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Abstract

Background: In the United States, millions of adolescents report poor mental health, where 1 in 5 teenagers considers suicide.
Reducing stigma and fostering peer support remains critical for positive mental health interventions and programs. Increasingly,
digital mental health tools have emerged with great promise, leveraging social networks. Despite the potential, limited understanding
of such comprehensive programs and their implementation exist.

Objective: The objective of this study investigates a piloted digital mental health training program (Be Present) for youth,
specifically describing the impact on youth behavioral outcomes and user engagement and identifying high-risk youth in the early
phases of prevention.

Methods: Eligibility included Ohio residents (aged 14 to 22 years) to be enrolled as either a Friend or a Peer Advocate. From
May 1 to June 1, 2019, participants completed the Advocate training course, taking pretest and posttest surveys. Single-arm
descriptive analyses measured youth outcomes (self-efficacy, intentions, behaviors, social support, knowledge, and sources of
strength) and engagement and assessed risk based on survey responses.

Results: A total of 65 adolescents participated, with 54 completing both pretest and posttest surveys. The majority of participants
included non-Hispanic White females. Findings illustrated a significant increase in self-report of referrals for mental health
services as well as in perceptions that youth had of experiencing social support; however, no significant differences were found
for measures of self-efficacy, knowledge, and sources of strength between pretest and posttest surveys. Roughly two-thirds of
the participants completed all of the Advocate training modules, and we observed a gradual decline in engagement. Most
respondents who received escalated high-risk response messages identified as female.

Conclusions: The pilot presented promise for implementing a digital mental health program focused on peer support, specifically
observing reported youth behavioral outcomes and user engagement and identifying high-risk youth. Various limitations exist
given the small nonrepresentative sample and lack of control group. All findings should be considered preliminary to a larger
trial and underscore the feasibility of delivering online training programs to bolster adolescent mental health. Such formative
evaluation proved critical for future implementation and research, offering opportunity for substantial improvements for real-world
digital mental health programs.

(JMIR Ment Health 2021;8(4):e24605)   doi:10.2196/24605
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Introduction

Background
In the United States every year, 1 in 5 teenagers considers
suicide, and approximately 1 million teenagers have reported
attempting suicide [1]. Suicide is the third leading cause of death
for those aged 10 to 19 years [2]. People who considered suicide
later reported the teenage years as the initial onset of suicidal
ideation, making this time critical for a positive intervention
[3]. Ohio’s youth, defined as those aged 15 to 24 years, had a
suicide rate of 11.27 per 100,000, which is comparable to the
United States average for youth of the same age, at 11.39 per
100,000 [4]. Addressing mental illness and stigma associated
with mental illness and equipping teens with skills to handle
stressors associated with this period of life is critical for an
intervention that targets suicide prevention.

Peer support is critical for any intervention targeting teenagers;
this is especially true in mental health interventions. Youth who
are suicidal are more likely to talk to other youth about being
suicidal than to adults [5]. Understanding this peer support in
teens can be coupled with mental health education to both raise
awareness and challenge existing stigma associated with mental
illness [6]. Social support has shown direct effects on mental
health outcomes, particularly with peers [7].

Online social media networks may then increase the perceived
social support along with increasing the information spread of
user-generated content [8]. These online social networks can
also be used to reach large numbers of teens as a platform for
prevention and education interventions; 83% of young adults
have reported using at least one social media site [9]. Frequent
use of the internet, for teens, has been reported to increase
communications both with family and other social support,
beyond social media into face-to-face relationships [10]. Despite
the potential of social networks and ability to support mental
health initiatives with technology, limited understanding exists
on how to implement these initiatives in the real world [11].
The objective of this study investigates a pilot digital mental
health training program for youth, specifically describing impact
on youth behavioral outcomes and user engagement and
identifying high-risk youth in the early phases of prevention.
Given the importance of this prevention program, it was equally
important to conduct a program evaluation to assess the impact

of the content on youth outcomes, its effectiveness in
maintaining youth interest as a novel digital suicide prevention
program, and its effect on youth most vulnerable to suicide.

Context
In response to ongoing concerns related to youth mental health,
the Ohio Department of Mental Health and Addiction Services
(Ohio MHAS) and the Motivational Educational Entertainment
Productions Inc (MEE) team created Be Present, a digital
e-learning platform designed to recruit and train youth to become
peer mental health educators by facilitating protective factors
to prevent mental health disorders that may lead to youth suicide.
The e-learning program openly addresses identified stressors
and traumas that put young people at risk for depression,
bullying, peer pressure, substance use, and suicide. This is a
report on the experiences of a group of participants who
pilot-tested the online digital campaign. Participants in this pilot
study completed a baseline survey, took part in a self-guided
online e-learning course, and were surveyed again
postintervention.

Methods

Be Present Campaign
In October 2017, MEE contracted with the mHealth Impact Lab
of the Colorado School of Public Health to evaluate the impact
of the e-learning campaign, Be Present, targeting youth suicide
prevention in Ohio. Figure 1 displays the home page for the Be
Present campaign. MEE trained an inaugural pilot cadre of Be
Present Campaign Advocates as peer leaders. mHealth was
tasked with evaluating youth (user) engagement with and
impacts of the digital e-learning platform. They accomplished
this through an assessment of change in self-reported mental
health knowledge and protective factors assessed at the start
and conclusion of the training.

Here we provide a description of this pilot assessment. This
pilot study is classified as a program evaluation (Colorado
Multiple Institutional Review Board); therefore, it was not
filtered through formal institutional review board processes,
although MEE and the mHealth Impact Lab adhered to ethical
human subject practices in the execution of the pilot program
and evaluation.
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Figure 1. Be Present advocate training online platform.

Eligibility Criteria
The Be Present e-learning platform has options for 2 levels of
participation open to any Ohio resident aged 14 to 22 years.
The first level is called a Be Present Friend, open to those
completing the online registration available on the campaign
website [12]. After becoming a Friend, youth could participate
in the second level and become trainees for Be Present
Advocates (ie, peer educators who facilitate youth mental health
in their social networks). These Advocates were eligible to
complete the comprehensive pretraining and posttraining
assessments of this pilot program. The registration process for
the Advocate trainees included completing an informed consent
or assent form accompanied by parental approval (for youth
aged younger than 18 years) and identifying a nonparental adult
(meaning not their parent) advisor to support the training
process.

Recruitment
Participants were recruited by MEE primarily through school
and community events. Additional recruitment occurred via
social and digital media marketing that highlighted the
availability of Advocate training. Social media sites such as
Facebook, Instagram, Snapchat, and Twitter along with the Be
Present website and the campaign’s dedicated YouTube channel
were used to recruit youth.

Data Collection
All data were collected from May 1 to June 1, 2019, by MEE,
anonymized, and securely transmitted to mHealth for
comprehensive analysis. Several types of data were collected
from the Be Present Campaign Advocate training course: (1)
data from the pretraining and posttraining surveys (answers to
multiple-choice questions) and (2) selected Advocate
trainee–entered information in response to questions and
assignments in the lessons and modules (answers to

multiple-choice and open-ended questions, uploads of
assignments, watching instructional videos, etc).

Youth Advocate trainees completed an enrollment survey on
the e-learning site before starting the course. After successful
enrollment in the Advocate training program, youth watched
educational videos and completed online lessons and modules
at their own pace. Data on youth engagement with the training
curriculum (eg, watching videos, using the safety e-toolbox,
completing homework assignments, and sharing messages on
social media) were gathered on the training website and
maintained by MEE. The social media sites and handles that
youth provided during registration were monitored by MEE to
determine that assignments requiring a social media share were
being completed.

When they were close to completing the online content,
Advocate trainees were invited to attend a single
community-based training session offered multiple times
between May 1 and June 1, 2019, for participant convenience.
Attendance was mandatory to receive full Advocate certification.
Once Advocate trainees completed the in-person training and
while still on-site, they were required to complete a second
online survey (posttest) with the same information gathered at
baseline. Data from the survey were maintained by mHealth.
Following completion of the second survey, trainees were fully
certified as Be Present Campaign Advocates.

The pretest and posttest survey, taken anonymously, was
developed using Qualtrics. Validated survey questions
(Multimedia Appendix 1) were revised from the Rosenberg
Self-Esteem Scale [13] and the Community Attitudes Toward
Mental Illness questionnaire [14] for measuring mental health
stigma, sources of strength, and social support. Additional
questions captured standard demographics information, youth
resilience measures, positive and negative coping, self-efficacy,
and ways to be present for family and friends.
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Measures
Self-report surveys were used to measure 7 youth outcomes:
self-efficacy, intentions, behaviors, social support, knowledge,
self-esteem, and sources of strength. See Table 1 for a brief
description of each youth outcome.

Scores were calculated for each survey domain: self-efficacy,
intentions, behaviors, social support, knowledge, self-esteem,
and sources of strength. Scores for each survey domain were
created by summing scores for each domain question (0=best
response, 1=good response, 2=poor response, 3=poorest
response). Lower scores indicate better responses.

Table 1. Description of youth self-report survey measures.

DescriptionOutcomes

Proportion of respondents who report high measures of their ability to succeed in different situations and tasks. Scored re-
sponses report belief and capacity to execute behaviors.

Self-efficacy

Proportion of respondents who report high measures of planned intentions around goals. Scored responses report the aim
or plan to execute behaviors.

Intentions

Proportion of respondents who report referrals to mental health resources for themselves or peers.Behaviors

Proportion of respondents who report high measures of social support from family, peers, and community. Scored responses
report supportive individuals and community.

Social support

Proportion of respondents who report high measures of knowledge around self-care and mental health. Scored responses
report knowledge of mental health topics.

Knowledge

Proportion of respondents with self-satisfaction rated at 3 or more and assessments of feeling no good, useless, or a failure
at 2 or fewer on a 5-point scale.

Self-esteem

Proportion of respondents who report high measures of peer social networks. Scored responses report peer social networks.Sources of strength

Engagement
MEE also captured information from the website portal to the
training course. During the self-guided online training for each
participant, MEE collected user data that reflects engagement
with the training content (ie, lessons and modules, completion
of modules) and how that information is internalized by trainees
and then shared by them with their adult advisors and peers,
either in person or via their existing social media networks.
MEE also collected additional data from the Advocate training
course, including demographic information on users. A
descriptive summary of enrollment, demographic information,
and overall user engagement was generated for each completed
training module.

High Risk
We assessed whether youth were at risk themselves for a
negative mental health outcome as they responded to questions.
These risk-assessing questions were in the behaviors, social
support, self-esteem, and sources of strength domains.
Participants received an escalated high-risk response message
during the survey if they selected disagree or strongly disagree
on answers outlined in Multimedia Appendix 1. Each domain
had separate criteria; participant had to disagree with all
statements within a domain to receive a high-risk message. The
high-risk response message was worded as follows:

We hear you. It’s OK to not be OK. We thank you for
your openness and honesty in answering these survey
questions. Everyone has a bad day from time to time.
But sometimes, something more might be going on.
If you’re feeling hopeless, overwhelmed, or in a crisis,
it might be time to get some immediate support to
help you get through it. When the emotional pain
seems too big to handle, get help. Start with these
resources where people will step up and Be Present

for you... To talk to someone, text 4HOPE to the Crisis
Text Line (741741) or call the National Suicide
Prevention Lifeline (1-800-273-8255). Both are
available 24/7.

The algorithm and high-risk response messages were vetted by
clinical and research experts. Each respondent could receive up
to 4 escalated high-risk response messages per domain.

Analysis
All statistical analysis was performed using SAS 9.4 (SAS
Institute Inc). The study data used in this analysis were collected
by MEE team members and managed using Qualtrics survey
software hosted at the University of Colorado Anschutz Medical
Campus, where mHealth resides. All data were anonymized
and reviewed for completeness and consistency. Descriptive
statistics were performed to understand the study population,
summarize enrollment and engagement, and detect any
erroneous values.

A descriptive assessment was performed integrating Be Present
e-learning engagement data from MEE with single-arm, pretest,
and posttest assessments with Be Present Advocates. The
Student t test was used to assess differences in mean scores on
each of the survey domains between pretest and posttest. P<.05
was considered to be statistically significant. Engagement with
the digital e-learning platform was measured as the percentage
of participants who completed each of the training blocks.
Changes in self-reported intentions, self-efficacy, and behaviors
related to mental health were measured at baseline and
postparticipation in the Be Present Campaign in a single-arm
design. The study enrolled 65 participants, of which 62 had data
from the baseline survey and 54 had data from both baseline
and follow-up surveys. Only participants who had baseline data
were included in the analysis.
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High-risk responses were also analyzed using descriptive
analytics to determine the characteristics of respondents who
received escalated high-risk messages during the survey
completion. These were survey questions identifying high-risk
respondents. High-risk messages were positioned in the domains
behaviors, social support, self-esteem, and sources of strength.

Results

Demographics
Table 2 reports the characteristics of Be Present Campaign
Advocate trainees who completed the pretraining (baseline)
survey. Of the respondents, 82% (51/62) identified as female
and 95% (59/62) as straight or heterosexual. A total of 77%
(48/62) of respondents were non-Hispanic White, 10% (6/62)
identified as Hispanic, and 13% (8/62) as non-Hispanic
non-White.

Table 2. Demographic characteristics of participants in the Be Present online training intervention pilot test for youth suicide prevention at baseline,

May-June 2019 (n=62)a.

Value, n (%)Characteristic

Gender

11 (18)Male

51 (82)Female

—bOther

—Prefer not to answer

Sexual orientation

59 (95)Straight or heterosexual

1 (2)Lesbian, gay, or homosexual

1 (2)Bisexual

1 (2)Prefer not to answer

Race/ethnicity

6 (10)Hispanic or Latino

48 (77)Non-Hispanic White

8 (13)Non-Hispanic non-White

aPercentages may not add up to 100 due to rounding.
bNot applicable.

Engagement
This is a descriptive summary of user engagement in the Be
Present online training pilot test for youth suicide prevention,
May-June 2019. Of the participants enrolled, 60% (37/62)
completed all 7 training blocks.

The completion percentages for each training block were as
follows: self-efficacy (54/62, 87%), intentions (53/62, 85%),
behaviors (51/62, 82%), social support (45/62, 73%), knowledge

(37/62, 60%), self-esteem (37/62, 60%), and sources of strength
(37/62, 60%).

Youth Behavioral Outcomes
Table 3 illustrates the percentage improvement in scores for
each survey domain. There were statistically significant
improvements in behaviors (2.75, P=.007) and social support
(4.13, P<.001). All other categories saw modest improvement
from pretest to posttest.

Table 3. Changes in domain scores between baseline and postintervention surveys.

P valuePercentage change in scorePosttest, meanPretest, meanDomain

.420.8114.3113.50Self-efficacy

.830.227.607.38Intentions

.0072.7534.6031.85Behaviors

.0014.1366.8062.67Social support

.321.0025.9824.98Knowledge

.760.3021.7821.48Self-esteem

.061.8924.9323.04Sources of strength
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High-Risk Responses
Table 4 outlines the proportion of participants who selected
answers that prompted an escalated high-risk response message.
Of the respondents who completed the pretest, 15% (9/62) of
respondents received a total of 13 escalated high-risk response
messages. Five respondents received an escalated high-risk
response message, triggered when they indicated engaging in
risky behaviors or having limited social support, self-esteem,
or sources of strength. Each respondent could receive up to 4

escalated high-risk messages. The remaining survey domains
do not have questions identifying high-risk respondents. The
most escalated response messages were to females across the
survey domains social support (n=5), self-esteem (n=6), and
sources of strength (n=1). Among respondents who completed
both the pretest and posttest survey, 9% (5/54) received a total
of 7 escalated high-risk messages in the posttest survey. Females
received the most escalated response messages across the survey
domains: behaviors (n=2) and self-esteem (n=4).

Table 4. High-risk responses by category, pretest and posttest.

TotalPosttestPretestDomain

Female, n (%)Male, n (%)Female, n (%)Male, n (%)

22 (33)———aBehaviors

6——5 (42)1 (1)Social support

114 (67)1 (1)6 (50)—Self-esteem

1——1 (8)—Sources of strength

206 (30)1 (5)12 (60)1 (5)Total

aNot applicable.

Discussion

Principal Findings
The objective of this study was to present descriptive results of
a primarily digital pilot mental health training program for Ohio
youth. For this paper, we focused specifically on the impact on
youth behavioral outcomes, user engagement, and identifying
those at high-risk for immediate intervention. Our results are
process-focused by design as a way of providing information
to improve the overall program and implementation.

Youth Behavioral Outcomes
Youth behavioral outcomes were assessed immediately
posttraining, which reflects an immediate short-term outcome
rather than a sustained immediate or longer term outcome. We
did observe a significant increase in self-report of referrals for
mental health services as well as in perceptions that youth had
of experiencing social support. These results offer some initial
optimism considering that the Be Present program may have
potential for impact, although we cannot suggest this is a
definitive conclusion without a larger and more rigorous
examination of the program.

In the other domains explored, including intentions,
self-efficacy, knowledge, and sources of strength, we observed
no significant difference between pretest and posttest
self-assessments for youth. Given that we have a small sample
and no control group, our findings should be considered only
preliminary to a larger trial and underscore primarily the
feasibility of delivering online training programs to bolster
youth mental health.

Engagement
Close to two-thirds of the enrollees completed all of the
Advocate training modules. The first 3 training blocks (blocks
1, 2, and 3) had a higher percentage of enrollee completion

compared with the latter 3 blocks (blocks 4, 5, and 6). A
systematic review of mobile and web-based interventions
indicated that engagement decreases in interventions that have
a longer duration [15]. Although we are uncertain as to why
there was a gradual decline in engagement, we speculate that
intervention duration may have played a role. Also, enrollees
were allowed to complete the modules at their own pace, which
may have negatively impacted sustained interest and
engagement. A solution might include reducing the number of
training modules and setting a time limit for module completion.

High-Risk Responses
Most respondents who received escalated high-risk response
messages identified as female. Due to the small number of male
respondents, this may not be representative of the larger
population. However, evidence has shown that adolescent and
adult females report a higher percentage of suicidal ideations
compared with their male counterparts [16,17]. A full-scale
intervention evaluation examining high-risk responses is
required to suggest gender differences among Ohio adolescents.

Limitations and Strengths
Although we discovered interesting descriptive findings that
will inform modifications to the next iteration of Be Present,
the overall study is not without limitations. The majority of
respondents in this pilot identified as white, female, and straight
or heterosexual. While reflective of the larger school population,
this is not generalizable. Only 60% of enrollees completed the
whole training with no indication as to why other enrollees did
not complete the training. This introduces the potential for
biased results as we do not know the impetus for or against
completing the training.

Self-report surveys yielded questionable responses as
respondents answered every question identically in several
cases, raising concern with the study’s external validity. This
is a limitation of the pretest and posttest evaluation. However,
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exploration of ways to improve the accuracy of self-report
among adolescents may be helpful.

We also recognize process-related limitations. The survey should
have been streamlined to include one link to improve the
delivery of questions, reduce data processing requirements, and
avoid distribution issues. Not enough time was allotted between
the training and surveys to draw more conclusive results on the
training’s impact. Although we can describe engagement with
Advocate training data, we cannot make conclusions on
effectiveness. Future steps should include the possibility of
evaluating effectiveness and efficacy, similar to other digital
mental health pilot programs [18].

One of several strengths of the study is that it provides insights
into future implementation for the Be Present program. These
data will be used to modify the training program and
implementation to improve both process and engagement and
will be useful for understanding the impact of mental health
advocacy at certain points in youth development. Finally, this
study has implications for the future of youth mental wellness
social media campaigns and youth engagement.

Future Work
We plan to implement the Be Present program in other areas
using the insights gained from this pilot. Next steps in the Be
Present program include the addition of more diverse
populations to evaluate behavioral outcomes and engagement.
Furthermore, a more streamlined process will allow for more
time between Advocate training and outcome measures. Our
goal is to test for the preliminary efficacy of the program.

Follow-up studies from this pilot will be robust enough to allow
for more complex statistical approaches to truly capture changes
in self-report attitudes toward mental health and determine if
engagement with the campaign is associated with youth
behavioral outcomes. Although this analysis cannot be used to
make full conclusions on the impact on youth behavioral
outcomes, it does give key insight into the impact of digital
training platforms.

Conclusion
In this paper, we provided descriptive analyses for a peer
advocate mental health digital intervention program for youth
in Ohio. The important take-away from this study is that it takes
time to develop a solid digital mental health program, especially
for adolescents. Those who venture into developing prevention
programs must be prepared for more than one iteration of a
pilot. Factors beyond what is discussed in this article confound
the process for a seamless implementation—duration
uncertainties, relatability to the content, range in developmental
maturity, access to the internet and technology devices, and
other competing factors like schoolwork and family obligations.
Although the internet and ready availability of devices make
programs more accessible, adolescents are typically still at the
mercy of a parent who can determine if and when their child
can use the internet and devices. For this reason, it is beneficial
for prevention intervention programs to include a formative
process evaluation in which one can monitor engagement and
implementation and make the necessary changes as they go.
Program development is time-consuming and expensive, and
thus modifying as one goes is prudent.
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Abstract

Background: Bipolar disorder is a serious mental illness that results in significant morbidity and mortality. Pharmacotherapy
is the primary treatment for bipolar disorder; however, adjunctive psychotherapy can help individuals use self-management
strategies to improve outcomes. Yet access to this therapy is limited. Smartphones and other technologies have the potential to
increase access to therapeutic strategies that enhance self-management while simultaneously providing real-time user feedback
and provider alerts to augment care.

Objective: This paper describes the user-centered development of LiveWell, a smartphone-based self-management intervention
for bipolar disorder, to contribute to and support the ongoing improvement and dissemination of technology-based mental health
interventions.

Methods: Individuals with bipolar disorder first participated in a field trial of a simple smartphone app for self-monitoring of
behavioral targets. To develop a complete technology-based intervention for bipolar disorder, this field trial was followed by
design sessions, usability testing, and a pilot study of a smartphone-based self-management intervention for bipolar disorder.
Throughout all phases of development, intervention revisions were made based on user feedback.

Results: The core of the LiveWell intervention consists of a daily self-monitoring tool, the Daily Check-in. This self-monitoring
tool underwent multiple revisions during the user-centered development process. Daily Check-in mood and thought rating scales
were collapsed into a single wellness rating scale to accommodate user development of personalized scale anchors. These anchors
are meant to assist users in identifying early warning signs and symptoms of impending episodes to take action based on personalized
plans. When users identified personal anchors for the wellness scale, the anchors most commonly reflected behavioral signs and
symptoms (40%), followed by cognitive (25%), mood (15%), physical (10%), and motivational (7%) signs and symptoms.
Changes to the Daily Check-in were also made to help users distinguish between getting adequate sleep and keeping a regular
routine. At the end of the pilot study, users reported that the Daily Check-in made them more aware of early warning signs and
symptoms and how much they were sleeping. Users also reported that they liked personalizing their anchors and plans and felt
this process was useful. Users experienced some difficulties with developing, tracking, and achieving target goals. Users also did
not consistently follow up with app recommendations to contact providers when Daily Check-in data suggested they needed
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additional assistance. As a result, the human support roles for the technology were expanded beyond app use support to include
support for self-management and clinical care communication. The development of these human support roles was aided by
feedback on the technology's usability from the users and the coaches who provided the human support.

Conclusions: User input guided the development of intervention content, technology, and coaching support for LiveWell. Users
valued the provision of monitoring tools and the ability to personalize plans for staying well, supporting the role of monitoring
and personalization as important features of digital mental health technologies. Users also valued human support of the technology
in the form of a coach, and user difficulties with aspects of self-management and care-provider communication led to an expansion
of the coach's support roles. Obtaining feedback from both users and coaches played an important role in the development of
both the LiveWell technology and human support. Attention to all stakeholders involved in the use of mental health technologies
is essential for optimizing intervention development.

(JMIR Ment Health 2021;8(4):e20424)   doi:10.2196/20424

KEYWORDS

behavioral intervention technology; mHealth; bipolar disorder; depression; illness management; smartphone; behavior change;
early warning signs; self-management; qualitative

Introduction

Bipolar disorder is characterized by recurrent episodes of mania,
hypomania, depression, and mixed states. Many individuals
experience multiple acute episodes, long episode durations, and
interepisode symptoms [1-5]. As a result, individuals with
bipolar disorder are symptomatically ill about half of the time,
and three-quarters of those affected never achieve full recovery
of psychosocial function [1,6]. Pharmacological management
is the primary treatment for bipolar disorder and effectively
reduces relapse risk and symptom burden [7,8]. The addition
of empirically supported psychotherapy to pharmacotherapy
can further lower relapse rates, decrease symptoms, and improve
quality of life [9-17].

Although psychotherapy delivered during research trials has
proven helpful, only about half of individuals with bipolar
disorder receive any therapy [18,19]. Enhancing access to
content and tools from empirically supported psychotherapy is
essential to improving treatment for bipolar disorder. Digital
mental health technologies, including web and smartphone-based
applications, provide a means to increase the availability of
empirically supported psychotherapeutic strategies for managing
mental health problems [20-24]. In addition to access barriers,
current tools for bipolar disorder self-management can be
improved [14,25-28]. Relative to face-to-face treatment, mental
health technologies can advance intervention functionality by
providing real-time assessments, feedback, and provider alerts
[29]. Many people with bipolar disorder are interested in
utilizing self-management strategies to stay well, and strategies
used by individuals who are doing well overlap significantly
with the content of empirically supported psychotherapies for
bipolar disorder [30-33]. This overlap suggests that
smartphone-based interventions delivering self-management
strategies derived from empirically supported psychotherapies
may meet user needs and support user engagement [34-37].

