthy volunteers aged between 15 and 35 years
(127/268, 47.4%) were approached and recruited from an
existing database of eligible individuals who had already been
screened for previous research projects at Zucker Hillside
Hospital and had agreed to be recontacted for additional research
opportunities. Healthy status was determined by either the
Structured Clinical Interview for the Diagnostic and Statistical
Manual of Mental Disorders conducted within the past 2 years
or the Psychiatric Diagnostic Screening Questionnaire [21,22].
Participants were excluded if clinically significant psychiatric
symptoms were identified during the screening process.
Additional healthy volunteers were recruited from a southeastern
university via a web-based student community research
recruitment site. Finally, healthy volunteers were also recruited
from the collaborating institutions located in East Lansing,
Michigan.

Data Collection
All consenting participants were asked to download and share
their Facebook, Twitter, and Instagram data archives. We
collected all linguistic content from participants’ Facebook and
Twitter archives (ie, status updates and comments on Facebook
and posts shared on Twitter). In addition, we collected image
content from participants’ Facebook and Instagram archives,
including profile pictures and story photos.

Next, we also collected the medical history of each participant
(following consent and adoption of Health Insurance Portability
and Accountability Act–compliant policies). This included
primary and secondary diagnosis codes, the total number of
hospitalizations, and admission and discharge dates for each
hospitalization event. Hospitalization data were collected from
the medical records at the time of consent. As all consented
patient participants in the study had also received care at the
Zucker Hillside Hospital, the medical records at the hospital
were accurate and up to date to the best of the hospital’s efforts.
We only counted psychiatric hospitalizations (not
hospitalizations for other nonpsychiatric reasons). Thereafter,
the study team accessed the corresponding consented patients’
medical records to extract all their recorded hospitalization
events in a similar manner to previous studies using this source
of data [6,23].

Finally, we collected social media data from all available
platforms for each participant with at least one known
hospitalization event within a 6-month window before the latest
hospitalization event, ensuring that there were no hospitalization
events within these 6 months. This was done to ensure that the
data gathered were representative of the participants’ healthy
mental status before symptomatic exacerbation and subsequent
hospitalization. A 6-month period, which we refer to as the
windowed data, was selected as it represents an interval of time
long enough to identify changes signaling symptomatic
exacerbation while also containing sufficient data required to
train machine learning models. For healthy control participants
without any hospitalizations, we randomly sampled a nonempty
6-month window of social media data for each available social
media platform (nonempty meaning that there was at least some
social media activity). Figure 1 provides a visual description of
the windowing process.

Figure 1. Diagram representing the windowing process used to gather participants’ social media data before hospitalization events. Bold text represents
the selected data windows. Crosses represent hospitalization events. The X represents invalid data windows. A: Windowing—with hospitalizations; B:
Windowing—without hospitalizations.

Feature Engineering
To encode participants’ social media data for the downstream
classification and analysis tasks outlined in our research
objectives, we identified and extracted the following categories
of features from these data for all 3 investigated social media
platforms: (1) n-gram language features (n=500), (2) Linguistic
Inquiry and Word Count (n=78), (3) lexico-semantic features

(n=3), (4) activity features (n=9), and (5) image features (n=23;
Instagram and Facebook only).

The specific feature categories were chosen based on relevant
previous literature, particularly relating to the use of social
media data to infer mental health attributes and psychiatric
outcomes [7,8]. Note that all features were computed at the
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individual participant level. More details about this process can
be found in Multimedia Appendix 1 [7,12,14,24-29].

Feature Selection
Using the aforementioned features, for each of the 3 examined
social media platforms, we encoded available participants’
textual and image data on Facebook and Instagram into
613-dimensional feature vectors and textual data on Twitter
into 590-dimensional feature vectors. This yielded a Facebook
data set of dimension 254 × 613, a Twitter data set of dimension
51 × 590, and an Instagram data set of dimension 134 × 613.
We shall refer to these data sets as F, T, and I for Facebook,
Twitter, and Instagram, respectively.

As the feature set might contain features that are noisy and
irrelevant, the classification models may be unstable and produce
suboptimal results [30]. To maximize the predictive power of
the models while also reducing the redundancy and
computational resources needed to train them, feature selection
methods were used [30]. More specifically, we adopted the
ANOVA F test to rank the features based on their F statistic
under the test, which has been shown to produce optimal feature
sets in previous research on the classification of social media
data belonging to patients with SSD [8,11].

We trained a random forest model, with 5-fold stratified
cross-validation to fine-tune hyperparameters, on data sets F,
T, and I with an 80:20 train-test split, using only the top k

percent of features based on the ranking given by the ANOVA
F test on the classification, where k is between 10 and 100 in
increments of 10. Via an examination of the evaluation metrics
on the test sets (described in the Classification Algorithms and
Metrics section), we determined that using only the top 20% of
the features (based on their F statistic under the ANOVA F test)
yielded the best results on unseen data across all 3 platforms.
We will be using this subset of features moving forward.

Combinatorial Classification Methods
To answer the research question laid out in the Introduction
section, we adopted a 3 × 3 combinatorial classification design,
where we trained and tested machine learning models on the
psychiatric hospitalization prediction task using all possible
pairs of training and testing data sets. Figure 2 provides a visual
description of our experimental design. For intraplatform
experiments (where the training and testing data came from the
same platform; eg, training and testing on Facebook data), we
trained and tested the models on an 80 to 20 train-test
label-stratified split based on the Scikit-learn train_test_split()
function (version 0.24.1) [31]. For interplatform experiments
(where the training and testing data came from different
platforms; eg, training on Facebook data and testing on
Instagram data), we trained the model on the entirety of the
training data set and evaluated it on the entirety of the testing
data set.

Figure 2. Diagram representing the classification experiments performed and their nature within the 3 × 3 combinatorial design.

Classification Algorithms and Metrics
For both intra- and interplatform experiments, training data
represented by the top 20% of features (as described in the
Feature Selection section) were fed into a model to learn the
classification task. We tried training the model over several
algorithms, including random forest, logistic regression, support
vector machine, and multilayer perceptron [32]. We selected
these algorithms as they represented a variety of different types
of learning algorithms [32]. This ensured that our analysis of
performance differences between intra- and interplatform
experiments would hold irrespective of the learning algorithm
selection. We used the Scikit-learn implementation (version

0.24.1) for all the aforementioned algorithms [31]. For each
algorithm, we fine-tuned its hyperparameters using 5-fold
stratified cross-validation via the Scikit-learn GridSearchCV()
pipeline, retaining the best hyperparameters per algorithm for
analysis [31]. The chosen hyperparameters for each
classification algorithm are provided in Textbox 1 (all other
hyperparameters were left as default according to the
Scikit-learn specification).

We measured the performance of the models using the metrics
outlined in Textbox 2, all of which are commonly used in binary
classification models. In this case, we abbreviated the number
of true positives, true negatives, false positives, and false
negatives as TP, TN, FP, and FN, respectively [33].
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Textbox 1. Hyperparameters chosen for each classification algorithm.

Random forest

• max_depth: 15

• n_estimators: 100

• max_features: none

Logistic regression

• Penalty: l2

• C: 0.1

Support vector machine

• Kernel: rbf

• C: 0.01

• Gamma: scale

Multilayer perceptron

• Alpha: 0.0001

• Hidden_layer_sizes: (512, 256, 128)

Textbox 2. Metrics used to measure model performance.

Accuracy

• Also known as Rand accuracy, the ratio of correct predictions to all predictions

•

Precision

• The ratio of correct positive predictions to the total number of positive predictions

•

Recall

• The ratio of correct positive predictions to the total number of true positive instances

•

F1-score

• The harmonic mean between precision and recall

•

Area under the receiver operating characteristic curve (AUROC)

• The AUROC, which plots the false positive rate against the true positive rate and, in practice, is often estimated using the trapezoidal rule with
the following formula:

•

Feature Importance Selection
We used Shapley Additive Explanations (SHAP) to examine
how certain features affected our model’s decision to predict

users with potential psychiatric hospitalization because of SSD
given their social media data from the 3 inspected social media
platforms. Our decision to use SHAP rather than other
explainability methods stems from the fact that SHAP is not
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only model-agnostic but also the most theoretically sound
explainability framework among the available options. This is
because SHAP feature scores can be calculated for localized
samples and for the entire global data set [34]. SHAP is based
on Shapley values, a game-theoretical concept that intuitively
describes each feature’s contribution to the outcome after
considering all possible combinations of features [35].

For each of the intraplatform experiments within the 3 × 3
combinatorial design and each machine learning model, we
calculated the average SHAP values for each of the features (ie,
their importance to the prediction) across all instances within
the testing set. We then recorded the list of features sorted in
descending order according to the average SHAP values
measured by each model. In the case of models with native
support for feature importance extraction, including random
forest (Gini importance) and logistic regression (feature
coefficients), we also calculated and recorded them in an
equivalent manner to SHAP values.

Robustness Checks
To ensure that our findings regarding differences in model
performance between models and between intra- and
interplatform experiments still held when certain aspects of the
training and testing data sets were made more ideal, we
performed several robustness checks, which are described in
Multimedia Appendix 1.

Ethics Approval
The study was approved by the institutional review board of
Northwell Health (the coordinating institution) and the

institutional review board of the participating partners (Georgia
Tech approval H21403). Participants were recruited from June
23, 2016, to December 4, 2020. Written informed consent was
obtained from adult participants and legal guardians of
participants aged <18 years. Assent was obtained from
participating minors.

Results

Data Characteristics
In total, 268 participants (mean age 24.73, SD 5.64 years; male:
127/268, 47.4%; SSD: 141/268, 52.6%) with nonempty
windowed data for at least one platform were included. Of these
268 participants, 254 (94.8%; SSD: 133/254, 52.4%) had valid
windowed Facebook data, 51 (19%; SSD: 7/51, 13.7%) had
valid windowed Twitter data, and 134 (50%; SSD: 42/134,
31.3%) had valid windowed Instagram data. Among participants
with valid data for more than one platform, 17.5% (47/268;
SSD: 5/47, 10.6%) had valid data for both Facebook and Twitter,
14.2% (38/268; SSD: 4/38, 10.5%) had valid data for both
Twitter and Instagram, and 44.4% (119/268; SSD: 34/119,
28.6%) had valid data for both Facebook and Instagram. Finally,
14.2% (38/268; SSD: 4/38, 10.5%) of participants had valid
data for all 3 platforms. Table 1 shows the demographic and
clinical characteristics of these 268 participants. Table 2
describes the summary statistics, including mean and median,
for these windowed data for each of the 3 social media platforms
grouped by clinical status (SSD vs control). Figure 3 shows the
distribution of available posts for participants in each of the 3
investigated platforms.

Table 1. Demographic and clinical characteristics of the participants (N=268).

Full sampleControl (n=127)SSDa (n=141)Characteristic

24.73 (5.64)24.57 (5.82)24.86 (5.49)Age (years), mean (SD)

Sex, n (%)

127 (47.4)38 (29.9)89 (63.1)Male

141 (52.6)89 (70.1)52 (36.9)Female

Race or ethnicity, n (%)

83 (31)19 (15)64 (45.4)African American or Black

43 (16)23 (18.1)20 (14.2)Asian

112 (41.8)75 (59.1)37 (26.2)White

20 (7.5)5 (3.9)15 (10.6)Mixed race or other

9 (3.4)4 (3.1)5 (3.5)Hispanic

1 (0.4)1 (0.8)0 (0)Pacific Islander

Primary diagnosis, n (%)

67 (25)N/Ab67 (47.5)Schizophrenia

26 (9.7)N/A26 (18.4)Schizophreniform

25 (9.3)N/A25 (17.7)Schizoaffective

23 (8.6)N/A23 (16.3)Unspecified SSDs

127 (47.4)127 (100)N/ANo diagnosis

aSSD: schizophrenia spectrum disorder.
bN/A: not applicable.
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Table 2. Summary statistics for windowed data for both the control class and the schizophrenia spectrum disorder (SSD) class (ie, participants hospitalized
with SSD). In this table, we consider data from Facebook, Twitter, and Instagram, as mentioned previously.

Instagram (user: n=134; post: n=23,551)Twitter (user: n=51; post:
n=23,777)

Facebook (user: n=254; post:
n=169,425)

Control classSSD classControl classSSD classControl classSSD class

92 (69)42 (31)44 (86)7 (14)121 (48)133 (52)Total users, n (%)

16,440 (70)7111 (30)22,786 (96)991 (4)54,632 (32)114,793 (68)Total posts, n (%)

178.7 (234.6)169.3 (445.4)519.9 (1166.9)141.6 (255)451.5 (818.87)863.1 (2365.1)Posts, mean (SD)

10354.513837184260Posts, median

1-13281-29091-70561-7581-48522-23,589Posts, range

Figure 3. Cumulative distribution function (CDF) curves of users and their number of posts for the schizophrenia spectrum disorder and control classes
per data set: (A) Facebook (left), (B) Twitter (center), and (C) Instagram (right).

Results of Combinatorial Classification
We report the full results of the intraplatform experiments in
Table 3. We also report the full results of the interplatform
experiments in Tables 4 to 6. Finally, we report the receiver
operating characteristic curves for the best-performing logistic
regression model for the experiments from Tables 3 to 6 in
Figure 4.

Elaborating on the results from Table 3, we found that, among
the 4 classification algorithms that we used, the logistic
regression model performed the best across the 3 intraplatform
experiments, with the best performances for all of them. More
elaborately, for the intraplatform experiments, performance
reached its peak with the logistic regression model with an
average F1-score of 0.72 (SD 0.07), accuracy of 0.81 (SD 0.08),
and AUROC of 0.749 (SD 0.06). In contrast, the
worst-performing model (in this case, multilayer perceptron)
achieved an average F1-score of 0.521 (SD 0.19), accuracy of
0.714 (SD 0.19), and AUROC of 0.623 (SD 0.16) for the
intraplatform experiments. Thus, we will be using the logistic
regression model for further analysis regarding feature
importance between platforms. These results align with previous

research and, thus, could be considered a soft replication of
those findings [8,15].

By contrast, by aggregating the metrics for the interplatform
experiments presented in Tables 4 to 6, the average F1-score
decreased to 0.428 (SD 0.11), accuracy decreased to 0.559 (SD
0.06), and AUROC decreased to 0.533 (SD 0.03) for the logistic
regression model. This constitutes, on average, a drop of 40%,
31.4%, and 28.8% in F1-score, accuracy, and AUROC score,
respectively, from the intraplatform experiments. As just
demonstrated, when comparing the effectiveness of models
between intraplatform and interplatform experiments, we found
a consistent drop in performance for all the investigated social
media platforms. The drop in test F1-score, given the
best-performing logistic regression model, was the most drastic
for Facebook at 0.364 (46%) and least drastic for Twitter at
0.08 (14%), averaging a drop of 0.285 (40%, SD 0.13) going
from 0.713 for intraplatform experiments to 0.428 for
interplatform experiments. Such trends hold even when
disparities in data set size and dual-platform data availability
(as described in the Methods section under Robustness Checks)
are applied to the training and testing data (Multimedia
Appendix 1).
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Table 3. Classification results for all intraplatform classification experiments. In this table, for instance, Facebook indicates the Facebook-Facebook
experiment.

InstagramTwitterFacebookModel

AU-
ROC

F 1RPAccAU-
ROC

F 1RPAccAUROCdF 1RcPbAcca

0.6810.6370.6370.6480.70.4940.1160.1160.1500.7450.7090.7380.7380.7390.739Random
forest

0.8050.7430.7570.7370.7400.6970.4630.450.5410.8540.7230.7150.6920.7470.722SVMe

0.8400.770.7940.7710.7920.6920.4260.450.4580.8450.5160.3670.5070.4060.506MLPf

0.8480.7730.8010.7710.7920.7720.630.60.7420.8810.7270.7560.7580.7670.759Logistic
regres-
sion

aAcc: accuracy.
bP: precision.
cR: recall.
dAUROC: area under the receiver operating characteristic curve.
eSVM: support vector machine.
fMLP: multilayer perceptron.

Table 4. Classification results for the interplatform classification experiments for Facebook training data.

InstagramTwitterModel

AUROCF 1RPAccAUROCdF 1RcPbAcca

0.5370.4880.9520.3280.3790.5790.3540.880.2210.392Random forest

0.5500.4830.8600.3370.4320.6120.3730.720.2530.545SVMe

0.5390.4710.8120.3320.4350.5730.3340.550.2400.587MLPf

0.5550.4760.7750.3440.4720.5670.3230.470.2460.628Logistic regression

aAcc: accuracy.
bP: precision.
cR: recall.
dAUROC: area under the receiver operating characteristic curve.
eSVM: support vector machine.
fMLP: multilayer perceptron.

Table 5. Classification results for the interplatform classification experiments for Twitter training data.

InstagramFacebookModel

AUROCF 1RPAccAUROCdF 1RcPbAcca

0.5120.2520.2070.3310.6280.5360.4520.3780.5690.531Random forest

0.5230.3730.420.3400.5630.5130.5300.5370.530.514SVMe

0.5120.3560.3950.3250.5570.5360.4920.4400.5610.533MLPf

0.5480.4080.470.3620.5780.5350.5350.5220.5520.534Logistic regression

aAcc: accuracy.
bP: precision.
cR: recall.
dAUROC: area under the receiver operating characteristic curve.
eSVM: support vector machine.
fMLP: multilayer perceptron.
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Table 6. Classification results for the interplatform classification experiments for Instagram training data.

TwitterFacebookModel

AUROCF 1RPAccAUROCdF 1RcPbAcca

0.6240.3860.420.3690.7510.5070.5630.6120.5230.51Random forest

0.5210.2290.250.2130.6910.5250.5240.510.5440.524SVMe

0.510.2140.230.2010.6830.5570.5260.480.5840.554MLPf

0.5870.3420.520.2560.6280.510.5950.6890.5240.516Logistic regression

aAcc: accuracy.
bP: precision.
cR: recall.
dAUROC: area under the receiver operating characteristic curve.
eSVM: support vector machine.
fMLP: multilayer perceptron.

Figure 4. Receiver operating characteristic (ROC) curves for the classification experiments given the best logistic regression model. (A), (B), and (C)
are curves for the Facebook, Twitter, and Instagram intraplatform results, respectively, from Table 3. (D) and (E) are the ROC curves for the interplatform
experiments from Table 4, where Facebook was used as the training data.

Feature Importance Analysis
We hypothesized that the decrease in performance from
intraplatform experiments to interplatform experiments, as
presented previously, was driven by differences in feature
importance learned by models when trained on data from
different social media platforms (even when they shared the
same feature set). By extracting the list of SHAP features from
the models per the method described previously, we found
support for this hypothesis. Specifically, we observed little
overlap between them across platforms among the top 25
features for each model and platform (when holding the model
constant). On average, there were only 4.66 overlapping features
for the same logistic regression classification model across

platforms (the best-performing model based on the previous
discussions). In addition, we found that the lists of feature
importance for each of the platforms, based on the logistic
regression model, had very weak rank correlation pairwise.
Fully elaborating on the statistical results for the Kendall rank
correlation coefficient, we found very weak rank correlations
between the ranked lists of feature importance for Facebook
and Twitter (τb=0.081; P=.003), Facebook and Instagram
(τb=0.041; P=.01), and Twitter and Instagram (τb=0.055; P=.05).
We report the average SHAP values and logistic regression
coefficients of the top 10 features based on their SHAP values,
along with their average value in the SSD class and the control
class, in Table 7.
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Table 7. Top 10 features for the logistic regression (LR) model for each of the platforms (Linguistic Inquiry and Word Count features are italicized)
based on their Shapley Additive Explanations (SHAP) values.

Control group average (SD)SSDa group average (SD)LR coefficientSHAP valueFeature descriptionPlatform and feature acronym

Facebook

6.8048 (1.92)5.6341 (2.74)−0.2680.761Average post readability, as

measured using the SMOGb

index

Avg_post_readability

0.0016 (0.0012)0.0012 (0.0012)−0.1890.4195Ratio of words within the
“quantifiers” category

Quant

0.0031 (0.0022)0.0043 (0.0035)0.2440.0953Ratio of words within the
“negative emotions” catego-
ry

Negemo

0.0011 (0.002)0.0007 (0.001)−0.2160.0739Ratio of words within the
“money” category

Money

0.0007 (0.001)0.0017 (0.0025)0.2360.0628Ratio of words within the
“swear” category

Swear

0.1241 (0.158)0.1443 (0.149)0.0770.0443Ratio of activities from 9
PM to midnight

Ratio_octile8

0.1054 (0.125)0.1561 (0.1745)0.1770.0409Ratio of activities from 6
PM to 9 PM

Ratio_octile7

0.0009 (0.001)0.0018 (0.002)0.1910.0095Ratio of words within the
“anger” category

Anger

0.0746 (0.24)0.2028 (0.468)0.2240.0077Ratio of “dream” within the
overall bag of words

Dream

1.1315 (1.76)0.5722 (1.19)−0.2090.0043Ratio of “fun” within the
overall bag of words

Fun

Twitter

0.0003 (0.0004)0.0001 (0.0002)−0.0630.2319Ratio of words within the
“conjunctions” category

Conj

0.0080 (0.005)0.0057 (0.004)−0.050.1825Ratio of words within the
“adjectives” category

Adj

0.0519 (0.036)0.071 (0.042)0.0820.1509Average post negativity, as
calculated using the VAD-

ERc library

Avg_post_negativity

0.0007 (0.001)0.0011 (0.0013)0.0390.1355Ratio of words within the
“male” category

Male

0.1227 (0.188)0.0231 (0.356)0.0450.1265Ratio of activities from 9
PM to midnight

Ratio_octile_8

0.0014 (0.0018)0.0003 (0.0007)−0.0560.0627Ratio of words within the
“ingest” category

Ingest

0.0035 (0.003)0.0044 (0.004)0.0530.0516Ratio of words within the
“insight” category

Insight

0.0042 (0.0036)0.0024 (0.0026)−0.0580.0308Ratio of words within the
“power” category

Power

0.0002 (0.0004)0.0001 (0.0002)−0.0560.0196Ratio of words within the
“we” category

We

0.0017 (0.0017)0.0028 (0.0026)0.0630.0117Ratio of words within the
“prepositions” category

Prep

Instagram

6.2564 (1.638)5.1018 (1.15)−0.2030.761Average post readability, as
measured using the SMOG
index

Avg_post_readability
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Control group average (SD)SSDa group average (SD)LR coefficientSHAP valueFeature descriptionPlatform and feature acronym

0.0042 (0.0025)0.0031 (0.0025)−0.1470.733Ratio of words within the
“space” category

Space

0.0056 (0.0034)0.0032 (0.0027)−0.1810.6839Ratio of words within the
“affiliation” category

Affiliation

0.0018 (0.0034)0.0009 (0.0027)−0.1590.5336Ratio of words within the
“friend” category

Friend

0.0019 (0.0023)0.0008 (0.001)−0.1680.4576Ratio of words within the
“female” category

Female

0.0007 (0.0012)0.0011 (0.0008)0.1130.4554Ratio of words within the
“sad” category

Sad

0.0019 (0.0016)0.0012 (0.0013)−0.1180.4195Ratio of words within the
“quantifier” category

Quant

0.2505 (0.5)0.0768 (0.276)−0.1050.4064Ratio of “away” within the
overall bag of words

Away

0.0013 (0.0014)0.0008 (0.0012)−0.1020.3913Ratio of words within the
“assent” category

Assent

0.6466 (1.236)0.0957 (0.267)−0.120.3854Ratio of “next” within the
overall bag of words

Next

aSSD: schizophrenia spectrum disorder.
bSMOG: Simple Measure of Gobbledygook.

Attributing Divergent Construct Validity of Models
to Divergent Identities on the Web
What could explain the observed differences in construct
validities of the intraplatform models? Early in this paper, we
posited that these differences might stem from people’s identities
being fragmented across different platforms. To situate that
these divergent identities are indeed the drivers behind
differential cross-platform model construct validities and, by
extension, performance, we adopted a strategy to measure the
differences within the extracted feature space between the
investigated platforms for a given participant. As social media
data for participants on all platforms are encoded via feature
vectors in this study, we calculated the pairwise similarity
between platform-specific data using cosine similarity [36].
More specifically, we calculated the average cosine similarity
within participants between platforms and compared it with the
average cosine similarity between participants within platforms
for participants with SSD with data on all 3 platforms. Given
that, even within the same social media platform, different
people can have unique modes of expressing their identities,
we used the latter as a baseline for assessing whether fragments
of identities representing an individual across platforms diverge
more or less than the divergence of identities between
individuals.

We found that the average between-platform, within-participant
cosine similarity was 0.3093 for Facebook-Twitter, 0.2304 for
Facebook-Instagram, and 0.3905 for Twitter-Instagram. This
was either lower than or similar to the average within-platform,
between-participant cosine similarity for the investigated
platforms: 0.5072 for Facebook, 0.5427 for Twitter, and 0.373
for Instagram. The same trend holds even when calculating the
averages using data from both participants with SSD and healthy
controls with data from all 3 platforms.

Discussion

Principal Findings
Our study aimed to measure the ability (or inability) of mental
health classifiers to generalize across platforms and surface
evidence of fragmented identities on social media among
patients with SSD. Overall, we found that, across the board,
models trained on data from social media platforms have poor
generalizability when evaluated on data from other social media
platforms even when holding the feature set constant across
training and testing data. This trend holds true even in the 2
robustness tests, where the same participants and data set size
were used in the training and testing data (as described in the
Methods section). This trend is also true even when the training
data come from a platform with high data availability and the
testing data come from a platform with low data availability.
For instance, the best F1-score of the intraplatform models for
Twitter (0.63) was 0.257 (69%) higher compared with the best
F1-score of the interplatform models for Twitter, where the
training data came from Facebook (0.373).