To address the need for increased access to and enhancement
of empirically supported therapy for bipolar disorder, we
designed and developed LiveWell, a smartphone-based
self-management intervention (Clinicaltrials.gov NCT02405117,
NCT03088462). Description of intervention development is
essential to support ongoing improvement and dissemination

of technology-based mental health interventions [38-42], and
thus, this paper describes the user-centered development of
LiveWell. The development approach aims to ground LiveWell
in the lived experiences of individuals with bipolar disorder to
create an intervention that encourages the development and
long-term use of self-management strategies for living well with
bipolar disorder [43-45]. The user-centered development was
carried out in phases, consisting of (1) an initial 12-week field
trial of a simple smartphone app for self-monitoring of
behavioral targets, (2) design interviews and usability testing
of a self-management app, and (3) an 8-week pilot trial of the
complete LiveWell intervention, including both technology and
human support.

Methods

Users
The study was reviewed and approved by Northwestern
University’s institutional review board. Users were recruited
via fliers placed at university-affiliated and private outpatient
mental health practices. Eligible users were 18-65 years old and
had a DSM-IV (Diagnostic and Statistical Manual of Mental
Disorders–fourth version) diagnosis of bipolar disorder with a
minimum of 2 acute mood episodes within 2 years of enrollment.
Individuals were excluded if they (1) were not in current
psychiatric care; (2) met criteria for a substance-use disorder
within the last 6 months; (3) met criteria for another psychiatric
diagnosis, or had symptoms for which participation in the study
was either inappropriate or dangerous (including current severe
suicidal ideation or a serious suicide attempt in the last 12
months); (4) were pregnant or planned to become pregnant; (5)
had a visual, hearing, voice, or motor impairment that would
prevent completion of the study procedures or limit smartphone
use; or (6) were unable to speak or read English. As the
intervention primarily targets mood episode relapse prevention,
a current mood episode at the baseline assessment was an
additional exclusion criterion for the pilot study.

Before an initial telephone screening, users completed informed
consent by telephone or online. Users completed written consent
before a face-to-face (F2F) clinic visit. Initial screening to
establish a bipolar disorder diagnosis was conducted via
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telephone using the Mini–International Neuropsychiatric
Interview [46]. If eligible, users completed an F2F interview
with a study clinician (psychiatrist or psychologist) using an
abbreviated version of the Affective Disorders Evaluation and
the Clinical Monitoring Form [47,48]. Individuals with a
confirmed diagnosis at the clinic visit enrolled in the field trial,
design interview, and/or usability testing and could additionally
continue to the next phase if they chose. For the pilot study,
users also completed a baseline telephone assessment using the
Clinical Monitoring Form to assess current clinical status. All
individuals who participated in earlier phases of intervention
development were offered an opportunity to participate in
subsequent development phases. Users were compensated for
their time and travel costs: US $10 was given toward travel
costs and the telephone assessment; US $15 was given for
participation in the clinical assessment, baseline and monthly
telephone assessment, exit interview, and app training; and US
$25 was given for the design and usability interviews.

Procedures

Field Trial
A 12-week field trial was completed by 4 users to assess a
simple self-monitoring smartphone app. The research team
collaborated with the Center for Behavioral Intervention
Technologies (CBITS) at Northwestern University to develop
an Android app with self-report data collection, encryption, and
transmission to a secure server. Users were provided with a
smartphone with a data plan and had an F2F meeting with a
study staff member (coach) who used a structured script and
handouts to introduce the app (Multimedia Appendix 1). The
coach used structured interview scripts to gather feedback about
the training after the session and app use after the field trial
(Multimedia Appendix 1).

Design Sessions and Usability Testing
Design sessions were conducted with 4 users from the initial
study and 1 additional user, for which a structured script and
handouts (Multimedia Appendix 2) were used to simulate an
F2F app training session with a coach. Users were provided
with a smartphone app mock-up (Multimedia Appendix 3),
asked to imagine using the app for the next 16 weeks, and
instructed to think and ask any questions out loud. The research
team collaborated with CBITS to extend the self-monitoring
Android app to include information and tools to help users
engage in bipolar disorder self-management. The 5 users from
the design sessions attended F2F usability testing sessions that
employed structured scripts and scenarios (Multimedia
Appendix 4). Users were given 5-10 minutes to explore the app
and asked to share their general impressions. Then, users read
one assigned lesson and another of their choice and were asked
to provide feedback about the lesson's usefulness, length, and
coverage. Next, users read aloud scenarios that mimicked
real-life situations: medication nonadherence, sleeping too little,
and experiencing early warning signs of depression. After
reading each scenario, users completed a daily check-in based
on the scenario and received automated feedback from the app
based on their self-report data. Users were asked to discuss the
usefulness of this feedback and how it could be improved. All

users were given a posttask questionnaire to rate the overall
usability of the app (Multimedia Appendix 5).

Pilot Study
To test the complete intervention, 11 users, including 4 who
attended the usability testing, completed an 8-week pilot study.
Users were provided with a smartphone and a data plan. They
had an F2F meeting with a coach who used a structured script
and handouts (Multimedia Appendix 6) to instruct them on the
use of the app and the coach's role. Following this meeting,
users completed 6 phone calls (weeks 1-4, 6, and 8) with a
coach; the coach used structured scripts (Multimedia Appendix
6) to support app use adherence, self-management strategy use
(including the development of personalized wellness plans;
Multimedia Appendix 7), and communication with clinical care
providers. After completing the pilot, users completed a
structured exit interview (Multimedia Appendix 8) and an exit
questionnaire (Multimedia Appendix 9) to provide feedback
about the app’s usability.

Analysis

Instant Data Analysis
The research team utilized an instant data analysis approach
across all development phases to make iterative changes to the
technology and coaching based on user feedback [49]. This
approach reduces the time needed for analysis while also
identifying usability issues [50,51]. Immediately after observing,
interacting with, or receiving feedback from users, study staff
wrote memos documenting users' problems or comments. The
design team (coaches, programmers, the project manager, and
team leaders) discussed these memos until they achieved
consensus on necessary changes [52]. These discussions
sometimes prompted a return to the literature to provide
additional information to make design decisions. During the
pilot study, coaches' experiences with the technology and the
users were increasingly incorporated into the design discussions
and decisions. Based on the number of users, the field trial and
usability studies (n=4-5) should identify 55%-85% of problems
with app usability, and the pilot study (n=11) should detect
80%-95% of usability problems [53-56]. In addition to the
traditionally defined users, 4 coaches and 1 team leader provided
human support during different stages of the development
process.

Analysis of Usability Testing Posttask and Pilot Study
Exit Questionnaires
Participant responses to the usability testing posttask
questionnaire (n=5) and pilot study exit questionnaire (n=11)
were used to assess usability (Multimedia Appendices 5 and 9).
To provide summary assessments, responses from the 7-point
response scales were collapsed into 2 categories:
disagree/strongly disagree and agree/strongly agree.

Analysis of Pilot Study Exit Interviews
The exit interviews (n=11) were transcribed verbatim and used
for thematic analysis [57]. Then, 3 researchers independently
conducted a preliminary round of coding during which
transcripts were partitioned into excerpts (transcript lines
conveying a codable unit) and exported to Microsoft Excel
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spreadsheets (Multimedia Appendix 10). App usability
subthemes were inductively coded and deductively grouped
into larger themes. Coders used nominal group consensus,
meeting with a moderator to discuss, clarify differences in, and
finalize codes [52].

Analysis of Rating Scale Anchors
Thematic analysis was used to investigate users' personalized
anchors for the mood and thought rating scales used during the
field trial (n=4) and the wellness rating scales used during the
design sessions (n=5) and pilot study (n = 11) [57]. Anchors
were entered into Excel spreadsheets (Multimedia Appendix
11), and 2 researchers inductively coded subtypes. A third
researcher reviewed the codes, and a consensus process was
used to finalize anchor subtypes [52]. Anchor subtypes were
then deductively grouped into broader categories (anchor types)
based on a literature review describing early warning signs
experienced by individuals with bipolar disorder prior to an
episode [11,12]. The research team discussed the overall coding
scheme and developed definitions and examples of the anchor
types and subtypes. Then, 2 researchers who were not involved
in the initial coding and development used these definitions and
examples to code the anchor types and subtypes across all 3
scales; the joint probability of agreement was 90% for subtypes
and 87% for types.

Results

Users
At study enrollment, 12 users were included and were 21-62
(mean 38, SD 14) years old. Of these 12 users, 4 were male and
8 were female; 12 were non-Hispanic white; 3 were married or
living as married, 3 were divorced, and 6 were never married;
5 had completed some college, 2 had completed college, and 5
had completed more than college; 2 were students, 6 were
employed, 2 were unemployed, and 2 were on disability.

Intervention Overview
Similar to existing, empirically supported F2F psychotherapy
interventions for bipolar disorder, the LiveWell intervention
aims to decrease episode relapse, reduce symptom burden, and
improve quality of life [3,4,10-15,58-60]. The intervention seeks

to achieve these outcomes by assisting individuals with
managing behaviors proposed to underlie the impact of existing
therapies [7,11-13,15,18,19,31,61,62]. LiveWell thus
emphasizes identifying early warning signs and symptoms of
relapse, developing plans and monitoring for relapse, and then
enacting and adjusting plans as needed. In addition, LiveWell
engages users in a similar process to support taking medications
as prescribed, obtaining adequate sleep duration, and
maintaining regular routines. LiveWell also addresses
strengthening social support, managing stressors, and engaging
in healthy habits regarding diet, exercise, and substance use.

LiveWell consists of technological and human support
components, including a smartphone app, a secure server, a
website, and coaching support (Figure 1). The smartphone app
consists of 5 components: Foundations, Toolbox, Wellness Plan,
Daily Check-in, and Daily Review. It provides foundational
information on bipolar disorder self-management (Foundations)
and a toolbox with self-assessment surveys and skills practice
(Toolbox). The Foundations and Toolbox components support
developing a personalized Wellness Plan to reduce relapse risk
and manage signs and symptoms. The core of the intervention
is a Daily Check-in, in which users monitor medication
adherence, sleep duration, routine, and wellness. Based on Daily
Check-in data, the Daily Review provides tailored feedback
that directs users to relevant psychoeducation content (eg, using
lifestyle skills to reduce relapse risk or coping skills for
managing early warning signs and symptoms).

LiveWell also utilizes human support, a coach to improve app
use adherence, self-management, and communication with
mental health providers [63]. The app provides data summaries
and alerts via a secure server and website to help the coach
provide support and facilitate communication with mental health
care providers. Personnel without professional mental health
training provide coaching support to reduce costs and increase
access [64,65]. A clear division of labor between the technology
and the coach ensures that coaches operate within the scope of
nonclinical practice. The technology functions as the
psychotherapeutic strategy expert that provides status summaries
and alerts to the coach, who uses structured scripts and
flowsheets to serve as a technology use concierge.
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Figure 1. Intervention overview.

Field Trial
Monitoring is a major determinant of behavior change [41] and
an essential strategy of empirically supported bipolar disorder
psychotherapies [3,11,25,60]. Individuals with bipolar disorder
are interested in using self-monitoring tools [30,31]. Thus, the
initial development of LiveWell focused on creating a
smartphone-based self-monitoring tool for tracking moods,
thoughts, sleep, and routine. In particular, the ability to
distinguish between different levels of wellness (eg, doing well
or responding as expected to events versus experiencing early
warning signs of an episode) may be essential to staying well
[33].

Due to the potential importance of this ability, the field-trial
Daily Check-in included 7-point scales to monitor mood and
thoughts (Figure 2, Table 1). During the app training session,
coaches helped users establish mood and thought anchors (ie,
words describing their prior experiences at different wellness
levels) to make these scales more personally relevant and useful.
However, coaches noticed that users' mood and thought anchors

often overlapped (eg, “planning for my future” as a mood
anchor; Table 1), and some anchors appeared to reflect
behaviors, physical symptoms, and changes in motivation (eg,
“sluggish” as a thought anchor; Table 1). In addition, users
reported that the 7-point range was too restrictive (eg, “If people
are more depressed, it would probably be useful to have a wider
scale to describe it”). As a result, the mood and thought rating
scales were collapsed into a single 9-point wellness rating scale
(Figure 2).

Users were also given the option to complete the Daily Check-in
multiple times a day, but coaches noted that allowing multiple
check-ins did not appear to elicit the reflection needed to identify
different wellness levels. Instead, the Daily Check-in seemed
to be capturing momentary reactions to daily hassles and uplifts
[66]. To encourage users to engage in reflective monitoring
rather than in-the-moment rating, the Daily Check-in was
restricted to allow only one check-in per day, and the coaching
scripts were adjusted to encourage reflection on wellness status
using the personalized anchors.
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Figure 2. Daily Check-in development. (A) Field trial; (B) Design sessions; (C) Pilot study, version 1; (D) Pilot study, version 2.
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Table 1. Field trial: mood and thought rating scales (n=4).

Personalized anchor (user ID)DefinitionRating

Thought anchorMood anchor

Racing (2001)

Can work very fast (2002)

Nonsensical (2003)

Ecstatic (2001)

Uber social (2002)

Sleep less than 12 hours (2008)

Most manic for you; extremely problematic+3 Severe up

Feel up (2002)

Have energy to study (2008)

Overly hopeful (2001)

Full energizer (2008)

Moderately problematic+2 Moderate up

Realistic (2001)

Feel competent (2002)

Can study and enjoy it (2008)

Anticipation (2001)

Life is manageable (2002)

Talkative (2003)

Normal variation; explainable by recent or
upcoming events

+1 Slight up

Reasonable (2001)

Steady (2003)

Learn new things (2008)

Satisfied (2001)

Cheerful (2003)

Planning for my future (2008)

Doing well0 Well

Sluggish (2001)

Normal thought rate (2003)

Anxious (2003)

Disappointed (2001)

All or nothing kind of thinking (2002)

Tired (2003)

Normal variation; explainable by recent or
upcoming events

-1 Slight down

Hopeless (2001)

Don't feel like myself (2002)

Cry easily (2002)

Tired (2003).

Moderately problematic.-2 Moderate down

Despair (2001)

Overly critical (2003)

I can't study (2008)

Despondent (2001)

Emotional pain (2002)

Overly lethargic (2003).

Most depressed for you; extremely problem-
atic

-3 Severe down

Design Sessions and Usability Testing
Content and tools for the app and coaching support were
developed based on information from empirically supported
psychotherapies for bipolar disorder [3,12,13,15], health
psychology behavior change theories [39,40,67-74], and chronic
disease self-management models [75-83]. Design sessions and
usability testing were then conducted to obtain user feedback
on the overall app design, Daily Check-in, Daily Review,
Foundations lessons, and the F2F coaching app training session.

During the design sessions, the Daily Check-in had separate
early warning sign buttons to emphasize the importance of early
warning signs (Figure 2). User feedback indicated these buttons
were unnecessary and confusing with the transition to the 9-point
rating scale. Thus, the Daily Check-in was simplified by
removing these buttons, and early warning signs were clearly
defined as +2 and -2 on the wellness rating scale (Table 2).
Additionally, the Foundations content and coaching scripts were
updated to emphasize the use of the wellness rating scale for
early warning signs recognition.

During usability testing, user feedback suggested that exercise
and diet were not adequately addressed. Therefore, Foundations
and Toolbox content was added to cover the importance of
exercise and diet [84-86]. User feedback also suggested that
finding the right doctor and establishing a therapeutic alliance
was not adequately discussed and that the rationale and approach
to identifying a hospital in the case of a severe episode were
unclear. As a result, the team lesson about working with a
psychiatrist was expanded, the rationale for learning about a
hospital for inpatient care was clarified, and information about
using mental health directives was added.

In their posttask questionnaire responses, users indicated that
the app's overall design and organization were straightforward,
easy to use and understand, reasonable in terms of time
commitment, and met their expectations (Table 3, Multimedia
Appendix 5). Users also indicated that both the Foundations
and Daily Review were interesting, relevant, and taught them
something new.
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Table 2. Design sessions: wellness rating scale (n=5).

Personalized wellness anchor (user ID)DefinitionRating

Spend too much money (2002)

Not sleeping (2003)

Breaking stuff (2005)

Poor judgment, dangerous behaviors, not sleeping, hallucina-
tions/delusions

+4 Severe up

Physically energized (2001)

Everything amplified (2002)

Cussing out strangers (2005)

Many symptoms day to day, manic episode probably happening,
difficult to maintain activities/routine

+3 Moderate up

Mood more volatile (2002)

Binge drinking (2005)

Walking for a long distance (2008)

Some ongoing symptoms or early warning signs; manic episode
may be coming, can still maintain activities/routine

+2 Mild up

More hopeful (2002)

Chipper (2005)

Exercise a little bit (2008)

Response to recent/upcoming good event, likely normal variation
in wellness, understandable and manageable

+1 Slight up

Engaged in life (2002)

Like being around people (2005)

Mood happy (2008)

Neither up nor down, doing well0 Balanced

I'd rather sit at home (2001)

Slight upset (2003)

Sarcastic (2005)

Response to recent/upcoming bad event, likely normal variation
in wellness, understandable and manageable

-1 Slight down

Angry (2002)

Selectively returning messages (2005)

Loss of energy level interferes with daily tasks (2008)

Some ongoing symptoms or early warning signs, depressive
episode may be coming, can still maintain activities/routine

-2 Mild down

Using sleep to avoid life (2001)

Skipping meals (2005)

Slow thought process (2008)

Many symptoms day to day, depressive episode probably happen-
ing, difficult to maintain activities/routine

-3 Moderate down

Lack of motivation to do things (2003)

Suicide planning (2005)

Loss of interest in everything (2008)

Serious ideas about suicide, immobilized, dangerous behaviors,
disrupted sleep, hallucinations/delusions

-4 Severe down
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Table 3. Usability testing: posttask questionnaire (n=5).

ASAbDSDaQuestionSection and usability type

Overall

800This application is visually appealing.Interface quality

800It was easy to move from one page to another.Interface quality

1000The overall organization of the application is easy to understand.Ease of learning

800Individual pages are well designed.Interface quality

800Terminology used in this application is clear.Ease of learning

600The content of the application met my expectations.Satisfaction

800I would be likely to use this application in the future.Satisfaction

800I was able to complete my tasks in a reasonable amount of time.Ease of use

1000Overall, the application is easy to use.Ease of use

Foundations

800I found the lessons easy to understand.Ease of learning

800I found the lessons interesting.Usefulness

600I found the lessons relevant to me.Usefulness

600I learned something new from the lessons.Usefulness

600I was motivated to make a change after reading the lessons.Usefulness

Daily Review

800I found the daily review easy to understand.Ease of learning

800I found the daily review interesting.Usefulness

600I found the daily review relevant to me.Usefulness

800I learned something new from the daily review.Usefulness

800I was motivated to make a change after completing the daily review.Usefulness

aDSD: disagree/strongly disagree.
bASA: agree/strongly agree.

Pilot Study
The pilot study tested the complete intervention, including the
technology and human support. At the F2F session, coaches
helped users identify personalized wellness anchors (Table 2)
and set mutually agreed-upon target goals (medication
adherence, sleep duration, routine bedtime and rise time, and
wellness rating range) for daily monitoring (Figure 1). The
coaches encouraged users to set goals known to facilitate staying
well [11-13,87], such as taking their medications 100% of the
time, sleeping the recommended amount each day (7-9 hours,
with 6-10 hours reasonable for some), going to bed and starting
their day within a 1.5-hour window, and keeping their wellness
ratings within a balanced range (-1/+1; Table 2).

Users found differentiating between maintaining a regular
routine and getting the right amount of sleep confusing.
Therefore, a separate button for recording sleep duration was
added to the Daily Check-in (Figure 1), and coaching scripts
were updated to clarify the behavioral targets and goal setting
process (Multimedia Appendix 6). Users also expressed

difficulties understanding the Daily Review feedback regarding
goal achievement. The first page of Daily Review feedback uses
bar graphs to display the percent of days over the last 7 days
that the user met their target goal (Figure 3). A title was added
to the Daily Review bar graphs to indicate that the percentage
bars correspond to goal achievement over the last 7 days. A
hover bar feature was also added so that users could view their
personalized goals for each behavioral target (Figure 3). Some
users found the Daily Review feedback repetitive when target
goals were consistently not met. To allow users to sample
additional Daily Review content under these conditions, a
Review Something Else component was added and made
available after completing the suggested Daily Review feedback.
Coaches found that users did not always follow up on Daily
Review feedback to contact their providers. To address this,
when feedback prompting communication with providers was
given, a pop-up message with a link to one’s psychiatrist’s
phone number was added to the Daily Review. Email alerts to
coaches were also added, and coaching scripts were developed
to help the coaches contact the user and psychiatrist under these
conditions [63].
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Figure 3. Daily Review development.

At week 4, users were asked to complete reading the Foundation
lessons, and coaches assisted users in developing a lifestyle
plan to reduce relapse risk (Table 4) and a coping plan for
managing signs and symptoms (Table 5). Originally, generic
suggestions for the plans were included. However, when coaches
asked users to personalize their plans, some wanted to keep the
generic plan. Generic plans were removed for the diet, exercise,
substances (Attend), stress management (Tranquil), and
build-support (Social) sections of the Reduce Risk plan to

encourage users to think of relevant personal plans (Multimedia
Appendix 7). Users' personalized goals for sleep duration and
bedtime/rise time windows, and a generic recommendation to
take all of their psychiatric medications daily, were retained.
Coaching scripts were adapted to encourage the use of
implementation intentions for planning [88-90], and users were
given examples of implementation intentions in the generic
risk-reduction plans (eg, “If you miss medications for more than
3-4 days in a row, then discuss with your psychiatrist”).
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Table 4. Pilot study: lifestyle plan for reducing risk (n=11).

Personalized plan (user ID)Target

Keep routine. (2001)

Sleep diary if not going well (2005)

If having trouble sleeping, try sleep medication. (2066)

Sleep

Talk to psychiatrist about current medication. (2003)

Solve how to get around barriers or hurry/inattentiveness. (2005)

Take every medication at the same time every day (2041)

Medication

Pay attention to sugar and processed foods. (2065)

Do yoga/tai chi at least 3 times a week. (2066)

Limit caffeine to 1 cup of coffee a day. (2086)

Attend

Don't skip meals. (2003)

Exercise at a consistent time. (2008)

If having trouble getting up, set an alarm. (2063)

Routine

Do a crossword puzzle. (2016)

Listen to relaxation strategies. (2041)

Don't over-schedule to avoid too much stimulation. (2066)

Tranquil

Go to work with a positive attitude. (2001)

Explore churches. (2066)

Socialize with friends or family at least twice a week. (2086)

Social
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Table 5. Pilot study: coping plan for managing signs and symptoms (n=11).

Personalized anchor and plan (user ID)DefinitionRating

PlanAnchor

Increase supervision. (2063)

Let supports know. (2086)

Super aggressive (2005)

Invincible (2001)

Risky activities (2041)

Poor judgment, dangerous behaviors, not
sleeping, hallucinations/delusions

+4 Severe up

Stick to routine. (2016)

Lean on family for support. (2008)

Hardly sleeping (2001)

Really angry (2005)

Excessive energy (2008)

Many symptoms day to day, manic
episode probably happening, difficult to
maintain activities/routine

+3 Moderate up

Be conscious, notice signs. (2003)

Ask supports if noticing manic symptoms.
(2005)

Bizarre thoughts (2016)

Short-tempered (2005)

Sleep less (2001)

Some ongoing symptoms or early warn-
ing signs, manic episode may be coming,
can still maintain activities/routine

+2 Mild up

Watch substance intake, especially alcohol,
during the week. (2063)

Moderate alcohol consumption. (2001)

Friendly (2005)

More social (2016)

More active (2041)

Response to recent/upcoming good
event, likely normal variation in well-
ness, understandable and manageable

+1 Slight up

Recognize you are doing a great job! (2041)

Eat healthy and exercise. (2063)

Balanced sleep (2016)

Energy level is normal (2001)

Productive (2001)

Neither up nor down, doing well0 Balanced

Let self feel sad, then move on because [I]
can't change events. (2008)

Do things that make you happy. (2003)

Pessimistic reaction to events (2005)

Can't motivate self (2016)

Irritable (2003)

Response to recent/upcoming bad event,
likely normal variation in wellness, un-
derstandable and manageable

-1 Slight down

Try not to sleep too much or spend too
much time in bed. (2003)

Live day by day. (2008)

Crying (2016)

Start losing appetite (2005)

More restless (2008)

Some ongoing symptoms or early warn-
ing signs, depressive episode may be
coming, can still maintain activities/rou-
tine

-2 Mild down

Go to [my] mom's house. (2016)

Call family supports. (2041)

Trouble leaving house (2041)

Oversleeping (2016)

Grooming not shaving (2008)

Many symptoms day to day, depressive
episode probably happening, difficult to
maintain activities/routine

-3 Moderate down

See doctor immediately. (2008)

Contact those you trust. (2003)

Actively trying to harm self (2003)

Odd thoughts (2008)

Hate cycle (2016)

Serious ideas about suicide. Immobi-
lized. Dangerous behaviors. Disrupted
sleep. Hallucinations/delusions.

-4 Severe down

Users reported confusion and difficulties with setting and
achieving target goals and did not consistently follow up with
Daily Review recommendations to contact providers; thus, the
coach role was expanded from app use support [65] to more
active support for self-management and clinical care
communication. Clear coach email alerts and dashboard
summaries, scripts, and flowsheets were developed to support
these additional roles [63]. The coaching scripts were modified
to emphasize creating target behavioral goals, assisting users
with developing plans, reinforcing success, and making
adjustments when goals were not met (Multimedia Appendix
6). This increased self-management support included developing
flowsheets and tip sheets to help coaches guide the user to
appropriate self-management content [63]. Questions from
coaches about how to address worsening symptoms resulted in
additional structured protocols to assess suicidality and
functional impairment, including clear instructions on when to
call for real-time clinical support. Details of the rationale and
implementation of the coaching support are described elsewhere
[63].

Pilot Study Exit Analysis
When users finished the 8-week pilot study, they were asked
to complete a usability questionnaire (Multimedia Appendix 9)
[91,92]. Responses are summarized in Table 6 for questions in
which ≥7/11 users rated an item as “strongly agree” or “agree,”
or ≥3/11 users rated an item as “strongly disagree” or “disagree.”
All users found the Daily Check-in easy to use, and most
indicated that it made them more aware of their early warning
signs and sleep duration. Users expressed that the Foundations
were easy to understand, about the right length, and relevant.
They reported that they liked being able to personalize the
Wellness Plan and found it relevant for their continued use of
the app. Finally, users emphasized the importance of coaching
support. They found the coach supportive and the calls
convenient in terms of their schedule and appropriate length.
Most users indicated that they were motivated by the coach to
review intervention content and change their behaviors after
coach calls.
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Table 6. Pilot study: usability questionnaire (n=11).

ASAbDSDaQuestionSection and usability type

Overall

910The terminology used in this application is clear.Ease of learning

910I was able to complete my tasks in a reasonable amount of time.Ease of use

739The content of the application met my expectations.Satisfaction

Foundations

1000I found the lessons easy to understand.Ease of learning

820The lessons were about the right length.Ease of use

730I found the lessons relevant to me.Usefulness

Wellness Plan

910I found the Wellness Plan relevant to me.Usefulness

820I found the Wellness Plan easy to understand.Ease of learning

820I liked being able to personalize the Wellness Plan.Usefulness

730I learned something new from using the Wellness Plan.Usefulness

730Having and using my personal Wellness Plan was useful for me.Usefulness

Daily Check-in

1000I found the Daily Check-in easy to use.Ease of learning

910Using the Daily Check-in made me more aware of how much I was sleeping.Usefulness

829Using the Daily Check-in made me more aware of symptoms and early warning signs.Usefulness

730I found using the Daily Check-in helpful.Usefulness

Daily Review

1000I found the Daily Review easy to understand.Ease of learning

Coach

910I found the coach supportive.Usefulness

910I found the coach calls useful.Usefulness

910The coach calls were an appropriate length.Ease of use

910I was able to schedule the coach calls at times that were convenient for me.Ease of use

820I got more out of the application by working with the coach.Usefulness

820I found the coach's role beneficial to my use of the application.Usefulness

730Having the coach calls motivated me to read the lessons.Usefulness

730I was motivated to make a change after phone calls with the coach.Usefulness

Psychiatrist

2727Using LiveWell helped me communicate with my psychiatrist about how I was doing.Usefulness

Technical

3627Once I completed my daily LiveWell activities, the reminders stopped appearing.Usefulness

2745I found the reminders irritating.Satisfaction

1836The reminders came on schedule as I programmed them to.Usefulness

1827I relied on the reminders to complete my daily LiveWell activities.Usefulness

955The battery life of the phone was adequate.Ease of use

820The study team was helpful and responsive to my technical issues.Ease of use

aDSD: disagree/strongly disagree.
bASA: agree/strongly agree.
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Thematic analysis of exit interviews identified 6 usability
themes: ease of use, ease of learning, usefulness, barriers,
suggestions, and technical limitations (Multimedia Appendix
10). Users indicated that they found the app easy to use.

It was pretty clear what was going on. . . . The Daily
Check-in was very easy. It took very little time. It
[Daily Review] very quickly gave me information on
what it thought was going well. (2005)

Some users reported that having self-management resources on
their phones was especially convenient when they experienced
symptoms. “It’s sort of like having a therapist in your phone”
(2041).

Users found the Foundation lessons and Wellness Plan relevant
and useful. They stated that they liked being able to personalize
their wellness anchors and plans and that this process made
their app use more meaningful.

We personalized [the Wellness Plan], going through
each mood variation level and noting what I’ve
personally experienced. At first, it was really generic,
so going through it and having it be like “if you are
up a level, this is what you are going to be seeing” .
. . It’s my plan, not just a generic one. (2016)

Users also stated that personalizing their information inspired
self-awareness.

Personalizing the information was really helpful,
within the Wellness Plan, within triggers . . . It made
me so much more aware of myself. (2066)

Moreover, users felt that the coaching support was motivating,
useful, and helped them get more out of their app use.

I found the coaching really helpful. . . . [It] was
helpful for motivation and for answering questions
because the app was confusing at the beginning.
(2061)

Users offered many suggestions about changes or additions to
data viewing, navigation, personalization, and monitoring, such
as adding tracking for energy level, alcohol use, diet, and
exercise. “There should be more visual things . . . like video
clips” (2063).

The one missing [from the Daily Check-in] is energy
level. It’s very critical for bipolar. (2008)

Users noted the app’s navigation could be complicated, which
sometimes led to not using parts of the app; however, coaching
support helped resolve navigation difficulties. “Navigating was
a little hard to get used to. . . . I’m not sure I ever looked at [the
toolbox]” (2041).

It [Navigation] got easier. Like I didn’t get at first
how you could put things in my toolbox, and I mean
[my coach] explained it all to me. (2086)

Users still found that the Daily Review feedback could be
repetitive if they were consistently experiencing problems with
one specific behavioral target (eg, routine). In some cases, this
repetitive feedback led to a discontinuation of use. “I got fed
up after a couple weeks ‘cause [the Daily Review] was the same
thing” (2063).

Some users felt that technical issues impeded their use of the
app. Specifically, users experienced problems with the reminders
to check in, which contributed to irritation and reduced reliance
on the reminders.

Sometimes I can’t complete the [Daily Check-in] until
later in the day, so pops up, I hit yes . . . and then it
keeps popping up until it goes through all the
reminder times that you missed. (2003)

Other users expressed difficulties with study equipment, such
as frustration with poor phone battery life. “I had some difficulty
with the phone. [It] would die all the time” (2016).

However, most users felt that the study team was helpful and
responsive in resolving technical issues.

[The] technical things I brought up, [the coach] was
like, “That’s been a problem we are working on it.”
It’s good to know that it’s the phone and not me.
(2005)

Anchors
A thematic analysis of users’ mood, thoughts, and wellness
rating scale anchors was completed to explore what types of
signs and symptoms are relevant for monitoring wellness. The
anchors for the mood, thought, and wellness rating scales were
coded into subtypes and types (Multimedia Appendix 11). When
the field trial anchors were formally coded, only 46% of the
mood scale’s anchors were coded as “mood,” while the
remainder were coded as “cognition,” “physical,” “behavior,”
or “motivation.” For the thought scale, 69% of the anchors were
coded as “cognition,” with the remainder coded mostly as
“mood” and “behavior.” In contrast, when users identified
personal anchors for the pilot study wellness scale (Table 7),
the anchor types were coded as “behavior” (38%), followed by
“cognition” (28%), “mood” (17%), “physical,” (10%) and
“motivation” (7%). In terms of subtypes, anchors for thought
content (17%), sleep (12%), thought process (10%), negative
mood (10%), energy (9%), and social interactions (8%)
accounted for two-thirds of the subtypes.
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Table 7. Pilot study: thematic analysis of personalized wellness rating scale anchors (n=11).

Personalized anchor (user ID)Type (%) and subtype (%)

Behavior: visible activities or timing of such activities (38)

Stay up all night (2001)

Oversleeping (2003)

Nocturnal (2016)

Sleep: quality, duration, timing, need (12)

Enjoy seeing people (2005)

More social (2016)

Avoiding family & friends (2041)

Social: nonaggressive interactions with other people (8)

Buying things I don’t need (2003)

Running traffic lights (2008)

Driving too fast (2041)

Risky: increasing risk of injury or harm (4)

Well-fed (2001)

Grooming, not shaving (2008)

Forgetting meds (2016)

Self-care: eating, drinking, grooming, hygiene, medications (4)

Making art (2003)

Watching movies (2008)

Exercising, walking (2041)

Leisure: for relaxation or enjoyment, including over engagement (3)

Less talkative (2016)Speech: rate, rhythm, or volume of speech (3)

Productive (2001)

Study for 3-5 hours (2008)

Going to work and school (2016)

Work: employment, school, home care, volunteering (2)

Actively trying to harm self (2003)

Super aggressive (2005)

Self-harm (2016)

Aggression: physical or psychological harm to person, object, or self (1)

Drinking to dangerous excess (2001)Substance: ingestion of psychoactive substances (1)

Cognition: acquiring knowledge and understanding through thought, experience, and senses (28)

Life is not worth living (2001)

Have lots of new ideas (2003)

Odd thoughts (2008)

Content: what one is thinking about (17)

Faster thinking (2003)

Bad judgment (2005)

Problems with any decision (2041)

Process: logic, organization, coherence, and speed of thinking (10)

Hallucinations (2003)Perception: sensory processing, disturbances of sensory processing (1)

Mood: emotional or affective state (17)

Irritable (2003)

Persistent crabbiness (2005)

Sad mood, “feeling down” (2041)

Negative: unpleasant, disagreeable, lack of pleasure (10)

Things are so exciting (2001)

Laugh (2005)

Easier to smile (2041)

Positive: good, affirmative, or constructive (6)

Physical: relating to the body (10)

Feel fatigued (2001)

More restless (2008)

Restless (2016)

Energy: strength and vitality (9)

Not hungry (2001)

Force self to eat (2005)

Appetite: desire for food (1)

Motivation: reasons or drive to engage in behavior (7)
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Personalized anchor (user ID)Type (%) and subtype (%)

Willing to try anything (2001)

Loss of interest (2008)

Easier to maintain a routine (2041)

N/Aa

aN/A: not applicable.

Discussion

This paper describes the user-centered process that guided the
development of the technological and human support
components of LiveWell. Consistent with the importance of
monitoring [3,11,25,60], the core of the LiveWell intervention
consists of a daily self-monitoring tool, the Daily Check-in,
which underwent multiple revisions during development.
Changes to the technology and the coaching support were also
made to help users set clear target goals, track the achievement
of those goals, make adjustments, and communicate with care
providers.

The initial Daily Check-in included both mood and thought
rating scales. Coaches helped users develop personalized
anchors for these scales to help users identify early warning
signs and symptoms of an episode based on their past
experiences. Examining these anchors revealed that the users’
anchors often did not fit within the bounds of the requested
mood and thought categories. This suggested that users were
being asked to personalize scales that did not capture their most
relevant wellness variation experiences. Therefore, the mood
and thought scales were collapsed into a single wellness rating
scale. When users were provided with more freedom to identify
personal anchors using the wellness scale, the anchors most
commonly reflected behavioral—followed by cognitive, mood,
physical, and motivational—signs and symptoms. More
specifically, two-thirds of these anchors referenced thought
content and process, sleep, negative mood, energy, and social
interactions. These findings are consistent with the early warning
sign literature indicating that individuals typically endorse
changes in cognition (concentration, self-esteem, difficulty with
decisions), behavior (more talkative and aggressive, changes in
sleep duration), and energy before episodes [93,94].

Additional changes to the Daily Check-in were made to help
users distinguish between getting adequate sleep and keeping
a regular routine. Users reported that the Daily Check-in made
them more aware of early warning signs and symptoms and
how much they were sleeping. Early warning sign management
and sleep duration are considered to be important targets that
underlie the improved outcomes produced by empirically
supported therapies for bipolar disorder [3,11,25,60]. It thus
appears that user feedback led to changes in the Daily Check-in
that may assist users in staying well.

Changes to the technology were also made to clarify goal setting,
goal achievement tracking, and making adjustments (Daily
Check-in and Daily Review), as users experienced difficulties
with these strategies. In addition, changes were made to the
Foundations and Toolbox to clarify the process of setting goals,
making plans, monitoring, evaluating goal achievement, and
making adjustments if needed. Due to the inconsistency with

which users would act upon recommendations to contact their
provider, pop-up notifications with a link to their psychiatrist’s
phone number were added.

However, it was unclear that these technology changes were
sufficient, so coaching roles were expanded to include support
for self-management strategy use and clinical care
communication. Research suggests that human support for app
use reduces attrition and improves adherence; however,
increased engagement does not always translate into improved
outcomes [29,38,66,95-97]. Improved outcomes may arise from
the inclusion of clinical support to ensure that users identify the
content and tools relevant to their needs, use them correctly,
and translate this use into their daily lives [38]. This suggests
that expanding the coaching roles for LiveWell may improve
outcomes. In creating the self-management and clinical care
communication support roles for LiveWell, feedback from the
coaches played an important role in developing these roles.

Users reported that working with their coaches to tailor their
wellness rating scale anchors and plans made the intervention
more relevant to their personal experiences. This feedback is
consistent with prior studies indicating that personalizing
application components to address user needs can increase user
engagement and positively impact intervention outcomes
[43,98,99]. Thus, the provision of generic plans was minimized
to encourage the personalization of the wellness plans. Users
noted that developing personally relevant plans motivated them
to enact these plans. Taken together, these findings indicate that
self-management interventions that utilize open-ended,
personalized wellness scales and plans may help individuals
develop insight into their health condition and more readily
embrace and act on intervention content.

Finally, striking a balance between making the app easy to
navigate and fulfilling participant requests for additional features
was challenging. As user engagement typically decreases with
challenging-to-use applications [100], an effort was made to
prioritize user requests related to intervention functionality.
Technical issues, such as problems with reminders and battery
life, have been addressed with improvements in technology
over time, such as the integration of app reminders into the
Android operating system and smartphone battery-life
improvements.

To support the ongoing improvement and dissemination of
technology-based mental health interventions [38-42], we have
provided a detailed description of the user-centered development
process for LiveWell. This process suggests that individuals
with bipolar disorder value target monitoring, personalization
of goals and plans, and human support aids as self-management
tools. In developing LiveWell’s technology and human support,
feedback from both users and coaches played an important role,
emphasizing the significance of engaging all stakeholders in
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intervention development. This attention to all-stakeholder input
is broadly applicable to developing the technology and the

human support for digital mental health interventions.
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Abstract

Background: The review of collateral information is an essential component of patient care. Although this is standard practice,
minimal research has been done to quantify collateral information collection and to understand how collateral information translates
to clinical decision making. To address this, we developed and piloted a novel measure (the McLean Collateral Information and
Clinical Actionability Scale [M-CICAS]) to evaluate the types and number of collateral sources viewed and the resulting actions
made in a psychiatric setting.

Objective: This study aims to test the feasibility of the M-CICAS, validate this measure against clinician notes via medical
records, and evaluate whether reviewing a higher volume of collateral sources is associated with more clinical actions taken.

Methods: For the M-CICAS, we developed a three-part instrument, focusing on measuring collateral sources reviewed, clinical
actions taken, and shared decision making between the clinician and patient. To determine feasibility and preliminary validity,
we piloted this measure among clinicians providing psychotherapy at McLean Hospital. These clinicians (n=7) completed the
M-CICAS after individual clinical sessions with 89 distinct patient encounters. Scales were completed by clinicians only once
for each patient during routine follow-up visits. After clinicians completed these scales, researchers conducted chart reviews by
completing the M-CICAS using only the clinician’s corresponding note from that session. For the analyses, we generated summary
scores for the number of collateral sources and clinical actions for each encounter. We examined Pearson correlation coefficients
to assess interrater reliability between clinicians and chart reviewers, and simple univariate regression modeling followed by
multilevel mixed effects regression modeling to test the relationship between collateral information accessed and clinical actions
taken.

Results: The study staff had high interrater reliability on the M-CICAS for the sources reviewed (r=0.98; P<.001) and actions
taken (r=0.97; P<.001). Clinician and study staff ratings were moderately correlated and statistically significant on the M-CICAS
summary scores for the sources viewed (r=0.24, P=.02 and r=0.25, P=.02, respectively). Univariate regression modeling with a
two-tailed test demonstrated a significant association between collateral sources and clinical actions taken when clinicians
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completed the M-CICAS (β=.27; t87=2.47; P=.02). The multilevel fixed slopes random intercepts model confirmed a significant
association even when accounting for clinician differences (β=.23; t57=2.13; P=.04).

Conclusions: This pilot study established the feasibility and preliminary validity of the M-CICAS in assessing collateral sources
and clinical decision making in psychiatry. This study also indicated that reviewing more collateral sources may lead to an
increased number of clinical actions following a session.

(JMIR Ment Health 2021;8(4):e25050)   doi:10.2196/25050

KEYWORDS

electronic media; psychotherapy; text message; electronic mail; collateral information; telecommunication; communications
media; digital

Introduction

Background
Reviewing collateral information is an established practice in
providing effective and targeted clinical care, particularly in
psychiatry. Collateral information provides clinicians with
critical information that they may not otherwise be able to obtain
from patients’self-reports. Although the importance of gathering
collateral information is recognized [1,2], there has been little
research of how it may be most effectively gathered, what types
of information may be most informative, and how it impacts
the clinical decision-making process. Although the gathering
of collateral information is considered a part of routine care,
this process merits closer study at this time, particularly with
an exponential growth in available data from smart technology,
wearable devices, and other sensors [3]. It is now feasible to
use digital data to measure a broad range of neuropsychiatric
symptoms, including depression, anxiety, insomnia, and apathy
[4,5]. Similarly, with so much communication between
individuals now happening digitally, there may be objective
documentation of conversations that can be accessed as part of
clinical care [6]. Thus, there is a need for a greater understanding
of the types of information that are most relevant and impactful
to care and clinical outcomes. This is especially relevant to
psychiatry, where augmenting clinical assessment with digital
and other data is beginning to impact care [7]. So far, no
approach exists to quantify the types of information accessed
by a mental health clinician during a typical visit. In addition
to the electronic health record (EHR) review, there is no
standardized approach or instrument to quantify or assess the
full range of clinical decisions that may have been made during
a typical clinical visit. EHR review has been shown to be an
inadequate and inefficient approach for this because there is
often no appropriate documentation of the entire
decision-making process, and available information may be
challenging to access systematically [8,9].

Objectives
To further examine this issue, we developed an instrument that
can measure the number of collateral information sources (CISs)
that a clinician may have accessed during an individual session
and the total number of clinical actions taken. In this study, we
sought to pilot this instrument while also assessing how the
nature and volume of collateral information (including digital
data) collected may impact clinical decision making. Thus, this
study has 2 primary aims. The first aim is to conduct initial

feasibility testing of a new measurement tool, the McLean
Collateral Information and Clinical Actionability Scale
(M-CICAS), and establish both interrater reliability and
preliminary validity of this measure against patients’ medical
records. Our second aim is to test the hypothesis that accessing
a greater amount of collateral information would be associated
with a higher number of clinical actions taken by the
participating clinician.

Methods

Developing the Measure
In developing our survey instrument, we sought to create a
measure that could aggregate the number of sources of collateral
information that the clinician accessed over the course of the
session and determine which aspects of the clinical history the
collateral information contributed to. Our approach was modeled
on existing literature documenting the development of measures
that were based on the aggregation of clinical actions [10,11].
We also aimed to quantify the number of clinical actions taken
by the clinician during that session and determine how this
information impacted clinical decision making as well as
communication between the clinician and patient. To develop
the items in the questionnaire, we adopted a consensus-based
approach. As an initial step, the study principal investigator
(IVV), in consultation with co-investigators, categorized the
different types of collateral sources that may be accessed during
clinical assessment and the clinical domains that may be
impacted through the review of collateral information. On this
basis, we selected the following 5 domains: (1) current clinical
history, (2) past clinical history, (3) family history, (4) current
functioning, and (5) current psychosocial status. Next, we used
a similar consensus-based approach to list various clinical
actions taken at the end of the session. We also consulted with
clinicians who practiced in specialty psychiatry clinics (eg,
geriatrics, child and adolescent, or substance use) to generate a
more representative set of options. In addition, we requested
input from peers at the University of Pennsylvania and Johns
Hopkins University (listed in the Acknowledgments section)
who are engaged in similar ongoing research.

Final Survey Measure
The final survey consisted of 12 questions, divided into 3
sections (Multimedia Appendix 1). The first section asked
clinicians what CISs they reviewed as part of the clinical session
and then provided 11 concrete options as well as a write-in
option for other sources. The 11 CIS options offered are as
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follows: review of medical records, labs, imaging, patient’s
digital information, talk to mental health provider, talk to
non–mental health provider, talk to family/caregiver, talk to
nonfamily significant other, talk to patient’s school, talk to
government agency, and patient-reported outcome measures.
Checking off any of these options or the other option would
prompt a question regarding whether the use of the checked-off
collateral source provided additional information about the
patient’s past or current clinical history, family history,
functioning, or psychosocial status.

The second section of the survey sought to establish the clinical
actions that were taken following the clinical session. Clinicians
were asked whether they changed their treatment plan, adjusted
the intensity of care, or took additional clinical actions. The
additional clinical actions included changes regarding
medications and/or psychotherapy modalities, calls,
recommendations, referrals, clinical requests, and screenings.
Finally, the third section of the survey examined the shared
decision-making process between the clinician and the patient.
Clinicians were asked whether they discussed alternatives, risks,
side effects, and/or benefits of any of the treatment changes
with their patients. This section was created to establish whether
clinical actions are actually shared decisions between a clinician
and patient, as there may be variability between practices,
clinicians, and theoretical orientations. At the end of the survey,
a general question was posed, asking clinicians to rate the extent
to which they felt that accessing a patient’s electronic data might
impact therapy outcomes. We established the reliability and
validity of both parts distinctly. In the future, we anticipate that
these can potentially serve as stand-alone instruments.

Establishing Reliability
Our measure represents an aggregation of information sources
accessed and clinical actions taken for a given session, and each
score is specific to that session only. Thus, to establish
reliability, we focused primarily on establishing interrater
reliability using a common source of information (ie, EHR).
We determined that establishing test-retest reliability would not
be feasible, given the nature of this scale, because it was
designed for cross-sectional assessment only.

Demonstrating Validity
To demonstrate the validity of the M-CICAS, we elected to use
the EHR as the ground truth. A primary driver for developing
this measure was to quantify the sources of information reviewed
and the actions taken during a session. We recognize that this
approach may not be the most suitable because of multiple
issues with the process of EHR documentation. The format of
documentation in the EHR is nonstandardized, and different
clinicians may apply different levels of detail. However, we
determined by consensus that this may be the closest we can
get to an objective standard by which to demonstrate the
preliminary validity of our measure.

Study Participants and Procedures

Description of Clinicians
We initially recruited clinicians at McLean Hospital in Belmont,
Massachusetts, who provided ambulatory care to serve as study

participants. The eligibility criteria included credentials to
provide psychopharmacology or psychotherapy at McLean
Hospital and licensed by the State of Massachusetts; actively
practicing either adjunctive or stand-alone, evidence-based
psychotherapy; and fluent in English. The study staff reviewed
the procedures with eligible clinicians, and participation was
voluntary. The study procedures were active, and data were
collected over a period of 6 months. The participating clinicians
completed the M-CICAS after an individual treatment session.
Clinicians were asked to complete the measure after as many
individual sessions as were feasible in their regular clinical
schedule. Scales were completed by clinicians at follow-up
visits with patients (ie, not at the intake or baseline assessments).
For this study, a treatment session was defined as a single
outpatient appointment providing evidence-based psychotherapy
and/or pharmacotherapy. These outpatient sessions could also
include family/caregivers/partners in the session as long as the
patient was present.

After clinicians completed the M-CICAS, 2 members of the
study staff (PO and SS) independently conducted a chart review
using the clinical notes recorded by the participating clinician.
The staff completed the M-CICAS using only the EHR note for
the same encounter for which the clinician had completed the
M-CICAS as the only source of information. Thus, we used 2
independently rated EHR-based versions of the M-CICAS to
establish the reliability of the measure. Before completing the
EHR-based data collection, the staff reviewed how to extract
collateral information recorded in the medical record progress
note before completing the chart reviews. To reduce potential
bias, a separate study staff member entered clinician data, and
the chart reviewers were blinded to the clinician data.

Testing Associations Between Collateral Information
and Clinical Actions
As described earlier, this study has 2 primary goals. The first
aim was to conduct feasibility testing of the M-CICAS, and the
second was to assess whether there is an association between
the amount of collateral information accessed and the number
of actions taken by a clinician. For the 89 clinical encounters
measured as part of this study, we assessed the associations
between the number of data sources reviewed and clinical
actions taken.

Analytic Plan
A set of summary scores was generated for the number of
collateral sources used in each clinical encounter and the total
number of clinical actions taken following each clinical session.
We then tabulated the clinician’s demographic data. Pearson
correlations were used to determine the interrater reliability
between clinicians and chart reviewers. To test the association
between collateral sources reviewed and the number of clinical
actions taken after a session, we first implemented simple
univariate regression modeling without accounting for
between-clinician differences. Given that subgroups of
participants were nested within individual study clinicians and
given that the heterogeneity of study clinicians could plausibly
have an effect on the association between collateral sources
reviewed and clinical actions taken, we also implemented
multilevel mixed effects regression modeling. Simple univariate
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regression modeling was first applied to test the relationship
between collateral sources accessed and the number of clinical
actions taken. Next, multilevel mixed effects regression
modeling evaluated whether significant variance in clinical
actions taken could be attributed to interclinician differences.
This allowed us to investigate whether interclinician differences
explained significant variance in clinical actions taken and
whether, when accounting for interclinician differences, there
remained significant associations between collateral sources
reviewed and the number of clinical actions taken. All statistical
analyses were conducted using the statistical package R version
4.0.2 (R Foundation).

Study data were collected and managed using REDCap
(Research Electronic Data Capture) electronic data capture tools
hosted at the McLean Hospital [12]. REDCap is a secure,
web-based application designed to support data capture for
research studies, providing (1) an intuitive interface for validated
data entry, (2) audit trails for tracking data manipulation and
export procedures, (3) automated export procedures for seamless
data downloads to common statistical packages, and (4)
procedures for importing data from external sources.