Next, we discuss the findings regarding feature importance in
more detail. First, looking at the theoretical validity of the top
10 features per platform and interpretation of the sign of the
features’ logistic regression coefficient, we found alignment
with previous literature and evidence of clinical meaningfulness
[7,8,11]. For instance, given the positive coefficient from the
trained logistic regression model presented in Table 7, higher
levels of use of lexicon indicative of negative emotions are
highly predictive of SSD for Facebook (see the example post
in Textbox 3 highlighting words such as “fear,” “fail,” and
“hurts”). This confirms literature noting that a reduced ability
to feel or express pleasure (anhedonia) is common in patients
with SSD [37]. Similarly, previous research has found
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anger-related terms commonly appearing in social media posts
before the onset of early psychosis as well as preceding a
psychiatric hospitalization [38]. This may explain why higher
levels of use of lexicon indicative of the Linguistic Inquiry and
Word Count category Anger are also highly predictive of SSD
for Facebook (example post in Textbox 3 containing Anger
words such as “shit” and “fucking”). Finally, words and phrases
such as those in the Linguistic Inquiry and Word Count Sad
category (eg, “useless,” “sorry,” and “sob”) point to typical
negative symptoms of SSD [39]. They can be indicative of a
decreased sense of purpose and a seeming lack of interest in the
world [39]. Models trained on Instagram successfully picked
up such cues from the posts, where higher use of such
vocabulary was indicative of an impending psychiatric
hospitalization because of SSD.

That said, each model corresponding to each platform seemed
to pick up contrasting signals from its respective training data,
which is why we note the low overlap in the aforementioned
top SHAP features. Among the few that overlap in the top 10
features reported previously, we found “avg_post_readability”
to be picked up as a highly predictive feature by both Facebook
and Instagram models, whereas “ratio_octile8” was selected by
both Facebook and Twitter models. In our case,
“avg_post_readability” is calculated using the Simple Measure
of Gobbledygook index, which approximates the years of
education needed to fully comprehend a piece of written text.
The negative logistic regression coefficient and the averages of
the SSD and control groups for this feature suggest that texts
written by patients with SSD are simpler in nature, which is
indicative of language dysfunction. This is a known negative
symptom of schizophrenia and related psychotic disorders, as

observed in prior work [40]. In addition, higher levels of
late-night activity such as web or social media use, captured in
the “ratio_octile8” feature, have been known to be associated
with deteriorated mental health [41]. Finally, we found
significant divergence in the distribution of feature importance
between the platforms, as indicated by the low pairwise Kendall
τ (<0.1) for the platforms’ feature importance rankings. These
qualitative and quantitative results broadly imply that the models
were being trained on considerably different data sources with
differing content and contexts of use, which likely contributed
to poor cross-platform model generalization.

At the crux of these differences, we found that the models had
inherently different construct validity across platforms. Data
on each platform reflect only a segment of an individual’s
identity—a segment that may be absent in another platform.
The fragmentation of one’s identity on social media can be most
clearly seen among participants with data on all 3 platforms. In
the analysis presented at the end of the Results section, we found
low average pairwise cosine similarities within participants
between platforms, especially when comparing with cosine
similarities of different participants within the same platform.
This indicates that, even within the same feature space for the
same participant, social media data between platforms are likely
to diverge into multiple distinct directions mapping to these
fragments of identities. This divergence is at least equal to, if
not even greater than, the divergence in identity presentation
between different individuals within the same social media
platform. Therefore, when models trained on data from one
platform learn this specific fragment of identity, they are less
effective on testing data that capture a different identity.

Textbox 3. Example (paraphrased and deidentified) posts representative of example top features to distinguish between schizophrenia spectrum disorder
and control classes. Words indicative of the features are italicized.

NegEmo

• I fear to try and fail, because i don’t want to be part of the STATISTIC of people that failed. It hurts when the opportunity passes by though.’

Swear

• Omfg the Damn mf #struggle to stay the fking sleep I’m like wtf this isn’t fair I hate my Damn neck hurting like this shit isn’t cool this pain
waking me up every Damn hr

Sad

• Im a useless sorry sob

Anger

•
Yo stay tf out my room unless we fucking cause I’m tired too tired for this shit and all my shit better be where i left it

Comparison With Prior Work
Our findings provide replicative validity to several threads in
previous research. Specifically, we found that the performance
of models trained on social media data with clinically verified
labels (ie, SSD or control) is consistent with similar models
presented in previous research, including those trained on similar
patient populations and clinical sites [6,8]. Furthermore,
linguistic differences reflecting serious mental health conditions
between social media platforms found in our work have also

been elucidated upon in previous work. For instance, Guntuku
et al [42] found that there is little overlap between words
indicative of stress on Twitter and Facebook. In addition, our
findings regarding the low performance of models for
interplatform tasks compared with intraplatform tasks follow a
similar vein to those of the study by Ernala et al [8]. In their
study, they found that, despite the overwhelming advantage in
data availability, models trained on social media data with
self-reported labels significantly underperformed models trained
on social media data with clinically verified labels when
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evaluated on clinical testing data [8]. Similar to our experiments,
such a difference in performance in the study by Ernala et al
[8] was also noted to be caused by a mismatch in important
features learned by the different models to differentiate between
language and activity patterns deployed by patients with SSD
and healthy controls. Overall, our analysis combined with
previous results suggests that construct validities of predictive
models trained on data from different social media platforms
are dissimilar, reinforcing the need for continued exploration
of novel social media–based early identification strategies with
a special emphasis on uniting distinct fragments of identities
for accurate identification and intervention.

Clinical Implications
Our findings have important implications for mental health
research and practice. Hospitalization prediction for psychiatric
illnesses by harnessing digital trace data has been of significant
interest in recent years. These previous studies have explored
the utility of smartphone sensor data (ie, geolocation, physical
activity, phone use, and speech), wearables, and social media
activity to predict symptom fluctuations as well as understand
the diagnostic process and hospitalization identification
[6,43-46]. Our work extends this body of research by critically
examining how machine learning efforts that harness data from
single sources may not be readily applicable to support
hospitalization prediction in contexts where the same source of
data is not present. For these models to be usable in the real
world, we advocate for a comprehensive approach in which
clinicians look to patterns gleaned through the integration of
different data sources while augmenting their decision-making
with objective measures derived from digital trace data. Social
media data are also increasingly becoming a part of consultations
[47,48]. Therefore, we suggest that clinicians consider both
acknowledging and incorporating collateral information
spanning multiple platforms into the way they monitor
symptomatic exacerbation in their patients and modify treatment
to prevent further hospitalizations.

Finally, digital interventions that are touted to be powered by
social media data should consider the significant aspect of
fragmented web-based identities of patients [49,50]. To
intervene at the right time, at the right place, and for the right
person, a comprehensive approach to understanding a patient’s
context for hospitalization prediction would be beneficial.
However, we recognize that, in a domain as sensitive as mental
health, combining data sources may further complicate the
privacy and ethical risks to those who contribute their
data—research has shown that information integration can
enable the discovery of otherwise latent attributes, some of
which may present grave feelings of discomfort and violation
in individuals [51,52]. Therefore, we urge caution and call for
new standards to protect the confidentiality and rights of this
sensitive population and ensure that the enabled technologies
are used in the service of positive outcomes for the patients.

Limitations and Future Work
Our work has some limitations that could be addressed in future
research. First, despite the use of data augmentation techniques
to rebalance the ratio between SSD data and control data for
each data set and make the data set sizes of the 3 examined
platforms (ie, Instagram, Twitter, and Facebook) comparable
with each other, we acknowledge that a limited quantity of
available data may have affected the observed classification
performance. Although it is widely recognized that patient social
media data are challenging to collect, as was the case in this
study, future research may consider the potential of creating
large benchmarked data sets that may support better reproducible
research in this field [53]. Second, we acknowledge the
demographic dissimilarity between participants with SSD and
healthy controls, which may be a confounding factor in our
study design. Furthermore, our methods did not examine or
extract any features concerning video data, which are available
on Facebook and especially Instagram. Given that youths
nowadays are increasingly expressing themselves on social
media via videos (especially on video-centric platforms such
as TikTok), future research should aim to fill these gaps so that
we can ensure the completeness of one’s mental health records
expressed on social media and other forms of networked
communication. Along these lines, future research may also
consider data from additional novel social media platforms that
are increasingly being used by youths for their social goals,
such as Snapchat and TikTok. Finally, it would be worthwhile
to examine additional clinical questions such as suicidal risk to
explore the extent to which identity fragmentation across social
media platforms may affect the quality of inferences made from
these data.

Conclusions
In this study, we showed that it is challenging to build effective
models for predicting future psychiatric hospitalizations of
patients with SSD on new social media data from platforms
previously unseen in the models’ training data. Specifically, we
demonstrated that models built on one platform’s data do not
generalize to another as each platform consistently reflects
different segments of participants’ identities. This fragmentation
of identity is empirically backed up by both significant
differences in the construct validity of intraplatform classifiers
and divergent feature vectors within participants between the 3
investigated social media platforms. To ensure the effective
incorporation of digital technology into early psychosis
intervention, especially in the prevention of relapse
hospitalizations, further research must explore precisely how
symptoms of mental illness manifest on the web through
changing patterns of language and activity on various platforms
as well as how comprehensive, ethical, and effective treatment
and engagement strategies should be devised that function
seamlessly across patients’ fragmented web-based identities.
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Abstract

Background: Depression is a prevalent and debilitating mental disorder and a leading cause of disability worldwide. Physical
activity (PA) interventions have been shown to alleviate depressive symptoms. However, not all patients have access to PA
programing tailored for depression. Internet-guided self-help (IGSH) interventions may be an effective option for increasing PA
among people with depression who cannot or prefer not to access supervised exercise treatment.

Objective: We aimed to evaluate the effectiveness of IGSH interventions in increasing PA and alleviating depressive symptoms
in people with depression.

Methods: A systematic literature search was conducted for randomized controlled trials and quasiexperimental studies using
9 electronic databases. The review was registered in PROSPERO (2020 CRD42020221713).

Results: A total of 4 randomized controlled trials (430 participants) met the inclusion criteria. Of these, 3 were web-based and
1 was app-based. Three studies found IGSH interventions to have medium to large effects on decreasing depressive symptoms
but not on increasing PA compared with waitlist or usual care. One study showed increased self-reported PA but no significant
difference in depressive symptoms in the intervention group compared with the control group. Goal setting was the most common
behavior change technique used in the interventions. Dropout rates within the intervention groups were relatively low (0%-19%).

Conclusions: Our findings suggested that IGSH PA interventions are feasible and have the potential to reduce depressive
symptoms in people with depression. More well-designed and tailored interventions with different combinations of behavior
change techniques, particularly those targeting the emotion domain, are needed to assess the overall effectiveness and feasibility
of using IGSH interventions to increase PA among people with depression.

Trial Registration: PROSPERO CRD42020221713; https://tinyurl.com/ysaua5bu

(JMIR Ment Health 2022;9(12):e38049)   doi:10.2196/38049

KEYWORDS

physical activity; eHealth; mobile health; mHealth; depression; systematic review; internet; mobile phone

Introduction

Background
Depression is a chronic mental health condition characterized
by sadness; anhedonia; and secondary physical, cognitive, and

emotional symptoms. People with depression often experience
lower quality of life [1-3], increased risk of suicide [4,5], and
increased risk of having comorbid chronic diseases (eg, diabetes,
asthma, chronic lung disease, and coronary heart disease), which
can result in premature death [6,7]. Historically, it was estimated
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that >300 million people have experienced depression worldwide
[8], and most people have never been diagnosed [6,9,10].
Surveillance studies have observed a marked increase in the
prevalence and severity of depressive symptoms since the
beginning of the COVID-19 pandemic. For instance,
Bueno-Notivol et al [11] observed that the prevalence of
self-reported depression worldwide was 7 times higher in 2020
(25%) than in 2017 (3.44%). Similarly, a meta-analysis by
Nochaiwong et al [12] estimated that more than a quarter of
people globally (28%) self-reported depressive symptoms during
the COVID-19 outbreak in 2020.

Physical activity (PA)—“any bodily movement produced by
skeletal muscles that results in energy expenditure [13]”—has
long been recognized as an important health-promoting
behavior. In recent years, it has also been shown to be beneficial
in the prevention and treatment of depressive disorders [14,15].
Exercise, a subset of PA that is typically planned and structured
with the goal of increasing or maintaining fitness [13], is now
recommended as a monotherapy for mild to moderate depression
in Canada [16]. PA presents several advantages over
conventional treatments for depression (ie, psychotherapy and
antidepressant medication). Among them, PA has minimal
negative side effects, is affordable, and is potentially more
accessible [17]. Rebar and Taylor [18] suggested that PA could
be a cost-effective method for treating depression worldwide.
As an additional benefit, a large body of literature confirmed
the positive side effects of engaging in regular PA, including
heightened health-related quality of life (ie, physical and mental
well-being) [19], chronic disease prevention (including obesity,
type 2 diabetes, coronary heart diseases, and several cancers),
and reduced risk of premature mortality [20,21].

Globally, a large minority (31.1%) of adults do not meet the
minimum recommended levels of PA [22]. Data from the 2016
to 2017 Canadian Health Measures Survey suggested that only
16% of Canadian adults meet the current PA recommendation
of 150 minutes of moderate to vigorous PA (MVPA) per week
[23]. People with depression are more likely to experience lower
PA levels than those without depression [24,25], in part because
of symptoms such as pain and discomfort, insomnia, cognitive
difficulties, fatigue, and anhedonia [17,25,26]. Tailored
approaches to help people with depression that initiate and
maintain PA are needed [27].

Internet-Guided Self-help Interventions
Internet-guided self-help (IGSH) interventions, a form of
eHealth intervention, could be 1 mechanism for supporting PA
behavior changes among people with depression. eHealth
interventions are defined as those that use information and
communication technologies to enable health care, including
supporting health behavior engagement [28,29]. As such,
eHealth interventions are quite broad and include just-in-time
adaptive interventions, wearable technology, telehealth, and
social media. Research has demonstrated that most people with
mental disorders have an interest in trying eHealth interventions
(such as smartphone apps) to monitor and manage their health
concerns [30,31].

IGSH interventions are characterized by web-based or app-based
programs that are primarily self-guided. Some will offer limited

support from a professional or paraprofessional [32]. Compared
with synchronous eHealth interventions that likely require
costlier direct consultation (eg, telehealth, live internet-based
therapy, and live-streamed exercise sessions) [33], IGSH
programs delivered via the web or mobile devices have the
potential for broad reach and scalability at a relatively low cost.
They also allow participants to access the intervention content
at their own pace [34-36]. These features may be particularly
beneficial for people with depression who experience symptoms,
such as fatigue and disrupted sleep patterns. In addition, many
people with depression experience stigma that negatively affects
treatment-seeking [37] and have preferences for managing
symptoms on their own [38]. Offering self-help interventions
could be potentially useful in increasing help-seeking rates by
mitigating stigma [39].

Systematic reviews and meta-analyses have found that eHealth
interventions are effective in increasing short-term PA
participation in nonclinical populations, including young people
[40,41], adults [42], and older adults [43,44]. Other research on
eHealth interventions suggests that interventions that adopt
theory or incorporate evidence-based behavior change
techniques (BCTs) are generally associated with greater effects
and adherence [45,46]. A systematic review of meta-analyses
on the effectiveness of self-help and internet-guided
interventions has suggested that these programs are effective
in treating depression [36,47]. In fact, computerized cognitive
behavioral therapy (CBT) has been recommended as a treatment
for subthreshold or mild to moderate depression in the United
Kingdom [48]. Similarly, a systematic review by Andersson
and Cuijpers [49] suggested that guided internet-based
psychological interventions were more effective than unguided
interventions for depression among adults.

Less is known about whether IGSH PA interventions for people
with depression are effective at (1) increasing PA engagement
and (2) reducing depressive symptoms. To date, 2 reviews have
investigated eHealth PA interventions for individuals with
mental illnesses [50,51], and 1 review [52] specifically examined
web-based interventions. However, these reviews investigated
eHealth interventions for mental illness generally, rather than
IGSH programs for depression specifically. These are
noteworthy distinctions, as the strongest research evidence of
the benefits of PA-based treatments is for depression [16]; to
our knowledge, no clinical guidelines exist for PA-based
treatment for anxiety, schizophrenia, or other mental health
conditions. In addition, the reviews included both experimental
and observational studies [50]. Given the rapid pace of
technological development and growing concerns of physical
inactivity among people with depression, it is likely that this
research field has expanded in recent years. There is a need for
an updated systematic review of high-quality studies specific
to depression. Thus, the primary objective of this systematic
review was to assess the effectiveness of IGSH interventions
in promoting PA and alleviating depressive symptoms in people
with depression. The secondary objective of this study was to
understand study characteristics, such as attrition rates and
intervention design, to explore factors associated with successful
interventions and areas for future growth.
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Methods

This systematic review was guided by the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
approach [53,54]. The protocol was registered in PROSPERO
(CRD42020221713). The PRISMA checklist is provided in
Multimedia Appendix 1.

Searches
A total of 2 rounds of search were conducted in December 2020
and November 2021. The search strategy was developed in
consultation with a university rehabilitation sciences librarian.
In all, 7 electronic databases were searched: MEDLINE (via
Ovid), PsycINFO (EBSCOhost), CINAHL (EBSCOhost), Web
of Science, Cochrane Central Register of Controlled Trials
(CENTRAL; via Ovid), Embase (via Ovid), and SportDiscus
(EBSCOhost). In addition, OpenGrey and ProQuest
Dissertations were searched to identify gray literature that
matched the inclusion criteria. Finally, reference lists of the
included studies were searched to identify additional eligible
studies.

The December 2020 search used a combination of controlled
vocabulary (eg, Medical Subject Headings) and keywords
related to “physical activity,” “depression,” and “eHealth.” For
comprehensiveness, the search included keywords for all types
of eHealth interventions. The search strategies for all databases
are presented in Multimedia Appendix 2. The selected keywords
were obtained from previous systematic reviews and protocols
in relevant areas.

A revised search was conducted in November 2021, with two
changes: (1) the results were limited to the period from
December 1, 2020, to November 5, 2021, and (2) the search
strategy was updated to better reflect the inclusion criteria and
reduce irrelevant records informed by the experience of the
December 2020 search. For example, the keywords “text
messaging” and “video conferencing” were deleted. The updated
search strategies for all included databases are presented in
Multimedia Appendix 3.

Eligibility Criteria
The study selection criteria were based on the Population,
Intervention, Comparison, Outcome, Study (PICOS) design
framework [55,56]. Studies that met the following criteria were
included in this review.

Participants
Individuals with a clinical diagnosis of depression (eg, the
Diagnostic and Statistical Manual of Mental Disorders criteria)
or individuals with clinically significant depressive symptoms
based on a validated self-report tool (eg, Patient Health
Questionnaire 9-Item or Beck Depression Inventory-II [BDI-II]
scores) were considered eligible for inclusion. Studies that used
nonvalidated items (eg, “Are you depressed? Yes/No”) or those
who did not use recognized diagnostic criteria were excluded.
There were no restrictions based on age, gender, nationality, or
ethnicity.

Interventions
Interventions were considered eligible if they were delivered
via web-based platforms or mobile apps (eg, via smartphones
and tablets) and included content designed to increase PA (eg,
asynchronous PA programing, education, and PA goal setting).
Studies were included even if promoting PA was the secondary
objective, so long as changes in PA were measured and reported.
By definition, interventions were primarily self-guided or
automatic; however, interventions that offered degrees of human
support (eg, providing personalized feedback via telephone or
email) were permitted. In contrast, interventions primarily based
on in-person support (eg, telephone counseling and SMS text
messaging) were excluded. Similarly, live-streamed
interventions (eg, live Zoom yoga classes) were excluded, as
these are synchronous events organized in a live internet-based
space. There were no restrictions based on the type of PA, PA
intensity, bout length, program frequency or duration, or
follow-up period.

Comparison
Any comparators were considered for inclusion. For instance,
a PA intervention delivered in person, an alternative eHealth
intervention, or a waitlist control group. No restrictions were
placed on the nature of the comparison group.

Outcomes
The primary outcome was a change in PA levels. Both
device-based (eg, accelerometer and pedometer) and self-report
(eg, PA diary and questionnaires) measures were considered.
Secondary outcomes included changes in the severity of
depression, assessed by validated measures, and the acceptability
of treatment assessed by (1) reported indicators of intervention
engagement [57] and (2) dropout rates at postintervention.
Engagement was defined as the extent to which the participants
undertook the intervention. Dropout rate, also called attrition
rate, was defined as the percentage of participants who were
randomized to a group but failed to complete it.

Study Design
Randomized controlled trials (RCTs) and quasiexperimental
studies with control groups and pre- and posttest measurements
were considered. Studies were eligible if they were a published
original manuscript or thesis or dissertation. Papers were
excluded if they did not contain original findings (eg, editorials
or reviews), if they were research protocols or proposals, or if
they were conference abstracts.

Other
Papers were considered eligible for inclusion if they were
published in English. There were no limitations on the date of
publication.

Study Selection
A total of 2 authors (first round: YT and JL; second round: YT
and MG) independently screened the articles for inclusion using
the agreed-upon study eligibility or ineligibility criteria.
Screening occurred in 3 phases, facilitated by the Covidence
systematic review software (Veritas Health Innovation). First,
duplicate records were removed automatically using Covidence.
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Second, titles and abstracts were independently screened for
relevance by 2 reviewers. In case of disagreement, the reviewers
met to discuss and reach a consensus. Finally, full-text copies
of the selected studies were screened (YT, JL, DD, and MG) to
confirm their eligibility. Disagreements between the 2
researchers were resolved through discussion. A third reviewer

(GF) was consulted if consensus could not be reached.
Following selection, the reference list for each included study
was searched to identify additional eligible studies. The
PRISMA flow diagrams are presented in Figure 1 and Figure
2.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the first round of searches. PA: physical
activity; RCT: randomized controlled trial.
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Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the second round of searches. PA: physical
activity; RCT: randomized controlled trial. *This study was excluded as being a duplicate of first round studies.

Data Extraction
The following items were extracted by 1 author (YT) and
reviewed for accuracy by another reviewer (first round: DD and
second round: MG): (1) author and year; (2) study design; (3)
country; (4) sample size; (5) participant characteristics, such as
mean age and gender; (6) inclusion and exclusion criteria; (7)
intervention details, including the level of contact; (8)
comparator; (9) main outcomes (measurement tools); (10)
additional outcomes (measurement tools); (11) main findings
with regard to PA and depression symptomatology; (12)
follow-up period; (13) BCTs; and (14) funding sources. A third
author (GF) was consulted to resolve discrepancies.

Level of contact was categorized as high, moderate, and low,
following procedures described by Ma et al [47]. If the support
was directly provided by a qualified therapist (eg, exercise

trainers providing personalized feedback), the level of contact
was high. If the support was provided by members of the
research team or trained students, it was considered to be
moderate. If there was no direct contact with an interventionist
(eg, only automated reminder emails were sent out), the contact
was considered to be low.

Risk of Bias
The Cochrane risk of bias tool (ROB 2; version 2) [58,59] was
used to assess the risk of bias for both PA and depression
outcomes. This tool includes 5 domains of risk of bias:
randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and
selection of the reported result. The risk of bias for each outcome
in each study was judged as high, some concerns, or low. Risk
of bias was assessed by 2 independent reviewers (YT and MG).
In case of disagreement, the reviewers met to discuss and reach
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a consensus. The remaining disagreements were resolved by
consulting a third author (GF).

Data Synthesis
Meta-analysis was not feasible because the included studies
were too heterogeneous in their design and reporting of results.
The study interventions and outcome characteristics were
summarized using narrative synthesis and descriptive statistics.
When the effect size was reported as Cohen d (standardized
mean difference), it was interpreted as small (Cohen d=0.2),
moderate (Cohen d=0.5), or large (Cohen d=0.8) [60].

Confidence in the Cumulative Evidence
The Grading of Recommendation, Assessment, Development
and Evaluation (GRADE) [61] criteria were used to rate the
certainty of the cumulative evidence based on the risk of bias,
imprecision, inconsistency, indirectness, and publication bias.
The quality of evidence was categorized as high, moderate, low,
or very low.

Results

Overview
A total of 45,461 records were identified: 42,052 in December
2020 and an additional 3409 in November 2021. After removing
duplicates, 28,668 articles underwent title or abstract screening
and 95 underwent full-text review. The first round of searches
(December 2020) produced 4 articles. The second round of
searches (November 2021) produced 1 additional article, which
was subsequently deleted because it was a duplicate. A total of
4 eligible studies were included in this systematic review. The
PRISMA flow diagrams are presented in Figure 1 and Figure
2.

Characteristics of Included Trials

Study Design
Tables 1 and 2 summarize the characteristics of the 4 included
studies. All 4 included studies were dual-arm RCTs. None of
the studies used an active control group (eg, sham intervention)
or treatment comparison group (eg, synchronous in-person
therapy). Rather, the studies used either a waitlist or a
treatment-as-usual group.

Table 1. Participant characteristics.

Preexisting psychiatric treatmentSex (female or male)Age (years), mean (SD)Sample sizeTarget populationStudy

CombinedMedicationTherapy

0c0c0cIG: 8/142; CG: 15/135IG: 28 (5.8); CG: 28.6
(5.9)

300; IGa: 150;

CGb: 150

HIV and major depres-
sive disorder

Guo et al [62],
2020

IG: 3; CG:
3

IG: 7; CG:
3

IG: 2; CG:
0

IG: 10/4; CG: 3/3IG: 43 (14); CG: 51
(12)

20; IG: 14;
CG: 6

Adults (20-65 years
old) with major depres-
sion

Haller et al
[63], 2018

IG: N/Ad;
CG: N/A

IG: 18;
CG: 18

IG: 1; CG:
7

IG: 26/6; CG: 26/4IG: 39.3 (12.0); CG:
36.9 (12.6)

62; IG: 32;
CG: 30

Adults with at least
moderate depressive
symptoms

Lambert et al
[64], 2018

IG: N/A;
CG: N/A

IG: 3; CG:
4

IG: 0; CG:
0

IG: 20/4; CG: 20/4IG: 48.8 (12.7); CG:
49.6 (8.7)

48; IG: 24;
CG: 24

Mild to moderate major
depression diagnosis
and sedentary lifestyle

Ström et al [65],
2013

aIG: intervention group.
bCG: control group
cPotential participants excluded if they were currently on psychiatric treatment.
dN/A: not applicable.
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Table 2. Characteristics of the included trials.