Results

Clinician Demographics
Table 1 shows the breakdown of clinician demographic
information. On average, clinicians reviewed 1.7 collateral
sources per clinical appointment and conducted 1.36 clinical
actions following each appointment. There was variability in
the amount of survey data that each clinician completed. The
range of the number of surveys completed by clinicians was
broad, with one clinician completing surveys for 4 clinical
sessions and another clinician completing surveys for 25 (mean
12.7, SD 8.3) clinical sessions. Overall, 3 clinicians worked
primarily in geriatric settings (representing 42 encounters). The
remaining 3 clinicians worked in general adult clinics (42
encounters) and 1 clinician in a child and adolescent clinic (5
encounters). Although we did not measure how long it took
clinicians to complete the M-CICAS for each patient, based on
the subjective impressions of clinicians 1 and 2, it was between
2 and 3 minutes per patient.

Table 1. Clinician demographics.

Collateral
actions taken
per patient,
mean (SD)

Collateral
sources
viewed per
patient,
mean (SD)

Therapeutic approach or ap-
proaches

Professional
degree

Clinical experi-
ence (years)

RaceGenderAge
(years)

Patient
encoun-
ters, n
(%)

Clinician

1.71 (0.99)1.35 (1.06)Cognitive behavioral thera-
py; supportive psychothera-
py; mentalization and mind-
fulness-based therapies

APRNa8WhiteFemale3817 (19)001

1.67 (1.49)2.14 (0.91)Psychodynamic; expressive
therapy; supportive psy-
chotherapy

MDb15AsianMale4121 (24)002

0.76 (0.66)1.88 (0.60)Psychodynamic; mentaliza-
tion and mindfulness-based
therapies

MD5AsianMale3025 (28)003

0.5 (0.58)0.25 (0.50)Cognitive behavioral thera-
py; acceptance and commit-
ment therapy; supportive
psychotherapy

LMHCc41WhiteMale694 (4)004

1.44 (0.88)1.78 (0.97)Cognitive behavioral thera-
py

PsyDd10WhiteMale469 (10)005

0.88 (0.83)0.5 (0.53)Cognitive behavioral thera-
py; psychodynamic; support-
ive psychotherapy

MD30South
Asian/In-
dian
American

Male658 (9)006

2.6 (1.82)4 (0.0)Cognitive behavioral thera-
py; exposure therapy; dialec-
tical behavioral therapy

PhDe6WhiteFemale315 (6)007

aAPRN: advanced practice registered nurse.
bMD: Doctor of Medicine.
cLMHC: licensed mental health counselor.
dPsyD: Doctor of Psychology.
ePhD: Doctor of Philosophy.
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Collateral Sources Viewed
Medical records were the most reviewed collateral sources of
information (Table 2). Of the 89 clinical total encounters, 62
(70%) of the clinical sessions involved the clinician accessing
medical records, distantly followed by 27 (30%) sessions

reviewing information from another mental health provider.
The remaining collateral source categories were accessed in
less than 24% (21/89) of clinical visits. In 12% (11/89) of
clinical appointments, the clinician reported not reviewing the
collateral information.

Table 2. Type of collateral source reviewed (N=89).

Percentage of surveys indicating review, n (%)Collateral source type

70 (62)Medical records

30 (29)Talk to mental health provider

24 (21)Labs

22 (20)Talk to family or caregiver

11 (10)Patient reported outcome measures

6 (5)Talk to patient's school

4 (4)Other

3 (3)Imaging

2 (2)Patient's digital Information

2 (2)Talk to non–mental health provider

0 (0)Talk to nonfamily significant other

Clinical Domains Impacted
Of the 89 total clinical encounters, 78 (88%) included a review
of collateral information. Of the 78 visits where collateral
information was reviewed, clinicians most frequently gained
insight about a patient’s current clinical or mental status as a
result of the review, as evidenced in 78% (61/78) of the visits.
In 38% (30/78) visits, clinicians learned new information about
a patient’s functioning through collateral review; in 33% (26/78)
of visits, clinicians gained knowledge about their patient’s past
clinical history; and in 31% (24/78) of visits, clinicians learned
more about the patient’s psychosocial status. Finally, in 10%
(8/78) of visits, clinicians gathered new information about the
patient’s family history.

Breakdown of Clinical Actions Taken
Clinicians reported adjusting patient medication after a session
in 34% (30/89) surveys. Notably, clinicians wrote a separate
action in the other category in 30% (27/89) of the responses.
The remaining listed actions on the survey did not exceed 18%
(16/89) of affirmative responses.

Correlations Between Clinician Self-Report and
Independent Staff Reviewers
Table 3 shows the correlations between ratings on the 2 sections
of the M-CICAS by the 2 study raters and clinicians. Of note,
although clinicians seemed to require only 2 to 3 minutes per
patient to complete the M-CICAS, rater 1 reported requiring a
mean of 3 minutes and 40 seconds (SD 1 min and 54 s) and
rater 2 reported a mean of 3 minutes and 42 seconds (SD 1 min
and 55 s). There was a range of 37 seconds for the shortest
review to 9 minutes and 39 seconds for the longest per patient
to review the EHR note and complete the scale for each visit.
We found high interrater reliability between the study staff,
both of whom independently completed their respective ratings
and were blinded to clinician ratings (r=0.98, P<.001 between
raters for sources viewed; r=0.97, P<.001 between raters for
clinical actions taken). Comparisons between clinician ratings
of CISs viewed (based on their self-report) and staff ratings
(based on EHR review of the same visit) achieved moderate
effect sizes and were also statistically significant (r=0.24, P=.02
and r=0.25, P=.02, respectively, between raters’ and clinicians’
ratings of sources viewed). However, the same comparisons on
the clinical action subscale were not significant.
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Table 3. Correlation matrix of study variables with significance level.a

6. Rater 2 actions
taken

5. Rater 2 sources
viewed

4. Rater 1 actions
taken

3. Rater 1 sources
viewed

2. Clinician actions
taken

1. Clinician source
viewed

Study Vari-
able

1. Clinician sources viewed

—br

—P value

2. Clinician actions taken

—0.26r

—.02P value

3. Rater 1 sources viewed

—0.090.24r

—.41.02P value

4. Rater 1 actions taken

—0.320.110.06r

—.002.29.55P value

5. Rater 2 sources viewed

—0.360.980.070.25r

—<.001<.001.53.02P value

6. Rater 2 actions taken

—0.340.970.300.130.06r

—.001<.001.004.24.58P value

aRelationship between number of information sources viewed and clinical actions taken.
bNot applicable.

Univariate regression modeling with a two-tailed test, not
accounting for the clinician group, revealed a significant
association between collateral sources reviewed and clinical
actions taken when self-evaluated by clinicians (β=.27; t87=2.47;
P=.02). To investigate whether this association was significant
when accounting for clinicians, we first implemented multilevel

random slopes and random intercept models. Analysis of
variance tests indicated no significant differences in slopes
between the clinician groups (P=.11). Consequently, we opted
for a multilevel fixed slopes random intercepts model. Even
when intercepts were allowed to vary by clinician within the
model, there was a significant association between self-evaluated
chart sources and clinician actions (Table 4).

Table 4. Clinician self-evaluated chart sources predicting clinician self-evaluated actions taken.

P value95% CIEstimatesPredictors

.83−0.28 to 0.350.04Intercept

.030.02 to 0.450.24Clinician sources viewed

Random effects

N/AN/Aa0.85Variance

N/AN/A0.10Between clinician variance

N/AN/A0.11Intraclass correlation coefficient

N/AN/A7Nclinician

N/AN/A89Observations

N/AN/A0.056Marginal R2

N/AN/A0.156Conditional R2

aN/A: not applicable.
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Discussion

Principal Findings
The primary goal of this study is to develop and conduct initial
feasibility testing of a new two-part measure to quantify the
number and types of sources of collateral information accessed
by clinicians during a given session and the number of clinical
actions taken during that session. We developed this measure
based on input from several clinicians across 3 academic
departments of psychiatry at McLean Hospital, the University
of Pennsylvania, and Johns Hopkins University. We were able
to demonstrate the feasibility of using this measure with 7
clinicians from a range of professional backgrounds across 89
patient encounters. Using chart review as the gold standard, we
noted that the measure demonstrated acceptable validity (as
measured by comparing clinician ratings during the session to
staff rating based on chart review). We also noted that 2
independent staff raters had highly correlated scores on both
sections of the M-CICAS when the staff raters scored it based
on chart review, indicating acceptable reliability. Although the
nature of the measure does not facilitate the demonstration of
test-retest reliability or true construct validity, our approach is
consistent with prior studies on similar measures [11].

We also noted a significant relationship between the number of
sources of information reviewed and the number of actions
taken (or treatment changes made) by clinicians. Although it is
not clear whether a greater number of clinical actions leads to
better clinical outcomes, this finding does point to the impact
of collateral information on care.

Nonetheless, the implications of this finding are broader than
those of this specific study. At a time when extraordinary
amounts of information through digital sources are available to
clinicians, a major undetermined question is whether access to
this information may actually improve care [13]. Our findings
provide an early signal suggesting that using collateral data
from more diverse sources may have a positive impact on
clinical care.

In a sense, our finding is consistent with a vast body of literature
that suggests measurement-based care can improve outcomes
[14,15]. However, we focused primarily on collateral
information rather than quantifying symptom improvement.
The M-CICAS may provide a way for researchers to focus on
digital phenotyping and generate markers from the sources of
digital data to differentiate which types of additional digital
information are most relevant and impactful in clinical care.
Thus, this scale may play a role in bridging the translation gap
from proof-of-concept research on digital health into scaled
implementation.

There are a number of limitations to our study. As this measure
is an aggregation of the number of actions taken, the concept
of construct validity is not applicable. Furthermore, because
each scoring of the measure is applicable only to a single

session, it was not possible to test true reliability except with
the help of a chart review. Thus, our only gold standard to
measure both validity and reliability involved reviewing progress
notes of the session for which the clinicians completed the
M-CICAS. This introduces the possibility of both recall bias
and confounds from a lack of standardization in clinical
documentation. Other methods to measure validity, such as
audio recording or video recording of sessions or direct
observation, may provide a higher level of objectivity; however,
in this study, the logistical burden of these approaches was not
feasible. In addition, as clinicians selected which patients they
completed this survey with, the patient sample may not be
representative. The relatively small sample size may also limit
the generalizability of these findings. Finally, there was a broad
range of completed surveys between individual clinicians, which
may have introduced bias. Although we believe that our
approach to analysis mitigates this effect, the impact of stylistic
variations in clinical practice may remain. Nonetheless, we
believe that as this measure is largely an aggregation of distinct
actions taken by clinicians during a visit, the burden of
establishing validity and reliability is lower because the measure
is not intended to serve as a measure of abstract behavioral
constructs.

Conclusions
In summary, this study demonstrates the feasibility and utility
and establishes baseline psychometric properties of the
M-CICAS—a new measure that can quantify collateral
information and clinical actionability in psychiatric care. Both
these entities have been an integral element of clinical care for
over a century, but their systematic measurement has not been
a focus of research. This study also indicates that reviewing
more sources of clinical information may be associated with
greater amounts of clinical actions taken at a given session.
When the availability of vast amounts of digital information
places new burdens on clinicians, this measure may provide a
way to determine what types of digital data are most relevant
and impactful in patient care. As such, there has been very sparse
research assessing how collateral information is collected and
used. Our measure and this study represent only an initial step
toward quantifying the collateral information used in clinical
care. We intend for our approach to serve as a framework and
expect that it may evolve to reflect new insights gained with
broader application in more studies. We also anticipate that
researchers and clinicians may adopt this scale to suit specific
studies or clinical quality improvement projects. Our study also
points to the possibility that reviewing more sources of clinical
information may be associated with greater amounts of clinical
actions taken at a given session, although this finding must be
replicated in clinician and patient samples that are more
standardized. Although this is a preliminary study that merits
replication with larger representative samples, we believe that
our approach may lay the foundation for a line of research that
will facilitate more systematic translation of digital tools into
psychiatric patient care.

 

JMIR Ment Health 2021 | vol. 8 | iss. 4 |e25050 | p.39https://mental.jmir.org/2021/4/e25050
(page number not for citation purposes)

Owoyemi et alJMIR MENTAL HEALTH

XSL•FO
RenderX

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


Acknowledgments
The authors acknowledge the contributions of Courtney Beard, Rose May, Aniqa Rahman, Miranda Skurla, Hannah Heintz, and
David Harper in the process of developing the M-CICAS. The authors thank Sophia Shaw for her contributions to data collection
and management. The authors also thank Meg Chisholm, Peter Zandi, Leslie Miller, and Tenzin Lhaksampa from Johns Hopkins
University and Raina Merchant and Lauren Southwick from the University of Pennsylvania for their feedback on the initial drafts
of the measure.

Conflicts of Interest
IVV receives an honorarium from the American Journal of Geriatric Psychiatric for an editorial role. KJR has received consulting
income from Alkermes, Bioxcel and Takeda, research support from National Institutes of Health, Genomind, Alto Neuroscience,
and Brainsway, and he is on scientific advisory boards for Janssen and Verily, all of which are unrelated to the present work.

Multimedia Appendix 1
McLean Collateral Information and Clinical Actionability Scale (M-CICAS).
[DOCX File , 18 KB - mental_v8i4e25050_app1.docx ]

References
1. Remick RA, Sadovnick AD, Gimbarzevsky B, Lam RW, Zis AP, Huggins MJ. Obtaining a Family Psychiatric History: Is

it Worth the Effort? Canadian Journal of Psychiatry 1993;38(9):590-594 [FREE Full text] [doi:
10.1177/070674379303800904]

2. Houghtalen RP, McIntyre JS. Psychiatric Interview, History and Mental Status Examination of the Adult Patient. In: Sadock
BJ, Sadock VA, Ruiz P, editors. Kaplan & Sadock's Comprehensive Textbook of Psychiatry. Tenth edition. Philadelphia,
PA: Wolters Kluwer; 2017.

3. Torous J, Staples P, Onnela JP. Realizing the Potential of Mobile Mental Health: New Methods for New Data in Psychiatry.
Current Psychiatry Reports 2015;17(8):602 [FREE Full text] [doi: 10.1007/s11920-015-0602-0]

4. Onnela JP, Rauch SL. Harnessing Smartphone-Based Digital Phenotyping to Enhance Behavioral and Mental Health.
Neuropsychopharmacology 2016;41(7):1691-1696 [FREE Full text] [doi: 10.1038/npp.2016.7]

5. Bader CS, Skurla M, Vahia IV. Technology in the Assessment, Treatment, and Management of Depression: Harvard Review
of Psychiatry. Harvard Review of Psychiatry 2020;28(1):60-66 [FREE Full text] [doi: 10.1097/hrp.0000000000000235]

6. Hobbs KW, Monette PJ, Owoyemi P, Beard C, Rauch SL, Ressler KJ, et al. Incorporating Information From Electronic
and Social Media Into Psychiatric and Psychotherapeutic Patient Care: Survey Among Clinicians. Journal of Medical
Internet Research 2019;21(7):e13218 [FREE Full text] [doi: 10.2196/13218]

7. Bauer R, Glenn T, Monteith S, Whybrow PC, Bauer M. Survey of psychiatrist use of digital technology in clinical practice.
International Journal of Bipolar Disorders 2020;8(1):29 [FREE Full text] [doi: 10.1186/s40345-020-00194-1]

8. Farmer R, Mathur R, Bhaskaran K, Eastwood SV, Chaturvedi N, Smeeth L. Promises and pitfalls of electronic health record
analysis. Diabetologia 2018;61(6):1241-1248 [FREE Full text] [doi: 10.1007/s00125-017-4518-6]

9. Yin AL, Gheissari P, Lin IW, Sobolev M, Pollack JP, Cole C, et al. Role of Technology in Self-Assessment and Feedback
Among Hospitalist Physicians: Semistructured Interviews and Thematic Analysis. Journal of Medical Internet Research
2020;22(11):e23299 [FREE Full text] [doi: 10.2196/23299]

10. Cacciola JS, Alterman AI, Lynch KG, Martin JM, Beauchamp ML, McLellan AT. Initial reliability and validity studies of
the revised Treatment Services Review (TSR-6). Drug and Alcohol Dependence 2008 Jan 01;92(1-3):37-47 [FREE Full
text] [doi: 10.1016/j.drugalcdep.2007.06.004]

11. McLellan AT, Alterman AI, Cacciola J, Metzger D, O'brien CP. A new measure of substance abuse treatment. Initial studies
of the treatment services review. The Journal of Nervous and Mental Disease 1992;180(2):101-110 [FREE Full text] [doi:
10.1097/00005053-199202000-00007]

12. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. Journal of
Biomedical Informatics 2009;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010]

13. Gillan CM, Whelan R. What big data can do for treatment in psychiatry. Current Opinion in Behavioral Sciences
2017;18:34-42 [FREE Full text] [doi: 10.1016/j.cobeha.2017.07.003]

14. Trivedi MH, Papakostas GI, Jackson WC, Rafeyan R. Implementing Measurement-Based Care to Determine and Treat
Inadequate Response. Journal of Clinical Psychiatry 2020;81(3) [FREE Full text] [doi: 10.4088/jcp.ot19037br1]

15. Turvey CL, Lindsay JA, Chasco EE, Klein DM, Fuhrmeister LA, Dindo LN. Current Practices in Electronic Capture of
Patient-Reported Outcomes for Measurement-Based Care and the Use of Patient Portals to Support Behavioral Health.
Psychiatric Clinics of North America 2019;42(4):635-647 [FREE Full text] [doi: 10.1016/j.psc.2019.08.006]

JMIR Ment Health 2021 | vol. 8 | iss. 4 |e25050 | p.40https://mental.jmir.org/2021/4/e25050
(page number not for citation purposes)

Owoyemi et alJMIR MENTAL HEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mental_v8i4e25050_app1.docx&filename=4565645171964ea343d7c658cc26387a.docx
https://jmir.org/api/download?alt_name=mental_v8i4e25050_app1.docx&filename=4565645171964ea343d7c658cc26387a.docx
https://doi.org/10.1177/070674379303800904
http://dx.doi.org/10.1177/070674379303800904
https://doi.org/10.1007/s11920-015-0602-0
http://dx.doi.org/10.1007/s11920-015-0602-0
https://doi.org/10.1038/npp.2016.7
http://dx.doi.org/10.1038/npp.2016.7
https://doi.org/10.1097/HRP.0000000000000235
http://dx.doi.org/10.1097/hrp.0000000000000235
https://doi.org/10.2196/13218
http://dx.doi.org/10.2196/13218
https://doi.org/10.1186/s40345-020-00194-1
http://dx.doi.org/10.1186/s40345-020-00194-1
https://doi.org/10.1007/s00125-017-4518-6
http://dx.doi.org/10.1007/s00125-017-4518-6
https://doi.org/10.2196/23299
http://dx.doi.org/10.2196/23299
https://doi.org/10.1016/j.drugalcdep.2007.06.004
https://doi.org/10.1016/j.drugalcdep.2007.06.004
http://dx.doi.org/10.1016/j.drugalcdep.2007.06.004
https://doi.org/10.1097/00005053-199202000-00007
http://dx.doi.org/10.1097/00005053-199202000-00007
https://doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.cobeha.2017.07.003
http://dx.doi.org/10.1016/j.cobeha.2017.07.003
https://doi.org/10.4088/JCP.OT19037BR1
http://dx.doi.org/10.4088/jcp.ot19037br1
https://doi.org/10.1016/j.psc.2019.08.006
http://dx.doi.org/10.1016/j.psc.2019.08.006
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
CIS: collateral information source
EHR: electronic health record
M-CICAS: McLean Collateral Information and Clinical Actionability Scale
REDCap: Research Electronic Data Capture

Edited by J Torous; submitted 20.10.20; peer-reviewed by E Lee, J Torous; comments to author 03.12.20; revised version received
22.12.20; accepted 14.01.21; published 14.04.21.

Please cite as:
Owoyemi P, Salcone S, King C, Kim HJ, Ressler KJ, Vahia IV
Measuring and Quantifying Collateral Information in Psychiatry: Development and Preliminary Validation of the McLean Collateral
Information and Clinical Actionability Scale
JMIR Ment Health 2021;8(4):e25050
URL: https://mental.jmir.org/2021/4/e25050 
doi:10.2196/25050
PMID:33851928

©Praise Owoyemi, Sarah Salcone, Christopher King, Heejung Julie Kim, Kerry James Ressler, Ipsit Vihang Vahia. Originally
published in JMIR Mental Health (http://mental.jmir.org), 14.04.2021. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Mental Health, is properly
cited. The complete bibliographic information, a link to the original publication on http://mental.jmir.org/, as well as this copyright
and license information must be included.

JMIR Ment Health 2021 | vol. 8 | iss. 4 |e25050 | p.41https://mental.jmir.org/2021/4/e25050
(page number not for citation purposes)

Owoyemi et alJMIR MENTAL HEALTH

XSL•FO
RenderX

https://mental.jmir.org/2021/4/e25050
http://dx.doi.org/10.2196/25050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33851928&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Youth and Provider Perspectives on Behavior-Tracking Mobile
Apps: Qualitative Analysis

Courtney C Armstrong1, BS; Erica J Odukoya2,3, MPH; Keerthi Sundaramurthy1, MAT; Sabrina M Darrow3, PhD
1Department of Psychology, University of California, Berkeley, Berkeley, CA, United States
2University of Michigan Medical School, Ann Arbor, MI, United States
3Department of Psychiartry, University of California, San Francisco, San Francisco, CA, United States

Corresponding Author:
Courtney C Armstrong, BS
Department of Psychology
University of California, Berkeley
2121 Berkeley Way
University of California
Berkeley, CA, 94720
United States
Phone: 1 9178417015
Email: courtney.armstrong@berkeley.edu

Abstract

Background: Mobile health apps stand as one possible means of improving evidence-based mental health interventions for
youth. However, a better understanding of youth and provider perspectives is necessary to support widespread implementation.

Objective: The objective of this research was to explore both youth and provider perspectives on using mobile apps to enhance
evidence-based clinical care, with an emphasis on gathering perspectives on behavior-tracking apps.

Methods: Inductive qualitative analysis was conducted on data obtained from semistructured interviews held with 10 youths
who received psychotherapy and 12 mental health care providers who conducted therapy with youths aged 13-26 years. Interviews
were independently coded by multiple coders and consensus meetings were held to establish reliability.

Results: During the interviews, the youths and providers broadly agreed on the benefits of behavior tracking and believed that
tracking via app could be more enjoyable and accessible. Providers and youths also shared similar concerns that negative emotions
and user burden could limit app usage. Participants also suggested potential app features that, if implemented, would help meet
the clinical needs of providers and support long-term use among youth. Such features included having a pleasant user interface,
reminders for clients, and graphical output of data to clients and providers.

Conclusions: Youths and providers explained that the integration of mobile health into psychotherapy has the potential to make
treatment, particularly behavior tracking, easy and more accessible. However, both groups had concerns about the increased
burden that could be placed on the clients and providers.

(JMIR Ment Health 2021;8(4):e24482)   doi:10.2196/24482

KEYWORDS

qualitative; mHealth; mobile phone; behavior monitoring; youth

Introduction

Problems with mental health are common among youth.
Prevalence data suggest that 1 in 5 children has experienced
symptoms of a mental disorder and 1 in 10 has experienced a
serious emotional disturbance [1,2]. Mental health disorders
that emerge during adolescence and early adulthood frequently
continue into adulthood and contribute significantly to the
existing global burden of disease [3,4]. Evidence-based

interventions to treat mental illness have been developed and
tested [5-7]. However, these interventions are not widely
available, and of those who are able to receive treatment,
younger clients are less likely to engage [6,8-11]. The integration
of mobile apps into evidence-based interventions is one potential
pathway to improving engagement and outcomes for adolescents
and young adults (hereon, referred to as youth) [12]. As
smartphone usage across all age groups has increased, the
development and usage of mobile apps for the management of
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health has also increased immensely [13], and many mobile
health (mHealth) apps are designed specifically for improving
mental health [14,15]. In industrialized nations, the majority of
youth have access to a smartphone or a tablet [16,17], thereby
making apps increasingly accessible [18]. Prior research
suggests that adolescents are interested in incorporating mobile
apps into their treatment [19], and one study found that a mobile
app that was integrated into treatment-as-usual with adults was
effective and well received [20]. However, the initial promise
of mobile apps has not been readily translated into widespread
use. Despite their abundance, few apps designed specifically
for youth are evidence-based [21]. Furthermore, previous
research suggests that youth struggle to maintain long-term app
usage [21,22], which can be a problem if attrition occurs before
goals are reached or skills are fully learned. Given these
considerations, there is a need for increased focus on
user-centered approaches to mHealth [23].

Using mHealth apps with support from a health care provider
has the potential to increase long-term engagement for youth
[23,24]. Unfortunately, many health care providers are hesitant
to integrate mHealth into their practice [25]. There are many
factors that influence this, including poor fit to the treatment
context or population and a lack of research exploring the
perspectives of providers when it comes to integrating mHealth
apps into routine care. Given that mental health interventions
are unlikely to be adopted into practice or fully implemented if
they do not fit the context of care, this is a significant barrier
[26,27]. Thus, to achieve widespread implementation of mHealth
apps, a better understanding of providers’ needs is imperative.

This study uses a qualitative approach to explore youth and
mental health provider perspectives on using apps to enhance
evidence-based clinical care, with an emphasis on gathering
perspectives on behavior-tracking apps. Tracking behaviors,
including mood and thoughts, is an effective component to many
evidence-based treatments that leads to tangible changes in
behavior and improved therapeutic outcomes [28]. Further, it
is easily translated into an electronic task [29]. By exploring
providers’ perspectives, this research highlights how mHealth
apps could address the challenges providers face. Additionally,
gathering the perspectives of youths who receive treatment will
help identify the app features that will engage young clients.
In-depth information on these topics may provide insight for
future app designers, thereby ultimately improving the odds of
successfully implementing an app to be used alongside
face-to-face treatment.

Methods

Design
This was a qualitative, individual interview study to gather
perspectives on mHealth usage from youth clients and providers.
Interviews were conducted as part of an effort to develop a
mobile app to be used alongside outpatient therapy for youth.
Responses from the interviews were organized into codes and
categorized into broader domains. All research activities were
approved by the appropriate Institutional Review Board.

Participants

Youth
A convenience sample of youths were recruited via study flyers
posted within San Francisco. The inclusion criteria for
participation were (1) between the ages of 13 and 26 years, (2)
ability to speak English, and (3) participation in at least one
session of outpatient psychotherapy. Youths were excluded if
they had a visual, hearing, voice, or motor impairment
preventing the use of mobile phones. Of the 10 individuals who
contacted study personnel, all met the study criteria and were
interviewed.

Providers
Recruitment emails were sent to providers working with youth
at an academic medical center and to a listserv of community
providers. The inclusion criteria for participation were (1) they
currently conduct psychotherapy with youths between the ages
of 13 and 26 years and (2) ability to speak English. Providers
were excluded if they had a visual, hearing, voice, or motor
impairment that interfered with use of mHealth apps. Of the 12
providers who contacted the study team, all met the inclusion
criteria and were interviewed. The sample included 6 medical
center providers and 6 community providers.

Materials

Youth Interview Guide
Youth interviews consisted of 8 open-ended questions, followed
by prompts to facilitate further discussion. Youths were asked
questions regarding their preferences when selecting mobile
apps, previous experiences tracking behavior during
psychotherapy, app features that contribute to a positive user
experience, and considerations that may facilitate the use of
apps for tracking behavior during psychotherapy.

Provider Interview Guide
Provider interviews consisted of 5 open-ended questions,
followed by prompts. Providers were asked to reflect on the
outcomes of behavior tracking with clients and factors that
affected the completion of behavior tracking. Prompts were
used to determine the role of these factors in treatment-related
decisions. Additionally, providers were asked to discuss current
methods of behavior tracking, potential areas of improvement,
and barriers to implementing electronic behavior tracking with
clients.

Procedure
Prior to the interview, participants completed an electronic
consent form and a brief demographics survey using Qualtrics,
a web-based survey platform. Telephone interviews were
conducted to accommodate community providers; the remainder
were conducted in-person at an academic medical center.
Interviews took place in private spaces with no nonparticipants
present. Repeat interviews were not conducted. Interviews were
conducted by 1 of the 4 potential interviewers and were
approximately 35 minutes in length (median 34.8 minutes, IQR
17.60 minutes). To begin, trained interviewers explained the
purpose of the interview and reminded participants that they
would be audio-recorded. Interviewers then audio-recorded and
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conducted the interview following the interview guides.
Interviewers were asked to take notes during the interview
process in order to assist with coding. Participants were emailed
a US $30 electronic gift card. Interviews were conducted until
no new knowledge was being obtained from the new
participants.

Data Analysis
Recordings were imported into the qualitative data analysis
software Atlas.ti version 7 for coding and analysis. Two trained
coders (EO and KS) reviewed each interview individually using
a general inductive approach to analyze the data [30]. During
the initial review, each coder listened for thematic content
expressed by the participants related to the objectives of this
research. Through discussion, the coders identified patterns in
the data and created an initial code list to assign to portions of

the recordings. During subsequent review, coders assigned codes
originating from the previous discussions to quotations, and
these quotations were transcribed. Coders met regularly to
discuss discrepancies, develop new codes, and revise code
definitions. As codes were further refined, interviews were
continuously reviewed to adjust coding. Disagreements between
the coders were resolved until complete agreement was reached
by reviewing transcribed quotations and interview recordings.

Results

Participants in This Study
A total of 22 participants were interviewed for this study. This
pool of participants consisted of 10 youths and 12 providers.
The demographics of the youths and providers are illustrated
separately in Table 1 and Table 2, respectively.
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Table 1. Demographical data of the youths in this study (n=10).

ValuesCharacteristic

18.9 (3.73)Age (years), mean (SD)

9 (90)Gender (female), n (%)

8 (80)Relationship status (single), n (%)

Sexuality, n (%)

9 (90)Heterosexual

1 (10)Bisexual

0 (0)Homosexual

0 (0)Other

Race/ethnicity, n (%)

4 (40)White/Caucasian

1 (10)Black/African American

2 (20)Asian

1 (10)Native Hawaiian/Pacific Islander

2 (20)Mixed race

Residential environment, n (%)

8 (80)Urban

2 (20)Suburban

Highest education level, n (%)

1 (10)8th grade or less

4 (40)Some high school

1 (10)Graduated high school or obtained general education diploma

4 (40)Graduated 4-year college

0 (0)Completed graduate or professional school

Highest parental education level, n (%)

0 (0)8th grade or less

0 (0)Some high school

1 (10)Graduated high school or obtained general education diploma

4 (40)Graduated 4-year college

5 (50)Completed graduate or professional school

8 (80)Currently in therapy, n (%)

Length of time in therapy, n (%)

2 (20)<1 year

1 (10)1-2 years

5 (50)2-5 years

2 (20)5+ years

8 (80)Taking medication for mental health, n (%)

Employment status, n (%)

1 (10)Full-time employment

5 (50)Full-time student

2 (20)Part-time employment

1 (10)Employed, full-time student

1 (10)Unemployed
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Table 2. Demographical data of the mental health care providers in this study (n=12).

ValuesCharacteristic

38.42 (5.78)Age (years), mean (SD)

11.08 (3.8)Years since received degree, mean (SD)

56.08 (30.65)Proportion of time doing clinical work, mean (SD)

36.25 (20.35)Proportion of clinical work with adolescents, mean (SD)

49.17 (25.03)Proportion of clinical work with adults, mean (SD)

8 (67)Gender (female), n (%)

1 (8)Relationship status (single), n (%)

11 (92)Licensed, n (%)

Employment status, n (%)

10 (83)Full-time

2 (17)Part-time

Race/ethnicity, n (%)

9 (75)White/Caucasian

0 (0)Black/African American

2 (17)Asian

0 (0)Native Hawaiian/Pacific Islander

1 (8)Mixed race

Sexuality, n (%)

9 (75)Heterosexual

1 (8)Bisexual

1 (8)Homosexual

1 (8)Other

Profession, n (%)

6 (50)Psychologist

1 (8)Social worker

5 (42)Licensed marriage and family therapist

Theoretical background, n (%)

1 (8)Behavioral

5 (42)Cognitive behavioral

2 (17)Family systems

1 (8)Patient-centered

1 (8)Positive and self-compassion based

2 (17)Eclectic

Youth Interviews
Codes from the 10 youth interviews were sorted into 4 broad
domains: (1) general likes and dislikes of mobile apps, (2)

perspectives on daily behavior tracking, (3) factors that affect
app usage, and (4) suggestions for mobile app design. These
domains were broken up into subthemes. The domains and
relevant subthemes are illustrated in Figure 1.
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Figure 1. Summary of youth domains and subthemes.

General Likes and Dislikes of Mobile Apps Among
Youth

Likes
All interviewed youths identified the mobile app features that
they enjoyed. They identified 4 major positive features. The
most commonly discussed feature was user-friendliness, which
was defined by a participant as an app that “isn’t
time-consuming or complicated to learn how to use.” [Youth
1] Other participants described enjoying apps that were easy to
understand and made entering information a quick and efficient
process. Youths also enjoyed receiving encouraging messages
from apps and apps that helped them cope with stressors outside
of therapy sessions.

Dislikes
All youths described negative experiences and the corresponding
app features they disliked. They identified 4 major dislikes.

First, the majority of the youths disliked apps that broke down
frequently, (eg, issues with freezing, glitches, connectivity,
other technical errors) preventing the app’s use. Second, a
smaller group of participants reported frustration with apps that
gave inaccurate or poorly organized information. These apps
created more work and increased user burden. An example
provided was auto-scrolling, which obstructs access desired to
information. Additionally, participants disliked when
information was obscured by advertisements. Third, another
smaller group of youth disliked poorly formatted apps or apps
that frequently changed their formatting, as this increased the
effort expended to relearn how to use the app. Fourth, a small
minority of participants expressed concerns with the lack of
privacy; reasons included disliking any app that would not treat
data with privacy and the ease with which others could find
their information. Taken together, youth likes and dislikes
strongly emphasize the importance of an attractive yet simple

JMIR Ment Health 2021 | vol. 8 | iss. 4 |e24482 | p.47https://mental.jmir.org/2021/4/e24482
(page number not for citation purposes)

Armstrong et alJMIR MENTAL HEALTH

XSL•FO
RenderX

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


and consistent user interface that allows information to be made
readily accessible.

Youth Perspectives on Daily Behavior Tracking

Past Experiences With Behavior Tracking
Among the subset of participants who reported previously
tracking behaviors as part of therapy, perspectives were mixed.
Participants recognized that tracking behavior brought positive
benefits to therapy, including improved quality of discussion
with their providers. Additionally, tracking helped the youths
set goals, monitor progress, and regulate behavior. However,
the process of tracking behavior could be unenjoyable and
anxiety-inducing for some participants. Additionally, 1
participant reported getting frustrated with the tracking over
time despite positive first impressions. Another participant found
tracking annoying but still perceived the benefits. Youths who
had a positive or initially positive experience with tracking
reported that they enjoyed the process and that tracking
improved discussions with their providers. Among youths who
disliked tracking behavior, a key commonality was feeling
discouraged after entering information into a tracker and
struggling to meet goals.

Integrating Tracking Apps Into Therapy
The youths gave mixed responses about using apps to track
activities in therapy. Most provided reasons why using an app
would be more beneficial than recording activities on paper.
The reasons included increased convenience, more accurate
tracking, improved privacy, more room for detail, and the ability
to visually monitor progress with graphs and charts. A
participant also noted that using an app to track activities would

save paper. A smaller subset of the youth participants also shared
reasons on why tracking activities with an app could be
detrimental. They noted that tracking with an app was less
personal and that the process of writing fostered a connection
to what was being written down.

Factors That Affect App Usage Among Youth

Time Constraints
Most youths reported that they would feel uncomfortable using
their phones to track activities in certain situations (eg, at work,
school, studying, with friends). One reported that this could be
combated by setting time aside at the end of the day to record
everything, which they preferred over monitoring activities
throughout the day.

Motivation
A few youths noted that their own dislike for behavior tracking
could lower personal motivation and make tracking harder,
though behavior tracking would be easier if they considered it
important. In comparison, a slightly larger subset noted that
behavior tracking could be made easier by experiencing positive
outcomes, such as providing content for therapy sessions and
improved communication with their providers.

Youth Suggestions for Mobile App Design
Youth participants suggested numerous features and
considerations for a mobile app that would best suit their needs
and facilitate behavior tracking. The most frequently made
suggestion was that the app should have an interface that is both
pleasing and easy to navigate. Additional features suggested by
the youths can be found in Table 3.

Table 3. Summary of the suggestions provided by the youths for mobile health app features.

Illustrative quotesDefinitionFunction of feature, feature

Ease of use

…You’d want the app to send you some sort of notification. Like,
‘hey little check in: did this happen? Do you want to log it?
[Youth 9]

Notifications reminding clients to complete their
tracking

Reminders

…Something that can connect to my computer would be nice.
[Youth 7]

Usable on multiple technological platformsConnecting to computer

Improve appeal of use

…You should be able to go in and not get frustrated while doing
what you need to do. [Youth 2]

Having an aesthetically pleasing and simple
layout

Attractive design

…I like how many options they have for tracking things. It makes
it feel a lot more personal. [Youth 5]

Ability to personalize activities and data inputCustomization

…When you meet your goal, everybody wants a little pat on the
back. [Youth 3]

A feature that rewards activity completionReinforcement

Provide additional information

…It would be great if there could be a messaging system where
the therapist asks you questions about things that you say. [Youth
4]

Enabled communication between client and
provider outside of sessions

Communication with
provider

…Charts are important because it’s a visual way to see the
progress you've made or if you're slipping. [Youth 1]

Organize/summarize data for easy reviewOutput to client

…It would be great if skills you used could be saved. [Youth 4]Clients or providers able to add relevant informa-
tion to be accessed between sessions

Additional resources
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Provider Interviews
The codes from the 12 provider interviews were categorized
into 4 umbrella domains: (1) perspectives on mHealth, (2)
perspectives on behavior tracking (3) client compliance, and

(4) suggestions for mobile app design. These domains were
broken into subthemes. The following sections present
qualitative data from the provider interviews describing these
subthemes (see Figure 2 for overview).

Figure 2. Summary of provider domains and subthemes.

Provider Perspectives on mHealth in Therapy

Positive Perspectives
The most frequently mentioned benefits to the client included
that apps are easy to use and more attractive to younger clients
when compared to pencil and paper. Two providers reported
that it would be useful for clients to frequently provide updates
on their lives in the moment. Nearly all providers discussed
ways in which electronic behavior tracking could make their

clinical work easier. Primarily, these providers spoke of how
behavior-tracking apps could summarize trends in client
behavior by using an organized format.

Concerns
Providers reported 6 primary concerns related to the use of
electronics in clinical practice. Most frequently, providers
reported that behavior-tracking apps can be confusing and that
“if [an app is] not very self-explanatory or not very easy to
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access, [clients] won’t do it probably.” [Provider 3] Half of the
providers also expressed that they were worried about apps
being inaccessible to clients either due to Wi-Fi and connectivity
issues or for financial reasons. One provider voiced discomfort
with the idea of increasing their clients’ use of technology and
suggested that writing instead of typing would help clients better
process information. Some providers were concerned that
incorporating technology into their practice would lead to
unnecessary additional work and frustration. They noted that
receiving too much information too frequently can be
overwhelming and mHealth apps might have problems with
security or assume a level of technological understanding that
not all providers have. Additionally, the notion that electronic
tracking needs to have clinical utility was highlighted, “If the
data are just going to a data bank, it’s kind of static, just like
paper...then maybe it’s not necessary for tracking to be
tech-based.” [Provider 12]

Provider Perspectives on Daily Tracking

Clinical Utility of Behavior Tracking
Providers noted that behavior tracking provided important
information about clients’ behaviors and can facilitate behavior
change by increasing awareness of relevant behaviors, thus
benefiting both them and their clients (eg, “It's useful for
identifying triggers or identifying thinking patterns” [Provider
4]). Some providers shared that behavior tracking was also
useful for improving communication, specifically stating that
behavior tracking allowed them to make therapy more personal
and helped clients set session agendas.

Potential Drawbacks of Behavior Tracking
Providers reported several drawbacks related to behavior
tracking. Although individual responses varied, all were related
in some way to client completion. A few providers stated that
clients often failed to track activities every day, leading to less
accurate information. One provider stated that when behavior
tracking was incomplete, valuable session time was spent on
problem solving. Additionally, some providers stated that
tracking every day can feel burdensome to clients, with one also
stating that activities done outside of the session can be tracked
incorrectly. This is particularly relevant in the context of family
therapy, as providers described how difficult it could be to
manage daily behavior tracking for multiple people.

Client Completion

Demographic and Lifestyle Factors
Half of the providers reported that older clients are generally
more willing to track behaviors outside of session. This was
encapsulated by the statement, “Age does help, and the ability
to understand the potential utility of [behavior tracking] as a
strategy.” [Provider 1] Half of the interviewed providers also
reported that clients with a higher socioeconomic status were
more likely to complete daily behavior tracking, as “lower
socioeconomic status clients are more in survival mode, and
that will often trump everything else.” [Provider 3] Providers
also reported specific factors such as lifestyle, education, and
family structure were likely to impact completion. Clients who
are able to give more of their time and energy to tracking an

activity in daily life are more likely to complete. To quote one
provider: “Clients where I have seen it not work...have multiple
other life burdens in terms of their hierarchy of needs.” [Provider
5] Similarly, having family structure and consistency in the
household was thought to increase the likelihood of a client
tracking daily behaviors. Clients who are in school, complete
daily homework, or complete other daily routines were also
suggested as more likely to track behaviors consistently. One
provider reported race as a potential factor affecting client
completion, although specific racial groups were not mentioned.

Cognitive, Behavioral, and Personality-Related Factors
Cognitive, behavioral, and personality-related traits that
providers suggested would decrease the likelihood of clients
completing daily tracking included issues with attention,
motivation, memory, pathology, shame, and nonspecific
cognitive difficulties. Specifically, clients who experienced
trouble with attention or memory were thought to be likely to
struggle with tracking due to difficulties with completing the
behavior of interest. Clients who experience difficulties with
motor function or vision could have trouble completing a
tracking log, and clients who could not comprehend the activity
being tracked would be unlikely to complete it. Clients who
experience significant shame, specifically related to the behavior
being tracked, might also be unwilling to report instances of
the behavior to a provider.

Cognitive, behavioral, and personality-related traits positively
affecting completion included clients described as responsible,
anxious, or having positive behaviors, and feelings related to
therapy generally. A few providers reported that “responsible”
clients, and clients who were more “rules-oriented” were more
likely to complete therapy-related tasks, particularly behavior
tracking. Additionally, those who have more trust in their
provider or exhibit more buy-in regarding therapy are more
likely to complete assignments. Three clinicians explicitly
mentioned that youths who had sought out therapy themselves,
rather than having parents seek out treatment on their behalf,
are more likely to complete tracking.

mHealth Considerations
Providers reported 8 ways that mHealth apps could be used to
improve completion. Specifically, providers said that an app
would make it easier for clients to complete the activity. Half
of the providers thought an app could be used to set up systems
of accountability, ensuring that clients complete the assigned
activity. Some reported that apps could remind clients to
complete tracking activities, although there was some concern
that clients would habituate to reminders over time. Providers
also reported that apps could provide examples to improve
understanding of tasks, pair assigned activities to more enjoyable
activities to increase motivation, make assigned activities seem
more relevant to the client, make the tracked activities seem
less rigid, and reinforce completion.

Provider Suggestions for Mobile App Design
Providers suggested 25 different types of behaviors that they
might want to track with an app (Textbox 1).
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Providers also suggested multiple features for a
behavior-tracking app that would best suit their needs. The most
frequently given suggestion was that an app should clearly

summarize client data. Additional features suggested by the
providers can be found in Table 4.

Textbox 1. Behaviors to track that were suggested by the providers.

• Physical activity

• Emotional intensity

• Conflict

• Device use

• Substance use

• Sleep and appetite

• Attendance

• Irritability

• Problem behaviors

• Social activities

• Thoughts

• Urges

• Community and citizenship

• Fatigue

• Motivation/concentration

• Relationships

• Relaxation activities

• Therapy homework

• Work/school

• Achievement

• Creativity

• Driving

• Money use

• Sexual risk taking

• Extracurricular activities
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Table 4. Summary of the provider suggestions for mobile health app features.

Illustrative quotesDefinitionFunction of feature, feature

Ease of use

…Something super intuitive that could be used in a way that is almost
dummy-proof. So even if you’re not super tech savvy… it would just be so
easy. And quick. [Provider 6]

Having an intuitive and efficient

interface

Simplicity

…A reminder is always helpful… I think for some people, an alarm or a
popup, a sound, or whatever would be easy for people to see and do. They
can just click it and go right into it…being able to set up when and how
it shows up, according to thepatients'preferences. [Provider 7]

Notifications reminding clients to

complete their tracking

Reminders

…It would remember what I'd already entered and add it to the menu, so
if I had the same breakfast three days, I could just hit breakfast and it
would just put in all three. [Provider 10]

Previous entries remembered to ease data
entry

Remembering data

…Kind-of a help button. Any kind of monitoring form can be confusing…
when we ask about your mood scales, there's kind of a definition with each
question… it's really clear what information is needed. [Provider 12]

Tips or information about the tracked behav-
ior

Data-based suggestions
and advice

Improve clinical utility

…My dream application would be a sophisticated application that allows
you to create scales and create the flexibility to make whatever scale I
want. So, it’d have a bunch of different ways to track something. [Provider
11]

Ability to personalize activities and data
input

Customization

…[Something that] gets communicated to me via link or email and it’s
just very clear and understandable and it doesn't take too much time for
me to understand it. [Provider 1]

Alerts telling the provider when the client
enters data

Provider notifications

…If there were a system… that automatically graphed things for you…
So I could log in as their provider and see a graph of progress over time.
[Provider 1]

Organized summaries of client data such as
a table or graph

Output for providers

…Maybe it would be nice if there was a child feature and a parent

feature, or if there was an ability to link between phones so the parent and
the child could input data. [Provider 8]

Allow parents to enter informationParent information

Improve appeal of tracking

…Something that reminds the client to take some time and sit down… I
wouldn't want the app to be like opening up the notes section of your
iPhone. [Provider 5]

Pleasing interface rather than plain textVisually appealing

…[There should be] immediate reinforcement on completing it.

Technology has built up youth's dependence on instant gratification, so
using that in a way that would help them continue to be using it. [Provider
8]

A feature that rewards activity

completion

Reinforcement

…Being able to scroll down and select [from a list of] cognitive

distortions. [Provider 2]

Multiple-choice options for describing
mood, rather than an open-ended format

Options

Provide additional information

…If the app can output the data back to the client in a way that helps them
see like, ‘oh on average you’re getting so much sleep!’… Because that's
what monitoring is about. To help us better understand these patterns,
and make use of these patterns, to make use of it in therapy and treatment
and address it. [Provider 7]

Data summaries that are accessible to the
client

Output to clients

…What would be great is having a page or a tab, or something where
there's a list of local crisis resources, so text line, lifeline, rape line, so
somehow pulling from crisis stuff. [Provider 9]

Provide crisis resourcesCrisis resources

…It lets me post to social media, so you get that kind of support too.
[Provider 7]

Provide social support or connect to social
media

Social support
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Discussion

Principal Results
This study explored client and provider perspectives on using
mHealth apps to enhance clinical care and identified features
that they would want in an app designed for daily behavior
tracking during clinical care. This study adds to a growing
literature exploring provider perspectives on mHealth and is
the first to do so while synthesizing youth and provider
perspectives, thus improving our understanding of mHealth’s
potential to improve behavior tracking’s accessibility and usage.
Both providers and youths considered behavior tracking to be
a beneficial activity that led to more meaningful therapy sessions
and behavior change. These findings are consistent with the
broader literature showing that tracking behavior helps clients
maintain healthy attitudes, counteract negative developments,
and improve self-management [31]. Furthermore, supplying
providers with additional information regarding a client’s
behavior can improve treatment outcomes [32]. Reasons for
this include the possibility that additional information from
clients allows providers to tailor session content based on events
that occur outside of therapy [31]. Youths and providers both
believed that using an app could be a more enjoyable and
accessible way to track behavior. Widespread smartphone usage
facilitates behavior tracking in situations where clients cannot
access paper-based resources used to supplement many mental
health interventions (ie, diary cards, handouts, and workbooks).
This could increase the accuracy of behavior tracking, further
improving clinical utility. Additionally, apps have the potential
to summarize collected data in a format that is easy to
understand, making progress-tracking easier and facilitating
discussion of progress during treatment.

Despite the recognized benefit of daily tracking, views regarding
completion and app usage were mixed. Select youth participants
found behavior tracking frustrating, which could impede
behavior tracking. Providers also believed that negative
emotions could hinder behavior tracking, particularly for those
too young to fully appreciate its long-term benefits. Youths and
providers were also concerned about the added burden of an
app. Youth participants disclosed that social environments (eg,
school, work) limit opportunities to track behaviors. Likewise,
providers stated that individual pathology or factors related to
socioeconomic status might negatively impact clients’
completion of behavior tracking. To minimize burden on youth
clients, providers and youths suggested that an app should be
highly customizable so that only relevant information is tracked.
It should be noted that many of these challenges related to
burden parallel what clinicians already encounter with
paper-based tracking.

This problem of increased burden is not solely applicable to
clients and highlights a notable way in which client and provider
preferences may conflict. Indeed, half of the youth participants
wanted an app that would allow for communication with their
providers between sessions. However, providers expressed
concern that an app could be overwhelming due to increased
information received from clients and insufficient understanding
of technology. This is a significant barrier to the integration of

mHealth into routine care, as evidence-based interventions are
difficult to implement when providers lack sufficient training,
resources, and support [33]. To circumvent this issue, app
designers should prioritize minimizing burden placed on both
providers and clients. Features such as reminders and more
immediate reinforcement may be helpful for some clients, but
they may not work for others. Additionally, some providers
may want to communicate with clients via an app, while others
may not. Designing a flexible behavior-tracking app that allows
for customizations as well as considering how a platform could
be used in the case that paper-based tracking will be preferred
by some, may be the best solution for widespread
implementation. Youths and providers also had concerns about
data security and privacy. The use of passwords and secure
login portals are potential solutions suggested by both providers
and youth. Prior research highlights additional steps that can
be taken to ensure client data are secure [34].

Strengths and Limitations
This study is among the first to compare youth and provider
perspectives regarding the integration of mHealth into
evidence-based, routine psychotherapy practice. Taking the
perspectives of both groups allows future researchers and
developers to consider the best possible ways of meeting the
needs of both groups without placing inhibitory burdens on
either. Regular review of the recorded interviews and interview
guides allowed for a thorough examination of participant-driven
topics. There are limitations to this research. Because the mean
age of the youth participants was 18.9 (SD 3.73) years, their
perspectives might not fully reflect the views of younger
adolescents. Additionally, the youth participants in this study
were 90% (9/10) female. However, this is consistent with that
reported previously in treatment-seeking populations [35].
Despite our relatively small sample size, participants shared a
variety of challenges to implementing an mHealth app as well
as many different behaviors that might be clinically indicated
for different individuals to track.

Future Directions
This study highlights provider and client perspectives on the
acceptability of using behavior-tracking apps in clinical practice.
Additionally, the study discusses design features that would
better facilitate widespread implementation of behavior-tracking
apps. Specifically, providers and clients alike stressed the need
for features such as reinforcement, which may assist with
long-term use. Flexibility and simple interface design were also
deemed important and could help to minimize the burden placed
on providers. Future research should explore whether specific
features such as reinforcement and interface design reduce the
perceptions of burden and facilitate user engagement.
Additionally, it may be beneficial to examine the feasibility of
tracking apps across specific modalities and treatment
environments such as community mental health clinics and
private practice.