Effect sizeOutcome measurementsAttrition rateControlDuration of inter-
vention (week)

InterventionStudy

PA outcome: nonsignifi-
cant between-group dif-
ferences (3 mo MET:
−1898 (−4285 to 489);
P=.12); depressive out-
come: between-group
mean difference −5.77
(95% CI −7.82 to −3.71),
Cohen d=0.66; P<.001

PA: METsd calculated
from Chinese version of

the GPAQe; depression:

CES-Df (main), PHQ-9g

(secondary)

8.7%; IGb: 11

cases; CGc: 15
cases

Waitlist control+usu-
al care of HIV

12Cognitive behav-
ioral stress manage-

ment course+PAa

promotion via
WeChat app

Guo et al
[62], 2020

Total HPAj outcome:

eta2=0.36; P=.007; De-
pressive outcome: after
6-12 days: nonsignificant
between-group differ-
ences (QIDS-SR: P=.06;

eta²=0.2) posttreatment:
nonsignificant between-
group differences

PA: Baecke question-
naire; depression: QIDS-

SRh and QIDS-Ci

15%; IG: 3
cases; CG: 0
cases

Treatment as usual8Web-based plat-
form with weekly
exercise schedules
and motivational
feedback, as well
as an additional bi-
weekly group
training session

Haller et al
[63], 2018

PA outcome: nonsignifi-
cant between-group dif-
ferences—between-group
adjusted mean difference:
device-based PA: 16.4
(−43.7 to 76.5); self-re-
ported PA: 0.2 (−8.7 to
9.2); depressive outcome:
between-group adjusted
mean difference −3.6
(95% CI −6.1 to −1.1);
Cohen d=0.93

Device-based PA: min
per week of objective

MVPAk in 10-min bouts;
self-reported PA: IPAQ-

SFl; depression: PHQ-8m

19%; IG: 7
cases; CG: 5
cases

Waitlist con-
trol+treatment as
usual

8Web-based modu-
lar-fashioned
course with evi-
dence-based treat-
ment based on be-
havioral activation
and PA promotion

Lambert et
al [64], 2018

PA outcome: nonsignifi-
cant between-group dif-
ferences (Cohen d=0.20);
depressive outcome: be-
tween-group—BDI-II:
Cohen d=0.67; MADRS-
S: Cohen d=0.62

PA: IPAQn; depression:

BDI-IIo (main); and

MADRS-Sp (secondary)

0%; IG: 0 cas-
es; CG: 0 cas-
es

Waitlist control9Web-based guided
self-help PA pro-
gram with 9 text
modules, written
feedback, and
home assignments,
from therapists

Ström et al
[65], 2013

aPA: physical activity.
bIG: intervention group.
cCG: control group.
dMETs: metabolic equivalents.
eGPAQ: Global Physical Activity Questionnaire.
fCES-D: Centre for Epidemiological Studies Depression.
gPHQ-9: Patient Health Questionnaire 9-item.
hQIDS-SR: Quick Inventory of Depressive Symptomatology—self-report.
iQIDS-C: Quick Inventory of Depressive Symptomatology—clinician rating.
jHPA: habitual physical activity.
kMVPA: moderate to vigorous physical activity.
lIPAQ-SF: International Physical Activity Questionnaire—Short Form.
mPHQ-8: Patient Health Questionnaire 8-item.
nIPAQ: International Physical Activity Questionnaire.
oBDI-Ⅱ: Beck Depression Inventory—second version.
pMADRS-S: Montgomery-Åsberg Depression Rating Scale: Self-rated version.
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Sample Characteristics
The studies were conducted in 4 different countries: China [62],
Germany [63], the United Kingdom [64], and Sweden [65].
Together, the 4 studies included 430 people with depression.
The sample size varied from 20 [63] to 300 [62]. Guo et al [62]
included adults with a clinical diagnosis of HIV, with the
majority (92.3%) of participants being men. The remaining 3
(75%) studies included higher rates of female participation (65%
[63] to 86.7% [64]). The mean age ranged from 28.3 (SD 5.8)
[62] to 49.2 (SD 10.07) years [65]. The 3 (75%) studies [63-65]
included participants receiving psychiatric treatment, including
psychotherapy or medication. Although the studies varied in
their reporting of sociodemographic characteristics, it was
generally observed that the samples were well-educated (ie, the
majority of participants had completed high school or more)
and currently employed. In addition, the 3 (75%) studies
[62,64,65] reported participants’ baseline PA levels, with
different proportions of them being physically active (13% [64]
to 60.5% [65]).

Measures
Of the 4 studies, 3 (75%) used self-report methods to measure
PA: metabolic equivalents calculated from the Global Physical
Activity Questionnaire [62], habitual PA scores calculated from
the Baecke Physical Activity Questionnaire [63], and the
International Physical Activity Questionnaire [65]. In contrast,
Lambert et al [64] used a combination of self-report
(International Physical Activity Questionnaire–Short Form) and
device-based measures (accelerometry, with MVPA reported
as minutes per week in 10-minute bouts).

Intervention Characteristics
Interventions typically provide discrete “modules” of
information with distinct learning objectives. One study by Guo
et al [62] delivered the intervention via a preexisting commercial
app (WeChat). The other 3 (75%) trials used web-based PA
interventions. The intervention length ranged from 8 weeks
[63,64] to 3 months [62]. In addition, 2 (50%) studies [63,64]
reported short-term postintervention effects, whereas Guo et al
[62] and Ström et al [65] assessed longer-term maintenance (6-
and 9-month and 6-month maintenance, respectively). All 4
studies incorporated weekly contact. Moreover, 2 (50%) studies
[63,64] reported a moderate level of contact. Haller et al [63]
and Ström et al [65] included a high level of contact with
participants receiving feedback from a therapist via phone or
an encrypted web-based platform, respectively. In addition,
Haller et al [63] incorporated an optional biweekly face-to-face
training session led by a sports therapist.

Attrition and Engagement
Dropout rates were relatively low, ranging from 0% [65] to 19%
[64] across the 4 studies (Table 2). In terms of intervention
engagement, participants in the study by Guo et al [62]
completed 55% of the program (ie, 9 content modules and 3
review modules). In the study by Haller et al [63], participants
were recommended to complete a maximum of 3 endurance
sessions and 2 strength training sessions per week for 8 weeks.
Participants completed 84% (16 [IQR 9-19] of 19 [IQR 15-21])
of recommended endurance sessions and 90% (9 [IQR 4-12] of

the 10 [IQR 8-13]) of recommended strength training sessions.
In the study by Lambert et al [64], only 1 participant used all
13 modules: the introduction module, 8 weekly modules, 1
generic problem-solving module, and 3 unlockable modules. A
total of 53% (17/32) of the participants completed at least the
introduction module and the first 2 weekly modules, and 25%
(8/32) participants completed at least 4 weekly modules. In the
study Ström et al [65], 58% (14/24) of the intervention
participants completed all the 9 modules.

Effectiveness of Interventions
All 4 studies [62-65] reported a change in depressive symptoms
as the main outcome and change in PA as a secondary outcome.
All studies observed a positive effect of the intervention on
depression severity between baseline and posttreatment, 3 (75%)
of which [62,64,65] reported significant and moderate or large
between-group differences.

The app-based intervention by Guo et al [62] found a moderate
to large effect on depressive symptoms in the intervention group
versus the waitlist control group (mean difference −5.77; 95%
CI −7.8 to −3.71; Cohen d=0.66; P<.001), which was sustained
at 6 months (Cohen d=0.63; P<.001) and 9 months (Cohen
d=0.51; P<.001) after intervention. However, there were no
significant changes in PA levels (metabolic equivalents) from
baseline to follow-up in either group.

Haller et al [63], Lambert et al [64], and Ström et al [65] all
examined web-based PA interventions. Similar to Guo et al
[62], Haller et al [63] reported significantly reduced depressive
symptoms on the Quick Inventory of Depressive
Symptomatology Clinician Rating (P=.02) and Self-Report
Quick Inventory of Depressive Symptomatology (P=.001) from
before to after the intervention. However, there were no
significant differences between the intervention and control
groups in reducing depressive symptoms after 6 to 12 days

(η2=0.2; P=.06) and after treatment. In terms of PA
improvement, Haller et al [63] reported significantly increased

total habitual PA (η2=0.36; P=.007) in the intervention group
after the 8-week intervention. In the study by Ström et al [65],
the web-based intervention was effective in reducing depressive
symptoms, reflected both in Montgomery-Åsberg Depression
Rating Scale: Self-rated version and BDI-II. For example, the
BDI-II results showed a moderate between-group effect size
(Cohen d=0.67; 95% CI 0.09-1.25). Ström et al [65] also
reported increased PA levels in both the intervention group and
the control group. However, this change did not significantly
differ between groups. In Lambert et al [64], the results showed
greater changes in depressive symptoms (Patient Health
Questionnaire 8-item scores: adjusted mean difference −3.6;
95% CI −6.1 to −1.1) at 2 months in the intervention group.
The intervention group also reported a higher median of minutes
of device-measured MVPA in 10-minute bouts (97.6 [IQR
49.7-166.3]) than the control group (13.0 [IQR 0.0-131.4]),
although this difference was not statistically significant.

Theory and BCTs
A large body of evidence illustrates that interventions are more
effective when they are informed by theory and integrated with
evidence-based BCTs. The studies by Lambert et al [64,66]
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were the only study that explicitly describes the adoption of a
behavior change or knowledge translation framework, the Centre
for eHealth Research and Disease Management road map, to
guide intervention design and evaluation.

Three (75%) studies were informed by a therapeutic approach:
Guo et al [62] adopted cognitive behavioral and stress
management principles; Lambert et al [64] was informed by
behavior activation; and Ström et al [65] incorporated aspects
of acceptance and commitment therapy (ACT) and motivational
interviewing. With regard to behavior change theories, Lambert
et al [64] applied Self-Determination Theory (SDT) to
behavioral activation as the underlying theory of PA behavior
change and Ström et al [65] was informed by the SDT and the

Transtheoretical (Stages of Change) Model. The remaining
studies [62,63] described an atheoretical or eclectic approach
that integrated a few common BCTs for PA promotion.

BCTs for increasing PA were coded according to Michie et al
[67] BCT Taxonomy. In the intervention groups, “goal setting
(behavior)” (n=4), “problem solving” (n=3), “review behavior
goals” (n=3), “feedback on behavior” (n=3), “self-monitoring
of behavior” (n=3), and “information about health
consequences” (n=3) were the 6 most commonly used BCTs.
The highest number of BCTs were identified in both Ström et
al [65] (n=15) and Lambert et al [64] (n=15). Table 3 provides
an overview of BCT use across the studies.

Table 3. Intervention behavior change techniques for physical activity promotion (N=4).

Total (n/N)Ström et al [65],
2013

Lambert et al [64],
2018

Haller et al [63],
2018

Guo et al [62],
2020

BCTa

—b151587Number of BCTs, n

4/4✓✓✓✓c1.1 Goal setting (behavior)

3/4✓✓—✓1.2 Problem solving

2/4✓✓——1.4 Action planning

3/4✓✓✓—1.5 Review behavior goals

1/4✓———1.7 Review outcome goals

1/4——✓—1.8 Behavior contract

3/4✓—✓✓2.2 Feedback on behavior

3/4✓✓—✓2.3 Self-monitoring of behavior

1/4——✓—2.6 Biofeedback

1/4——✓—3.3 Social support (emotional)

3/4—✓✓✓4.1 Instructions on how to perform the behavior

1/4—✓——4.4 Behavior experiments

3/4✓✓—✓5.1 Information about health consequences

1/4—✓——5.4 Monitoring of emotional consequences

2/4✓✓——5.6 Information about emotional consequences

2/4—✓✓—6.1 Demonstration of the behavior

1/4—✓——7.1 Prompts or cues

1/4✓———8.3 Habit formation

1/4—✓——8.7 Graded tasks

1/4—✓——9.1 Credible source

1/4✓———9.2 Pros and cons

1/4✓———9.3 Comparative imagining of future outcomes

1/4—✓——10.4 Social reward

1/4✓———10.9 Self-reward

1/4———✓11.2 Reduce negative emotions

1/4✓———15.3 Focus on past success

1/4✓———16.2 Imaginary reward

aBCT: behavior change technique.
bNot available.
cIndicates that a behavior change technique was used.
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Risk of Bias Within Studies
The ROB 2 [58,59] tool was used to assess the risk of bias for
each outcome (PA and depression) of each included RCT
(Figure 2). Overall, the “randomization process” was properly
used in all studies. In addition, there were no concerns related
to “deviations from the intended interventions” and “selection
of the reported result.” However, in terms of PA, 2 (50%) studies
[63,64] were judged as having a high risk of overall bias owing
to “missing outcome data.” Three (75%) studies [62,63,65]
showed some concerns owing to the subjective measurement

of PA outcomes. In terms of depression, 3 (75%) studies [62-64]
presented concerns owing to missing outcome data or outcome
measurements.

Quality of Cumulative Evidence
The Grading of Recommendation, Assessment, Development
and Evaluation assessments are presented in Table 4. The 4
selected RCTs started as high-quality evidence but were
subsequently rated down owing to inconsistency and
imprecision.

Table 4. Quality of evidence of outcomes of interest.

Quality of evidenceImprecisionIndirectnessInconsistencyPublication biasRisk of biasOutcomes

Very low

SeriousNot seriousSeriousNot suspectedSome concerns to highaPhysical activity

Moderate

SeriousNot seriousNot seriousNot suspectedLow to some concernsaDepression

aDetailed information is presented in Figure 3.

Figure 3. Risk of bias assessments of physical activity and depression of included studies.

Discussion

Principal Findings
To our knowledge, this is the first systematic review of IGSH
interventions to increase PA in people with depression. A total
of 4 studies met our inclusion criteria: 3 (75%) web-based RCTs
and 1 (25%) app-based RCT. The 3 (75%) studies [62,64,65]
reported that PA levels increased at postintervention in both

treatment and control groups. Overall, between-group
differences in PA were small and generally not significant. In
contrast, 3 (75%) studies found significant medium to large
reductions in depressive symptoms; the final study reported a
significant reduction in both the intervention and control groups.
Collectively, these results suggested that IGSH interventions
may be helpful for managing clinical depression.
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Why did these interventions fail to increase PA levels? Although
explanations may vary across studies, several common factors
were noted. In 2 studies [62,64], PA was presented as part of a
larger depression management strategy, in conjunction with
other components. For example, the Run4Love intervention by
Guo et al [62] featured sessions on cognitive behavioral and
stress management strategies. As PA was not the primary focus
of these interventions, the nonsignificant results were not
altogether surprising. More-intensive interventions, that is, those
with a central focus on PA behavior change, may be required
to produce clinically meaningful changes in PA behavior. From
a methodological perspective, the 3 (75%) studies had small
sample sizes, which is associated with an increased risk of type
2 error [68].

An additional explanation for the nonsignificant differences in
PA is low engagement. Low engagement has previously been
identified as a major challenge to eHealth interventions and is
likely to negatively impact the effectiveness of interventions
[69-71]. In our review, 3 of the 4 (75%) studies were marked
by low participant engagement despite different tactics to
enhance adherence (eg, reminders via phone calls or emails and
tailored feedback). In addition, Lambert et al [64] included some
level of tailored content by incorporating graded tasks, where
participants could select their preferred physical activities (easier
to harder) for the following week from week 3 onward.
However, 47% (15/32) of the participants did not reach week
3. The only study with a positive effect on PA change (Haller
et al [63]) reported a remarkably higher adherence rate, with
participants completing 84% of the recommended endurance
sessions and 90% of recommended strength sessions. This study
not only tailored the exercise duration or intensity for
participants from the beginning of the intervention but also
provided weekly personalized feedback. This indicated that
personalized IGSH interventions could potentially be more
effective than standardized interventions in increasing
PA—something that is well-established in the broader literature
[72]. Similarly, the importance of personalized components in
engagement with technology-based interventions has been
emphasized by both people with depression and practitioners
[73-75]. Additional supportive strategies, such as providing
weekly individualized feedback to enhance adherence, should
be incorporated throughout the intervention. Future IGSH
interventions should consider combining tailored content based
on participants’preferences and conditions (physical or mental)
and weekly personalized feedback for potentially improving
engagement with the intervention content.

In addition, the types of measurements used may have affected
the results. Only Lambert et al [64] incorporated both subjective
and device-based PA measurements. Even then, less than half
of the participants in both the intervention and control groups
provided valid device-based PA data, which may have
significantly affected PA outcomes. The other 3 (75%) studies
[62,63,65] relied solely on self-reported PA measures, which
were subject to recall bias. It is worth noting that none of these
self-reported PA measures were developed specifically for
people with mental health disorders and may fail to accurately
assess PA in the selected studies [76]. Moreover, 3 (75%) studies
[62,64,65] incorporated a “self-monitoring of behavior” BCT

component. For example, Ström et al [65] provided the
intervention group with a pedometer. Consequently, we would
expect the treatment and control groups to differ in their
awareness and ability to recall PA. Finally, approximately half
of the participants were physically active before enrolling in
the study [62,64]. In short, PA promotion effects may be
influenced by ceiling effects.

Depressive Symptoms
In contrast to PA outcomes, more consistent evidence was found
for depressive symptom reduction. Three of the included studies
[62,64,65] reported a medium to large effect on decreasing
depression symptoms relative to controls. The final study [63]
reported a significant reduction in both the intervention and
control groups. These results were consistent with a previous
meta-analysis that found IGSH interventions to be effective in
reducing depression among college students [47]. As PA is
generally unaffected by these interventions, the improvements
observed across studies are likely attributable to the various
therapeutic components used. Within the field of clinical
psychology, evidence-based therapies are regularly informed
by theory; for example, CBT, behavioral activation, ACT, and
interpersonal therapy all possess distinct theoretical foundations
that uniquely guide case conceptualization and treatment
activities. The 3 studies incorporated ≥1 therapeutic modalities:
cognitive behavioral and stress management approaches [62],
behavioral activation [64], and ACT and motivational
interviewing [65]. This is in line with an earlier study suggesting
that therapist-guided web-based CBT has a large effect on
depression outcomes [77], and other studies suggesting
behavioral activation strategies, delivered either in person or
over the internet, can be as effective as CBT for depression
management [78-80].

One of the 4 studies [63] did not observe a significant
between-group decrease in depressive symptoms, although early
antidepressive findings (6-12 days) were noted on the threshold
of significance (P=.06). There were 2 possible explanations.
First, the sample size was small (n=20) and the groups were
unequal (intervention group=14; control group=6). Therefore,
it is likely that this study was underpowered [81]. Second, the
authors observed that 1 of the 6 participants in the control group
reported a full remission from severe depression after treatment.
Although not impossible, this is an unusual occurrence and
likely resulted in an inflated index of depressive symptom
reduction in the control group. Therefore, the between-group
difference was considered less reliable. In contrast, the
significant and meaningful reduction in depression in the IG
group was believed to be attributed to PA participation. In short,
all studies reported that IGSH interventions are feasible and
effective in treating depression.

Intervention Characteristics and BCTs
In general, research suggests that theory-based interventions
are more effective than interventions without theory [45,46,82].
In addition to providing a framework for selecting
evidence-based BCTs, theories also aid in understanding factors
that mediate behavior changes and the reasons for intervention
success or failure [83,84]. Only 1 study in this review explicitly
identified the empirical or theoretical basis for BCT selection
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for PA promotion. Specifically, Lambert et al [64,66] reported
that SDT was adopted to inform their eMotion intervention.
Similarly, Ström et al [65] were inspired by an earlier study that
used SDT as the theoretical framework. Apart from theories,
the importance of intervention development frameworks for
guiding the development process of behavior change
interventions has also been highlighted to reduce the risk of
research waste and increase the effectiveness and sustainability
of interventions [85,86]. Only Lambert et al [64,66] identified
a framework: in their case, the Center for eHealth Research and
Disease Management road map.

In contrast to theory, all 4 interventions used multiple BCTs.
The most common BCTs identified were goal setting, problem
solving, feedback, reviewing behavioral goals, providing
information about health consequences, and instructions on how
to perform the behavior. As noted by Bohlen et al [82], these
BCTs are frequently used in interventions for the general
population. Within the literature, there is growing interest in
how to optimally combine BCTs to support behavior change,
with several studies suggesting that BCT combinations might
differ across populations and behavioral targets [87-90]. A
previous factorial trial of an internet-based intervention [91]
found that combining action planning, coping planning, and
self-monitoring induced and amplifies the effect of increasing
MVPA in healthy adults. Interestingly, both Lambert et al [64]
and Ström et al [65], who included this combination of BCTs,
reported no change in PA behavior compared with the control
groups. Although methodological limitations must be
emphasized, this observed inconsistency raised the question of
tailoring BCTs to the population. We cannot assume that
strategies that are effective for the general population are a good
fit for people with depression. Rather, different or additional
BCTs may be required to support PA promotion.

A scoping review of the barriers to and facilitators of exercise
in people with depression suggested that interventions should
incorporate BCTs that target the emotion domain (eg, to address
low mood) [92]. Cane et al [93] recommended 4 BCTs for the
emotion domain: “social support (emotional),” “information
about emotional consequences,” “self-assessment of affective
consequences,” and “reduce negative emotions.” In our review,
all 4 studies [62-65] addressed aspects of emotion (eg, both
Lambert et al [64] and Ström et al [65] touched upon the
emotional consequences of PA), although none of the studies
used all 4 BCTs to target this domain. The lack of
population-tailored BCTs might partly explain the inconsistent
results regarding PA outcomes. Future IGSH interventions for
PA behavior change among people with depression should test
different combinations of BCTs and consider integrating more
BCTs that focus on the emotion domain.

Attrition and Engagement
The included IGSH interventions showed relatively low dropout
rates (0%-19%). In contrast, Meyerowitz-Katz et al [94] reported
a dropout rate of 40% (95% CI 16%-63%) among RCTs on
mobile health interventions. Josephine et al [95] also found a
mean intervention dropout rate of 37% within internet-based
and mobile-based interventions for people with depression.
There have been some studies suggesting that higher levels of

therapy contact have a positive impact on acceptance of the
intervention [96,97]. All the included studies incorporated at
least a moderate level of participant contact, including weekly
contact with study-affiliated personnel. Three studies [62,63,65]
provided individualized support; these reported lower attrition
and higher study engagement compared with the study by
Lambert et al [64], who provided weekly automated reminder
emails. This is consistent with previous studies that suggested
regular motivational feedback may enhance the adherence to
internet-based intervention [98,99]. Similarly, our findings
suggest that regular individualized feedback may contribute to
reduced dropout rates. Further research is needed to explore the
effects of different levels of interventionist contact on IGSH
interventions.

Strengths and Limitations
This review provides an updated summary of IGSH
interventions for PA promotion in people with depression. Two
rounds of searches were conducted to ensure inclusion of all
available evidence. A notable strength of this review was the
application of the BCT taxonomy to identify potentially useful
ingredients for informing future intervention development. We
addressed the gaps observed in previous reviews by including
only RCTs and specifically focusing on people with depression.

Similar to all studies, this review was not without limitations.
First, both the limited number of studies in this review and their
heterogeneity in measurement precluded the meta-analysis and
limited our ability to draw clear conclusions. Encouragingly,
this is a rapidly evolving field, and several promising protocols
were identified during article screening (eg, study by Sylvia et
al [100]). We are hopeful that more evidence will become
available in the next several years. Second, none of the studies
had a primary outcome of PA, and because of the measures
used, there is a very low level of certainty of PA evidence
included. Third, only studies published in English were searched
and screened. Fourth, this study used an a priori definition of
IGSH interventions, which conceptualized these interventions
as technology-facilitated and primarily self-guided, with the
option of in-person support. Although having a clear definition
is a strength, we did not explicitly designate the degree of
in-person support that would render the studies ineligible. Study
selection was determined by researchers through a process of
discussion. As such, some studies were excluded from this study,
which other research groups may have considered eligible or
ineligible. Finally, we coded the BCTs using a dichotomous
system (ie, yes or no). This review was unable to speak to the
quality and rigor of BCT administration within the included
studies.

Future Directions
Despite increasing interest in eHealth and IGSH interventions,
this review identified only 4 studies that (1) included a PA
intervention component, (2) assessed changes in PA, and (3)
specifically targeted people with depression. However, there
were notable gaps in the research design. None of the 4
identified studies identified PA behavior change as their primary
objective; interventions contained relatively little content
focused on PA promotion; studies generally featured small
samples; and half of the included studies did not incorporate
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behavior change theory for BCT selection or follow a systematic
framework of behavioral intervention development. In contrast,
not only is PA now recommended as a first-line monotherapy
for mild to moderate depression but also there is a large and
robust body of evidence regarding the different theories, BCT,
and characteristics that can support successful eHealth or IGSH
intervention. In summary, there appears to be a large gap
between general research and its specific application in IGSH
interventions to promote PA in people with depression.

Therefore, there is a great need for high-quality and thoughtful
research on IGSH interventions for people with depression. On
the basis of the results of this review, future research should be
characterized by the following: (1) a specific focus on PA
promotion within people with depression, including diverse
populations of people with depression (eg, older adults,
racialized communities, and individuals in rural or remote
communities); (2) a priori consideration of theory, including
using theory to guide BCT selection; (3) a rigorous development
process following a systematic intervention development
framework; (4) defining specific intervention targets (eg,
meeting Canadian Network for Mood and Anxiety Treatments
Guidelines [16] of 3×30-minute bouts of MVPA per week); (5)

exploration of the mediators and moderators of behavior change,
as defined by theory; and (6) using validated tools to assess
before and after changes in depressive symptoms and PA, with
inclusion of objective measures when possible. Further questions
for examination included exploring the optimum amount and
modality of guided support, personalization and tailoring
considerations, PA programing (eg, frequency, intensity, type,
and time), the moderating effect of patient characteristics (eg,
baseline fitness and symptom severity), and knowledge
translation and intervention scaling.

Conclusions
An emerging body of evidence suggests that IGSH PA
interventions are feasible and have the potential to reduce
depressive symptoms in people with depression. More
well-designed and tailored interventions are needed to assess
the overall efficacy and feasibility of using IGSH interventions
to help people with depression increase PA. Future research on
such interventions should be theoretically informed in its
development and implementation and test different combinations
of BCTs, particularly those targeting the emotion domain, to
verify their efficacy in increasing PA among people with
depression.
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Abstract

Background: Mental health is a complex condition, highly related to emotion. The COVID-19 pandemic caused a significant
spike in depression (from isolation) and anxiety (event related). Mobile Health (mHealth) and telemedicine offer solutions to
augment patient care, provide education, improve symptoms of depression, and assuage fears and anxiety.

Objective: This review aims to assess the effectiveness of mHealth to provide mental health care by analyzing articles published
in the last year in peer-reviewed, academic journals using strong methodology (randomized controlled trial).

Methods: We queried 4 databases (PubMed, CINAHL [Cumulative Index to Nursing and Allied Health Literature], Web of
Science, and ScienceDirect) using a standard Boolean search string. We conducted this systematic literature review in accordance
with the Kruse protocol and reported it in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) 2020 checklist (n=33).

Results: A total of 4 interventions (mostly mHealth) from 14 countries identified improvements in primary outcomes of
depression and anxiety as well as in several secondary outcomes, namely, quality of life, mental well-being, cognitive flexibility,
distress, sleep, self-efficacy, anger, decision conflict, decision regret, digestive disturbance, pain, and medication adherence.

Conclusions: mHealth interventions can provide education, treatment augmentation, and serve as the primary modality in mental
health care. The mHealth modality should be carefully considered when evaluating modes of care.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42022343489;
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=343489

(JMIR Ment Health 2022;9(12):e42301)   doi:10.2196/42301
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Introduction

Rationale
Mental health is a complex topic that is highly related to
emotion, because emotional regulation is necessary for daily
functioning [1]. Emotional regulation is necessary for

friendships and intimate relationships [2]. The perception of
mental health can be culturally based and highly related to
self-actualization [3]. For the purposes of this manuscript, we
define mental health as being able to work creatively and
productively, to relate to others in a way that is mutually
satisfying, and to feel comfortable when alone, usually
developing a rich and fulfilling inner life [4]. The
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psychopathology of mental illness is also complicated. Mental
illness can manifest itself in terms of depression and anxiety,
which are the major foci of this manuscript. Depression can be
described as a mood (sadness or lack of enjoyment), a symptom,
a syndrome, or a disorder [5]. During the COVID-19 pandemic,
college students were particularly affected by depression due
to the isolation created by the pandemic thrust upon them during
a time in their lives when they expected to be highly socially
active [6]. Anxiety often refers to multiple mental and
physiological phenomena, including fear, distress, and a constant
state of worry over events or actual situations [7]. The pandemic
created COVID-19 anxiety, which has been added to a list of
anxiety disorders [8].

Telemedicine and telehealth are defined as healing at a distance
using information communication technologies to improve
health outcomes [9]. The World Health Organization does not
distinguish between these terms, so they will be used
interchangeably in this manuscript. Telemedicine has existed
for decades, but it became an essential modality of care during
the COVID-19 pandemic. The highly contagious nature of
COVID-19 prevented face-to-face appointments, and many
providers were forced into this modality before they thought
they were ready [10]. Despite this challenge, many providers
discovered the effectiveness this modality can enable, including
the use of mobile health (mHealth) and eHealth [11]. mHealth
is a component of eHealth and telehealth that enables medical
and public health practices through mobile devices, such as
smartphones, patient monitoring devices, and other wireless
devices [12]. Mobile devices have blurred the lines between
tablets and computers, and the computing power of mobile
devices enables the use of many apps formerly only available
on a computer. This study focuses on the intersection between
mHealth and mental health care.

Studies have shown that some college students are comfortable
with mental health screening through mHealth modalities in the
areas of performance expectancy and social influence [13].
Social influence and the stigma associated with mental health
care greatly influence this age bracket (18-24 years) and their
willingness to answer questions over their mobile devices.
Telemedicine offers safety and efficiency, but several limitations
prevent wide adoption such as technical problems, patient
distraction, lack of confidentiality, compromised therapeutic
alliance, and the management of unstable patients through a
distance modality [6].

mHealth for an older population has not been entirely successful
as well mostly due to the digital divide inherent to older
populations and overall digital literacy [14]. Practitioners
recognize this gap, and some have even tried to bridge the gap
with intensive training to enable their patients to participate in
this modality of care. Unfortunately, they found that a substantial
number of older adults either do not have the technology or
cannot negotiate the technology, despite this training. This
population experiences high rates of depression, either due to
illnesses, such as cancer (incidence as high as 58%) [15], or
dementia (incidence as high as 34%) [16]. The overall
prevalence of depression among older adults is estimated at
28.4% [17].

One systematic review from 2022 analyzed 26 articles over 10
years [18]. It found a major reduction in symptoms of depression
among trials that included participants with moderate to severe
depression, but not as strong as an effect among trials involving
participants with mild to moderate depression. The reviewers
concluded that app-based interventions have a moderate effect
to reduce symptoms of depression.

Another systematic review from 2022 analyzed 21 articles about
telepsychiatry over 15 years [19]. It identified familiar themes
such as equivalence to in-person, convenience, overcoming
remoteness, and timely access to treatment with specialists. The
reviewers concluded that the video teleconferencing technology
enables telepsychiatry in both the home and the emergency
department on par with in-person reviews with the additional
benefit of wider access and timeliness to treatment.

Objectives
The purpose of this review is to analyze studies published over
the last year that examine mHealth as an intervention to both
screen for and treat symptoms of mental health among adults
aged over 18 years with strong methodological design
(randomized controlled trial [RCT]). The intention of this review
is to focus on mental health interventions during 1 year of the
COVID-19 pandemic.

Methods

Protocol and Registration
This review is conducted in accordance with the Kruse protocol
for writing a systematic review. It is reported in accordance
with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analysis) checklist. This review is registered
with PROSPERO (registration number CRD42022343489).

Eligibility Criteria
This review focused on studies with strong methodology
including participants who were adults (>18 years of age) that
were published in peer-reviewed, academic journals over the
last year. Other systematic reviews were excluded to avoid
confounding the results. All reporting is in accordance with the
PRISMA 2020 standard [20].

Information Sources
A total of 4 research databases were queried: PubMed
(MEDLINE), CINAHL (Cumulative Index to Nursing and
Allied Health Literature), Web of Science, and ScienceDirect
from Embase. They were queried on August 14, 2022. These
databases were chosen due to their availability and
comprehensive indexing of research. Their availability make it
easier for others to duplicate our study. Their comprehensive
indexing ensures we capture a majority of the literature in our
search.

Search Strategy
Our initial process included a search on Google Scholar to better
understand the topic and recent work published. We gathered
information from Google Scholar into an MS Excel spreadsheet
to enable the review team to read the articles so that we could
see the key terms these studies used for indexing. Using the
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Medical Subject Headings (MeSH) from the US National
Library of Medicine, we created a Boolean search string to
exhaustively query the databases without redundant terms. We
used the same search strategy in all databases and similar filter
strategies.

Selection Process
In accordance with the Kruse protocol [21], we searched key
terms in all databases using a Boolean search string: (mhealth
OR “mobile app” OR telemedicine) AND (“mental health” OR
“behavioral health” OR “depression”). We removed duplicates,
filtered the results, and screened abstracts for applicability to
our objective statement [21]. We selected only studies with
strong methods (eg, RCT). The RCT and true experiments were
chosen due to their rigorous adherence to control groups and
comparisons to the same.

Data Collection Process
The Kruse protocol standardized an MS Excel spreadsheet as
a data extraction tool and as an analysis tool [21]. The
spreadsheet’s standardized fields allowed the collection of
additional data at each step of the process, thus making analysis
robust and useful to both clinicians and administrators. Through
3 consensus meetings we finalized the group of articles for
analysis, identified themes, and finalized the additional analysis
through a data synthesis method.

Data Items
In accordance with the Kruse protocol [21], we collected the
following fields of data at each step: Google Scholar step (date
of publication, authors, study title, journal, impact factor from
Journal Citations Reports, study design, key terms, experimental
intervention, results, and comments from each reviewer); filter
articles step (the number of results before and after each filter
was applied in all 4 databases); abstract screening step (database
source, date of publication, authors, study title, journal,
screening decision for each reviewer, notes about rejections,
consensus meeting 1 determination of screening decision, and
a set of rejection criteria); analysis step (database source, date
of publication, authors, study title, participants, experimental
intervention, results compared with a control group, medical
outcomes, study design, sample size, bias effect size, country
of origin, statistics used, patient satisfaction, facilitators to
adoption, barriers to adoption, and the strength and quality of
evidence).

Study Risk and Reporting of Bias Assessment
Risk of bias was determined through multiple means. Reviewers
used the John’s Hopkins Nursing Evidence-Based Practice

(JHNEBP) tool assessment of the strength and quality of
evidence [22]. Strength of evidence is based on the study design
(eg, RCT, quasi-experimental, qualitative), and the quality of
evidence is based on adequate sample size, adequate control,
and consistency of results. Reviewers also made a note of other
observations of bias such as selection, sample, design, or
publication bias. These observations and the JHNEBP
assessment of the strength and quality of evidence were used
for interpreting the results, because bias can limit the internal
and external validity of the results [23].

Effect Measures
The preferred methodologies for this review were the RCT and
true experiments because these are the strongest group of
methodologies in the JHNEBP tool. The preferred measures of
effect were the Cohen d, but other measures of effect were also
collected, such as the odds ratio. All measures of effect were
tabulated for those studies in which they were reported.

Synthesis Methods
We performed a thematic analysis of the data extracted [24].
This thematic analysis helped us make sense of the data by
grouping same or similar observations into themes. Themes and
individual observations were then tabulated for both reporting
and to enable inferences.

Additional Analyses and Certainty Assessment
Sensitivity, specificity, and effect size were tabulated and
included in the data extraction. Combined with the narrative
analysis, this provided us with certainty assessments. The
frequency of themes does not imply importance, but it does
provide confidence in the data analyzed.

Ethics Approval
No human subjects were used in this research. It is therefore
IRB exempt.

Results

Overview
Figure 1 illustrates the study selection process. The query of 4
databases resulted in 23,713 results; however, 21,426 of these
results were duplicates. After filtering and screening, reviewers
were left with 67 articles eligible for review. The reviewers
chose to only analyze the RCTs, because this is the highest
strength of evidence in the JHNEBP. This can be seen in Figure
1 under “methods not strong,” meaning we excluded all but
RCTs and true experiments. The remaining group of studies for
analysis was 33.
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Figure 1. Article selection process. CINAHL: Cumulative Index to Nursing and Allied Health Literature; WoS: Web of Science.

Study Selection

Study Characteristics
Following the PRISMA checklist [20] and the Kruse protocol
[21], we extracted the following data fields: participants,
intervention, comparison with the control or other group,
medical outcomes, and study design (PICOS; Table 1) as a way
to summarize study characteristics, as required by PRISMA.
Of the 33 studies analyzed over the 1-year period, 17 were from

2021 [25-41] and 16 were from 2022 [42-57]. All studies were
RCTs involving adults, and 48% (16/33) involved an average
age of 50 years or above. About 64% (21/33) used an mHealth
or eHealth app as the intervention, 21% (7/33) used telemedicine
over computer or mobile device, 12% (4/33) used telephone,
and 3% (1/33) used telemonitoring. Studies originated from 14
countries, but 42% (14/33) originated from the United States
and 9% (3/33) from China, which accounted for over half of
the studies.
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Table 1. Summary of study characteristics (PICOSa).

Study
design

Medical outcomes report-
ed

Results (compared with the control
group)

Experimental inter-
vention

ParticipantsAuthors

RCTcDecrease in depression,
but not statistically signif-
icant

Reduced depression, but there were
no differences in dose received or
PTSD symptom reduction

TelemedicineAdult females with PTSDb

from sexual trauma, aver-
age age 43.4 years, 64%
African American

Acierno et al [25]

RCTDecreased depression,
anxiety, sleep distur-

The intervention group showed a de-
crease in depression (P=.003), anxiety

mHealthd app
(MibyeongBogam
[MBBG])

Adults, average age 41.9
years, 67% female

Baek et al [26]

bance, anger, pain, fa-
tigue, digestive distur-
bance

(P=.01), sleep disturbance (P=.02),
anger (P=.003), and pain (P=.02)
greater than the control group; also
fatigue (P=.6) and digestive distur-
bance (P=.76) were not statistically
significant

RCTDecreased anxiety, but
not statistically signifi-
cant over traditional care

Decreased anxiety more than the
control group, but there were no dif-
ferences in depression symptom reduc-
tion

mHealth self-man-
agement app (CON-
NECARE)

Adults, average age 73
years, 66% female

Colomina et al [27]

RCTDecreased depression
and anxiety

Intervention outperformed treatment
as usual across all 3 measures of de-
pression (P=.001), decreased anxiety,
but not statistically significant

Video-to-home cog-
nitive behavioral
therapy

Adult veterans, average
age 67.8 years, 100%
male, 92% White

Dobkin et al [28]

RCTDecreased anxiety and
depression

Significant reduction in HADSe,

HADS-Df (P=.04), and HADS-Ag

mHealth study and
disease management
app

Adults with psoriasis, aver-
age age 49 years, 60%
male

Domogalla et al [29]

(P=.05) more than those in the control
group

RCTDecreased anxiety, de-
pression, decision con-

Decreased anxiety, depression, deci-
sion conflict, and decision regret more

mHealth app (Pink
Journey)

Adults 100% femaleFang et al [30]

flict, decision regret, and
body image distress

than the control group, but not statis-
tically significant from control; de-
creased body image distress (P=.027)

RCTDecreased depression
and anxiety

Decreased depression and anxiety,
but with small effect

TelepsychiatryAdults average age 39
years, 70% female, 66%
White

Fortney et al [31]

RCTDecreased anxiety and
depression

Decreased anxiety (P<.001) and de-
pression (P<.001) more than the con-
trol group

mHealth appAdults average age 44.2
years, 78% female, 56%
White

Huberty et al [32]

RCTDecreased anxiety and
depression

Decreased HADS more than the con-
trol group

mHealth app
(WRAP)

Adults average age 53.4
years

Jones et al [33]

RCTNo effect on anxiety, de-
pression, or self-efficacy

No effect on anxiety, depression, or
self-efficacy

TelephoneAdults <40<75 years, me-
dian age 55 years

Krzyzanowska et al
[34]

RCTDecreased depressionDecreased depression (P<.06) more
than the control group

eHealthAdults average age 37.95
years, 74% female

Moskowitz et al [35]

RCTDecreased depression,
anxiety, and stress, and
increased quality of life

Decreased anxiety (P<.028), stress
(P<.022), and quality of life (P<.001)
more than the control. Decreased de-
pression more than the control group,

mHealth appAdults average age 62.7
years, 82% male

Pakrad et al [36]

but not statistically significant
(P<.063)

RCTDecreased depressionDecreased depression more than the
control group

TelephoneAdults average age 63.9
years, 56% male, 74%
White

Rollman et al [37]

RCTDecreased anxietyDecreased anxiety more than the
control group

eHealth cognitive
behavioral therapy
(inference-based

Adults, average age 36.25
years, 75% White

Romijn et al [38]

cognitive behavioral
therapy)
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Study
design

Medical outcomes report-
ed

Results (compared with the control
group)

Experimental inter-
vention

ParticipantsAuthors

RCTDecreased anxietyDecreased anxiety more than the
control group, no effect on depression

eHealthAdults, average age 55.75
years, 85% male, 100%
Chinese

Su and Yu [39]

RCTDecreased depression
and anxiety

Decreased depression and anxiety
(not statistically significant from the
control)

Video-based cogni-
tive behavioral thera-
py

Adults, average age 50
years, 67% female

Taguchi et al [40]

RCTDecreased depression,
improved medication ad-
herence, self-efficacy,
and quality of life

Decreased depression (not statistically
significant over the control group),
increased medication adherence
(P<.001), self-efficacy (P<.16), and
quality of life (P<.04)

mHealth appAdults >60 years, average
age 72 years, 82% female

Wong et al [41]

RCTDecreased depression,
increased self-efficacy

Decreased depression more than the
control group, with medium effect;
increased self-efficacy

Telephone (automat-
ed interactive voice
response)

Adults, average age 48.6
years, 81% female, 74%
White

Aikens et al [42]

RCTDecreased depression,
decreased COVID-19
distress

Decreased depression and COVID-19
distress more than the control group

mHealth appAdults, average age 23
years, 78% female

Akin-Sari et al [43]

RCTDecreased depression
and anxiety, increased
coping self-efficacy and
quality of life

Decreased depression more than the
control (P=.78), anxiety but not more
than the control (P=.6), increased
coping self-efficacy but not more than
the control (P=.93), increased quality
of life (physical functioning, social
functioning, and vitality)

TelemedicineAdults, average age 32.4
years, 81% female, 97%
White

Bathgate et al [44]

RCTDecreased anxiety, in-
crease in resilience,
sleep, and mental well-
being

Decreased anxiety (P=.04), increase
in resilience (P=.001), sleep (P=.01),
and mental well-being (P=.02) more
than the control group

mHealth appAdults, average age 40
years, 54% female

Catuara-Solarz et al
[45]

RCTImproved depression,
anxiety, resilience, and
well-being

Improved depression, anxiety, re-
silience, and well-being more than the
control group (P=.0031)

mHealth app (Head-
Gear)

Adults, average age 40
years, 74% male

Deady et al [46]

RCTImproved depression,
sleep, cognitive flexibili-
ty

Improved depression, sleep, cognitive
flexibility more than the control

eHealth app (SHED-
IT)

Adults, average age 48.4
years, 100% male

Drew et al [47]

RCTDecreased depressionImproved depression more than the
control

mHealth, social me-
dia (Run4Love)

Adults, average age 28.3
years, 95% male, 100%
Chinese

Guo et al [48]

RCTDecreased depression,
increased mental health,
increased quality of life

Improved depression (ORh –0.20,
P=.034) and overall mental health
quality of life (OR 0.32, P=.007)
more than the control group

eHealth app (El-
derTree)

Adults, >65 years, average
age 76.5 years, 74% fe-
male, 89% White

Gustafson et al [49]

RCTDecreased depression
and sleep-related impair-
ment

Decreased depression (d=–0.8,
P<.012) and sleep-related impairment
(d=–0.6, P<.04) more than the control
group

mHealth appAdults, average age 44.5
years, mostly male

Kuhn et al [50]

RCTDecrease in depression,
but not statistically signif-
icant

Reduced depression, but there were
no differences in dose received or
PTSD symptom reduction

TelemedicineAdults, average age 44
years, 100% female

Lopez et al [51]

RCTDecreased depressionDecreased depression and readmis-
sion (P<.012) more than the control

Telemedicine cogni-
tive behavioral thera-
py (RED-D)

Adults, average age 51
years, 60% female

Mitchell et al [52]

RCTDecreased anxiety and
worry

Decreased anxiety (P=.005) and wor-
ry (P=.01) more than the control

mHealth app (un-
winding anxiety)

Adults, average age 42.9
years, 93% female

Nardi et al [53]

RCTDecreased anxiety and
depression, and increased
quality of life

Decreased depression and anxiety
greater than usual care, short-term
positive effect on quality of life

TelephoneAdults, average age 68.4
years, 64% male

Orman et al [54]
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Study
design

Medical outcomes report-
ed

Results (compared with the control
group)

Experimental inter-
vention

ParticipantsAuthors

RCTDecreased anxiety and
depression

Decreased depression and anxiety
(P=.024) greater than usual care, but
depression was not statistically differ-
ent

mHealth app (mind-
fulness)

Adults, 100% ChineseSun et al [55]

RCTDecreased anxiety and
depression, improved
quality of life, and nonin-
vasive ventilation

Decreased anxiety and depression,
but not statistically significant than
the control. Improved adherence to
noninvasive ventilation (P<.001) and
quality of life (P<.002)

mHealth cognitive
behavioral therapy

Adults, average age 76.2
years, 51% male

Volpato et al [56]

RCTImproved self-care main-
tenance, management,
confidence, and physical
quality of life

No effect on anxiety or depression.
Improved self-care maintenance,
management, confidence, and physi-
cal quality of life

TelemonitoringAdults, average age 59
years, 56% male

Ware et al [57]

aPICOS: participants, intervention, comparison with the control or other group, medical outcomes, and study design.
bPTSD: posttraumatic stress disorder.
cRCT: randomized controlled trial.
dmHealth: mobile health.
eHADS: Hospital Anxiety and Depression Scale
fHADS-D: Hospital Anxiety and Depression Scale-Depression.
gHADS-A: Hospital Anxiety and Depression Scale-Anxiety.
hOR: odds ratio.

Risk of Bias in and Across Studies
The JHNEBP quality assessment tool identified the strength
and quality of evidence [22]. Strength of evidence is defined
by methodology: level I is defined as true experiments and
RCTs; level II is defined as quasi-experiments; and level III is
defined as nonexperimental, observational, and qualitative
studies. Levels IV and V are defined as expert opinions and
editorials. We only used RCTs in our systematic literature
review, so the group for analysis was 100% (33/33) level I. The
quality of evidence in the JHNEBP tool is defined by sample
size, consistency of results (based on established measurement
standards), control groups, conclusions, and literature reviews.
Each level accepts a lower standard. Level A is defined by
consistent results with sufficient sample sizes (based on power
analysis), adequate control groups, definitive conclusions, and
consistent recommendations based on extensive literature
reviews. Level B is defined by reasonably consistent results,
sufficient sample sizes, some control groups, fairly definitive
conclusions, and reasonably consistent recommendations based
on fairly comprehensive literature reviews. Level C is defined

by little evidence with inconsistent results, insufficient sample
sizes, and nondefinitive conclusions. In our group for analysis,
only 1 RCT (1/33, 3%) was defined as level B, while the rest
were defined as level A (32/33, 97%).

Reviewers also noted instances of bias, because bias can limit
external and internal validity [23]. There were 30 instances of
selection bias (affecting internal validity), and 28 instances of
sample bias (affecting external validity). The latter were usually
due to a high percentage of sex or race in the sample. The former
were due to studies conducted in 1 region of 1 country.

Results of Individual Studies
Table 2 summarizes the results of individual studies through
themes. Themes were identified when the same or similar
observation occurred in the literature. An observation-to-theme
match can be found in Multimedia Appendices 1 and 2. The
other data items collected (sample size, bias, effect size, country
of origin, statistics used, and JHNEBP strength and quality of
evidence ratings) can be found in Multimedia Appendix 3. The
average sample size was 331.
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Table 2. Summary of themes, sorted chronologically by author.