Conclusions
This study shows that mHealth has the potential to improve
daily behavior tracking for youth recipients and providers of
mental health services. First, this study highlights that behavior
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tracking is generally acceptable to both youths and providers,
largely due to the increased information shared between clients
and providers. Second, it explores ways in which mHealth can
make behavior tracking more accessible and enjoyable for both
clients and providers. Nevertheless, to achieve widespread

implementation, future development and implementation efforts
must pay special attention to a potential app’s ability to meet
the individual needs of providers and youths without placing
overwhelming burdens on either.
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Abstract

Background: Depression is a major cause for disability worldwide, and digital health interventions are expected to be an
augmentative and effective treatment. According to the fast-growing field of information and communication technologies and
its dissemination, there is a need for mapping the technological landscape and its benefits for users.

Objective: The purpose of this scoping review was to give an overview of the digital health interventions used for depression.
The main goal of this review was to provide a comprehensive review of the system landscape and its technological state and
functions, as well as its evidence and benefits for users.

Methods: A scoping review was conducted to provide a comprehensive overview of the field of digital health interventions for
the treatment of depression. PubMed, PSYNDEX, and the Cochrane Library were searched by two independent researchers in
October 2020 to identify relevant publications of the last 10 years, which were examined using the inclusion and exclusion criteria.
To conduct the review, we used Rayyan, a freely available web tool.

Results: In total, 65 studies were included in the qualitative synthesis. After categorizing the studies into the areas of prevention,
early detection, therapy, and relapse prevention, we found dominant numbers of studies in the area of therapy (n=52). There was
only one study for prevention, 5 studies for early detection, and 7 studies for relapse prevention. The most dominant therapy
approaches were cognitive behavioral therapy, acceptance and commitment therapy, and problem-solving therapy. Most of the
studies revealed significant effects of digital health interventions when cognitive behavioral therapy was applied. Cognitive
behavioral therapy as the most dominant form was often provided through web-based systems. Combined interventions consisting
of web-based and smartphone-based approaches are increasingly found.

Conclusions: Digital health interventions for treating depression are quite comprehensive. There are different interventions
focusing on different fields of care. While most interventions can be beneficial to achieve a better depression treatment, it can be
difficult to determine which approaches are suitable. Cognitive behavioral therapy through digital health interventions has shown
good effects in the treatment of depression, but treatment for depression still stays very individualistic.

(JMIR Ment Health 2021;8(4):e26268)   doi:10.2196/26268
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Introduction

Depressive disorders are among the most significant and
widespread diseases, and their relevance will continue to
increase in the coming years. Nearly 300 million people are
affected worldwide [1]. Depressive disorders have a high risk
of chronicity and are associated with a substantially increased
probability of developing further comorbidities with
corresponding effects on the quality of life of those affected.
Psychiatric care is facing different structural problems of care,
with underuse and misuse of care that is evident in practice [1].
Barriers to access to psychiatric specialists or psychotherapeutic
care, lack of cross-sectoral and interdisciplinary care, and long
waiting lists are also challenging. It is estimated that less than
50% of those currently affected receive therapy that is
appropriate to their needs and requirements according to current
scientific criteria. Although there is an increasing awareness of
mental health issues, accessibility to health care has been a key
problem [2].

Against this background, psychological, psychotherapeutic, and
psychiatric care are experiencing remarkable developments in
technology-supported care concepts. A broad spectrum of digital
health interventions (DHIs) in psychiatric care already exist
today [3]. DHIs enable new forms of interaction and
knowledge-based reproduction in the field of health. The
constantly growing number of interventions extends from
outpatient digital health care programs to telephone, video, or
text-based interactions with the therapist and complex
online-based intervention programs. Unlike face-to-face
treatment, such support systems are easily accessible and
standardized, and they can reduce the fear of stigmatization, as
they can be used in private and at the convenience of the patient
[3].

A steadily increasing amount of empirical data show first
indications of patient-related benefits of DHIs, especially the
reduction of depressive symptoms; improvement in quality of
life; and reduction of direct, indirect, and intangible costs [3].
These potential benefits could be effective for patients and the
health system if successful acceptance of DHIs is achieved [4].

This scoping review is part of a research project that examines
the multiperspective and participatory development of
technology-supported care for people with depressive disorders.
The purpose of this scoping review was to give an overview of
DHIs used in different fields of depression care. The main goal
was to provide a comprehensive review of the system landscape
and its technological state and functions, as well as the evidence
and benefits for users.

To this end, the following research questions have been
addressed:

• What types of DHIs for the treatment of mild and moderate
depression have been developed, and how can the functions
be described?

• How can the benefits of DHIs in the care of mild and
moderate depression be described?

Methods

Overview
A scoping review has been conducted to identify knowledge
gaps, set research agendas, and identify implications for
intervention development. Although scoping reviews are related
to systematic reviews, they differ in numerous ways. Scoping
reviews present a broader overview of evidence pertaining to a
specific topic, irrespective of study quality [5], useful when
emerging topics are discussed to clarify key concepts and
research gaps. Systematic reviews focus more on specific
research questions with a priori defined criteria. Therefore,
scoping reviews generate hypotheses, while systematic reviews
focus more on testing hypotheses [6]. Results were reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines of systematic
reviews because there are no reporting guidelines for scoping
reviews. Research questions and inclusion criteria were adapted
from Arksey and O’Malley [5].

Inclusion and Exclusion Criteria
The following criteria have been developed in coordination with
the partners of the research project. The inclusion criteria
comprised (1) all DHIs for the treatment of depression, (2)
quantitative study design, (3) language: English or German, and
(4) published between 2010 and 2020 since the technological
development of DHI is dynamic. Exclusion criteria were (1)
study participants aged younger than 18 years, (2) no diagnosis
of depression, (3) severe course of illness, (4) psychotic
symptoms, (5) concurrent medication therapy, or (6) DHIs with
no clear relation to depression treatment.

Literature Search
The search was conducted in October 2020 in the databases
PubMed, PSYNDEX, and the Cochrane Library. The following
search strategy was used: (depression OR depressive disorder
OR depressive episode) AND (online based* OR mobile* OR
ehealth* OR “electronic mental health” OR ”e-mental health”
OR online-based* OR internet-based* OR web-based* OR
computer-based).

Data Extraction
The articles were extracted using standardized table formats.
To provide an overview of the aspects of DHIs for depression
considered here, the following taxonomy is presented in the
tables:

• Authors, year, country, and funding of the study
• Study design
• Study period
• Sample size information
• Technology description and functions
• Relevant outcomes and effects

Moreover, the results were analyzed regarding the effects of
the reduction of depressive symptoms and specific
characteristics of the DHI. For this purpose, contingency tables
were used to show frequency distributions between the benefit
and the technology used and the benefit and the therapy form
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used. Furthermore, graphs were built to show which functions
have been used by the different therapy forms.

Results

Study Selection
In total, 3040 publications were identified. These publications
were transmitted to Rayyan, which is a free web tool designed
to help researchers conducting systematic reviews. Using this
program, the 2 independent researchers (PT and RH) screened

the articles according to inclusion and exclusion criteria. In case
of disagreement, consensus has been made by the opinion of a
third researcher (JH). A total of 65 studies were included in the
qualitative synthesis (Figure 1).

In a first step, the field of depression care was categorized in 4
application areas: prevention (1 study identified), early detection
(5 studies), therapy (52 studies), and relapse prevention (7
studies; Figure 2). In a further step, this standardization enabled
technology mapping and a detailed description of the
technologies and their benefits.

Figure 1. PRISMA flow diagram of literature search and selection process [7].
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Figure 2. Classification of digital health intervention application areas.

Data Description: Prevention/Early Detection
In the area of prevention, only one study was available in context
of this scoping review [8]. The study was conducted in Germany
and funded by the European Union (EU). Its duration was 6
weeks, with follow-ups after 6 months and 12 months. The
study population consists of people with underlying depressive
symptoms. Differentiation between an intervention group (IG)
and control group (CG) was made (IG=202 and CG=204;
Multimedia Appendix 1).

The intervention GET.ON Mood Enhancer Prevention is a
web-based guided self-help intervention based on
psychoeducation, problem-solving therapy, and behavioral
activation. The concepts were conveyed via multimodal and
interactive elements in 6 sessions of about 30 minutes each with
individual feedback by an online trainer. The CG received
psychoeducation via the same web-based platform, but without
the guidance of an online trainer. The primary outcome of the
study was the diagnosis of major depression, which was
recorded using the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) criteria and a Structured
Clinical Interview for DSM-5 (SCID).

Five studies were identified in the area of early detection
(Multimedia Appendix 1). Two of the studies were conducted
in Germany [9,10], 2 in the United States [11,12], and 1 in
Romania [13]. Two studies were financed by the EU [9,10],
and 3 were funded by countries [11-13].

In all 5 studies, the study populations consisted of people with
underlying depressive symptoms (ie, no manifest depressive
disorder). In 4 studies, a differentiation was made between the
IG and CG. The number of participants ranged from 35 to 202
in the IG (mean 102; mode 85.5) and from 36 to 204 participants
in the CG (mean 93.7; mode 69). One study was a comparison
of different interventions and did not have a CG [12]. The study
periods ranged from 3 to 24 weeks.

Three out of the 5 studies chose a mixed form as treatment
approach. In 2 studies, the intervention consisted of web-based
cognitive behavioral therapy (CBT) and problem-solving therapy
[9,10]. One study consisted of an app-based intervention based
on CBT and problem-solving therapy, as well as an information
control app [12]. In all 3 studies, the participants of the IG
received support or reminder from an online trainer via a news
system. Optionally, the participants could also choose to receive
motivational text messages regularly to ensure continuity. In
Place et al [11], the intervention consisted of a monitoring
system that collected different types of metadata and clinicians
providing feedback. In Buntrock et al [9], the CG only received
psychoeducation through the web-based platform. In 2 studies,
participants of the CG had unlimited access to treatment as usual
(TAU) during the study period and were given access to the
web-based intervention after the study period [10,11].

The study by Tulbure et al [13] investigated a web-based
transdiagnostic intervention. Thereby, therapy concepts of
different mental diseases were transferred. In this study,
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concepts from the field of anxiety disorders were projected onto
the field of depressive disorders. The IG received a web-based
multimodal intervention in which additional writing tasks were
completed. The participants could perform the intervention on
a computer, tablet, or smartphone. Trained personnel monitored
the activity of the participants. In addition, there was
personalized feedback on writing tasks. Furthermore,
participants received a reminder if inactivity was detected. No
information was provided regarding the therapeutic approach.
The CG received reading access to the platform [13].

All studies described depression-specific symptoms as primary
outcome [9-13]. Additionally, in 2 studies, adherence to the
intervention [9,13] was indicated; in 1 study, quality of life [13]
was.

Data Description: Relapse Prevention
In the area of relapse prevention, 4 studies from Germany
[14-17], 1 study from the Netherlands [18], 1 study from
Denmark [19], and 1 from the United States [20] were identified
(Multimedia Appendix 1).

The study periods ranged from 4 weeks to 104 weeks (24
months). Four studies were financed by countries [14,17,18,20],
and 2 studies were privately financed [16,19]. One study did
not provide information on financing [15]. Six studies
differentiated between an IG and a CG [14-18,20]. The studies
revealed large differences in sample size, ranging from 41 to
264 participants (mean 182; mode 217.5) when the IG and CG
were combined. The sample sizes in the experimental arms of
the studies varied between 21 and 230 participants (mean 115.2;
mode 120). In the CG, the samples varied between 20 and 230
participants (mean 101.2; mode 91.5).

The interventions showed differences in their implementation.
While almost all of them used a feedback function to indicate
therapy success or remind patients to perform tasks, the therapy
strategy differed. Four out of the 7 studies chose CBT as a
therapeutic approach [16-18,20]. Some studies used CBT, either
through a telerehabilitation program [16], mobile app [18], or
web-based program [20]. Kraft et al [14] opted for a
mindfulness-based exercise in which patients received feedback
on the success via SMS. Lauritsen et al [19] used a web-based
self-assessment tool that monitored participant mood, sleep,
and activity, and Zwerenz et al [17] used a web-based self-help
program based on CBT. One study did not provide any
information on the chosen therapeutic approach [15]. Instead
of the technical intervention, the CG of all studies received the
nontechnical comparative therapy (ie, a comparable therapy)
performed without the use of technical aid or TAU.

Five studies described depression-specific symptoms as primary
outcome [15-17,19,20]. Additionally, adherence to the
intervention [14,19] and quality of life [17,19] were indicated.

Data Description: Therapy
For the area of therapy, 52 studies were identified. A total of
12 studies were conducted in the United States [21-32], 6 studies
in the Netherlands [33-38], and 11 in Germany [39-49]. Four
studies were conducted in Australia [50-53]. Three studies were
conducted in Switzerland [54-56] and 4 in Spain [57-60]. In

Canada [61,62], Finland [63,64], Sweden [65,66], and Great
Britain [67,68] 2 studies each were identified. New Zealand
[69], Austria [70], Ireland [71], and Japan [72] were each
represented with 1 study (Multimedia Appendix 1).

Of those, 27 were sponsored by countries
[23,25,26,28-32,35,40,41,43,44,46,51,52,57-62,65,66,68,69,71]
and 11 studies were privately financed
[24,33,34,36,37,48,49,53,55,56,67]. The EU funded 2 studies
[39,42]. One study indicated a mixture of private and state
funding [21]. Eleven studies did not provide any information
of financial sources [22,27,38,45,47,50,54,63,64,70,72].

In the studies differentiating between an IG and CG, the number
of participants ranged from 10 to 1904 participants in the IG
(mean 191.0; mode 88) and from 8 to 1901 participants in the
CG (mean 179.1; mode 67.5). The intervention periods of the
studies ranged from 2 to 52 weeks (mean 11 weeks).

The majority of studies (41/52) differentiated between an IG
and CG and were conducted as randomized controlled trials
(RCTs) [22,24,27-29,33-52,54,55,57-61,63-69,71,72]. Seven
studies were conducted as pilot studies [25,26,30-32,56,62].
Two studies had a quasi-experimental design [23,70]. One study
was conducted as a usability study [53] and 1 as a controlled
clinical trial [21].

Technology Mapping: Therapy
The therapy area yielded the largest number of studies.
Therefore, the following technology mapping and analysis focus
on therapeutic interventions for the reduction of depressive
symptoms. In terms of therapeutic approach, CBT, acceptance
and commitment therapy (ACT), and problem-solving therapy
was considered because those are the most used approaches,
and there was sufficient evidence to analyze. Studies were
examined according to the type of technology used, medium
used, and functions offered. Cross-references between the levels
were drawn with the help of cross tables.

CBT was the dominant form of therapy in 54% (28/52) of the
studies [21,23,24,28,30,32,39-41,43-46,48-50,52,55-57,60-62,
65-67,70-72]. In 19% (9/52), mixed forms were used, consisting
of 2 or more forms of therapy [27,31,33,34,42,47,51,58,59].
Other therapy approaches such as ACT (5/52, 9%)
[26,35,38,63,64] and problem-solving therapy (4/52, 8%)
[29,36,37,69] were significantly less common in interventions.
The remaining studies either focused on cognitive restructuring
[54], cognitive control therapy [22], behavioral activation
[45,68], or supplied no information about the therapeutic
approach that was used [25].

Considering how therapy was technologically implemented,
differences become apparent. Most of the studies (39/52, 75%)
used a web-based system in which an application was used
online [21-23,28,33-46,48,49,52-55,57-67,69-72]. This form
of therapy provision was the most common form. Mixed forms
were also frequently used (5/52, 11%) using web-based and
smartphone-based approaches [24,27,30,32,68].
Smartphone-based approaches were used by 12% (6/52) of
studies [25,26,31,47,50,56]. One study (2%) featuring
problem-solving therapy used virtual reality for delivery, which
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entailed a virtual therapist giving instructions on skills in
problem solving [29].

In addition, we analyzed which functions were integrated in the
DHI. Multiple answers were possible, depending on which
functions were given. Most of the DHIs (33/52, 63%) were
offered as guided interventions in which a therapist supported
t h e  p a r t i c i p a n t s
[21,25,26,28,29,31-39,42-44,47,49,54,55,57-60,62-64,67-71],
with 15% (11/52) conducted as unguided interventions
[22,23,27,30,40,45,46,49,50,52,61] and 15% (11/52) using the
reminder function to encourage patients to perform daily
exercises or self-assessments [24,32,41,47,49,51,63-65,67,68].
While some studies (6/52, 8%) used tracking functions with
biosensors [24,50,51,53,56,59], 3% (2/52) used diary functions
[50,51] and 3% (2/52) used discussion forums [32,62]. A total
of 9% (5/52) of studies used educational elements for the
treatment of depression [53,56,66,70,72].

Evidence of DHI in Therapy for Depression
A total of 71% (37/52) of studies reported improvements in
d e p r e s s i v e  s y m p t o m s
[22,30,32,37,40,42,44,46,49-51,53-57,59-64,67,68,70-72], 27%
(14/52) reported no (significant) effects
[21,31,33-36,41,45,47,48,58,65,66,69], and 2% (1/52) did not
consider depressive symptoms as an outcome [52].

In Figure 3, the type of technology used with reported benefits
of the studies is shown. In the case of web-based provision of
DHIs, improvements of depressive symptoms becomes clear.
A total of 67% (26/39) of studies identified a benefit
[22,23,28,37,40,42,44,46,49,52,55,57,59-64,67,70-72], 31%
(12/39) did not verify an improvement in depressive symptoms
[21,33-36,41,45,48,58,65,66,69], and 1 study did not provide
results for depressive outcomes [52]. All studies that used mixed
forms of technology demonstrated a benefit. However, due to
the small number of studies, this should be interpreted
cautiously.

Figure 3. Evidence for digital health interventions classified by technology.

Evidence for CBT
In Figure 4, the therapy approach used with reported benefits
is shown. A total of 75% (21/28) of studies that chose a CBT
approach reported a positive effect on the reduction of
d e p r e s s i v e  s y m p t o m s
[23,24,28,30,32,39,40,44,46,49,50,55,57,60,62,67,70-72], 21%
(6/28) could not find any effect in terms of reduction
[21,41,43,47,65,66], and 4% (1/28) did not report any
information on the depression outcome [52].

Of the studies with a positive effect, 76% (16/21) were
transmitted via web-based applications
[23,28,39,40,44,46,49,55,57,60-62,67,70-72], 48% (10/21) were
designed as guided [28,39,44,55,57,60,62,67,70,71] and 29%
(6/21) as unguided interventions [23,40,46,49,61,72].

In contrast, 6 studies could be identified that showed no or
neutral results: 5 were web-based interventions [21,41,43,65,66]
and 1 study was designed as an app [47].
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Figure 4. Evidence of digital health interventions classified by therapeutic approach.

Evidence for Problem-Solving Therapy
The evidence for benefits using the problem-solving therapy
approach is controversial. Of the studies identified, 50% (2/4)
determined a benefit in terms of an improvement in depressive
symptoms [29,37] and 50% (2/4) could not determine a
difference between the IG and CG or simply do not represent
significant improvement in the IG [36,69]. One of the studies
with a reported benefit was a web-based application [37] and
the second was a virtual reality intervention [29].

Evidence for ACT
Of the studies that chose ACT as a therapeutic approach, 80%
(4/5) demonstrated a benefit regarding depressive symptoms
[26,38,63,64]. One of the studies with a reported benefit was
an app-based intervention [26] and 3 were designed as guided
web-based interventions [38,63]. The study that did not indicate
a benefit was a web-based intervention with automated feedback
function [35].

Discussion

Principal Findings
The number of DHIs for treating depression is quite
comprehensive. Focusing solely on therapeutic setting is not
sufficient to show the different approaches of depression care.
However, most of the studies were found in the therapy area.
Of the 65 studies included, 52 focused on a therapy setting, 7
on relapse prevention, 5 on early detection, and 1 on the
prevention of depression.

The most dominant approaches were CBT, ACT, and
problem-solving therapy. Regarding the efficacy, most of the

studies finding a benefit regarding symptom severity used CBT.
Most studies found a significant effect of digital CBT for
depression symptoms. Other studies not using DHIs for the
provision of CBT have similar results for the efficacy of CBT
regarding reduction of depression symptoms. Especially for
mild and moderate depression, there is good evidence for
symptom reduction [73]. Beyond that, the DHIs in most of the
identified studies were realized through web-based technologies;
mobile or smartphone-based interventions were still
underrepresented.

Most of the included studies compared participants treated with
DHIs with those not treated at all (eg, waitlist). In contrast, there
were only a few studies that compared the efficacy of DHIs
with traditional psychotherapy. It is not surprising that DHIs
work better than no treatment at all. However, their efficacy is
quite remarkable. Additionally, most studies were conducted
under ideal controlled conditions, and studies investigating
effectiveness in everyday life are still missing. For this reason,
there are emerging discussions about adaptive study designs
such as n-of-1 or interrupted time-series designs, which can be
better suited to evaluate DHIs. Although decision makers or
payers still prefer RCTs as the gold standard for evidence, there
are limitations when it comes to the measurement of efficacy
and effectiveness for DHIs. Although health insurance
companies offer their insureds DHIs, only 3% to 25% of patients
take advantage of them [74]. Reasons for this are low
expectations of their effectiveness, concerns about data security,
poor user-friendliness, general skepticism about psychotherapy,
and little experience with the internet in general [74].
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Comparison With Prior Work
However, even for CBT, which is increasingly delivered by
computerized forms, there is good evidence supporting the
stated effects in this study. In the meta-analysis of Andersson
and Cuijpers [75] that examined the effects of computerized
CBT compared with face-to-face interventions, the authors
found that computerized treatments do have promising potential
for treating depression, and the computerized treatments were
statistically significantly superior (posttest effect size: 0.41,

95% CI 0.29-0.54, I2=57%) to face-to-face interventions.

The dissemination of technological systems poses a challenge
for the field. DHIs developed within a research context vary in
their implementation and technological approaches. Differences
in technological attributes have been discussed in the literature.
Studies have consistently demonstrated that effects appear to
increase with higher levels of human guidance (eg, no guidance
vs administrative guidance vs therapist guidance) [4,76].
Johansson et al [77] showed in a systematic review of 25
controlled trials that guided internet-based CBT is more effective
than unguided internet-based CBT. Whereas the effect sizes in
studies with people who had no therapist contact either before
or during the treatment were relatively low (average effect size
d=0.21), they improved with more support from the therapist.
Studies with people who had contact with a therapist before and
during the treatment reported a much higher average effect size
(d=0.76). Wright et al [78] showed similar results in a recent
study from 2019. In a systematic review with 40 RCTs, they
showed that studies providing support by a therapist or clinician
yielded larger effects (g=0.67) than studies with unguided
interventions (g=0.24). One reason for this could be the missing
therapeutic alliance was not compensated for with more content
or technological support, apart from reminders. Therefore, it is
possible that guidance becomes important, especially when
systems are not very responsive.

Aside from this, there are many opportunities for DHIs in the
treatment of depression. In fact, interventions are mostly
delivered on the internet. Only a few publications considering
mobile interventions were identified. This is surprising since
smartphones are ubiquitous and highly prevalent nowadays. A
review from 2015 identified 82 mobile apps for depression
treatment [79]. Another review found that only 5 of those apps
had been empirically evaluated in RCTs [80]. Regarding the
high diffusion of commercially driven apps, scientifically
evaluated apps are needed in future. In addition, innovative
technologies using social media or virtual reality are
underrepresented in this review.

Limitations
Most of the studies were found in the area of therapy. One
reason for this could be that preventive offers are not recognized

the way therapeutic interventions are, even if those preventive
interventions are advisable due to individual risk factors. It
could be helpful to provide a wider range of preventive services
and a larger number of psychotherapists as well as general
practitioners to give their patients recommendations for
preventive interventions.

All studies tried to determine the effects of depression-specific
symptoms, but in doing so the authors of the studies used
different instruments. While some researchers used the Center
for Epidemiological Studies Depression Scale or the Quick
Inventory of Depressive Symptomatology–16 item scale, the
Patient Health Questionnaire–9 Item and Beck Depression
Inventory II scales were most commonly used. Because of this
heterogeneity, there is a limitation considering the comparability
of studies.

A limitation concerns the scope of the reviewed publications.
Systems developed for children and adolescents and women
with postpartum depression and studies published before 2010
were excluded. Therefore, it is necessary to investigate in further
research if the findings can be generalized to those types of
systems. As data security is an important concern of DHIs,
consistent guidelines and criteria for future systems are needed.
Despite these limitations, the findings of our analysis highlight
some of the challenges and opportunities for the use of DHIs
for depression.

Conclusion
The aim of this scoping review was to approach the state of
DHIs for mild and moderate depression and try to describe those
interventions for depression care. It is known that DHIs have
great potential to complement the treatment of depressive people
and intensify traditional psychotherapy. This review indicates
DHIs also show great potential in avoiding depression
(prevention and early detection) and preventing relapse, which
is currently underrepresented in the literature. The field of DHIs
is constantly increasing, and there is no general evidence of the
effect of these interventions, but most of the studies included
in this review improved the effects of DHIs for the reduction
of depressive symptoms. Furthermore, results showed that most
of the DHIs provided web-based CBT and a combination of
several technological options (eg, reminder, tracking). Even
with automated programs and contact with psychotherapists
(eg, contact through chats or email), people show great
improvement in their symptoms in comparison to interventions
without support at all. It appears to be crucial for people to have
professional guidance. Further research is needed to investigate
whether more technologically advanced systems lead to higher
adherence and effects for the reduction of depressive symptoms
in addition to investigating real-world effectiveness and barriers
for implementation of DHIs.
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Abstract

Background: An estimated 1 in 5 adolescents experience a mental health disorder each year; yet because of barriers to accessing
and seeking care, most remain undiagnosed and untreated. Furthermore, the early emergence of psychopathology contributes to
a lifelong course of challenges across a broad set of functional domains, so addressing this early in the life course is essential.
With increasing digital connectivity, including in low- and middle-income countries, digital health technologies are considered
promising for addressing mental health among adolescents and young people. In recent years, a growing number of digital health
interventions, including more than 2 million web-based mental health apps, have been developed to address a range of mental
health issues.

Objective: This review aims to synthesize the current evidence on digital health interventions targeting adolescents and young
people with mental health conditions, aged between 10-24 years, with a focus on effectiveness, cost-effectiveness, and
generalizability to low-resource settings (eg, low- and middle-income countries).

Methods: We searched MEDLINE, PubMed, PsycINFO, and Cochrane databases between January 2010 and June 2020 for
systematic reviews and meta-analyses on digital mental health interventions targeting adolescents and young people aged between
10-24 years. Two authors independently screened the studies, extracted data, and assessed the quality of the reviews.

Results: In this systematic overview, we included 18 systematic reviews and meta-analyses. We found evidence on the
effectiveness of computerized cognitive behavioral therapy on anxiety and depression, whereas the effectiveness of other digital
mental health interventions remains inconclusive. Interventions with an in-person element with a professional, peer, or parent
were associated with greater effectiveness, adherence, and lower dropout than fully automatized or self-administered interventions.
Despite the proposed utility of digital interventions for increasing accessibility of treatment across settings, no study has reported
sample-specific metrics of social context (eg, socioeconomic background) or focused on low-resource settings.

Conclusions: Although digital interventions for mental health can be effective for both supplementing and supplanting traditional
mental health treatment, only a small proportion of existing digital platforms are evidence based. Furthermore, their
cost-effectiveness and effectiveness, including in low- and middle-income countries, have been understudied. Widespread adoption
and scale-up of digital mental health interventions, especially in settings with limited resources for health, will require more
rigorous and consistent demonstrations of effectiveness and cost-effectiveness vis-à-vis the type of service provided, target
population, and the current standard of care.
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Introduction

Background
Mental health issues remain underdiagnosed and undertreated
among adolescents and young people (aged 10-24 years) [1].
Ignored by many health and social services and policies
worldwide [2], adolescents and young people are particularly
vulnerable to many conditions affecting mental health. Nearly
50% of mental health disorders begin by the age of 14 years,
and 75% of mental health disorders begin by the age of 24 years
[3]; an estimated 1 in 5 adolescents experience a mental health
disorder each year [4]. The emergence of symptom sequelae,
even below the diagnostic threshold, signals an increased
vulnerability to life course–persistent mental health problems
and consequences if not addressed early. Among men and
women aged between 15-19 years, suicide, which is more
common among young people than adults [5], is one of the top
3 causes of death worldwide, and depression is among the
leading causes of disability for those aged between 10-19 years
[6].

At the same time, young people are growing up in the digital
world and accessing the internet at increasingly younger ages
[7]. As the most connected age group in the population, more
than 70% of young people aged between 15-24 years are
“online” [8]. Although there are income-based and geographical
disparities in digital access, 43% of people in low- and
middle-income countries use the internet, and even in
low-income countries, 72% of people have access to mobile
phones, and 16% of people have access to the internet [9].

Although there are clearly some negative effects of technology
on this age group, including behavioral addiction,
cyber-bullying, depression, sexual exploitation, and abuse
[10-12], the use of digitally enabled technology is considered
a promising platform for preventing morbidity and enhancing
well-being and quality of life [13]. Critically, digital
technologies may offer especially critical support for adolescents
and young people in low-resource settings where barriers to
care may be numerous and insurmountable.

Given the increasing number of adolescents and young people
using digital technologies, digital mental health interventions
are considered to have the specific potential to support mental
health and well-being in this group [14,15]. Specifically, digital
technology could provide opportunities to access mental health

services and information while also increasing patient
empowerment, participation [16], and help-seeking and helping
to overcome the stigma that is often linked to mental health
services [17]. With more than 2 million mental health apps
already available, including 40,000 classified as medical [18],
the demand for this innovation is evident. However, the plethora
of these apps may have outpaced the development of a
correspondingly large evidence base on their effectiveness.

Objectives
A number of systematic reviews and meta-analyses have been
conducted over the past 10 years on the use of digital technology
to enhance mental health among adolescents and young people.
A higher-level synthesis of information across these
meta-analyses and reviews is needed to identify whether there
is converging evidence for their effectiveness and to assess
systematic issues with research in this area. Consequently, this
systematic overview provides a high-level synthesis of the
current evidence on the effectiveness of digital health
interventions targeting adolescents and young people (ie, aged
10-24 years as defined by the World Health Organization and
others [19,20]; Textbox 1) with diagnosed or self-reported
mental health conditions, including affective, behavioral, and
trauma-related conditions (eg, anxiety, depression, psychological
distress, eating disorders, and posttraumatic stress disorder).
Furthermore, it aims to characterize the factors, including digital
platforms and design elements used, that contribute to the
effectiveness. Finally, it aims to describe the extent to which
there is evidence of the economic benefits of such interventions
and determine the extent to which previous research in this area
may generalize to low-resource settings, including low- and
middle-income countries.

The research questions are as follows:

• In adolescents and young people aged between 10 and 24
years, to what extent are digital health interventions
effective in addressing mental health conditions, compared
with standard face-to-face treatment, placebo, or no
treatment?

• What factors contribute to effectiveness (ie, what makes
effective interventions effective)?

• To what extent is there evidence on cost-effectiveness?
• To what extent are the findings generalizable to adolescents

and young people from a range of settings, including low-
and middle-income countries?
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Textbox 1. Definitions of key terms.

Adolescents and young people

• According to the World Health Organization, adolescents are individuals aged 10-19 years, and young people are individuals aged 10-24 years
[19]

Mental health conditions, mental disorders

• Mental health problems with different symptoms, characterized by a combination of abnormal thoughts, perceptions, emotions, behavior, and
relationships with others [21,22]

Digital mental health intervention

• Information, support, and therapy for mental health conditions delivered through an electronic medium with the aim of treating, alleviating, or
managing symptoms [23,24]

Cognitive behavioral therapy (CBT), computerized CBT (cCBT)

• A form of psychological treatment to identify maladaptive patterns of thinking, emotional response, or behavior and substituting them with
desirable patterns [25]. cCBT refers to computerized implementation of CBT

Effectiveness, effect

• The ability of an intervention to produce intended outcomes, estimated by comparing the intervention with no intervention (ie, better than nonactive
control) and/or an existing evidence-based intervention (ie, no difference from active control) [26]

Active control

• A comparison group receiving standard treatment, including face-to-face therapy, alternative therapy, or materials [26]

Nonactive control

• A comparison group not receiving or performing any activity. These may include placebo treatment, no treatment, or assigned to a waitlist to
receive intervention after completion of the trial [26]

Methods

Search Strategy and Selection Criteria
The review was conducted using a predefined protocol. We
conducted an electronic review of the literature from the
MEDLINE, PubMed, PsycINFO, and Cochrane databases. The
review was limited to peer-reviewed articles published in
English between January 1, 2011, and July 6, 2020. We used a
combination of keywords: (“digital,” “mHealth,” “eHealth,”
“web-based,” “internet-based,” “mobile phone,” “text message,”
“SMS,” “artificial intelligence”) AND (“adolescen*,” “youth,”
“young,” “child,” “student”) AND (“mental health,”
“wellbeing”). Our search was limited to overview types of
studies, such as meta-analyses and systematic reviews.

Identified references were screened independently by 2
reviewers (SL and JM) by conducting an abstract and title search
with the following inclusion criteria, following a predefined
PICOS (Population, Intervention, Comparator, Outcome,
Setting) framework:

• Population: Adolescents and young people, defined as
primarily aged between 10 and 24 years (or if older
participants were included, the mean age was <25 years),
with a mental health condition, including anxiety, affective,
and behavioral conditions (diagnosed and self-reported)

• Intervention: Consumer-facing, partially or fully
self-administered, mental health intervention delivered
through a digital platform (eg, web-based, computer, or
mobile phone)

• Comparator: Active (ie, standard nondigital care and
alternative materials) or passive control (ie, placebo and no
treatment)

• Outcome: Mental health improvement as reported by studies
(ie, diagnosed or self-reported mental health conditions,
including affective, behavioral, and trauma-related
conditions)

• Setting: Nonclinical, nonfacility-based setting in any
country

Potentially relevant studies identified through the screening
process were assessed independently for final inclusion by 2
reviewers (SL and JM) after being acquired in full text.
References were excluded if they were not exclusive to this age
group; were delivered at the health care facility (eg, telemedicine
by clinicians); targeted adolescents and young people with
chronic diseases, such as HIV, diabetes, or cancer; targeted
adolescents and young people with mental and behavioral
disorders because of psychoactive substance use; or were
primarily addressing parenting skills or targeting parents. Study
protocols and nonpeer-reviewed papers were excluded.

Data Extraction and Quality Assessment
In total, 2 reviewers (SL and JM) independently extracted
information from the studies, building a matrix including data
on participants (age and other available background
characteristics), interventions, mental health issues addressed,
setting (eg, delivery platforms and countries), and key findings
in terms of clinical effectiveness. The reviewers also assessed
the quality of the articles by using the AMSTAR 2 (A
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Measurement Tool to Assess Systematic Reviews) [27] tool,
which is a validated tool to analyze the quality of systematic
reviews and meta-analyses with ratings from high to critically
low. The guidance document of the tool [27] was thoroughly
followed. Any disagreement in either of these actions was
resolved through discussion.

Data Synthesis
We synthesized evidence from the articles describing the
effectiveness of digital mental health interventions against
clinical outcomes, therapy used, and digital platform deployed
as well as reviewed factors associated with effectiveness,
sustainability of outcomes, completion, and adherence. Finally,
we reviewed and synthesized the extent to which there was
evidence on the cost-effectiveness and the potential

generalizability of the findings to low- and middle-income
countries. Given the high heterogeneity of the studies, we did
not conduct a statistical analysis.

Results

Overview
The initial search yielded 1295 articles. After excluding
duplicate references, the number of articles was reduced to 1098.
The search strategy was complemented by a manual search of
reference lists of key articles, which yielded an additional 8
articles for eligibility assessment (Figure 1).

After title screening, we conducted full-text appraisal and
excluded articles that did not meet the inclusion criteria. A total
of 18 articles were finally included (Table 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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Table 1. Study characteristics.

Geographical
coverage

Participants age
(range and mean,
if available)

Total
sample

Comparison interven-
tions

OutcomeIntervention, digi-
tal platform

Primary studiesAuthor

China, Hong
Kong, the

Up to 19 years410Nonactive (alternative
nontherapeutic video
game)

AnxietyVideo gamesSystematic re-

view of 2 RCTsa

and 3 NRSsb on
3 games

Barnes et al
(2018) [28]

Netherlands, and
the United King-
dom

Not definedNot defined (chil-
dren and adoles-
cents)

Not re-
ported

No control groupAnxietyMobile appsSystematic re-
view and content
analysis of 121
apps

Bry et al
(2018) [29]

Australia, Cana-
da, Denmark, Ire-

Up to 18 years1054Active (nondigital in-
tervention; nb. Only

Mental health,
well-being, anxi-

Mobile appsSystematic re-
view of 23

Grist et al
(2017) [30]

land, the Nether-one RCT included in
the review)

ety, depression,
suicide, obsessive-
compulsive disor-

NRTsc and 1
RCT on 15 apps lands, and the

United States
der, and eating dis-
orders

Australia, China,
the Netherlands,

Up to 25 years5333Mixed nonactive
(waitlist, no interven-

Anxiety, depres-
sion, attention

Internet-based in-
terventions, mo-

Systematic re-
view of 30 RCTs;

Hollis et al
(2017) [24]

New Zealand,tion) and active (atten-deficit hyperactivi-bile apps, and
eHealth

meta-review of
21 articles on 147
interventions

Norway, Israel,
Sweden, Switzer-
land, the United

tion control group,
limited intervention)

ty disorder, autism
spectrum disorder,
psychosis, eating

Kingdom, and the
United States

disorders, and
posttraumatic
stress disorder

Australia, Cana-
da, Norway,

17-51 years; mean
22.6 years

1480Mixed nonactive (no
treatment, waitlist)
and active (alternative
materials)

Anxiety, depres-
sion, psychological
distress, and stress

Computer-deliv-
ered or web-
based interven-
tions

Systematic re-
view of 17 RCTs
and meta-analysis
of 14 RCTs

Davies et al
(2014) [31]

Spain, the United
Kingdom, and the
United States

Australia, Bel-
gium, China,

18-25 yearsNot re-
ported

Mixed nonactive (no
intervention, waitlist)
and active (attention
control group)

Anxiety and depres-
sion

Internet-based,
audio, virtual real-
ity, and computer
programs

Systematic re-
view of 26 RCTs
and 1 randomized
trial

Farrer et al
(2013) [32]

Italy, the Nether-
lands, Spain, the
United Kingdom,
and the United
States

Australia, Cana-
da, China, the

10-24 years4979Mixed nonactive and
active (not specified)

Depression, anxi-
ety, and stress

Internet-based in-
terventions

Systematic re-
view of 22 RCTs
and meta-analysis
of 15 RCTs

Valimaki et
al (2017)
[33] Netherlands,

New Zealand,
Norway, the
United Kingdom,
and the United
States

Australia, Cana-
da, Finland, Ger-

Up to 29 years;
mean 22 years

10,583Mixed nonactive
(waitlist, placebo) and
active (diaries, recom-

Anxiety, depres-
sion, stress, sleep
problems, eating

Internet-based
psychological in-
terventions

Systematic re-
view of 48 ran-
domized trials

Harrer et al
(2019) [34]

many, Ireland,
Norway, Roma-mendations for behav-

ior change)
disorders, and
well‐being nia, Spain, Swe-

den, the United
Kingdom, and the
United States
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Geographical
coverage

Participants age
(range and mean,
if available)

Total
sample

Comparison interven-
tions

OutcomeIntervention, digi-
tal platform

Primary studiesAuthor

Australia, Cana-
da, Chile, China,
Hong Kong, Ire-
land, Japan, New
Zealand, North-
ern Europe, the
United Kingdom,
and the United
States

12-25 years16,874Mixed nonactive
(waitlist) and active
(alternative therapeu-
tic intervention)

Anxiety and depres-
sion

Computer, web-
based, and smart-
phone-delivered
intervention

Systematic re-
view of 27 RCTs
and 13 NRTs on
32 interventions
and meta-analysis
of 15 RCTs

Garrido et al
(2019) [35]

Australia, Cana-
da, Ireland, the
Netherlands, the
United Kingdom,
and the United
States

12-25 yearsNot re-
ported

No control groupPsychological dis-
tress

Web-based help-
seeking interven-
tions

Systematic re-
view of 27 quali-
tative, feasibility,
and comparative
studies and 1
RCT

Pretorius et
al (2019)
[36]

Australia, China,
Hong Kong, and
the United States

Up to 25 yearsNot re-
ported

No control groupDepression, psy-
chosis, health liter-
acy, social support,
and general well-
being

Social network-
ing sites

Systematic re-
view of 9 descrip-
tive studies on 5
interventions

Ridout et al
(2018) [37]

Australia, Cana-
da, Spain, and the
United States

7-18 years404Mixed nonactive
(waitlist) and active

(standard CBTe)

AnxietycCBTdMeta-analysis of
8 RCTs

Podina et al
(2016) [38]

Australia, the
Netherlands,
New Zealand,
Sweden, the
United Kingdom,
and the United
States

Up to 25 years796Nonactive (no treat-
ment, placebo)

Anxiety and depres-
sion

cCBTMeta-analysis of
13 RCTs

Ebert et al
(2015) [39]

Australia, China,
the Netherlands,
New Zealand, Is-
rael, Sweden, the
United Kingdom,
and the United
States

5-25 years3389Mixed nonactive
(waitlist, placebo, no
intervention) and ac-
tive (standard CBT)

Anxiety and depres-
sion

cCBTSystematic re-
view and meta-
analysis of 27
RCTs

Pennant et al
(2015) [40]

Australia and the
United States

7- 25 years569Mixed nonactive
(waitlist) and active
(standard CBT, alter-
native intervention)

Anxiety and depres-
sion

cCBT and SMSMeta-analysis of
7 RCTs

Ye et al
(2014) [41]

Australia, Cana-
da, China, Ire-
land, Israel, the
Netherlands,
New Zealand,
Sweden, Thai-
land, the United
Kingdom, and the
United States

Up to 18 years3113Mixed nonactive
(waitlist, placebo) and
active (face-to-face or
alternative therapeutic
interventions)

Anxiety and depres-
sion

cCBT, computer-
delivered atten-
tion, or cognitive
bias modification
programs

Meta-analysis of
34 RCTs on 29
interventions

Grist et al
(2019) [42]

Australia, Cana-
da, Germany, the
Netherlands,
Sweden, and the
United States

Up to 18 years1882Mixed nonactive
(waitlist) and active
(standard CBT, alter-
native intervention)

Multiple psychi-
atric and psychoso-
matic conditions

cCBTMeta-analysis of
24 RCTs

Vigerland et
al (2016)
[43]
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Geographical
coverage

Participants age
(range and mean,
if available)

Total
sample

Comparison interven-
tions

OutcomeIntervention, digi-
tal platform

Primary studiesAuthor

Australia, Cana-
da, China, Ger-
many, Ireland, Is-
rael, the Nether-
lands, Norway,
and the United
States

12-25 years10,779Mixed nonactive
(waitlist, placebo, no
intervention) and ac-
tive (limited interven-
tion)

Mental health pro-
motion and preven-
tion

Mixed web-based
interventions and
more than half
(8/15) cCBT

Systematic re-
view of 14 RCTs
and 14 NRSs on
21 interventions

Clarke et al
(2015) [44]

aRCT: randomized controlled trial.
bNRS: nonrandomized study.
cNRT: nonrandomized trial.
dcCBT: computerized cognitive behavioral therapy.
eCBT: cognitive behavioral therapy.

Effectiveness Across Clinical Symptom Targets
In terms of clinical outcomes, most systematic reviews and
meta-analyses included in this review focused on anxiety (n=4),
depression (n=3), anxiety and depression together (n=11), or
anxiety and depression with stress (n=3). To a lesser degree,
analyses focused on general well-being (n=4). In addition, eating
disorders (n=2), psychosis (n=2), attention-deficit/hyperactivity
disorder (ADHD; n=1), autism spectrum disorder (n=1), sleep
problems (n=1), suicide prevention (n=1), obsessive-compulsive
disorder (n=1), role functioning (n=1), phobias (n=1), and
posttraumatic stress disorder (n=1) were clinical outcomes
explored in the reviews.

Evidence on the benefits of digital mental health interventions
was found for anxiety, depression, and stress when compared
with nonactive controls, defined primarily as groups to which
no treatment was provided or on those put on a waitlist for
services. However, compared with active controls, defined as
those undergoing or receiving some type of treatment, they
appear to be similarly effective (Table 2).

A meta-analysis by Harrer et al [34] on web-based interventions
mostly delivered through a dedicated website found small effects
on depression (Hedges g=0.18; 95% CI 0.08-0.27), anxiety
(Hedges g=0.27; 95% CI 0.13-0.40), and stress (Hedges g=0.20;
95% CI 0.02-0.38) compared with nonactive controls consisting
of waitlist or placebo control groups.

A meta-analysis by Davies et al [31] on mixed web-based and
computer-delivered interventions for depression, anxiety, and
stress found a small effect of digital interventions in comparison
with active controls that received alternative materials (for
anxiety, pooled standardized mean difference [SMD] −0.18;
95% CI −0.98 to 0.62; P=.66 and for depression, pooled SMD
−0.28; 95% CI −0.75 to −0.20; P=.25), whereas a medium effect
was found when compared with nonactive controls. When
compared with a nonactive control, there was some effect of
decreasing anxiety (pooled SMD −0.56; 95% CI −0.77 to −0.35;
P<.001), depression (pooled SMD −0.43; 95% CI −0.63 to
−0.22; P<.001), and stress (pooled SMD −0.73; 95% CI −1.27
to −0.19; P=.008).

A meta-analysis by Garrido et al [35] that focused on depression
found a small pooled effect size of digital mental health

interventions in comparison with nonactive controls (Cohen
d=0.33; 95% CI 0.11-0.55), whereas the pooled effect size of
studies comparing an intervention group with active controls,
mostly receiving alternative materials, including website content,
showed no significant differences (Cohen d=0.14; 95% CI −0.04
to 0.31).

A systematic review by Farrer et al [32] exploring 51 digital
interventions using different delivery methods addressing mostly
depression, anxiety, and stress found that nearly half of the
interventions (24/51, 47%) were associated with at least one
positive outcome after the intervention compared with the
control group (nonactive and attention controls) and nearly
one-third of the interventions (15/51, 29%) failed to report a
significant effect. For interventions targeting both symptoms
of depression and anxiety (n=8), in comparison with mixed
control groups (nonactive and active), effect sizes ranged
significantly from −0.07 to 3.04 (overall median 0.54; [effect
size] targeting depression symptoms=0.48 and targeting anxiety
symptoms=0.77). For interventions targeting only anxiety
(n=10), effect sizes ranged from 0.07 to 2.66 (median 0.84).
However, the authors of these reviews could not calculate effect
sizes for almost two-thirds of the interventions (33/51, 64%)
because of insufficient or unavailable meta-data across the
reviewed studies [32].

Outcomes of interventions for ADHD, autism spectrum
disorders, eating disorders, psychosis, and posttraumatic stress
were reported in 3 systematic reviews and one meta-analysis
[24,32,34]. Hollis et al [24] demonstrated inconsistent results
on the effectiveness of digital interventions for ADHD, autism,
psychosis, or eating disorders, limited by the small number of
studies and the high degree of variability in reliance on
evidence-based treatments. Farrer et al [32] demonstrated the
effectiveness of virtual reality or video exposure interventions
on arachnophobia or acrophobia. In addition, Harrer et al [34]
found moderate effects on eating disorder symptoms (Hedges
g=0.52; 95% CI 0.22-0.83) and role functioning (Hedges g=0.41;
95% CI 0.26-0.56) in comparison with active and nonactive
controls (predominantly waitlist control) but no effect on general
well-being in comparison with placebo intervention (Hedges
g=0.15; 95% CI −0.20 to 0.50).
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Table 2. Key findings of the included studies.

Quality of
review (AM-

STARa)

Quality of included
studies

Inclusion of
data on low-
and middle-
income
countries

Cost-effec-
tiveness

Contributing factorsEffectivenessReference

Critically
low

Mean rating of 75%
using mixed meth-
ods appraisal tool.

Limited
(China and
Hong Kong)

Not dis-
cussed

Not discussedAlthough early findings suggest
that therapeutic games have the
potential to lead to clinically
measurable reductions in

Barnes et
al (2018)
[28]

Only 2 RCTs includ-
ed in the review.symptoms in adolescents with

anxiety, evidence on the effec-
tiveness is extremely limited.

On the basis of 2 RCTsb includ-
ed in this review, no difference
in anxiety outcomes is found
between the intervention and
control groups (alternative
nontherapeutic videogame).

N/AN/AcNoLow cost but
effectiveness
unknown

Not discussedEvidence-based treatment con-
tent within consumer smart-
phone apps marketed for child
and adolescent anxiety is scant,

Bry et al
(2018) [29]

and only a few comprehensive
anxiety self-management apps
are identified. Half of the sam-
pled apps for anxiety include
any evidence-based treatment
component, and 23% included
two or more evidence-based
components.

Critically
low

Issues with quality,
including small sam-
ple size. Only 2

NoNot dis-
cussed

Specific factors: privacy, safety,
discretion, and data security; cred-
ibility of design and visual appear-

Authors conclude that there is
currently no evidence to sup-
port the effectiveness of apps

Grist et al
(2017) [30]

small RCTs includedance; engaging and interactivefor adolescents with mental
in the review, bothcontent; concise, interesting, andhealth problems. In 2 RCTs on
without adequate
control group.

trustworthy information; reminders
to use; and personalization allowed

mobile app for depression,
anxiety, and stress, no signifi-
cant effect is found between
intervention (app with self-
monitoring) and control (no
self-monitoring) groups. Accept-
ability is generally rated aver-
age to high, with adherence
ranging from 65% to 83%.

Critically
low

Most studies (18/21)
rated as moderate
quality, 2 rated as

Limited
(China)

Authors note
a consider-
able lack of
evidence

Self-guided cCBT has poor uptake
and adherence. Human involve-
ment is positively associated with
adherence. Adolescents and young
people prefer face-to-face over

cCBTd provides clinical bene-
fits for depression and anxiety
when compared with inactive
control (waitlist). The benefits
for attention deficit hyperactiv-

Hollis et al
(2017) [24]

low quality, and 1
rated as high quality
using AMSTAR.web-based interventions. Specificity disorder and autism are in-
Methodological is-factors: privacy, safety, discretion,consistent, for psychosis are
sues and high leveland anonymity; providing concise,unknown, and eating disorders
of heterogeneity in
the included studies.

interesting, and trustworthy infor-
mation; and ability to complete
interventions on own terms and
pace.

are no better than waitlist con-
trol in regard to symptomology.
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Quality of
review (AM-

STARa)

Quality of included
studies

Inclusion of
data on low-
and middle-
income
countries

Cost-effec-
tiveness

Contributing factorsEffectivenessReference

ModerateA moderate risk of
bias. Quality issues
with reporting of
methodology, data,
and outcome mea-
sures. Only 3 studies
with active control,
with reported
skewed data. Hetero-
geneity of interven-
tions.