Barrier themesEffectiveness themesPatient satisfac-
tion themes

Medical outcomes
themes

Results themesIntervention
themes

Authors

TelemedicineAcierno et
al [25]

• May not be the pre-
ferred treatment
method

• Reduced depres-
sion

• Satisfied• Reduced depres-
sion

• Reduced depres-
sion

• Enabled prefer-
ence for

• No statistical sig-
nificance for at • Staff training

telemedicineleast one condition • Low reimbursement

mHealtha/eHealth
app

Baek et al
[26]

• May not be the pre-
ferred treatment
method

• Reduced depres-
sion

• Not report-
ed

• Reduced depres-
sion

• Reduced depres-
sion

• Reduced anxiety • Reduced anxiety• Reduced anxiety
• Staff training• Increased sleep• Increased sleep• Increased sleep
• Low reimbursement• Decreased anger• Decreased anger• Decreased anger

• Decreased pain• Decreased pain• Decreased pain
• Decreased diges-

tive disturbance
•• Decreased diges-

tive disturbance
Decreased diges-
tive disturbance

• No statistical sig-
nificance for at
least one condition

mHealth/eHealth
app

Colomina
et al [27]

• May not be the pre-
ferred treatment
method

• Reduced health
costs per patient

• Satisfied• Reduced anxiety• Reduced anxiety
• No effect on de-

pression • Reduced anxiety
• Staff training• No statistical sig-

nificance for at • Low reimbursement
least one condition

TelemedicineDobkin et
al [28]

• May not be the pre-
ferred treatment
method

• Reduced anxiety• Satisfied• Reduced anxiety• Reduced depres-
sion •• Reduced depres-

sion
Reduced depres-
sion• Reduced anxiety

• Staff training• Extended care to
rural patients

• No statistical sig-
nificance for at • Low reimbursement
least one condition

mHealth/eHealth
app

Domogalla
et al [29]

• May not be the pre-
ferred treatment
method

• Reduced anxiety• Satisfied• Reduced anxiety• Reduced anxiety
• ••Reduced depres-

sion
Reduced depres-
sion

Reduced depres-
sion

• Staff training

mHealth/eHealth
app

Fang et al
[30]

• May not be the pre-
ferred treatment
method

• Reduced anxiety• Satisfied• Reduced anxiety• Reduced anxiety
• ••Reduced depres-

sion
Reduced depres-
sion

Reduced depres-
sion

• Staff training• Decreased deci-
sion conflict

•• Decreased deci-
sion conflict

Decreased deci-
sion conflict • Low reimbursement

• Decreased deci-
sion regret

•• Decreased deci-
sion regret

Decreased deci-
sion regret

• Decreased dis-
tress

•• Decreased dis-
tress

Decreased distress
• No statistical sig-

nificance for at
least one condition

TelemedicineFortney et
al [31]

• May not be the pre-
ferred treatment
method

• Reduced anxiety• Not report-
ed

• Reduced anxiety• Reduced anxiety
• ••Reduced depres-

sion
Reduced depres-
sion

Reduced depres-
sion

• Staff training
• Low reimbursement

mHealth/eHealth
app

Huberty et
al [32]

• May not be the pre-
ferred treatment
method

• Reduced anxiety• Satisfied• Reduced anxiety• Reduced anxiety
• ••Reduced depres-

sion
Reduced depres-
sion

Reduced depres-
sion

• Staff training

mHealth/eHealth
app

Jones et al
[33]

• May not be the pre-
ferred treatment
method

• Reduced anxiety• Satisfied• Reduced anxiety• Reduced anxiety
• ••Reduced depres-

sion
Reduced depres-
sion

Reduced depres-
sion

• Staff training
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Barrier themesEffectiveness themesPatient satisfac-
tion themes

Medical outcomes
themes

Results themesIntervention
themes

Authors

• May not be the pre-
ferred treatment
method

• Staff training

• None• Not report-
ed

• None• No effect on anxi-
ety

• No effect on de-
pression

• No effect on self-
efficacy

TelephoneKrzyzanows-
ka et al
[34]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Satisfied• Reduced depres-
sion

• Reduced depres-
sion

mHealth/eHealth
app

Moskowitz
et al [35]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced anxiety
• Decreased dis-

tress
• Reduced depres-

sion
• Increased quality

of life

• Satisfied• Reduced anxiety
• Decreased dis-

tress
• Increased quality

of life
• Reduced depres-

sion

• Reduced anxiety
• Decreased distress
• Increased quality

of life
• Reduced depres-

sion
• No statistical sig-

nificance for at
least one condition

mHealth/eHealth
app

Pakrad et
al [36]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Not report-
ed

• Reduced depres-
sion

• Reduced depres-
sion

TelephoneRollman et
al [37]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced anxiety• Satisfied• Reduced anxiety• Reduced anxietymHealth/eHealth
app

Romijn et
al [38]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced anxiety• Not report-
ed

• Reduced anxiety• Reduced anxiety
• No effect on de-

pression

mHealth/eHealth
app

Su and Yu
[39]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced anxiety
• Reduced depres-

sion

• Not report-
ed

• Reduced anxiety
• Reduced depres-

sion

• Reduced anxiety
• Reduced depres-

sion
• No statistical sig-

nificance for at
least one condition

TelemedicineTaguchi et
al [40]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Increased medica-
tion adherence

• Increased self-ef-
ficacy

• Increased quality
of life

• Not report-
ed

• Reduced depres-
sion

• Increased medica-
tion adherence

• Increased self-ef-
ficacy

• Increased quality
of life

• Reduced depres-
sion

• No statistical sig-
nificance for at
least one condition

• Increased medica-
tion adherence

• Increased self-effi-
cacy

• Increased quality
of life

mHealth/eHealth
app

Wong et al
[41]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Increased self-ef-
ficacy

• Not report-
ed

• Reduced depres-
sion

• Increased self-ef-
ficacy

• Reduced depres-
sion

• Increased self-effi-
cacy

TelephoneAikens et
al [42]
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Barrier themesEffectiveness themesPatient satisfac-
tion themes

Medical outcomes
themes

Results themesIntervention
themes

Authors

Akin-Sari
et al [43]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Decreased dis-
tress

• Not report-
ed

• Reduced depres-
sion

• Decreased dis-
tress

• Reduced depres-
sion

• Decreased distress

mHealth/eHealth
app

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Reduced anxiety
• Increased self-ef-

ficacy
• Increased quality

of life

• Satisfied• Reduced depres-
sion

• Reduced anxiety
• Increased self-ef-

ficacy
• Increased quality

of life

• Reduced depres-
sion

• Reduced anxiety
• Increased self-effi-

cacy
• Increased quality

of life
• No statistical sig-

nificance for at
least one condition

TelemedicineBathgate et
al [44]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced anxiety
• Decreased fa-

tigue/increased
resilience

• Increased sleep
• Increased mental

well-being/cogni-
tive flexibility

• Satisfied• Reduced anxiety
• Decreased fa-

tigue/increased
resilience

• Increased sleep
• Increased mental

well-being/cogni-
tive flexibility

• Reduced anxiety
• Decreased fa-

tigue/increased re-
silience

• Increased sleep
• Increased mental

well-being/cogni-
tive flexibility

mHealth/eHealth
app

Catuara-
Solarz et al
[45]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced depres-
sion

• Reduced anxiety
• Decreased fa-

tigue/increased
resilience

• Increased mental
well-being/cogni-
tive flexibility

• Not report-
ed

• Reduced depres-
sion

• Reduced anxiety
• Decreased fa-

tigue/increased
resilience

• Increased mental
well-being/cogni-
tive flexibility

• Reduced depres-
sion

• Reduced anxiety
• Decreased fa-

tigue/increased re-
silience

• Increased mental
well-being/cogni-
tive flexibility

mHealth/eHealth
app

Deady et al
[46]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced depres-
sion

• Increased sleep
• Increased mental

well-being/cogni-
tive flexibility

• Not report-
ed

• Reduced depres-
sion

• Increased sleep
• Increased mental

well-being/cogni-
tive flexibility

• Reduced depres-
sion

• Increased sleep
• Increased mental

well-being/cogni-
tive flexibility

mHealth/eHealth
app

Drew et al
[47]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced depres-
sion

• Not report-
ed

• Reduced depres-
sion

• Reduced depres-
sion

mHealth/eHealth
app

Guo et al
[48]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Increased mental
well-being/cogni-
tive flexibility

• Increased quality
of life

• Not report-
ed

• Reduced depres-
sion

• Increased mental
well-being/cogni-
tive flexibility

• Increased quality
of life

• Reduced depres-
sion

• Increased mental
well-being/cogni-
tive flexibility

• Increased quality
of life

mHealth/eHealth
app

Gustafson
et al [49]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Increased sleep

• Not report-
ed

• Reduced depres-
sion

• Increased sleep

• Reduced depres-
sion

• Increased sleep

mHealth/eHealth
app

Kuhn et al
[50]

• Reduced depres-
sion

• Not report-
ed

• Reduced depres-
sion

TelemedicineLopez et al
[51]
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Barrier themesEffectiveness themesPatient satisfac-
tion themes

Medical outcomes
themes

Results themesIntervention
themes

Authors

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• No statistical sig-
nificance for at
least one condition

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced depres-
sion

• Decreased read-
missions

• Satisfied• Reduced depres-
sion

• Reduced depres-
sion

TelemedicineMitchell et
al [52]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced anxiety
• Decreased dis-

tress

• Not report-
ed

• Reduced anxiety
• Decreased dis-

tress

• Reduced anxiety
• Decreased distress

mHealth/eHealth
app

Nardi et al
[53]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced depres-
sion

• Reduced anxiety
• Increased quality

of life

• Not report-
ed

• Reduced depres-
sion

• Reduced anxiety
• Increased quality

of life

• Reduced depres-
sion

• Reduced anxiety
• Increased quality

of life

TelephoneOrman et
al [54]

• May not be the pre-
ferred treatment
method

• Staff training

• Reduced depres-
sion

• Reduced anxiety

• Not report-
ed

• Reduced depres-
sion

• Reduced anxiety

• Reduced depres-
sion

• Reduced anxiety
• No statistical sig-

nificance for at
least one condition

mHealth/eHealth
app

Sun et al
[55]

• May not be the pre-
ferred treatment
method

• Staff training
• Low reimbursement

• Reduced anxiety
• Reduced depres-

sion
• Increased quality

of life

• Not report-
ed

• Reduced anxiety
• Reduced depres-

sion
• Increased quality

of life

• Reduced anxiety
• Reduced depres-

sion
• Increased quality

of life

mHealth/eHealth
app

Volpato et
al [56]

• May not be the pre-
ferred treatment
method

• Staff training

• Increased self-ef-
ficacy

• Increased mental
well-being/cogni-
tive flexibility

• Increased quality
of life

• Not report-
ed

• No effect on
anxiety

• No effect on de-
pression

• Increased self-ef-
ficacy

• Increased mental
well-being/cogni-
tive flexibility

• Increased quality
of life

• No effect on anxi-
ety

• No effect on de-
pression

• Increased self-effi-
cacy

• Increased mental
well-being/cogni-
tive flexibility

• Increased quality
of life

TelemonitoringWare et al
[57]

amHealth: mobile health.

Results of Syntheses, Additional Analysis, and Certainty
of Evidence
A thematic analysis helped makes sense of the data collected.
Although thematic analyses are typically used for qualitative
analysis, other systematic reviews have also used this technique
to makes sense of all observations from the data extraction
process, whether the studies were qualitative or quantitative
[10,11]. The themes and observations are tabulated into affinity
matrices for interpretation.

Patient Satisfaction
Patient satisfaction was not reported in all studies (20/33, 61%);
however, 13/33 (39%) reported users were satisfied or highly
satisfied. At the point where these data were collected, users
were very pleased with the user interface and any further
progress in the interventions improved their mental health.

Results of Interventions, Compared With the Control
Groups
Table 3 summarizes the results of interventions compared with
the control groups (treatment as usual, in-person). This section
is designed for the scientist or researcher. A total of 11 themes
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and 2 individual observations were identified by the reviewers
for a total of 48 occurrences in the literature, whereas 11 themes
and 7 observations were noted for a total of 95 observations. In
the 33 studies analyzed, 26 (79%) showed an improvement in
symptoms of depression [25,26,28-33,35-37,40-44,46-52,54-56],
while 19 (58%) showed an improvement in anxiety
[26-33,36,38-40,44-46,53-56]. Only 11/33 (33%) reported that
at least one symptom was not statistically significant when
compared with results from the control group, but the
improvement was still noted [25-28,30,36,40,41,44,51,55]. As
many as 7/33 (21%) showed an increase in quality of life
[36,41,44,49,54,56,57], and 5 (15%) showed an increase in
mental well-being, cognitive flexibility, or confidence

[45-47,49,57]. A total of 4 themes emerged that each appeared
4/33 times (12%): decreased distress (body image or COVID-19
distress) [30,36,43,53], increased sleep (less sleep disturbance
or sleep-related impairment) [26,45,47,50], increased
self-efficacy [41,42,44,57], and the intervention had no effect
on depression [27,34,39,57]. A total of 2 themes each appeared
2/33 times (6%): Decreased fatigue (increased resilience) [45,46]
and the intervention had no effect on anxiety [34,57]. The
following observations only occurred once in the literature:
decrease in anger [26], decrease in decision conflict [30],
decrease in decision regret [30], decreased digestive disturbance
[26], decreased pain [26], increased medication adherence [41],
and the intervention had no effect on self-efficacy [34].

Table 3. Results compared with the control groups.

Frequency, n (n=95)Results themes and observations

26Reduced depression [25,26,28-33,35-37,40-44,46-52,54-56]

19Reduced anxiety [26-33,36,38-40,44-46,53-56]

11No statistical significance for at least one condition [25-28,30,36,40,41,44,51,55]

7Increased quality of life [36,41,44,49,54,56,57]

5Increased mental well-being/cognitive flexibility [45-47,49,57]

4Decreased distress [30,36,43,53]

4Increased sleep [26,45,47,50]

4Increased self-efficacy [41,42,44,57]

4No effect on depression [27,34,39,57]

2Decreased fatigue/increased resilience [45,46]

2No effect on anxiety [34,57]

1Decreased anger [26]

1Decreased decision conflict [30]

1Decreased decision regret [30]

1Decreased digestive disturbance [26]

1Decreased pain [26]

1Increased medication adherence [41]

1No effect on self-efficacy [34]

Medical Outcomes Commensurate With the Use of
mHealth
Table 4 summarizes the medical outcomes observed. A total of
8 themes and 6 individual observations were recorded
commensurate with the adoption of mHealth for the management

of mental health for a total of 78 occurrences. The results
(compared with the control groups) and medical outcomes were
very similar, but they are focused on observations for the
provider. The only difference was 1 study [34] reported no effect
on depression or anxiety.
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Table 4. Medical outcomes commensurate with the adoption of mobile health.

Frequency, n (n=78)Medical outcomes themes and observations

26Reduced depression [25,26,28-33,35-37,40-44,46-52,54-56]

19Reduced anxiety [26-33,36,38-40,44-46,53-56]

7Increased quality of life [36,41,44,49,54,56,57]

5Increased mental well-being/cognitive flexibility [45-47,49,57]

4Decreased distress [30,36,43,53]

4Increased sleep [26,45,47,50]

4Increased self-efficacy [41,42,44,57]

2Decreased fatigue/increased resilience [45,46]

1Decreased anger [26]

1Decreased decision conflict [30]

1Decreased decision regret [30]

1Decreased digestive disturbance [26]

1Decreased pain [26]

1Increased medication adherence [41]

1None [34]

Effectiveness of mHealth to Manage Mental Health
Table 5 summarizes the themes and observations related to the
effectiveness of mHealth in managing mental health. These
were highly similar to the results and medical outcomes, but
they include observations for the health care administrator. A
total of 8 themes and 11 observations were noted for 82
observations. Because of the similarities with the previous
tables, only the differences will be reported. One study noted
the reduction in readmission when mHealth was used as part

of the follow-up to focus on mental health conditions [52]. One
study highlighted that while the intervention did not result in a
statistically significant reduction in depression and anxiety over
normal care, it enabled a preference for telemedicine, if a patient
prefers it [25]. One study highlighted how the intervention can
extend care to rural patients [28]. Another study highlighted a
reduction in cost of care per patient when using mHealth over
traditional care [27]. Two studies reported no effects on mental
health from the intervention [34,57].
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Table 5. Clinical and administrative effectiveness of mobile health to manage mental health.

Frequency, n (n=165)Effectiveness themes and observations

26Reduced depression [25,26,28-33,35-37,40-44,46-52,54-56]

19Reduced anxiety [26-33,36,38-40,44-46,53-56]

7Increased quality of life [36,41,44,49,54,56,57]

5Increased mental well-being/cognitive flexibility [45-47,49,57]

4Decreased distress [30,36,43,53]

4Increased self-efficacy [41,42,44,57]

4Increased sleep [26,45,47,50]

2Decreased fatigue/increased resilience [45,46]

1Decreased anger [26]

2None [34,57]

1Decreased decision conflict [30]

1Decreased decision regret [30]

1Decreased digestive disturbance [26]

1Decreased pain [26]

1Decreased readmissionsa [52]

1Enabled preference for telemedicine [25]

1Extended care to rural patients [28]

1Increased medication adherence [41]

1Reduced health costs per patienta [27]

82Administrative observationsa

aCollected data that show effectiveness.

Barriers to the Adoption of mHealth for Mental Health
Care
Three barriers were identified in the literature for the adoption
of mHealth for mental health care. mHealth and telemedicine
may not be the preferred modality of treatment for some patients
or providers. This, along with the requirement to train staff, was
identified in the literature 33 times [25-57]. The other barrier
was for countries that must receive reimbursement for care, and
that telemedicine modalities are not often fully reimbursed to
the point where they would pay for the intervention. This
o b s e r v a t i o n  o c c u r r e d  1 9  t i m e s
[25-28,30,31,35-37,41-44,49-53,56].

Interactions Between Interventions
When mHealth was used as the intervention, a reduction in both
dep res s ion  and  anx ie ty  was  r epo r t ed
[26,27,29,30,32,33,35,36,38,39,41,43,45-50,53,55,56]. The
same can be said for telemedicine [25,28,31,40,44,51,52], and
mostly for telephone intervention [34,37,42,54]. Only 1 of each
telephone [34] intervention and telemonitoring [57] intervention
had no effect on depression or anxiety.

Discussion

Summary of Evidence
This systematic literature review analyzed 33 RCTs from 14
countries published over a 1-year period in peer-reviewed,
academic journals using adults as participants (half of which
were older adults) to analyze the effectiveness of mHealth for
mental health care. A total of 4 interventions were studied:
mHealth or eHealth apps, telemedicine (delivered over either a
computer or a mobile device), telephone, and telemonitoring.
Strong study methodologies resulted in low bias within and
across studies. Observations of both sample and selection bias
were noted, but there was nothing significant to report from
these sources of bias. Overall, the interventions resulted in 26
instances of reduced depression; 19 instances of reduced anxiety;
7 instances of increased quality of life; 5 instances of increased
mental well-being; 4 instances of decreased stress, increased
self-efficacy, and increased sleep; 2 instances of decreased
fatigue or increased resilience; and 1 instance each of decreased
anger, decision regret, decision conflict, digestive disturbance,
pain, readmission, and health care costs per patient. Only 2
studies reported no effect on depression and anxiety.

Future research should focus on standardizing mHealth into
clinical practice guidelines for the treatment of some depression
and anxiety issues. mHealth interventions can be rapidly
deployed to a wide range of patient for very little money [27].
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All but 2 studies reported improvements in at least one area of
care [34,57]. This shows great promise for this modality of care.

Results from this systematic review should empower providers
to adopt some mHealth interventions to augment or supplant
existing practices; however, a few barriers should be addressed.
While mHealth interventions can be conveniently adopted by
some providers, it may not be the preferred modality for some
patients. Providers should be sensitive to patient preferences.
As mHealth and telemedicine modalities are introduced to
provider clinics, staff training will have to take place, but after
initial training has occurred, small refresher training should be
all that is necessary. Finally, while many countries introduced
reimbursement mechanisms during the pandemic, many have
expired or have not been renewed. This is an important policy
point that this review documents. It is imperative that the
efficacy of this modality be recognized as beneficial to patients,
and as such they should be reimbursed appropriately.

Limitations
This study has several limitations. While confirmation bias can
create problems for researchers, multiple reviewers were used
to control for this bias. While selection bias can be a problem
with internal validity, multiple research databases were used to

control for this bias. Publication bias is one this study did not
control for. Because we only used studies published in
peer-reviewed academic journals, it is possible there are other
studies without positive results that we failed to include in the
analysis. Our review used a Boolean search string from MeSH
to ensure the search was exhaustive, but this technique may
have overlooked articles indexed with terms other than those
in MeSH. The short time frame of acceptance criteria (1 year)
may also have introduced a limitation because there may have
been older studies with results worthy of analysis. Including
these studies may have biased the results during the pandemic.

Conclusions
mHealth is an effective tool to augment or, in some cases,
supplant certain treatments of mental health care. It has been
shown to improve depression and anxiety (primary research
objectives) and many other conditions such as distress, sleep
disturbance, pain, digestive disturbance, anger, fatigue, decision
regret, and self-efficacy. Although some studies reported results
that were not statistically significant, all but 2 interventions
showed improvement in at least one area of care. These results
are promising for both patients and providers seeking additional
methods of care.
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Abstract

Background: The effectiveness of virtual reality exposure (VRE) in the treatment of anxiety disorders is well established.
Several psychological mechanisms of VRE have been identified, whereby both emotional processing and the sense of presence
play a key role. However, there are only few studies that contribute to our knowledge of examples of implementation in the case
of VRE for claustrophobia based on patients' experiences and the perspective of therapists.

Objective: This study asks for key elements of a VRE app that are necessary for effective exposure for people with claustrophobic
symptoms.

Methods: A mixed methods design was applied in which patients (n=15) and therapeutic experts (n=15) tested a VRE intervention
of an elevator ride at 5 intensity levels. Intensity was varied by elevator size, duration of the elevator ride, and presence of virtual
humans. Quantitative measures examined self-reported presence with the Igroup Presence Questionnaire (IPQ) ranging from 0
to 6 and 15 Likert-scaled evaluation items that had been developed for the purpose of this study, ranging from 1 to 5. In both
measures, higher scores indicate higher levels of presence or agreement. Think-aloud protocols of the patients and semistructured
interviews posttreatment of all participants were conducted to gain in-depth perspectives on emotional processes.

Results: The intervention induced a feeling of presence in patients and experts, posttreatment scores showed a high IPQ presence
score (mean 3.84, SD 0.88), with its subscores IPQ spatial presence (mean 4.53, SD 1.06), IPQ involvement (mean 3.83, SD
1.22), and IPQ experienced realism (mean 2.75, SD 1.02). Patients preferred a setting in the presence of a therapist (mean 4.13,
SD 0.83) more than the experts did (mean 3.33, SD 1.54). Think-aloud protocols of the patients revealed that presence and anxiety
both were achieved. Qualitative interviews of patients and experts uncovered 8 topics: feelings and emotions, personal story,
telepresence, potential therapeutic effects, barriers, conditions and requirements, future prospects, and realization. The intensity
levels were felt to appropriately increase in challenge, with ambivalent results regarding the final level. Virtual humans contributed
to feelings of fear.

Conclusions: Key elements of a VRE app for claustrophobic symptoms should include variation of intensity by adding challenging
cues in order to evoke presence and anxiety. Virtual humans are a suitable possibility to make the intervention realistic and to
provide a sense of closeness; however, some of the fears might then be related to symptoms of social phobia or agoraphobia.
Patients may need the physical presence of a therapist, though not all of them share this view. A higher degree of sophistication
in the intensity levels is needed to deliver targeted help for specific symptoms of anxiety.

(JMIR Ment Health 2022;9(12):e40056)   doi:10.2196/40056
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Introduction

Virtual Reality Exposure in the Treatment of Anxiety
Disorders
Anxiety disorders are the most prevalent mental disorders
worldwide [1], with a considerable impact on the individual's
quality of life [2] and on occupational outcomes [3]. A
substantial share of patients with anxiety show comorbid
depressive symptoms and remain chronically affected [4].
Treatment guidelines recommend cognitive behavioral therapy
(CBT) as an effective treatment [5-7], of which exposure therapy
(ET) is a core element of evidence-based approaches [8]. This
specific therapy form builds upon the mechanisms of
conditioning and learning. By exposing the patient to the feared
situation or object, they may overcome the anxiety. Mechanisms
behind this therapeutic effect have been identified as cognitive
and emotional factors, such as inhibitory learning, emotional
processing, and self-efficacy [9]. ET has been elaborated in
various formats beyond the classical in vivo exposure, including
the computer-based presentation of the feared stimulus. Digital
technology was formerly used to create an exposure situation
based on videos or images. More recent approaches use
augmented reality (AR) and virtual reality (VR) apps with the
use of mobile technology and head-mounted displays (HMDs),
respectively [10]. Virtual exposure has the advantage of
increasing the self-reflectiveness of patients [11] and provide
a better level of standardization for clinicians [12].

The state of the art of virtual reality exposure (VRE) for anxiety
disorders allows for multiple purposes in terms of objectives
and scope of diagnoses. VRE is currently used for the
assessment and treatment of anxiety and related disorders, such
as obsessive-compulsive disorders and posttraumatic stress
disorders [9,13], as well as a diagnostic tool for paranoid
ideations [14]. Studies show promising results for the treatment
of social anxiety disorders and fear of public speaking [15,16]
by including virtual humans that may be controlled by a therapist
[17]. A comparable effectiveness of VRE in the treatment of
anxiety disorders compared to in vivo treatment has been
successfully identified in the broad spectrum of anxiety-related
disorders [18,19] and specific phobias [20,21]. Deterioration
rates are likely to occur randomly and could not be traced back
to the application of VRE therapy in a meta-analysis with several
treatment approaches for anxiety [22].

Psychological Mechanisms of VRE in Specific Phobias
The effectiveness of ET for specific phobias in general can be
explained by several factors. In early studies, the emotional
processing theory by Foa and Kozak [23] served as an
explanation [9]. Foa and Kozak [23] showed that in exposure,
(1) the fear response has to be activated, then (2) a habituation
(decrease) of fear will take place gradually, and (3) the initial
reaction to the feared situation or object will decrease over
several sessions. In line with these findings, the avoidance of
relaxation during exposure has been detected to be an important

emotional prerequisite for a successful ET in several studies,
as compiled by Böhnlein et al [10]. In their review, they found
several other emotional, cognitive, and behavioral factors that
explain the success of ET (eg, cognitive factors as self-efficacy
before and the focus on changes in fear-relevant cognitions
during the exposure), that is, by increasing awareness for
cognitions before and after experiencing stress during ET. An
important behavioral success factor is the variation of the context
or stimulus variation [10]. With respect to the latter, different
levels of stimuli variations seem to be beneficial for the
reduction in phobic symptoms. For this reason, VRE apps
usually offer different intensity levels by gradually adding more
fear-evoking cues within the virtual environment (see, eg, Ref.
[24] for social phobias and Ref. [25] for acrophobia).

When working with VR environments, the feared context or
stimulus can only be felt by the user if there is a sense of
presence, in other words a feeling of “being there,” during the
VR session [26]. Three aspects constitute the nature of presence,
which are (1) spatial presence (ie, the degree of experiencing
the environment as a 3D room to interact in), (2) involvement
(ie, the strength of internal focus toward the VR environment
and the degree of “forgetting” the real world), and (3) realness
(ie, the degree of comparability of the VR environment with
the real world) [27]. Study results show a positive relationship
between the sense of presence and anxiety, although with a
larger effect for fear of animals and fear of flying and nearly
no effect for social phobias and claustrophobia [26]. Presence
is closely related to phobic elements within the VR environment
and therefore to a feeling of anxiety, but presence alone is not
sufficient for a positive treatment outcome [28]. Presence is a
concept that describes the perspective of the user, while the
objective attribute of the technology enabling the user to feel
presence is summarized by the term “immersion” [29]. In
anxiety treatment, higher levels of immersion are associated
with the correlation of presence and anxiety [26].

Nevertheless, presence seems to be no necessary requirement
for inducing fears within VR, as shown in a study that
investigated whether social anxiety could be induced more
effectively by in vivo talking to somebody or during
conversation with avatars. The authors emphasized that although
virtual conversation was rated with lower presence, participants
reported a higher degree of fear toward their virtual counterpart
[30].

Relevance and Examples of the Treatment of
Claustrophobia
Claustrophobia belongs to the category of several specific
phobias and refers to an irrational fear and avoidance of enclosed
places (elevators, tunnels, caves) and the inability to escape
from them. The fear seems to be composed of a fear of
suffocation and of confinement [31]. Epidemiological studies
estimate a lifetime prevalence of 2.2%, with a treatment rate of
27.5% [32]. However, subclinical symptoms in daily life that
are reported by the general population have been observed in
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12.5% [33], and more low-threshold treatment offers might be
necessary to meet the demands of these people. Specific phobias
are associated with impairment and show high comorbidity with
other mental health disorders [32]. Moreover, a recent
population-based survey in 24 countries showed that patients
suffering from specific phobias who were seeking professional
help received helpful treatment only in 23% of cases from their
first professional contact [34]. In the case of claustrophobia, the
limitations due to this phobia become highly relevant for patients
preparing for an MRI scan. Many radiographers report being
confronted daily with claustrophobic patients [35]. VR
technology is currently used for symptom reduction in MRI
scans in educational programs [36,37] or for the purpose of
distraction [38].

Only few studies describe VRE specifically aiming at the
treatment of claustrophobia, although the first studies were
conducted based on a case study as early as 1998 [39] and by
the same author with 4 participants in 2000 [40]. As reported
by Ling et al [26], the role of presence in VRE for
claustrophobia was investigated only in 2 studies, which did
not find a relationship between presence and the degree of
anxiety felt. Following the above-mentioned review of Böhnlein
et al [10], important behavioral factors might have been missing,
such as sufficient variation of context, which is a necessary
success factor of ET. Other studies make use of rather simple
settings to induce claustrophobic fears (eg, a closed box [41]
or a room with a sudden fire), which might trigger confounding
fears, in addition to claustrophobia [42]. The experience of
narrow space in reality is not only influenced by the size of a
room but also by the presence of other people, such as in
crowded places or supermarkets. This is especially the case in
an elevator, where one has to share a room that is already narrow
due to the presence of others. This might be one reason some
authors consider claustrophobia a prodromal stage of
agoraphobia [43].

The Therapeutic Experts' Perspective on VRE
Former study results show a generally high acceptance of VRE
among therapists but at the same time a low familiarity [44].
Studies so far have analyzed the experiences and treatment
effects on patients. However, we did not find any study that
included the experiences made by therapists of different
therapeutic backgrounds testing the same intervention as their
potential patients, even in studies where the VR sessions were
therapist-led by voiceover instructions and therapists thereby
stayed in contact with their patients [45]. The perspective of
therapeutic experts is essential to understand the experiences
reported by patients during and after VRE and different views
due to the variety of approaches (CBT or psychodynamic) might
add valuable insights. For the implementation in anxiety
treatment, it is also interesting to find out which factors might
influence the therapists' attitudes and openness toward the use
of VRE interventions in their therapies. As therapeutic experts
will prescribe this kind of intervention in the future,
understanding their perspective is crucial for future
developments.

Objectives
The aim of this study was to test a VR app with different
intensity levels for the future use of VRE for claustrophobic
symptoms in order to find key elements that are necessary for
exposure. To reach this goal, we asked whether our fully
immersive intervention is sufficiently able to induce feelings
of presence as a basic requirement to evoke anxiety.
Furthermore, the following question was studied: Did intensity
levels reflect an appropriate growth in challenge for future
personalization of the app?

Additionally, we were also interested in the perspective of
psychotherapeutic experts of different approaches regarding the
content of the intensity levels and potential barriers and
facilitators for implementation into their future clinical practice.

Methods

Study Design
This study was a nonrandomized feasibility study that analyzed
the experiences and perspectives of patients and therapeutic
experts regarding a VRE app for symptoms of claustrophobia.

The app was developed by clinicians and technology experts
in the context of the nationally funded project SELFPASS
(Self-administered Psycho-Therapy Systems) that has been
described elsewhere [46,47]. The design and content of the
intervention were closely oriented to psychotherapeutic manuals
of CBT [48]. The intervention was designed as a fully immersive
system with the use of HMD technology that has the advantage
of shutting out physical reality, while providing a high degree
of fidelity [49].

A convergent mixed methods approach was used, with
quantitative measures pre- and posttreatment, think-aloud
protocols during treatment, and qualitative interviews
posttreatment [50]. This combination of methods allowed for
the integration of generalizable aspects with quantitative scales,
on the one hand, and a detailed description of individual
experiences with qualitative material, on the other hand [51].
The latter had an impact on the sample size considerations. As
we chose to carry out qualitative interviews and to analyze
think-aloud protocols, we limited the group size to 15
participants in each group. We chose equal group sizes to be
able to compare scales. However, as emphasized by Malterud
et al [52], the more information power the sample holds, the
lower the sample size that can be planned. One important factor
that contributes to information power is the quality of dialogue
that we considered as high due to the close contact to the
participants during and after the intervention.

Recruitment and Procedures
Recruitment was performed by postings and mail distribution
services to patients, employees, and experts within the
Heidelberg University Hospital’s Department of Internal
Medicine and Psychosomatics in the Medical Faculty. The
criteria for inclusion were a minimum age of 18 years and the
capacity to provide consent. Patients were included when they
reported suffering from symptoms of claustrophobia and when
they had received a diagnosis of an anxiety disorder of any kind
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by a physician at the Heidelberg University Hospital within the
past year. A Structured Clinical Interview for DSM-5 (SCID)
interview [53] was then conducted by author NG, who is a
trained psychotherapist. This interview was conducted to
exclude those patients in danger of suicidality or psychosis and
to confirm the self-reported symptom profile. Experts were
considered eligible if they held a university degree in medicine
or psychology and were active in the field of psychotherapy,
psychiatry, or psychosomatics. To obtain broad perspective of
feedback, experts from various psychotherapeutic approaches
were considered eligible, such as psychodynamic,
psychoanalytic, and systemic approaches, as well as CBT.

The testing procedures were carried out in a separate room
within the facilities of the hospital. For the time of the study,

an area of at least 9 m2 was reserved. The hardware consisted
of an HTV VIVE Pro Eye headset, 2 base stations, and 2
controllers. The 2 base stations were set up in the corners of the
room to serve as reference points for the headset and controllers.
Participants' safety was guaranteed by the presence of at least
1 researcher, who took care for the position of the cable.
Hygienic measures were applied before and after testing to
reduce the risk of infection during the COVID-19 pandemic.

Ethical Considerations
Ethical approval was obtained from the Ethics Committee of
the University of Heidelberg (S-746/2020), and recruitment
started thereafter. All participants signed an informed consent
form.

Measurements
Participants completed a short questionnaire with demographic
details, the technology commitment scale (TCS) [54], and the
State-Anxiety Scale of the State-Trait Anxiety Inventory
(STAI-S) [55]. The concept of technology commitment refers
to the individual readiness to use technology, which is based
on 3 underlying concepts: technology acceptance, technology
competence conviction, and technology control conviction. All
12 items range from 1 (fully disagree) to 5 (fully agree), with
single items to be coded reversely. The instrument shows high
correlation to the concept of self-efficacy; however, it is more
closely related to the use of technology [56]. There are no cut-off
values for the TCS; however, population studies have shown
mean values of mean 3.73 (SD 0.62) in technology commitment,
a mean of 3.27 (SD 0.94) for technology acceptance, a mean of
4.16 (SD 0.80) for technology competence conviction, and a
mean of 3.75 (SD 0.74) for technology control conviction [56].
We expected no differences in technology commitment between
patients and experts, as both groups should be willing to engage
with the VRE. The STAI-S was applied pretreatment in order
to validate the anxiety of patients before the intervention that
should be higher than in the other group. A cut-off of 41 is

recommended in the literature to differentiate between healthy
and clinical levels of anxiety [57]. We expected higher scores
in the STAI-S for the patients.

Thereafter, they started the virtual tasks. After completion of
at least 3 tasks, they filled out the Igroup Presence Questionnaire
(IPQ) that measured the subscales spatial presence, involvement,
experienced realism, and general presence on a 7-point Likert
scale with 14 items, with higher results indicating a higher sense
of presence [58]. Although the IPQ is a validated instrument,
the authors present no norm values; however, studies by the
authors with values ranging from 0 to 6 were interpreted as
relevant when exceeding a mean of 3 during the intervention
[59]. As the intervention was designed as a fully immersive
app, we expected high levels of presence, as measured by the
subscales of the IPQ in both groups.

A set of 15 evaluation items was developed for the purpose of
this study. These items were Likert-scaled with a range from 1
(lowest) to 5 (highest). The first 15 items asked about the
appropriateness of the design, its clarity, the length of the
intervention, and the perceived usefulness. Two further items
asked for the possibility to carry out the intervention in the
future while being alone or whether there is a need of a therapist
being present. We asked these questions to gain insights into
the different perspectives; however, group comparisons were
not relevant.

All participants were invited for 1 session of a duration of 60-90
minutes. They were asked to complete at least 3 tasks during
the session. The experts were asked to complete tasks 1, 3, and
5. However, every participant could perform all tasks by choice.

The participants were invited to speak aloud during the
intervention and to talk frankly about their observations,
feelings, and emotions, if they wanted to do this. They were
reminded to express their thoughts. However, some participants
were too involved to make use of this opportunity and forgot
to do so. This so-called think-aloud method was applied to
obtain immediate insights into the experiences of the participants
[60]. As our analysis focused on the experiences of patients
carrying out VRE, we only reported on the results of the
think-aloud protocols of the patients.

The semistructured interviews posttreatment included 6
questions that referred to an overall impression of the
intervention, the perception of the intensity levels, the
assessment of effects of the intervention for patients, and
suggestions for improvement. Further questions relating to
specific patient groups and implementation prerequisites were
asked to the experts only. All questions are presented in
Multimedia Appendix 1. The whole process is illustrated in
Figure 1.
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Figure 1. Process of measurements. IPQ: Igroup Presence Questionnaire; STAI: State-Trait Anxiety Inventory.

Virtual Environment
Before starting the virtual tasks, all participants were provided
with an introduction by a female voice guiding them through
the core functionalities of the program. This was performed
using a scenario of the frame of an elevator placed on green
grass, without a roof or walls, consisting only of a bottom panel,
pillars, and an operating panel of the elevator in order to avoid
feelings of claustrophobic anxiety at this stage (Figure 2). The
participants were instructed to try out the operating panel and
to understand 2 buttons: A yellow alarm clock could be pressed
to receive the instruction again. A red “stop” button would
immediately finish the level and lead to the main menu in the
case of an emerging panic attack. The end of each session was
marked by a gray cube that should be pressed downward (Figure
3). During the introduction as well as later during the tasks, the
participants were able to see their own hands but not their body.

After completion of the virtual introduction, the participants
reached the main menu, which was presented in a blue sky over
green grass. Here, they were asked to choose 1 of 5 levels by
pointing at and clicking a number with their controller. After
that, 3 questions were visually and acoustically presented: “How
high is your fear or unease when you think about this task?”,
“How high will your fear or unease be when you will have
completed the task?”, and “How high is your commitment to
complete this task?” These questions were presented as 10-point
scales from 0 (no fear) to 10 (extreme fear) and as percentages
to assess the commitment. After the completion of each task,
participants were asked to assess the amount of actual fear felt
at that moment and to rate their willingness to perform this task
again. After each successful task, the environment changed and
trees grew on the green grass as an element of gamification (see
Figure 4).

The virtual task was an elevator ride in a simulated office
building. Five levels of difficulty with increasing
“claustrophobic” challenges were created to graduate the
intensity of exposure. Four factors were systematically
manipulated to reach the increasing intensity: the size of the
elevator, the duration of the ride, brightness, and the number of
passengers. The size was varied with 3 sizes. The duration was
varied by 3 variables: duration of opening and closing the door,
duration to reach the next floor, and duration of stopping at each
floor. The virtual passengers were able to act responsively when
the participants sought eye contact by returning the gaze, but
they were not able to talk. Examples are presented in Figures
5 and 6.

The first level was a simple task: reaching the second floor from
the ground floor in a large empty elevator without any
passengers (Figure 3). The second level was again a ride in a
rather large elevator from the second to the sixth floor, with 1
female passenger already in the elevator. At the third level, 2
male passengers were in an elevator of medium size, leaving
less space for the participant who had to go from the office on
the 6th floor to the restaurant on the 12th (Figure 6). The fourth
level included 3 passengers, among whom 1 female wore a
COVID-19 mask and coughed (Figure 5). The size of the
elevator was medium. The task was to get from the ninth floor
down to the ground floor. At the final level, no passengers were
in the elevator, but the task was to get from the parking area on
the second floor to the ninth floor. At this stage, the elevator
was as small as in none of the previous scenarios, with dark
lighting and old elevator noises. With each level, the waiting
time in front of the elevator increased, while the speed of the
elevator during the ride reduced. In addition, the VR
environment allowed participants to get out on another floor,
but the level could only be completed in the respective level
that had been communicated in the task.
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Figure 2. Own hand pressing a button by using the controller during the introduction to the program.

Figure 3. View out of the elevator with the final cube (to be pressed down).

Figure 4. Start screen; after each level, more trees were "won." SELFPASS: Self-administered Psycho-Therapy Systems.
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Figure 5. Female virtual passenger at level 4.

Figure 6. Two male virtual passengers at level 3.

Data Analysis
The quantitative data were first analyzed descriptively, and
means, SDs, frequencies, and percentages are reported. The
scores of the 3 scales STAI-S, TCS, and IPQ were calculated
according to the manuals. We carried out a reliability analysis
for the scales, the STAI-S reached α=.93, the TCS showed
α=.87, and the IPQ’s α was .81. Therefore, all scales reached
a good level of reliability [61]. The IPQ items were recoded so
that the original range of –3 to +3 was transferred to 0 to 6. We
explored differences between the groups in the TCS and IPQ
scores by t tests. In the case of a violation of the homogeneity
assumption, we chose the Welch test results. In the case of the
STAI, which is usually treated as an ordinal scale [62], we
preferred a nonparametric test and performed a Mann-Whitney

U test [63]. A significance level of P<.05 was considered
statistically significant. Evaluation items were recoded, if
necessary, and an evaluation score from 1 (low evaluation) to
5 (high evaluation) was calculated out of the first 13 items. Two
further items referred to the need of assistance by a therapist
and to the potential to carry out the intervention alone. These
items were calculated separately. Statistical analysis was carried
out using the Statistical Package for the Social Sciences (IBM
SPSS Statistics ver. 24).

The think-aloud protocols of the patients and the semistructured
interviews of all participants were transcribed and analyzed
with the help of MAXQDA [64]. The think-aloud protocols
were analyzed by 1 of the researchers (author JB) and supervised
by author GM. Two coders (authors GM and SH) carried out
the analysis of the interviews. The research team thoroughly
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discussed the 2 coding systems, and disagreements were
resolved. Following the rationale of analysis by an inductive
approach, as suggested by Mayring [65], new codes were added
when new aspects emerged from the data; however, after
reaching half of the material, no new codes were accepted. In
the qualitative part, we did not count codes, as the frequent
occurrence of a topic might not reflect its importance but rather
the willingness to talk longer on that topic than on another [66].

Results

Participants
A total of 30 participants took part in the study, with 15 (50%)
patients and 15 (50%) experts. The mean age of all participants
was 40.14 (SD 14.33) years. The patients’ age ranged from 20
to 72 years and showed a mean of 46.07 (SD 17.48) years. The
age of the experts ranged from 26 to 41 years, with a mean of
33.79 (SD 17.48) years. Demographic details are presented in
Table 1.

Table 1. Demographic characteristics of the study sample.

Participants, n (%)Characteristics

All (N=30)Experts (n=15)Patients (n=15)

Gender

17 (56.7)9 (60.0)8 (53.3)Male

13 (43.3)6 (40.0)7 (46.7)Female

Profession

N/AN/Aa2 (13.3)Student

N/AN/A3 (20.0)Employee

N/AN/A4 (26.7)Retired

N/AN/A3 (20.0)Not employed

N/AN/A3 (20.0)Other

Therapist background (multiple choice)

N/A9 (60.0)N/APsychodynamic therapy

N/A5 (33.3)N/ACBTb

N/A2 (13.3)N/ASystemic family therapy

N/A1 (6.7)N/AOther

aN/A: not applicable.
bCBT: cognitive behavioral therapy.

Pretreatment Scores
Patients showed the highest scores of state anxiety before
starting the intervention. A Mann-Whitney U test indicated that
the anxiety of the patients was higher than that of the experts:
U=154, P=.03. Experts expressed higher scores in technology
commitment than patients (see Table 2). The t tests showed

significant differences in the total score between technology
commitment (t28=2.19, P=.04) and technology competence
conviction (t28=3.53, P=.002). Other subscores were not
significantly different between the 2 groups (technology
acceptance: t28=0.90, P=.38; technology control conviction:
t28=1.01, P=.32).
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Table 2. Scores of STAI-Sa and TCSb pretreatment.

P valueAll (N=30), mean (SD)Experts (n=15), mean (SD)Patients (n=15), mean (SD)Scale

.0341.14 (10.30)36.80 (8.29)45.79 (10.46)STAI-S (N=29)c

TCS

.043.99 (0.66)4.23 (0.67)3.74 (0.56)Total

.383.32 (0.91)3.47 (0.96)3.17 (0.87)Technology acceptance

.0025.02 (0.86)5.48 (0.47)4.55 (0.91)Technology competence conviction

.323.63 (0.68)3.75 (0.85)3.50 (0.45)Technology control conviction

aSTAI-S: State-Anxiety Scale of the State-Trait Anxiety Inventory.
bTCS: technology commitment scale.
cData of 1 patient were missing for the STAI-S.

Posttreatment Scores
The VR intervention reached an IPQ presence score of mean
3.84 (SD 0.88), and its highest subscore was the IPQ spatial
presence (mean 4.53, SD 1.06).

The t tests revealed significant differences in IPQ spatial
presence (t28=2.50, P=.02). There was no significant difference
between the 2 groups regarding IPQ involvement (t28=–0.30,
P=.77), IPQ experienced realism (t28=–0.71, P=.49), and IPQ
total (t28=0.48, P=.63).

For details of posttreatment IPQ scores, see Table 3.

Overall evaluation was high (mean 4.25, SD 0.32). Answers to
the question “I think such interventions are better conducted in
the presence of a therapist” had a mean score of 4.13 (SD 0.83)
for patients and 3.33 (SD 1.54) for experts, while the question
“I could imagine carrying out such interventions alone in the
future” had a mean score of 4.20 (SD 1.01) by the patients and
4.00 (SD 1.07) by the experts. All details of further evaluation
items are presented in Multimedia Appendix 2.

Table 3. Scores of IPQa presence (range: 0=lowest, 6=highest).

P valueAll (N=30), mean (SD)Experts (n=15), mean (SD)Patients (n=15), mean (SD)Scale

.633.84 (0.88)3.92 (0.87)3.77 (0.91)IPQ (total)

.024.53 (1.06)4.97 (0.82)4.08 (1.12)IPQ spatial presence

.773.83 (1.22)3.77 (1.23)3.90 (1.25)IPQ involvement

.492.75 (1.02)2.62 (0.80)2.88 (1.22)IPQ experienced realism

aIPQ: Igroup Presence Questionnaire.

Qualitative Results I: Think-Aloud Method
Of the 15 patients, 12 (80%) decided to share their observations
and experiences with the think-aloud technique during the
intervention, while 3 (20%) made only short comments when
technical problems occurred. All codes and subcodes are listed

in Table 4. In the following section, the codes “feelings and
emotions,“ ”self-assessment,“ and ”telepresence“ are elaborated.
The 3 codes ”intensity levels,“ ”own technical expertise,“ and
”technical problems“ are related to comments on the quality of
different levels in comparison to other software and to problems
during the handling of the program.

Table 4. Patients’ expressions during the intervention (think-aloud method).

SubcodesCodes

fear, tension, relaxation, emotional coping, perception of the virtual humans, perception of the elevatorFeelings and emotions

anxiety, willingness, motivation, satisfactionSelf-assessment

involvement, spatial presence, realismTelepresence

N/AaIntensity levels

N/AOwn technical expertise

control problems, software errors, interaction with program/supervisorTechnical problems

aN/A: not applicable.
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Feelings and Emotions
A broad category of ”feelings and emotions“ described notions
of fear, tension, and relaxation. Moreover, emotional coping
was a feeling that was expressed as a positive emotional reaction
to a threatening situation. Finally, perceptions of the virtual
humans and of the elevator were expressed in a highly emotional
way and therefore coded as feelings and emotions as well.

Many patients reported directly feeling claustrophobic
symptoms, for example, in the following expression:

Oh God. Woah...why do you build something like
that? I always feel like being buried alive. [Patient,
48 years, male, fear/perception of the elevator]

The feelings and emotions that patients reported during the
intervention revealed that their anxiety could not be summarized
as claustrophobic symptoms alone. Due to the presence of 1-3
virtual humans from level 2 on, further symptoms were reported
that might be explained by shame or a feeling of not being able
to escape from the situation, as observed both in social phobic
and in agoraphobic patients.

The two people, one person looked at me, I don't like
being watched, it's sort of uncomfortable and then
the noises of the person standing behind me,…exactly
so the fear was then getting in and driving higher and
when I'm out, I can't think of a better term for it, I felt
relief there to get out. [Patient, 31 years, male,
fear/perception of the virtual humans]

Relaxation was expressed by patients after completion of a
level:

I was happy to just be out and then the thing was,
then I could literally leave it behind me. [Patient, 31
years, male, relaxation]

Moreover, patients talked about applying emotional coping
while feeling their symptoms of claustrophobia:

I would like to lean against the wall a bit, but that's
not possible right now…Yeah. Wall in the back for
sure, because nothing can come from behind…Yes,
that gives security that nothing is coming from behind
and since I also partly know, I can already tell that,
ah ok (yells), I hate it when it counts down and I don't
know what's coming out. [Patient, 28 years, male,
fear/emotional coping]

Self-Assessment
Before and after the intervention, the users were asked to assess
the degree of anxiety that was expected in advance or
experienced retrospectively, the degree of motivation, and the

willingness to repeat the intervention. Some patients took this
task seriously and answered in a sophisticated way:

How willing are you to repeat this exercise? Since I
take it as a learning success, I'll say 80%, 100%
would be up here, because I'd like to escape from
something like that. But since I just take it as a
starting point to further work on my problems I'll just
say 80%. [Patient, 28 years, male, motivation/
willingness]

Patients often stayed in contact with the psychologist during
this part of the intervention. When they chose a level of anxiety
felt with their controllers, it was coded as part of the
self-assessment and not under the code ”feelings and emotions“:

Well, so also 5-6. I'm shaking already, see? [Patient,
72 years, female, anxiety]

Telepresence
The patients reported feeling spatial presence, realism, and
involvement during the VRE. The code spatial presence
reflected the perception of the room, while realism was given
when elements of the intervention tended to be confounded with
reality.

To be honest, I'm a bit scared that I'll run into
something, hehe. [Patient, 29 years, male, spatial
presence]

Whoa, isn't it normal? It's not normal that you're
afraid of virtual people? [Patient, 48 years, male,
realism]

However, some of the patients expressed still being aware of
the difference between the real and the virtual environment.
This awareness provided a feeling of controllability, as shown
in the following quote:

The good thing about it is that I know that nothing
can happen to me in this case…With a normal
elevator, it even starts when I go down a few
centimeters... [Patient, 58 years, male, realism]

Involvement, in turn, indicated that the participants were
submerged in the experience.

But now I was so focused on it that I didn't understand
which floor, haha. Believe 2nd, but there I am.
[Patient, 36 years, female, involvement]

Qualitative Results II: Semistructured Interviews
The analysis of the semistructured interviews posttreatment
revealed 8 main categories with 34 subcategories in total (Table
5). In the following section, we report all coding in short and
provide examples.
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Table 5. Codes and subcodes of the qualitative analysis.

SubcodesCodes

fear, tension, controllability, distress, symptom improvement, positive experiences, perception of virtual
humans

Feelings and emotions

history of anxiety, personal backgroundPersonal story

virtuality-reality discrepancy, immersion, realism, perception of the spaceTelepresence

needs of patients, experiences as a therapist, intensity levels, risks, therapeutic approach, comparison
with in vivo, effect

Potential therapeutic effects

financial/technical effort, therapeutic approachBarriers

costs, premises, therapeutic settingConditions and requirements

therapeutic potential, target group, future challengesFuture prospects

gamification, hardware, software, suggestions for improvement, personalizationRealization

Feelings and Emotions
The participants talked about their experiences during the VR
intervention in a detailed way and openly shared their personal
feelings, such as fear, tension, or distress. Fear was observed
in both groups. However, experts talked about their anxious
feelings in another way (eg, using words such as ”unpleasant“
or ”odd“). Two factors were often reported as triggers for the
anxious feelings: the presence of the other virtual humans and
the fear of getting stuck:

I know my fears. I asked myself “what happens next?”
and “does it get stuck?” That would have been the
super disaster. Of course, then you can take off your
glasses. However, I would not have done it, for
whatever reason. [Patient, 53 years, male, fear/history
of anxiety]

Moreover, most participants assessed the perception of virtual
humans as strange and frightening. In particular, the male virtual
humans, who were quite tall, caused negative feelings. One of
the experts hinted at the possibility of potential risks for female
patients with a sexual trauma. One patient even expressed
feelings of being negatively concerned with fictitious
expectations of the virtual humans:

As I'm in a hotel or something like, um, waiting for
an elevator…there is actually such a tension, um, that
it could get uncomfortable…And this waiting and then
the people in the elevator. You don't want to attract
negative attention or anything. [Patient, 29 years,
male, tension/perception of virtual humans/history of
anxiety]

Some participants insisted on keeping control over the situation,
as interpreted with controllability:

Accordingly, uh, you always have it in your head:
Yes, I can also cancel it. [Patient, 53 years, male,
controllability/virtuality-reality discrepancy]

Many participants reported positive experiences. They assessed
the VR intervention as appealing and useful. Specifically,
patients talked about the individual symptom improvement that
they observed within themselves after the intervention by
passing through stepwise different levels. In this context,
participants expressed the wish to have more than 5 intensity

levels, which in turn was an important factor for realization
(see next).

Personal Story
As the participants were invited to talk frankly about personal
feelings, some of them took the opportunity to talk about their
own story, either their personal background or their history of
anxiety. The latter included descriptions of patients that went
beyond symptoms of claustrophobia, as most of them were
burdened by complex psychosomatic symptom profiles. Some
patients, for example, reported having difficulty breathing and
were sometimes forced to take an elevator, even if the anxiety
is ever-present. Other patients reported to have severe panic
attacks that caused them to resort to psychiatric medication.

Some patients were able to develop own strategies of
self-efficacy in their past:

I had such terrible panic attacks. And it happened to
me in the supermarket and I was so embarrassed, I
could,...I never knew how to pay…So I had to face
the situation every time. After two or three times I
noticed: No, nothing happens in the supermarket.
[Patient, 67 years, female, history of anxiety]

Telepresence
Nearly all participants talked about the degree of telepresence
they experienced during the intervention. Their statements
referred to the discrepancy between virtuality and
reality,immersion, realism of the environment, and perception
of space, of which all terms will be explained as follows: First,
some participants reported feeling remaining doubts regarding
the presence of the virtual world, which was termed as
virtuality-reality discrepancy. The following example illustrates
the ambivalence of this experience:

Because there was in the back of your mind, it is now
like this...it is not real in the sense that you normally
have it. Where you then walk stairs.” “Understand.”
“Before you get into the elevator.” [Patient, 58 years,
male, virtuality-reality discrepancy]

However, some participants said that only the cable reminded
them of the existence of the real world, while 1 participant stated
that she almost leaned against the elevator wall, as she usually
does during an elevator ride. Both examples serve as an
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illustration for immersion as an effectual prerequisite of the
feeling of presence.

The perception of space was highly influenced by the presence
of virtual humans, which seemed to contribute to the limited
space in the elevator:

The most difficult for me were the many people. That
was the most difficult, yes. Yes, that makes the whole
thing even tighter...Because of the tightness because
of the people in such a small elevator. [Patient, 58
years, male, anxiety/perception of virtual
humans/perception of the space]

As a final characteristic subcode within telepresence, realism
described the sense that the design and realization of the
intervention was conducted in a realistic way. This issue raised
some critical remarks, as the graphical realization of the virtual
humans was not assessed to be state-of-the-art technology, and
therefore some quotes were categorized as well as suggestions
for improvement within the main category “realization.”

Potential Therapeutic Effects
The participants commented in detail on the perceived
usefulness of the VR interventions for therapeutic purposes.
Patients' needs were in the focus of strong concerns, as many
participants observed that the VR intervention might not be
suitable for every kind of patient. Elderly patients might not
benefit from this kind of technology; moreover, some patients
could need more individual cues to trigger their anxiety, and
therefore, a broader range of intensity levels is needed. The
latter directly refers to the subcode intensity levels, which were
assessed as not fully building up on each other in terms of
difficulty. The final intensity level took place at night and alone
in a small elevator, whereas levels 3 and 4 included virtual
humans. Many participants, but not all of them, found the
sessions with the virtual humans more difficult than being
completely alone at level 5.

The experts argued from their professional perspective when
talking about their experiences as therapists. In doing so, they
voiced the wish for controlling the situation and the time frame,
as it might be necessary to stay for a long time in a situation
until the anxiety decreases. The therapists appreciated the
possibility of a smooth start for patients and assessed VRE as
comparable to in vivo or as a starting point:

I can also imagine that it will be well accepted,
because you can't make a fool of yourself in that
sense…It's just something different when you really
go to the department store and do some exercise.
[Expert, 40 years, male, therapeutic
potential/comparison with in vivo]

Finally, related risks raised by the participants mainly referred
to a potential scenario of doing the VRE alone without guidance.
In this case, some participants identified an increased danger
of being left alone with a panic attack.

Barriers
There were a few reasons participants would not use the VR
intervention for therapeutic purposes. These reasons can be
summarized by restrictions due to high financial or technical

efforts that were seen by those therapists who were talking about
therapy in a private practice, where care is not provided by a
clinic. Other barriers were reported by therapists who followed
other therapeutic approaches than CBT. Especially
psychodynamic therapists stated not to concentrate on a mere
behavioral training when treating an anxiety disorder, as
expressed, for example, in the following statement:

And with whom I wouldn't do it? I don't think it will
help those who—I think—organize or express their
social needs by their fears. [Expert, 30 years, female]

Conditions and Requirements
The category “conditions and requirements” showed some
overlapping meanings with “barriers”; however, additional
aspects, such as requirements and practical considerations, were
reported in this context. Subcodes included cost, facilities, and
therapeutic setting. Many participants, especially experts, but
also patients, considered the presence of a face-to-face therapist
as important for the success of the VR intervention:

In my eyes, the introduction…is actually very well
suited to reduce this fear and to be able to get
involved with this whole thing once. And therefore…it
is definitely important to include other people to
support, from a therapeutic perspective, definitely.
[Patient, 31 years, male]

Nevertheless, some of the experts were convinced that patients
should use the intervention as mere self-management training
at home:

So that you can say this has to be practiced now,
another thing has to be practiced next week…of
course, people must have a setup. Well, I don't feel
like practicing it in a therapy session, I think so,
really, but I would like to let people do it at home.
[Expert, 41 years, male]

Experts who were in favor of a guided setting expressed a desire
for the features to be directly controlled by the therapist during
the session (eg, the degree of narrowness, the number of virtual
humans). This aspect is strongly related to features of
personalization, which were also included in “realization.”

Future Prospects
Overall, the participants described some future prospects for
this kind of VR intervention. They saw much therapeutic
potential in the scenario for different ways of treatment (eg, by
addressing more fears than just claustrophobia, by adding a
glass floor for patients with acrophobia). Further, they defined
target groups that were more or less suitable for comparable
VR interventions. Future challenges were seen in the successful
integration into clinical practice; however, many technological
prospects might allow new possibilities of treatment, as 1 expert
elaborated:

I thought about whether you could still build in
wearables, there are so many watches that measure
the pulse, for example if you could somehow integrate
it into the system that you have markers like
biofeedback. I would think that's great because, I
mean this, shall we say, physiological stress reaction
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that you have that always stops. So if you are, let's
say you are really claustrophobic and you stand in
the elevator with all the people, then you have, you
are in a panic state that lasts for a long time but at
some point it stops and that's that what you show
people over and over again with biofeedback. [Expert,
40 years, male]

Realization
Technical realization was assessed in a differentiated way by
the participants. The gamification elements after each level were
much appreciated. Hardware and software were seen as leaving
room for future improvements, either by finding a solution
without the annoying cable on the HMD or by delivering a more
stable connection, as glitches and distortions were reported in
some cases. However, none of the participants reported feeling
motion sickness, which is a frequently felt consequence of VR
interventions.

Suggestions for improvements were collected as well. They
included ideas for more elaborated intensity levels that should
be directly controllable by the therapist.

The participants recommended providing more opportunities
for personalization features, not only delivered by the therapist,
but also delivered for the patients themselves:

What I still find cool would-be customizability, no,
that is, that you create a personal fear hierarchy and
then maybe adjust the levels accordingly. [Expert, 30
years, female]

Discussion

Principal Findings
Although the effectiveness of VRE in the treatment of anxiety
disorders is well studied and the comparability to in vivo
trainings could be shown in numerous studies [9,14,18,67], to
date, few studies have examined the experiences of patients in
the case of VRE for claustrophobic symptoms. This study used
a mixed methods approach to ask for the experiences and
perspectives of patients and therapeutic experts testing a VRE
app with different intensity levels for claustrophobia with the
use of additional virtual humans within the environment. Our
research intended to understand the inner processes of patients
with anxiety during VRE sessions in order to define key
elements necessary for an effective exposure setting. The
perspective of therapeutic experts was added to understand
potential facilitators and barriers, as well as professionals' view
on the target group and treatment effects. In the long term, the
results might serve to improve the design of comparable apps.

In our results, patients, who initially had the highest pretreatment
anxiety, scored lower than the experts in the total presence score
of the IPQ and in the subscore IPQ spatial presence but higher
in IPQ involvement and IPQ experienced realism; however, the
difference was only significant in the case of spatial presence.
In addition, the qualitative interviews revealed that a
considerable proportion of participants felt the discrepancy
between reality and virtuality (eg, by feeling the cable in their
back). Both groups gave high ratings in the evaluation of

feasibility and acceptability, and the scores were higher in the
patient group.

The patients were asked to think aloud while carrying out the
intervention, and their feelings of anxiety and tension support
the assumption that the intervention successfully led to the
desired effect. However, some symptoms were closely related
to the presence of 1-3 virtual humans from the second intensity
level on. These virtual humans were included to make the
intervention more realistic and provide a further feeling of
narrowness, but they may have evoked sociophobic or
agoraphobic symptoms as well. Specific phobias and
agoraphobia show a correlation of r=0.57 in the literature [68];
however, studies that report comorbidities specifically between
claustrophobia and other anxiety-related disorders are missing.
Further results could be derived from semistructured interviews
with the participants. These results repeated the quantitative
results, as feelings of presence and involvement were reported
in both groups.

Recommendations for the methodology of VR clinical trials in
health care were recently provided by an international working
group. Birckhead et al [69] recommend 3 types of VR trials:
VR1 studies for content development, VR2 studies for proof of
concept, and VR3 studies for clinical evidence. Our study
followed the rationale of VR2 studies. For those studies, the
authors suggest investigating the following parameters: patient
population, clinical setting, assessment of acceptability,
feasibility and tolerability, and, finally, assessment of initial
clinical efficacy. The latter was conceptualized as
patient-reported outcomes, as objective clinical outcomes are
recommended for randomized clinical trials (RCTs) only [69].

Following the criteria of Birckhead et al [69], the patient
population was assessed by targeted recruiting, including SCID
interviews, and supported by the results of the STAI-S, which
exceeded the cut-off of 41 in the patient group [57]. Moreover,
technology commitment was assessed in advance, and even
though patients showed the lowest commitment, the 2 groups
stayed comparable to the population sample of the scale
developers [56]. Low levels of the total score of technology
acceptance of patients might be explained by the lower score
of technology competence conviction in comparison to the
experts. This, in turn, might be due to the higher age of some
of the patients and should be considered in future clinical use.
The clinical setting was established as the intervention was
tested within the facilities of the Heidelberg University Hospital
and with the guidance of a trained psychologist. Feasibility and
acceptability were assessed by evaluation items and by the
semistructured interviews; the results indicate that both may be
considered to have been reached. However, some experts
remained skeptical, especially when they followed a
psychodynamic therapy concept. Unlike cognitive behavioral
therapists, psychodynamic approaches often aim at emotional
experience rather than at habituating high levels of anxiety
aroused by a situation [70]. Tolerability was assessed
qualitatively, as the participants got an opportunity to report on
their own experiences during the intervention. None of the
participants had to stop the intervention due to feeling
overwhelmed or motion sickness, which is a frequent limitation
in the usage of VR apps [71]. The initial clinical efficacy was
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supported by the qualitative statements and could be shown as
patients reported personal success in their self-assessments.
However, further sessions with time intervals between sessions
would be necessary to prove efficacy.

Therapeutic Setting of VRE
An ambivalent topic was the question of whether the
intervention is an exercise that can be conducted at home or
whether the physical presence of a therapist is necessary. It has
to be stated that therapeutic guidelines recommend that a
therapist stay by the side of the patient [7]. On the contrary,
there is growing evidence that a self-management app for VRE
leads to symptom reduction and is at least not inferior to that
with therapist guidance [45,72]. Hence, both kinds of apps are
used in practice [73]. In Germany, there is a self-management
app for anxiety with integrated VR training that is covered by
health insurance [74]. However, therapists might miss the
opportunity to interact with the patient during the intervention
and control variables (eg choice of stimuli, duration, or intensity
levels) [14].

In our results, the patients scored high on the question of
whether the intervention should be accompanied by a therapist
and at the same time they were also convinced that the
intervention could be conducted alone at home. These
ambivalent results may reflect the uncertainty toward the new
technology. However, future studies are necessary to support
our interpretation. With regard to in vivo treatment, we
recommend that the first sessions be always conducted in the
presence of a therapist who might then decide whether the
patient is able to undergo the training alone at home.

In fact, the uptake of VR interventions in clinical practice
remains hesitant [75]. Our results have shown that although
most of our experts, regardless of their therapeutic background,
showed positive attitudes toward the intervention, barriers might
arise due ot costs and the need for a separate room. Another
limiting factor seems to be a lack of evidence-based software
that can be purchased and integrated into one's IT facilities.
Either the software is available but not clinically tested, or the
software is developed within a scientific infrastructure, well
tested, but not commercially available [17].

Based on our results, we suggest the following key elements
for a successful virtual exposure:

• Provide context variation by varying relevant factors
regarding size, duration of a setting, and increasing darkness
[10].

• Allow for systematic variation of the factors in order to
provide an opportunity for individualized training.

• Add self-assessments within the treatment before and after
a session regarding the respective anxiety level actually felt
by the patient.

• Include virtual humans that should be personalized to the
needs of the patients with respect to comorbidities (social
phobia, traumatic experiences).

• Provide a safe therapeutic setting for exposure, as
recommended by treatment guidelines [7].

Directions of Future Research
The potential of VRE might be enhanced by the possibility to
add objective data to the personal feelings of the patient by
integrating sensor data collected with a wearable wristband.
These results can lead to personalized suggestions for the
respective adequate intensity level. With the integration of
real-time physiological data, a validation of the prerequisites
of effective treatment might be possible, as former studies have
shown that different scenarios in film, text, or VR induce
different patterns of parasympathetic activation, with the lowest
result in VR despite the highest self-reported presence [76].
This result is in line with the statement of Böhnlein et al [10],
who found that the avoidance of relaxation is important for the
success of VRE. Finally, future directions must meet the
growing demands of personalized digital interventions. For
example, the sex of the virtual humans as well as their age and
culture-specific features should be tailored to the user [77].

Limitations
To the best of our knowledge, this is the first study to examine
the experiences of patients with anxiety testing a VRE app for
claustrophobia with virtual humans and made use of the
think-aloud method with this target group. However, some
limitations could not be avoided. First, claustrophobia is a
seldom-given diagnosis, so we relied on self-reported symptoms
of patients with a diagnosis of any anxiety disorder. Therefore,
some experiences and feelings reported by the patients might
be due to other fears and not just claustrophobia. As mentioned
in the introduction, some authors already stated that
claustrophobia can be understood as a prodromal stage of
agoraphobia [43]. Second, we only measured state anxiety
before starting the intervention, and therefore, an assessment
of clinical efficacy was only conducted qualitatively and should
be repeated with a longitudinal design, including more
differentiated measures to assess the aspects of claustrophobia
(eg, fear of suffocation and of confinement). Third, our anxiety
assessment during the intervention was only implemented as a
beta version. Future implementation will allow for data export
for therapists to see the patients' progress. Fourth, although the
think-aloud methodology is a renowned method to get in touch
with the immediate feelings and emotions of a person, it might
impede the process of immersion and presence. Future study
designs need to find a way to resolve this paradox. Moreover,
the fourth intensity level of our intervention included a virtual
coughing woman wearing a protective mask. By this, we wanted
to ensure a high degree of realism; however, it cannot be
excluded that health-related fears may interfere with our results.
Finally, the participants could choose an individual level of
intensity. Future studies will investigate the exact effects of all
levels with a higher number of participants in an experimental
design with systematic variation.

Conclusion
A VRE app for claustrophobia with different intensity levels
and with the presence of a gradually increasing number of virtual
humans is feasible for inducing the desired degree of anxiety
in patients in order to work with those fears during a therapy
session. Key elements of a VRE app for claustrophobic
symptoms should provide variation of intensity by adding
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challenging cues in order to induce presence, which is a
necessary state for inducing anxiety. Virtual humans can be
included to make the intervention realistic and to provide a
sense of closeness; however, some of the fears might then as
well be caused by social phobia or agoraphobia. Patients may

need the physical presence of a therapist, even if
psychotherapists argue that the intervention might be conducted
alone as well. More intensity levels are needed, with the option
to adapt the intervention to a personalized symptom profile. By
doing this, a more specific support might be provided.
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Abstract

Background: An increasing number of online support groups are providing advice and information on topics related to mental
health.

Objective: This study aimed to investigate the needs that internet users meet through peer-to-peer interactions.

Methods: A search of 4 databases was performed until August 15, 2022. Qualitative or mixed methods (ie, qualitative and
quantitative) studies investigating interactions among internet users with mental disorders were included. The φ coefficient was
used and machine learning techniques were applied to investigate the associations between the type of mental disorders and
web-based interactions linked to seeking help or support.

Results: Of the 13,098 identified records, 44 studies (analyzed in 54 study-disorder pairs) that assessed 82,091 users and 293,103
posts were included. The most frequent interactions were noted for people with eating disorders (14/54, 26%), depression (12/54,
22%), and psychoactive substance use disorders (9/54, 17%). We grouped interactions between users into 42 codes, with the
empathy or compassion code being the most common (41/54, 76%). The most frequently coexisting codes were request for
information and network (35 times; φ=0.5; P<.001). The algorithms that provided the best accuracy in classifying disorders by
interactions were decision trees (44/54, 81%) and logistic regression (40/54, 74%). The included studies were of moderate quality.

Conclusions: People with mental disorders mostly use the internet to seek support, find answers to their questions, and chat.
The results of this analysis should be interpreted as a proof of concept. More data on web-based interactions among these people
might help apply machine learning methods to develop a tool that might facilitate screening or even support mental health
assessment.

(JMIR Ment Health 2022;9(12):e36056)   doi:10.2196/36056
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Introduction

Background
It is estimated that 38.2% of Europeans and 26.2% of Americans
experience mental disorders annually [1,2]. Unfortunately, social
perception of these disorders is largely based on stereotypes
[3]. Despite antistigma campaigns [4], stigmatization and
discriminatory practices are reinforced by media discourse that
reproduces false and simplified mental representations of people
with mental disorders [5-8]. Therefore, many individuals seek
information or support on the web. The internet is an essential
platform for creating web-based communities that provide a
venue to ask questions, share experiences, and offer mutual
emotional support [9]. Most studies reporting evidence that
websites can provide meaningful help focused on people with
physical disorders such as cancer [10], diabetes mellitus [11],
and Alzheimer disease [12]. However, research suggests that
more attention should be paid to people with psychological
conditions, including those who self-harm [13], those who
experience eating disorders [14], and those with various other
mental disorders [15] because these conditions affect different
aspects of daily functioning. According to the literature, people
with mental disorders are willing to connect with others using
social media [9] even though they have greater difficulties in
establishing relationships offline than people without such
disorders [16]. This trend was further reinforced during the
COVID-19 pandemic when access to face-to-face professional
help became limited and was replaced by remote support
services [17]. At the same time, the number of internet users
grew from 4.1 billion in 2019 to 4.9 billion in 2021 [18], which
means that a higher number of people could benefit from our
research.

According to several studies, both people who generate content
and those who interact with creators may benefit from such an
interaction [19-21]. Unlike spontaneous offline meetings,
web-based interactions do not require the same level of
engagement or instant reactions. Thus, this type of interactions
may help people with mental disorders overcome increased
levels of social anxiety or face information-processing
challenges [22]. This, in turn, may provide a sense of
empowerment and lead to shorter recovery times. In addition,
the internet can offer anonymity, making web-based interactions
with strangers less threatening than in-person contact [23].

Self-esteem is built on several key factors, one of which is a
sense of belonging to a group [24]. Therefore, connecting with
similar individuals (peers) may result in better recovery and
social integration among people with mental disorders [25].
However, stigmatization and rejection can happen even within
the communities themselves [26] but also in web-based
interactions. Thus, it is critical for internet users with mental
disorders to join the right web-based groups to avoid rejection
from their peers. Unfortunately, there are still an insufficient
number of mental health professionals who can provide
necessary assistance within a web-based community. Therefore,
internet users become organized into self-help groups. Available
evidence demonstrates that web-based interactions between
peers have enormous potential to help bridge the gap between

the identified need for services and the limited resources
available for conventional treatment [27].

A peer is defined as a person who has the same social position
or abilities as other members of a group [28]. There are several
types of peer relationships, such as (1) between a peer and
another individual (dyad), (2) between a peer and a group, and
(3) a hybrid of both types [29,30]. Furthermore, the types of
peer-to-peer interactions are heterogeneous and may include
mutual support or participation in consumer assistance or
peer-run programs [25,31]. Some of these can occur web-based
via different platforms available, such as support groups, forums,
discussion groups, bulletin boards, social media, and chats [32].

Peer-to-peer interactions allow people to share experiences,
exchange information, and provide advice and emotional support
in a natural and spontaneous manner. Therefore, they constitute
an exciting subject of research. There is evidence showing that
relationships between peers promote behavioral changes [33],
improve coping strategies [34], and alleviate social isolation
and loneliness among people with mental disorders [35-37].
For many people, social networking on the internet is the major
form of communication that facilitates social interactions [38].
This is especially true for individuals who experience difficulties
in direct contact with others because of stigmatization [39].
Barak et al [40] reported lower levels of emotional distress
among adolescents when they were involved in a web-based
forum. However, peer-to-peer interactions on the internet may
also negatively affect mental health. Generally, internet use
raises concerns, such as user behavior control, accurate risk
assessment, privacy, and confidentiality [41].

Currently, new technologies are being developed for people
with mental disorders, including artificial intelligence (AI) that
already plays a major role in general medicine and research
[42-44]. Techniques based on AI are widely applied in medical
imaging diagnostics [45-47], but they can also be used for
personalization purposes [48-50]. By identifying patterns in the
types of interactions linked to specific types of disorders, these
techniques could help individualize interventions provided by
moderators of web-based forums. AI might also serve as a
supporting tool in situations where there are no forum
administrators (eg, owing to high costs). It can tailor the content
to individual needs and concerns of the users.

Objectives
So far, studies assessing peer-to-peer interactions, including
systematic reviews [51-53], have focused on the efficacy of
such interactions. However, studies that summarize qualitative
research are lacking. To fill this gap, we conducted a scoping
review that addressed the following research questions:

1. What are the needs that individuals with mental disorders
fulfill through web-based peer-to-peer interactions?

2. What are the categories of peer-to-peer interactions and
how can they be used in further research?

3. Is it possible to use machine learning (ML) techniques to
assess and classify mental disorders based on the types of
peer-to-peer interactions?

In our opinion, heterogeneous and multidimensional data can
be best handled using ML techniques (or even deep learning if

JMIR Ment Health 2022 | vol. 9 | iss. 12 | e36056 | p.103https://mental.jmir.org/2022/12/e36056
(page number not for citation purposes)

Storman et alJMIR MENTAL HEALTH

XSL•FO
RenderX

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


sufficient data are available). Therefore, the aim of this
proof-of-concept study was to explore the potential of ML in
such an analysis.

Methods

The study was conducted in accordance with the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews; Multimedia
Appendix 1 [54,55]). The study protocol was registered in the
Open Science Framework (added on August 24, 2020, and
registered on November 11, 2020 [56]).

Eligibility Criteria
For this analysis, we considered studies performed according
to qualitative or mixed (ie, qualitative and quantitative)
methodology that evaluated the following: (1) web-based
interactions between participants with any mental disorder that
is defined according to any standard diagnostic criteria and (2)
interactions between a peer and another individual (dyad) [57].
Studies that assessed only family members or caregivers of
people with mental disorders were excluded. No language or
date restrictions were applied. In addition, the eligibility criteria
were not limited to a specific location, publication status, or
any other characteristic.

Search Strategy
We searched 4 electronic databases (Ovid MEDLINE, Embase,
Cochrane Library, and Web of Science) until August 15, 2022.
The search was performed without any restrictions on the
language or publication date of the studies. All search strategies
are available in Multimedia Appendix 2. For additional papers,
we manually searched the references of reviews that were
obtained through the search.

Study Selection
To identify eligible studies, titles, abstracts, and full texts were
individually assessed by any 2 of the 5 reviewers (DS, PJ, MJS,
MG, and APD). Conflicts were resolved by discussion or
involvement of a third reviewer (DS or MMB).

Data Charting
Data charting was performed independently by 2 of the 5 authors
(DS, PJ, MJS, ZS, and EA). Disagreements were resolved by
consensus or arbitration by a third reviewer (DS). All relevant
data on research characteristics (eg, study design, country of
origin, and funder), methodology (eg, type of coding and coding
scheme), participants (eg, age, gender, and type of mental
disorder), and results (interactions) were extracted since
November 8, 2020.

Credibility Assessment
The study quality was assessed by 2 of the 4 independent
reviewers (MJS, EA, ZS, and PJ) using the Critical Appraisal
Skills Programme (CASP) checklist for qualitative research
[58]. The tool included 10 questions about study validity, study
results, and whether the results helped locally. They could be
answered by selecting yes, no, or can’t tell. We divided the final
question (How valuable is the research?) into 3 subquestions
according to the hints provided in the manual: (1) input into

existing knowledge (10a); (2) identification of unexplored areas
(10b); and (3) external validity of the findings (10c). These 3
criteria were scored as 0 (not fully met) or 1 (fully met). The
general assessment of the study quality was based on the sum
of the scores from the 3 subquestions. A score of 3 indicated a
valuable study; 2, a moderately valuable study; 1, a study of
some quality; and 0, a study of no quality. Any disagreements
were resolved by the involvement of a third independent
reviewer (DS).

Synthesis of Results
The essential data on the population and methodology of the
included studies were summarized in tabular and descriptive
forms. All types of interactions observed in the studies were
grouped into several categories (codes), which were defined
based on the previous literature. To describe the categories and
the links between them, several models were used (both
originally developed and derived from the literature). The
models were created during the discussion between the
coauthors (DS, PJ, and APD), and they were presented as
partition trees (Multimedia Appendix 3). The models were
evaluated based on the lowest SD value of the number of codes
in the category, which was the most common measure of the
dispersion of results [59]. The frequency of codes as well as the
co-occurrence of codes and diseases were presented using
heatmaps (means and sums) and a circular chart (co-occurrence
frequencies) to investigate possible associations between
interactions and specific disorders.

All graphs were prepared using Python 3.7.10 (Python Software
Foundation) libraries: Matplotlib 3.2.2 (John Hunter), Seaborn
0.11.1 (Michael Waskom), NetworkX 2.5.1 (Aric Hagberg, Dan
Schult and Pieter Swart), Graphviz 2.47.1 (John Ellson),
VOSviewer 1.6.6 (Nees Jan van Eck and Ludo Waltman), or
Microsoft Office 2004 (Microsoft Corp). The source code is
available on GitHub.

Statistical Analysis
We used the φ coefficient [60] to examine the associations
between the types of interactions and mental disorders. Using
Pandas 1.1.5 (Wes McKinney) and NumPy 1.19.5 (Travis
Oliphant), we represented the data as a data frame and then used
SciPy 1.4.1 (Travis Oliphant, Pearu Peterson, and Eric Jones)
to calculate associations and their statistical significance.

Associations within the following subgroups were evaluated:
(1) type of disorder, (2) studies assessed as valuable versus other
studies, and (3) types of disorder using only valuable
(high-quality) studies. ML techniques were applied to classify
mental disorders based on interactions between users. For this
purpose, several basic algorithms were used. These algorithms
were selected based on their strong mathematical background
and resultant explainability properties, as we were interested in
identifying the variables that contributed to performance [61].
More specifically, we incorporated decision trees (with
minimum samples per leaf ranging from 1 to 3), logistic
regression (with L2 regularization), support vector machines
(with the radial basis function kernel), k-nearest neighbors
algorithm (with k ranging from 2 to 5), and Gaussian naïve
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Bayes classifier (default settings). For this analysis, Scikit-learn
(version 0.22.2) was used.

Mapping the Terms
To examine the relations between the terms as well as construct
and visualize bibliometric networks, we used the mapping
software VOSviewer (version 1.6.16) [62]. We aimed to
investigate the co-occurrence networks of important terms
extracted from the full text of the included studies. Thus, we
provided a visualization. The distance between any pair of
objects reflects their similarity as accurately as possible. Objects
with high similarity are located close to each other, whereas
objects with low similarity are located far from each other. We
created a co-occurrence map by applying the default counting
method and choosing number 5 as the minimum number of
occurrences considering the most advantageous setting in terms
of resources, time, and data received [62]. A total of 2
independent reviewers (DS and PJ) screened the list of terms
extracted from VOSviewer and selected those that described

the interactions. Any discrepancies were resolved through
discussion. The final terms were used to create visualizations.
In addition, we compared the terms selected from VOSviewer
with the codes from our codebook and calculated the percentage
of overlap.

Results

Overview
The search identified 13,098 original references, and the
screening of titles and abstracts yielded 86 full-text papers. A
total of 44 studies were included in the final analysis and 8 were
labeled as ongoing (Multimedia Appendix 4 [63-105] and
Multimedia Appendix 5 [104-111]). The study flow is presented
as a PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram in Figure 1 [112].
A list of excluded studies with the reason for exclusion is
provided in Multimedia Appendix 6 [113-146].

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Included Studies
The detailed characteristics of the 44 included studies (analyzed
in 54 study-disorder pairs) are presented in Table 1 and
Multimedia Appendix 7 [63-105]. These studies were conducted
between the years 2000 and 2022. Among the corresponding
authors, 82% (36/44) originated from English-speaking
countries, including the United States (16/44, 36%), the United

Kingdom (9/44, 20%), Canada (6/44, 14%), Australia (2/44,
5%), Ireland (1/44, 2%), Singapore (1/44, 2%), and Hong Kong
(1/44, 2%); whereas 18% (8/44) originated from
non–English-speaking countries, including Sweden (3/44, 7%),
Israel (2/44, 5%), Switzerland (1/44, 2%), Italy (1/44, 2%), and
Hungary (1/44, 2%). None of the included studies provided
information on whether the study protocol was registered in an
appropriate registry.

Table 1. Characteristics of the included studies (N=44).

Value, n (%)aVariable

Place of interaction

26 (59)Forum

12 (27)Media (Facebook, Instagram, etc)

7 (16)Support group

1 (2)Blog

1 (2)Chat

Access to the place of interaction

25 (57)Public access

4 (9)Registration

6 (14)Partial access (need to register to add comments)

10 (23)Not reported

Type of analysis used

23 (52)Content analysis

13 (30)Thematic analysis

5 (11)Discourse analysis

2 (5)Constant comparison

2 (5)Conversational analysis

13 (30)Other

1 (2)Not reported

Coding schemes for social support and interaction

5 (11)Cutrona and Suhr

3 (7)The self-reported coding scheme

7 (16)Other

33 (75)Not reported

aSome studies could be included in >1 subgroup.

Participants
The studies included 82,091 users (mean 3284, SD 9526; range
11-41,967) who posted 293,106 comments (mean 8374, SD
25,105; range 4-132,599) on 19,940 topics (mean 1173, SD
2916; range 5-10,169). The age of the participants ranged from
16 to 78 years, although most studies (37/44, 84%) did not report
data on age. The proportion of women ranged from 0% to 100%
(mean 65%, SD 34%); however, most studies (31/44, 70%) did
not provide this information. The percentage of inactive to
passive forum users was 47.62% (range 17%-85.47%). In 18%
(8/44) of studies, participants were recruited to register on a
forum created by the authors themselves.

There were 22 different mental disorders classified into 13
categories. Most commonly, studies have assessed peer-to-peer
interactions among individuals with eating disorders (14/54,
26%), depression (12/54, 22%), and psychoactive substance
use disorders (9/54, 17%). Next, there were the following
disorders: postpartum depression (4/54, 7%), anxiety disorders
(3/54, 6%), posttraumatic stress disorder (2/54, 4%). The remain
disorders occurred only once (1/54, 2%):
attention-deficit/hyperactivity disorder, bipolar affective
disorder, mild cognitive impairment, obsessive compulsive
disorder, schizoaffective disorder, and schizophrenia.
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Type of Platform for Interaction
Of the 44 platforms, 11 (25%) platforms were developed
specifically for the mental health setting, 3 (7%) platforms were
intended for more general health, and for 30 (68%) platforms,
this information was not reported. Most studies assessed
web-based forum interactions (26/44, 59%). In most cases,
access to the place of interaction was free and registration was
not required to add comments (25/44, 57%). However, in some
cases, registration was required to add and read comments (4/44,
9%). However, in some other cases, forums offered partially
free access, with registration required to add, but not read,
comments (6/44, 14%).

Most studies reported the presence of moderators (22/44, 50%).
Their roles included the following: (1) provision of advice or
therapy, (2) monitoring and control of content (sensitive, legal,
sexual, abuse, and eliminate spam), or (3) moderation of
discussions.

Anonymity was ensured in most of the studies (35/44, 80%).
The authors paraphrased participants’statements and comments,
did not record any personal data, excluded nicknames from the
analysis, replaced nicknames with initials, or did not include
quotations in the text. Membership terms of use were specified
in 36% (16/44) of studies. For example, by accepting the terms
and conditions, users agreed to treat other members with respect,
provide support, avoid profanity and unhelpful language, avoid
detailed and vivid descriptions of self-harming techniques, not
offer drugs to other members, and provide links to sites selling
drugs.

Methods in the Included Studies
Of the 44 studies, 17 (39%) studies used only qualitative
methodology, whereas 19 (43%) studies also used a frequency
analysis. Mixed methods (ie, qualitative and quantitative) were
applied in 18% (8/44) of studies.

Content and thematic analyses were the most common (23/44,
52% and 13/44, 30%, respectively). Other analyses included
membership categorization, ethnomethodological, netnographic,
rhetorical, framework, interpretative phenomenological, image,
sequence, paths, and social networks, each applied in a single
study.

A low level of precision regarding reporting on methodological
approaches impeded comparisons of the analytic strategies used
by the authors. Coding performed by 2 people was reported in
52% (23/44) of studies. In 27% (12/44) of studies, complete
coding was performed independently, in 16% (7/44) of studies,
it was performed only during the calibration process, and in 9%
(4/44) of studies, one author coded part of the material and the
other author checked that coding. Coding was applied
inductively in 43% (19/44) of studies and deductively in 14%
(6/44) of studies. In 11% (5/44) of studies, both approaches
were used, and the remaining 32% (14/44) of studies did not
report the coding strategy. A codebook was developed openly
(without blinding) in 18% (8/44) of studies. Blinding was
established in 2% (1/44) of papers. The coding scheme for social
support designed by Cutrona and Suhr [147] was used in 11%
(5/44) of studies, whereas 16% (7/44) of studies adopted

different approaches proposed by Cohen and Wills [148], Oakley
[149], Tong et al [150], Bauer et al [151], Morse and Field [152],
Gaysynsky et al [153], and Bales [57]. In 7% (3/44) of studies,
the authors used their own system [63,154,155].

To determine interrater agreement, Cohen κ was used in 14%
(6/44) of studies, Krippendorff α was used in 2% (1/44), and
data were not reported in the remaining 84% (37/44) of papers.
In 4 studies, the diagnosis of participants was confirmed using
the Center for Epidemiologic Studies Depression Scale or by a
specialist.

Types of Interactions
We distinguished 42 codes that described peer-to-peer
interactions. The codes were organized into 15 categories from
A to O (Table 2), and we proposed 14 different models of coding
interventions among peers (Multimedia Appendix 3). Six models
were based on existing models: 1 [147], 3 [156], 4 [153], 5
(adapted from Liu et al [157]), 6 [158], and 7 [57]. A total of 2
models were modified based on the models by Cutrona and
Suhr [147] (model 2) and Greiner et al [64] (model 8). The
remaining 6 models were developed by us (models 9, 10, 11,
12, 13, and 14). After calculating the means and SDs, the models
were ranked based on the lowest SD (Multimedia Appendix 8).
Model 14 was characterized by the lowest SD (9.32), and the
corresponding tree is presented in Figure 2.

The most frequent interactions were empathy or compassion
(41/54, 76%), network (40/54, 74%), and sharing self-disclosure
(39/54, 72%). Heatmaps of the selected codes and disorders and
their co-occurrence are presented in Figure 3 and Multimedia
Appendices 9 and 10. We visualized the normalized means of
code co-occurrence across disorders and all included studies.
However, heatmaps should be interpreted with caution because
of the unequal number of papers regarding individual disorders,
which resulted in certain codes being used significantly more
often.

The co-occurrence of all codes is shown in Figure 4.
Co-occurrence was observed most often for request for
information and network (35 times). There was a positive
association between these 2 codes (φ=0.5; P<.001). The
strongest positive association was noted between requesting
engagement and disagreement, relationship and confidentiality,
and referring to the rules and rejection (φ=0.65; P<.001). As
for correlations between codes and disorders, the strongest
correlation was observed between attention-deficit/hyperactivity
disorder and illegal advice (φ=0.70; P<.001). The remaining
associations for the overall and subgroup analyses are presented
in Multimedia Appendix 10.

We achieved the highest accuracy in classifying disorders by
interactions using 2 methods: decision trees (44/54, 81%) and
logistic regression (40/54, 74%). The confusion matrices (with
absolute values and relative percentages) of the ML techniques
with detailed results are presented in Multimedia Appendix 11.
In addition, using decision trees, we visualized the possible
pathways to identify mental disorders (Multimedia Appendix
12).
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Table 2. Codebook.

MeaningCodesNode

ReferralA1 • Referring the recipient to other sources of information or help, other places in general, and
nonprofessional

• Providing the recipient with access to new people or other communication channels

Request for opinions or suggestionsA2 • Asking about any act that offers direction or action for how to engage in the task or advances a
belief or the value that is relevant to the task

Situation appraisalA3 • Helping reassess or redefine the situation faced by the recipient

PositiveB1 • Showing positive emotions

NegativeB2 • Showing negative emotions

Sharing self-disclosureC1 • Speaking about oneself, one’s experience, and one’s disease (recovery reports, treatment, diag-
nosis, etc)

Sarcastic commentsD1 • Being disrespectful, insolent toward other members or statements that express being hurt

AggressionD2 • Presenting hostile or violent attitudes toward another with or without readiness to attack or
confront

DisagreementD3 • Expressing a different opinion

RejectionD4 • Expressing little desire to include a person in their groups and relationships or excluding a person

Reluctance or aversionD5 • Expressing a strong dislike or disinclination

Encouragement or motivationE1 • Providing the recipient with a motive for doing something and confidence

ComplimentE2 • Improving one’s self-worth by saying positive things about the recipient

Practical tricksF1 • Sharing advice (not necessarily based on facts and can be based on self-experience)
• Providing ideas or suggestions for action

InstrumentalF2 • Offering help or a talk

TangibleF3 • Sharing goods or services

Appreciation or gratitudeG1 • Expressing appreciation to another individual from the group or the group all in all

Requesting engagementH1 • Asking for opportunity to participate or be involved in group’s life

Request for other kinds of supportH2 • Asking about anything other than facts, opinions, or suggestions

Small talks or socializingH3 • Greetings
• Taking politely about unimportant or uncontroversial matters

Encouraging disclosureH4 • Motivating to expose oneself, revealing information about oneself

InformationalI1 • Sharing information or theoretical knowledge (should be based on facts)

Referring to the rulesI2 • Mentioning and enforcing the applicable group norms and rules

Illegal adviceI3 • Mostly related to drugs—providing information about where one can buy drugs and how to deal
with getting a prescription from a physician

WarningsI4 • Indicating a possible danger, problem, or other unpleasant situation

Request for informationJ1 • Asking questions to obtain an answer about facts
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MeaningCodesNode

• Asking to make a statement or situation less confusing and more comprehensible (eg, asking
for explanation or asking additional questions)

ClarificationsJ2

• Asking about proofs (eg, a code of diagnosis)Verifying the authenticityJ3

• Providing information about places where one can obtain help from specialistsRelated to professional helpK1

• Providing information about drugs, doses, and route of administrationRelated to medicationK2

• Providing information about an unpleasant effect of a drug that occurs in addition to the main
effect

Related to side effectsK3

• Offering to be therePresence or companionsL1

• Providing the recipient with hopeOffering hopeL2

• Offering prayer for the recipientSpiritualL3

• Posting messages that include humor
• Reducing the anxiety that a person or a group may be experiencing

Tension Release or jokesL4

• Showing that their feelings are seenEmpathy or compassionM1

• Expressing regret for doing something wrongApologizingN1

• Keeping the recipient’s problem in confidenceConfidentialityN2

• Supportive of harmful behavior
• Supportive of minimizing harmful behavior
• Unsupportive of harmful behavior

Behavior promotionN3

• Being received and admitted into a groupAcceptanceN4

• Conveying the importance of closenessRelationshipN5

• Providing agreement with the views of the recipient
• Providing validation, normalizing the situation
• Showing the problem or situation as affecting more people, helping in identification, solidarity,

and group cohesion
• Alleviating any feelings of guilt that the recipient may have about the situation

NetworkO1
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Figure 2. Categorization of peer-to-peer interactions.
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Figure 3. Heatmap with normalized means of code co-occurrence among mental disorders. ADHD: attention-deficit/hyperactivity disorder; AXD:
anxiety disorders; BD: bipolar affective disorder; DEP: depression; ED: eating disorders; MCI: mild cognitive impairment; OCD: obsessive compulsive
disorder; PPD: postpartum depression; PSU: psychoactive substance use; PTSD: posttraumatic stress disorder; SCZ: schizophrenia; SZA: schizoaffective
disorder.
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Figure 4. Circular chart of the co-occurrence of codes. The nodes represent specific types of interaction (Table 2). Node size corresponds to the number
of primary studies that mention this type of interaction. The edges of the graphs indicate co-occurrence with other codes, and their size is proportional
to the number of co-occurrences. A1: referral; A2: request for opinions or suggestions; A3: situation appraisal; B1: positive; B2: negative; C1: sharing
self-disclosure; D1: sarcastic comments; D2: aggression; D3: disagreement; D4: rejection; D5: reluctance or aversion; E1: encouragement or motivation;
E2: compliment; F1: practical tricks; F2: instrumental; F3: tangible; G1: appreciation or gratitude; H1: requesting engagement; H2: request for other
kinds of support; H3: small talks or socializing; H4: encouraging disclosure; I1: informational; I2: referring to the rules; I3: illegal advice; I4: warnings;
J1: request for information; J2: clarifications; J3: verifying the authenticity; K1: related to professional help; K2: related to medication; K3: related to
side effects; L1: presence or companions; L2: offering hope; L3: spiritual; L4: tension release or jokes; M1: empathy or compassion; N1: apologizing;
N2: confidentiality; N3: behavior promotion; N4: acceptance; N5: relationship; O1: network.

Quality of the Included Studies
A detailed credibility assessment of the individual studies is
presented in the Multimedia Appendix 13 [63-105]. An overview
of reviewer judgments for each CASP item across all the studies
is presented in Figure 5. Of the 44 studies, 13 (30%) studies
were assessed as valuable; 24 (55%), as moderately valuable;
and 7 (16%), as being of some value. All (44/44, 100%) the

studies assessed in this review used an appropriate qualitative
methodology and discussed the contribution of the included
studies to existing knowledge. The weakest domain included
discussing the applicability of the results to other populations
or considering other uses for research (16/44, 36%). The mean
quality score was 2.14 (SD 0.67), which corresponded to
moderately valuable or valuable studies.
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Figure 5. Overview of reviewer judgments on each Critical Appraisal Skills Programme (CASP) item across all studies. N/A: not applicable.

Mapping the Terms
Of the 2068 terms extracted from full-text articles (collected in
18 clusters; Figure 6A), we selected 345 (occurring 11,039 times
in included papers) to create a term co-occurrence map (Figure
6B). It produced 15 clusters, which are listed in Multimedia
Appendix 14, along with a list of terms. The most frequent terms

related to peer-to-peer interactions were support (629/11,039,
5.69%), information (576/11,039, 5.22%), and experience
(372/11,039, 3.37%). The overlap of terms describing
interactions identified using VOSviewer with codes from our
codebook was 96.3% (180/187). Some (7/187, 3.7%) categories
did not have an equivalent in the code (avoidance, blame,
competition, discrimination, shame, tolerance, and trust).

Figure 6. VOSviewer heatmaps of terms; (A) a heatmap of 2068 terms and (B) a heatmap of selected 345 terms.

Discussion

Principal Findings
This systematic scoping review summarizes 44 studies that
assessed peer-to-peer interactions among people with 22
different mental disorders. The interactions were categorized
into 13 groups. The most common interactions such as empathy
or compassion, networking, and sharing self-disclosure were
observed on forums for people with eating disorders (14/54,
26%), depression (12/54, 22%), and psychoactive substance
use (9/54, 17%). In this study, we focused on developing a
codebook for future research. We believed that the
reinterpretation of the data reported by the authors of the primary
studies included in our review may have introduced bias.
Therefore, we did not deliberately dwell on the coexistence of
codes and specific disorders. For example, it seemed that

sarcastic comments were present in most studies on
schizophrenia and schizoaffective disorders. We could
hypothesize that because of their condition, these people may
be survivors of verbal aggression from their peers. However, it
is possible that people with schizophrenia and schizoaffective
disorders post sarcastic comments. Thus, this conclusion cannot
be fully justified without looking into the primary data, but such
an analysis was not the objective of this study. Nevertheless,
the normalized means of code co-occurrence across disorders
presented in Figure 3 are a good starting point to formulate
hypotheses for our future primary studies.

Our study revealed the needs that prompt users to express
themselves on the internet. For example, these may be
information, emotional, or instrumental support needs. However,
without primary research, it is difficult to determine whether
these needs are fully (if at all) satisfied by internet use. We can
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assume that the unmet need is fulfilled by another internet user;
however, these interactions will be the subject of future research.
We are aware that because a systematic scoping review aims
to map and identify gaps in current knowledge, we will generate
more questions than answers. Nevertheless, we hope that this
study will inspire future qualitative research in the field.

Overall Completeness and Quality of Evidence
Our study provides evidence on the involvement of people with
different mental disorders in online support groups. However,
these disorders did not include personality disorders, organic
mental disorders, or phobias, and there were no data on the
experience of these individuals in seeking support on the
internet. In addition, from the analysis of various interaction
models, we noticed that some of the codes were not represented
in our results because they might not have been assessed or the
authors might have failed to report them (eg, owing to
insufficient sample size). Therefore, we could not generalize
the results to other populations because they may not fully
reflect reality. As for the applied qualitative methodology, the
authors used different approaches and analytical models. Owing
to the diversity of theoretical perspectives, epistemological
assumptions, and principles of conducting research, it can be
challenging to apply a qualitative approach, including the
comparison and synthesis of methods used in qualitative
research [159]. Some authors did not comply with the available
reporting guidelines [160-162]. Therefore, many studies lacked
information on methodology, population characteristics, and
outcomes.

Considering the level of adherence to the methodology and the
applied methods themselves, we assessed the overall quality of
the studies included in our analysis as moderate.

Codes and Correlations
We coded 42 types of interactions between the forum
participants. We hierarchized the codes into a model consisting
of 15 categories. Our model differs in structure compared with
other models in the literature. Although merging some codes
into one category may seem unintuitive at first, it resulted from
a modified combination of different theoretical approaches and
multidisciplinary backgrounds of authors (psychiatry,
psychology, sociology, epidemiology, and public health). For
example, even though proanorexia forums supported harmful
behaviors and contained reinforcers for further weight loss or
praise for achieving lower weight, we decided to include the
supportive of harmful behaviors category in the behavior
promotion category. A membership in a social group or a
web-based community affects the beliefs, preferences, and
behaviors of the members via various mechanisms of social
influence [163]. Therefore, the category of behavior promotion
embraces all acts that reinforce behavior patterns regardless of
their health consequences.

Assessing the co-occurrence of interactions, we found that the
request for information most commonly co-occurred with
network, which stems from the reciprocal nature of conversation
that involves the exchange of questions and replies. The
strongest associations were found for requesting engagement
and disagreement, relationship and confidentiality, and referring

to the rules and rejection. This may be explained by group
processes that occur when new members join the group and are
mobilized to share their story; the members are assured of
confidentiality and presented with the rules that, for example,
if violated, will result in the member being removed from the
group [164].

A comparison of our codes with the terms identified in
VOSviewer showed that our codebook may lack some
interactions. However, these extra terms might have occurred
in the background or discussion sections and do not apply to
our study. Thus, VOSviewer clusters should always be
interpreted together with content analysis.

Overall, our study showed that it is possible to use ML
techniques to classify mental disorders based on secondary data.
Although the results may seem satisfactory, as the accuracy for
decision trees was >80%, we cannot consider them to be more
than just a proof of concept because of several limitations.

Our Results in the Context of Previous Research
To our knowledge, this is the first scoping review that
comprehensively summarizes evidence on all types of web-based
peer-to-peer interactions among people with mental disorders.
Previous reviews addressed only some types of peer interactions
in the context of various nonpsychiatric health-related
conditions, such as spinal cord injury [165,166], breastfeeding
of hospitalized infants [167], or cancer [168]. In secondary
research, peer-to-peer interactions are mostly assessed
quantitatively (eg, efficacy assessment [51-53]).

Our study was not limited to specific mental health problems.
This is in contrast to previous reviews on mental conditions, as
they mainly addressed suicide prevention and dementia.
Bowersox et al [169] conducted a scoping review on the function
of peers in the prevention of suicidal behaviors. The authors
concluded that peer-based interventions could play an important
role in suicide prevention. Schlichthorst et al [170] studied peer
support programs in suicide prevention and emphasized the
usefulness of internet forums as support for people with a history
of suicide attempt. Moreover, they alerted to the risks of
unmoderated websites.

Carter et al [171] and Newman et al [172] also reviewed
web-based peer support interventions in the context of a specific
mental health problem (ie, dementia). However, unlike our
study, they did not focus on people who directly experienced
these problems but assessed individuals who cared for people
with dementia. In addition, they did not assess the quality of
the included studies. Similar to our approach, they searched
several databases and applied similar guidelines for reporting
scoping studies [173]. However, they attempted to answer
different questions about the effectiveness of interventions and
their cost-effectiveness, in addition to identifying the gaps in
knowledge.

Limitations
Our study has several limitations. First, we believe that the use
of ML techniques requires more data than those collected in
this study. Nevertheless, we consider this analysis to be a proof
of concept only. Second, the CASP tool was adapted to our
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needs by dividing the last question into 3 subquestions. This
makes it more challenging to compare the quality of the included
studies with that of similar studies. Moreover, with a small data
set available, we used the same data for training and calculating
the accuracy of ML algorithms (without external validation),
which limits the reliability of the results.

Strengths
The strengths of our study include the use of a broad question
followed by comprehensive and rigorous search of eligible
studies. We searched 4 databases and followed the reporting
process provided by Tricco et al [54,55]. In addition, we also
assessed the quality of all included studies. We proposed a
codebook and partition tree based on the dispersion of the results
and compared it with other models. This innovation helps
standardize the evidence and allows for data comparison across
studies. Finally, we applied ML techniques to identify mental
disorders using interactions among peers. The results are quite
satisfactory, and even though they are a proof of concept, they
can be further explored in future studies.

Future Research
We believe that our codebook describing the categories of
peer-to-peer interactions defined in this study can be used in
future in-depth investigations of individual mental disorders.
In addition, by using AI techniques and applying the rigorous
validation of accuracy, this type of analysis could be used to

facilitate the diagnosis or screening of mental disorders within
web-based self-help groups. Moreover, the assessment of the
co-occurrence of interactions and types of disorders could help
identify adequate skills and communication styles to define the
moderator’s characteristics to meet the requirements of a
particular forum. However, as this is a proof-of-concept
investigation, more specific data are needed to achieve these
goals. As only a few studies have investigated web-based
peer-to-peer interactions in the setting of mental disorders, more
primary research is needed to obtain more evidence. It would
be helpful to develop an ML model to establish which
interactions are associated with specific diseases and to use AI
techniques to investigate more interactions. This could translate
into creating a personalized health care experience for
individuals with mental disorders.

Conclusions
Internet forums offering peer-to-peer support in mental health
attract a heterogeneous group of people. Interactions between
the members are predominately positive. Although the use of
the internet to seek support for health problems has become
commonplace, scientific evidence on this phenomenon is scarce.
In the future, AI-based analysis of interactions between the
members of mental health forums and a better understanding
of their needs could help moderators provide personalized
support to internet users.
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