NoNot dis-
cussed

Not discussedWeb-based and computer-deliv-
ered interventions are found
effective in improving students’

depression (pooled SMDe

−0.43; 95% CI −0.63 to −0.22;
P<.001), anxiety (pooled SMD
−0.56; 95% CI −0.77 to −0.35;
P<.001), and stress (pooled
SMD −0.73; 95% CI −1.27 to
−0.19; P=.008) outcomes when
compared with inactive controls
(no treatment, waitlist). When
compared with active controls
(alternative materials), no bene-
fits are found for depression,
anxiety, and stress.

Davies et
al (2014)
[31]

LowMean rating 4.42 out
of 9 using Cochrane
Effective Practice
and Organisation of
Care Group.
Methodological is-
sues with reporting
on randomization,
intended outcomes,
and heterogeneity of
interventions. Insuf-
ficient data in more
than half of the stud-
ies (14/27) to calcu-
late effect sizes.

Limited
(China)

Included
studies do
not report
cost-effec-
tiveness

Not discussedApproximately half (24/51) of
the technology-based mental
health interventions targeting
tertiary students with anxiety
or depression are associated
with at least one significant
positive outcome, and approxi-
mately one-third (15/51) fail to
find a significant effect. Effect
size for interventions targeting
symptoms of depression and
anxiety range from −0.07 to
3.04 (median 0.54; depres-
sion=0.48; anxiety=0.77). Ef-
fect size for interventions target-
ing symptoms of anxiety range
from 0.07 to 2.66 (median
0.84). cCBT was the most de-
ployed therapy in 25 of 51 of
the interventions.

Farrer et al
(2013) [32]

HighSome risk of bias
using Review Man-
ager. Issues include
biases related to attri-
tion rates, selective
reporting, and small
sample sizes. Mixed
control groups.

Limited
(China)

Included
studies do
not assess
costs. Au-
thors note a
considerable
lack of evi-
dence

Interventions with human ele-
ments, such as face-to-face guid-
ance or telephone follow-ups, are
associated with adherence and ef-
fect.

Web-based mental health inter-
ventions yield statistically sig-
nificant effect on depressive
(P=.02; median 1.68; 95% CI
3.11 to 0.25) and anxiety
symptoms (P<.001; median
1.47; 95% CI 2.36 to 0.59)
when compared with control
group (type not specified), but
not on stress (P=.14; median
1.06; 95% CI 2.44 to 0.33).
After 6 months of intervention,
significant improvement is
found on depressive symptoms
(P=.01; median 1.78; 95% CI
3.20 to 0.37), on anxiety symp-
toms (P<.001; median 1.47;
95% CI 2.36 to 0.59), and on
moods and feelings (P=.04;
median 5.55; 95% CI 10.88 to
0.22). Dropout of those in inter-
vention groups was higher than
those in control groups.

Valimaki
et al (2017)
[33]
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Quality of
review (AM-

STARa)

Quality of included
studies

Inclusion of
data on low-
and middle-
income
countries

Cost-effec-
tiveness

Contributing factorsEffectivenessReference

LowHalf of the studies
with high risk of
bias. Moderate to
substantial level of
heterogeneity and
selective reporting.

Limited (Ro-
mania)

Not dis-
cussed

Guidance does not significantly
affect intervention efficacy
(P≥.05).

Internet interventions for univer-
sity students’ mental health
have a small effect on anxiety
(Hedges g=0.27; 95% CI 0.13
to 0.40), depression (Hedges
g=0.18; 95% CI 0.08 to 0.27),
and stress (Hedges g=0.20;
95% CI 0.02 to 0.38) when
compared with nonactive con-
trols. Moderate effects were
found on eating disorder symp-
toms (Hedges g=0.52; 95% CI
0.22 to 0.83) and role function-
ing (Hedges g=0.41; 95% CI
0.26 to 0.56). Effects on well‐
being are nonsignificant
(Hedges g=0.15; 95% CI −0.20
to 0.50).

Harrer et al
(2019) [34]

LowOn the basis of
Joanna Brigg Insti-
tute appraisal tool
and CONSORT
(Consolidated Stan-
dards of Reporting
Trials), 32 of 41
studies with high or
unclear overall bias
and 9 of 41 with low
overall bias.

Limited
(China,
Hong Kong,
and Chile)

Not dis-
cussed

Interventions with supervision
have a higher pooled effect size
than those without supervision
(studies with no intervention con-
trols: Cohen d=0.52; 95% CI 0.23
to 0.80 and studies with active
controls: Cohen d=0.49; 95% CI
−0.11 to 1.01). Specific factors:
credibility of design and visual
appearance; concise, interesting,
and trustworthy resources; engag-
ing and interactive tools and con-
tent; esthetically attractive; relat-
able situations, characters, or
avatars; and reflect local and cul-
tural differences and needs. Tech-
nical glitches as a barrier to com-
plete interventions.

Digital interventions work bet-
ter than no intervention (Cohen
d=0.33; 95% CI 0.11 to 0.55)
but not better than active alter-
natives (alternative web-based
materials; Cohen d=0.14; 95%
CI −0.04 to 0.31) in improving
depression in young people,
when results of different studies
are pooled together. Most inter-

ventions were based on CBTf.
Authors conclude that interven-
tions may be clinically signifi-
cant only if supervised. Engage-
ment and adherence rates are
low.

Garrido et
al (2019)
[35]

Critically
low

Moderate to strong
using Critical Ap-
praisal Skills Pro-
gram. Heterogeneity
of interventions. On-
ly 1 RCT included in
the review.

NoNot dis-
cussed

Young people value web-based
services because of anonymity,
accessibility, self-reliance, and
ease of use. Theoretical frame-
works, including self-determina-
tion theory and help-seeking mod-
el, should be deployed in research.
Specific factors: anonymity, priva-
cy, safety, and discretion; site
moderation by professionals;
credibility of design and visual
appearance; concise, interesting,
and trustworthy information; esthet-
ically attractive; flexibility, self-
reliance, and control; and 24-h
availability.

N/APretorius et
al (2019)
[36]

Critically
low

No quality assess-
ment performed. On
the basis of descrip-
tive studies, no
RCTs included in
the review.

Limited
(China and
Hong Kong)

Authors con-
clude that
web-based
interventions
are cost-ef-
fective but
provide no
evidence

Young people value involvement
of professionals and peers in social
networking sites.

Social networking sites target-
ing mental health have signifi-
cant improvement in mental
health knowledge and a number
of depressive symptoms in
young people, but no improve-
ment in anxiety or psychosis
symptoms. The results are not
compared with a control group.

Ridout et al
(2018) [37]
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Quality of
review (AM-

STARa)

Quality of included
studies

Inclusion of
data on low-
and middle-
income
countries

Cost-effec-
tiveness

Contributing factorsEffectivenessReference

Critically
low

No quality assess-
ment performed. No
publication bias
found. Only 8 RCTs
included in the re-
view.

NoNot dis-
cussed

Not discussedcCBT is as effective as standard
CBT (Hedges g=0.295) and
more effective than waitlist
(Hedges g=1.410) in reducing
anxiety symptoms in anxious
children and adolescents.

Podina et
al (2016)
[38]

LowLow risk of bias
overall. Low hetero-
geneity

NoNot dis-
cussed

No association between parental
involvement and better outcomes
(without parental involvement:
Hedges g=0.83; 95% CI 0.53 to

1.13; P<.001; NNTg=2.26 and
with parental involvement: Hedges
g=0.64; 95% CI 0.40 to 0.88;
P<.001; NNT=2.86)

cCBT for youth is associated
with significant moderate to
large effects on symptoms of
anxiety (Hedges g=0.68; 95%
CI 0.45 to 0.92; P<.001) and
depression (Hedges g=0.68;
95% CI 0.45 to 0.92; P<.001)
in comparison with nonactive
controls. Effect size on symp-
toms of anxiety or depression
for cCBT was similar to face-
to-face CBT (Hedges g=0.72
vs Hedges g=0.66) and higher
than face-to-face CBT targeting
depression (Hedges g=0.35).

Ebert et al
(2015) [39]

Critically
low

On the basis of
Grading of Recom-
mendations, Assess-
ment, Development
and Evaluation evi-
dence quality re-
view, most studies
rated from very low
(1/17) to low (11/17)
to moderate (5/17).
Heterogeneity associ-
ated with number of
outcomes.

Limited
(China)

Not dis-
cussed

Not discussedcCBT has positive effects for
symptoms of anxiety (SMD
0.77; 95% CI 1.45 to 0.09; n=6;
number of participants=220)
and depression (SMD 0.62;
95% CI 1.13 to 0.11; n=7;
number of participants=279)
for young people with risk of
diagnosed anxiety and depres-
sion disorders. cCBT has lower
effect size on anxiety (SMD
0.15; 95% CI 0.26 to 0.03;
number of participants=1273)
and depression (SMD 0.15;
95% CI 0.26 to 0.03; number
of participants=1280) in the
general population. Evidence
for interventions other than
cCBT is sparse and inconclu-
sive.

Pennant et
al (2015)
[40]

Critically
low

On the basis of
Quality Assessment
Tool for Quantita-
tive Studies, studies
rated high (3/7) and
moderate (4/7) quali-
ty. Only 7 RCTs in-
cluded in the review.

NoIncluded
studies do
not report on
cost-effec-
tiveness

Not discussedWhen compared with inactive
controls, cCBT is effective in
reducing anxiety symptoms
(SMD −0.52; 95% CI −0.90 to
−0.14) but not depression
(SMD −0.16; 95% CI −0.44 to
0.12). No significant difference
is found when compared with
standard face-to-face CBT,
suggesting it is as effective.

Ye et al
(2014) [41]
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Quality of
review (AM-

STARa)

Quality of included
studies

Inclusion of
data on low-
and middle-
income
countries

Cost-effec-
tiveness

Contributing factorsEffectivenessReference

LowMost studies rated as
low quality and un-
clear risk using
Cochrane Risk of
Bias Tool. Most
studies (29/34) con-
ducted by program
developer. Method-
ological limitations,
small sample size,
and nonblinding par-
ticipants.

Limited
(China)

Authors note
a consider-
able lack of
evidence

Therapist support (Cochran
Q=27.28; P<.001) as well as
parental involvement (Cochran
Q=24.43; P<.001) have a signifi-
cant effect on effectiveness of and
adherence to an intervention.
Therapist involvement yields a
higher effect size (n=9; Hedges
g=0.87; 95% CI 0.68 to 1.06;
P<.001) than predominantly or
purely self-administered interven-
tions.

A small effect (n=8; Hedges
g=0.41; 95% CI 0.08 to 0.73;
P<.01) is found in technology-
delivered mental health inter-
ventions related to attention
bias modification when com-
pared with waitlist controls.
Although cCBT interventions
yield a medium effect size, at-
tention bias modification pro-
grams yield a small effect size,
and cognitive bias modification
programs yield no effect size.

Grist et al
(2019) [42]

LowQuality varied large-
ly across the studies;
Moncrieff mean
30.2 of 46. Hetero-
geneity of measures
included.

NoAuthors note
a consider-
able lack of
evidence

Not discussedcCBT yields moderate effects
when compared with waitlist
controls (Hedges g=0.62; 95%
CI 0.41 to 0.84).

Vigerland
et al (2016)
[43]

LowOn the basis of
Quality Assessment
Tool for Quantita-
tive Studies, quality
varied significantly
from weak (12/20)
to moderate or
strong (7/20). Issues
include a small
number of studies,
poor sampling, and
heterogeneity across
interventions.

Limited
(China)

Not dis-
cussed

Face-to-face and web-based sup-
port are associated with improved
program completion and out-
comes.

There is some evidence that
skills-based interventions pre-
sented in a module-based for-
mat can have a significant im-
pact on promoting adolescent
mental health and that cCBT
has significant positive effects
on adolescents’ anxiety and
depression symptoms; however,
research is limited. Improve-
ments of symptoms are main-
tained at 6 and 12 months.

Clarke et al
(2015) [44]

aAMSTAR: A Measurement Tool to Assess Systematic Reviews.
bRCT: randomized controlled trial.
cN/A: not applicable. This is a systematic review of apps and not studies, and therefore, quality assessment is not applicable.
dcCBT: computerized cognitive behavioral therapy.
eSMD: standardized mean difference.
fCBT: cognitive behavioral therapy.
gNNT: number needed to treat.

In conclusion, converging evidence across reviews suggests
that digital health interventions have a small to medium effect
when compared with nonactive controls (ie, waitlist or placebo).
When compared with active controls, digital health interventions
appear to be comparable, although findings varied by targeted
set of symptoms, with evidence of effectiveness most apparent
for anxiety and depression and to a lesser extent for stress.
Inconclusive results across other symptom types were because
of the limited number of trials conducted to date.

Effectiveness of Clinical Interventions
Most systematic reviews and meta-analyses have reported
findings across studies that test the effectiveness of the
implementation of computerized cognitive behavioral therapy
(cCBT) [33,34,38-42,44]. Investigations of digital mental health
interventions other than cCBT are rare, and thus, our analysis

on the effectiveness of digital clinical interventions across
studies focuses exclusively on cCBT.

According to 4 reviews, there is no significant difference in the
effectiveness between cCBT delivered through a digital platform
and standard face-to-face cognitive behavioral therapy (CBT)
[38,39,41]. However, there is some evidence of benefits
compared with nonactive controls [31,34,35,39,42].

Ye et al [41] found no statistical difference between
internet-based CBT and face-to-face interventions, suggesting
that the digital format may retain effectiveness. However, when
compared with nonactive controls, cCBT was effective in
reducing anxiety symptoms (SMD −0.52; 95% CI −0.90 to
−0.14) but not in reducing depression (SMD 0.16; 95% CI
0.44-0.12) [41]. A meta-analysis by Podina et al [38] found that
cCBT was as effective as standard CBT (Hedges g=0.295) and
more effective than waitlist (Hedges g=1.410) in reducing
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anxiety symptoms. Similarly, Vigerland et al [43] found a
moderate effect on social anxiety disorder compared with
waitlist controls (Hedges g=0.62; 95% CI 0.41-0.84). In 2
separate trials, older participants were found to gain greater
clinical benefits compared with younger participants
(slope=0.514) [24,38].

Ebert et al [39] found that the overall mean effect size of cCBT
on symptoms of anxiety or depression was Hedges g=0.72 (95%
CI 0.55-0.90) at posttest after controlling the baseline levels.
This effect is similar to the effect of traditional CBT for anxiety
(0.66) and higher than that of CBT for the treatment of
depression in youth (0.35). When compared with a nonactive
control, cCBT was effective in targeting anxiety (Hedges
g=0.68; 95% CI 0.45-0.92; P<.001) and depression (Hedges
g=0.76; 95% CI 0.41-0.12; P<.001).

With regard to studies with mixed comparison groups (active
and nonactive), Harrer et al [34] found cCBT interventions more
effective than others (eg, relationship skills training and
emotional disclosure) for some conditions (depression: Hedges
g=0.28; 95% CI 0.15-0.40 vs Hedges g=0.04; 95% CI −0.23 to
0.30; number needed to treat [NNT]=6.41 vs 4.4.5 and anxiety:
Hedges g=0.36; 95% CI 0.23-0.50 vs Hedges g=−0.06; 95% CI
−0.46 to 0.35; NNT: 5 vs 29.41). Similarly, Clarke et al [44]
found that module-based cCBT showed significant positive
effects in reducing depression and anxiety, thoughts of
self-harm, and hopelessness and in improving sense of control.

Pennant et al [40] demonstrated greater effects when cCBT is
targeted to young people assessed at risk of anxiety or
depression, in comparison with the general population of young
people. Among young people with elevated depression or
anxiety symptom scores, cCBT had positive effects on anxiety
(SMD 0.77; 95% CI 1.45-0.09; number of studies, n=6; number
of participants=220) and depression (SMD 0.62; 95% CI
1.13-0.11; n=7; number of participants=279), whereas in the
general population of young people, effect sizes were smaller
(anxiety: SMD 0.15; 95% CI 0.26-0.03; number of
participants=1273 and depression: SMD 0.15; 95% CI 0.26-0.03;
number of participants=1280) [33]. Similar findings were also
found in 2 other systematic reviews [34,44].

With regard to non-cCBT interventions, a small effect size of
attention bias modification programs for anxiety and depression
was observed (n=8; Hedges g=0.41; 95% CI 0.08-0.73; P<.01),
whereas no benefit of cognitive bias modification programs or
other interventions over either passive or active control groups
(other therapeutically active conditions, attention or placebo
training conditions, and waitlist) was observed [42].

Effectiveness of Digital Platforms
Only 4 systematic reviews have reported findings on digital
platforms used to deliver digital mental health services. These
included social networking sites [37], mental health apps
[18,29], and therapeutic video games [28].

A systematic review by Ridout and Campbell [37] on social
networking sites targeting mental health found no evidence of
improvement in anxiety or psychosis symptoms in young people,
whereas it found improvements in enhancing mental health
knowledge and the number of depressive symptoms. Among

the sites, the review suggested that the closed Facebook-like
moderated online social therapy platforms as well as the YBMen
project that used Facebook was effective, although there was
no evidence of the effectiveness of other social networking
platforms (the MindMax and Ching Story) included in the
review [37]. In another systematic review, Grist et al [18] found
no evidence to support the effectiveness of apps designed for
adolescents with mental health conditions.

One reason for the lack of effectiveness across specific platforms
may be attributable to a limited evidence base for many of the
interventions available. For example, a review of 121 anxiety
apps available in app stores (Google and Apple) by Bry et al
[29] found that only a limited number of these apps were
evidence based. Only one-sixth of the apps included educational
information on the definition, symptoms, and treatment of
anxiety. Half had at least one evidence-based treatment
component, and one-fourth had more than one evidence-based
treatment component, such as exposure therapy; thought
challenging or cognitive restructuring; or self-monitoring of
one’s thoughts, emotions, and behaviors. The majority of those
that lacked any evidence-based components were mostly
distraction tools, such as games, coloring activities, or other
audio or visual activities, and more than half included relaxation
exercises, which are currently rarely considered therapeutic for
anxiety [29]. Evidence on the effectiveness of therapeutic video
games was limited and mixed, as confirmed by Barnes and
Prescott [28].

Irrespective of their effectiveness or link with evidence-based
approaches, young people generally perceive their engagement
with these platforms to range from neutral to helpful. Overall,
a systematic narrative review of Pretorius et al [36] reported
that young people’s perception of the helpfulness of web-based
resources ranged across the studies—from 80% of participants
in a study indicating that speaking on the web had helped, to
40% reporting in another study that web-based resources had
helped a little, to 59% reporting in a third study that web-based
resources did not make things better or worse.

Factors Associated With Effectiveness and Adherence
Several systematic reviews and meta-analyses demonstrated
that digital mental health interventions with an in-person element
(ie, therapist, parent, and peer) were more effective than those
that were fully automatized or self-administered.

In another systematic review, Grist et al [42] found a significant
effect of therapist support (Cochran Q=27.28; P<.001) and
parental involvement (Cochran Q=24.43; P<.001). In their
analysis, the involvement of a therapist yielded higher effect
sizes (n=9; Hedges g=0.87; 95% CI 0.68-1.06; P<.001) than
predominantly self-administered (Hedges g=0.81; 95% CI −0.68
to 2.31; P=.29) or purely self-administered interventions
(Hedges g=0.24; 95% CI 0.10-0.38; P<.001). Similar findings
were also reported by Hollis et al [24].

Garrido et al [35] reported higher pooled effect sizes of digital
mental health interventions for depression with supervision than
those without supervision (studies with no intervention controls:
Cohen d=0.52; 95% CI 0.23-0.80 and studies with active
controls: Cohen d=0.49; 95% CI −0.11 to 1.01). In a systematic
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review and meta-analysis, Valimaki et al [33] found that
web-based interventions with a human element, including
face-to-face guidance, monitoring of engagement, or follow-up
telephone calls by teachers and health professionals, were more
effective than those without a human element.

Grist et al [42] demonstrated a significant difference in effect
sizes (Cochran Q=9.37; P=.002) between trials with ongoing
psychological or pharmacological treatment (Hedges g=0.90,
95% CI 0.68-1.11; P<.001) and trials without ongoing treatment
(Hedges g=0.42, 95% CI 0.20-0.63).

In contrast, Harrer et al [34] did not find supervision
significantly affecting intervention efficacy; however, this may
be because of the multiplicity of the types of interventions
included in the review or the older target population (university
students). In addition, Ebert et al [39] found no association
between parental involvement and better treatment outcomes
of cCBT for anxiety or depression in youth (without parental
involvement: Hedges g=0.83, 95% CI 0.53-1.13; P<.001;
NNT=2.26 and with parental involvement: Hedges g=0.64, 95%
CI 0.40-0.88; P<.001; NNT=2.86).

An in-person element was also associated with adherence and
lower dropout rates. Clarke et al [44] suggested that face-to-face
or web-based support in web-based interventions was associated
with better completion and outcomes. Similarly, Hollis et al
[24] reported that human involvement is positively associated
with adherence; however, they note that the evidence is scant.

Human contact in digital mental health interventions was also
considered useful and valuable by adolescents and young people
themselves, in particular, contact with professionals as well as
peers with similar experiences and mental health issues [35,37].
Pretorius et al [36] found that young people valued web-based
services run by mental health professionals and the opportunity
to connect to peers, with 84% of participants reporting that
human contact within a web-based mental health resource is
important. In addition, in a systematic review by Ridout and
Campbell [37], the involvement of professionals and peers in
social networking sites was valued by site users.

Hollis et al [24] reported that adolescents and young people
prefer face-to-face mental health interventions over digital
interventions. In the Australian sample, two-thirds (59%) of
young people strongly preferred face-to-face treatment, with
only 16% preferring on the web, and in the United Kingdom,
half were not interested in cCBT, with preference for
face-to-face treatment.

There was some indication that interventions implemented in
the school setting were associated with improvements in
adolescent mental health knowledge, support seeking, and
well-being [44]. School- and web-based interventions were also
associated with greater adherence [35,44], and interventions
that adolescents and young people completed in their own time
were associated with low completion rates and adherence [35].

Design Elements
Acceptability of interventions was reported to be good
[30,37,40,44]. Privacy, safety, and discretion were found to be
valuable for adolescents and young people [24,30,36]. Related

to the stigma associated with mental health issues, adolescents
and young people also valued anonymity [24,36]. In this regard,
data security, including password protection, control over
privacy settings [30], and site moderation by professionals
[36,37], were identified as factors influencing the acceptability
of digital mental health interventions.

Other characteristics valued by adolescents and young people
included the credibility of design, visual appearance, and
information and resources provided [30,35,36]. The tools and
content should be engaging and interactive [30,35]; should
provide concise, interesting, and trustworthy information
[24,30,35,36]; should be esthetically attractive [35,36]; should
provide reminders to use [30]; should allow for personalization
[30]; should have relatable situations, characters, or avatars
[35]; and should reflect local and cultural differences and needs,
particularly in terms of minority groups and migrants for social
integration. Garrido et al [35] reported that technical glitches
were a barrier to complete interventions.

Flexibility, self-reliance, and control were also cited in the
reviews as influencing acceptability [24,36]. Adolescents and
young people valued in digital mental health interventions the
ability to complete interventions on their own terms and pace
[24]. According to Pretorius et al [36], 24-hour availability is
an important factor, as help-seeking takes place mostly after 11
PM.

Sustainability, Completion, and Adherence
Most studies included in this review reported only short-term
effects on adolescents’ mental health. Evidence of long-term
effects is limited [24,33,38-41,44]. Only one meta-analysis by
Valimaki et al [33] with a focus on depression, anxiety, and
stress examined the long-term effects of digital health
interventions. The study found a statistically significant
improvement at the end of the intervention on depressive
symptoms (P=.02; median 1.68, 95% CI 3.11-0.25) and after 6
months (P=.01; median 1.78, 95% CI 3.20-0.37). The study
also found evidence of long-term improvement at 6 months in
anxiety symptoms (P<.001; median 1.47, 95% CI 2.36-0.59)
and moods and feelings (P=.04; median 5.55, 95% CI
10.88-0.22), but there was no difference in stress scores.

In terms of cCBT, in line with the standard CBT, effects were
higher for interventions of moderate length (1-2 months), for
example, on depression at 4-8 weeks (Hedges g=0.31, 95% CI
0.13-0.49; NNT=5.75) compared with shorter (Hedges g=0.09,
95% CI −0.02 to 0.21; NNT=20) or longer (Hedges g=0.13,
95% CI −0.43 to 0.69; NNT=13.51) programs (P=.03),
according to Harrer et al [34]. Although follow-up assessments
were rarely reported in studies, Clarke et al [44] also found that
improvements after cCBT were maintained at 6 and 12 months.

In addition to limited evidence of the long-term effects of digital
mental health interventions, Hollis et al [24] found limited
evidence of a dose-response (ie, how much of the intervention
is needed to produce beneficial outcomes).

Overall, dropout was found to be high in the systematic reviews
and meta-analyses of studies on digital mental health
interventions. Completion rates ranged greatly from 10% to
94% in a study by Valimaki et al [33] and from 65% to 83%
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among app users in a study by Grist et al [30], and completion
rates were approximately half on average in a study by Clarke
et al [44]. However, data on dropout and adherence were
generally considered weak in the original review samples, with
only a limited number of studies reporting data on adherence
[24,30,33,35,36,44].

Gender was considered as a predictor of adherence. According
to Garrido et al [35], females were more likely to complete the
intervention than males [35]. In addition, mental health status
was associated with completion, and higher completion was
predicted for adolescents and young people with higher
depression scores at the baseline [35,44], a longer history of
mood disorders, or low anxiety scores at pretest [36].
Furthermore, according to Pretorius et al [36], high levels of
psychological distress were associated with help-seeking on the
web.

Cost-Effectiveness
Data on cost-effectiveness were not reported in any of the
systematic reviews and meta-analyses in our sample, and there
was no indication of research and development costs. A total
of 5 systematic reviews noted that despite being widely
considered low cost, for example, because of reduced time and
personnel expenses [43], there is still a lack of data on the
cost-effectiveness and economic benefits of digital mental health
interventions [24,29,32,33,42].

Generalizability of Findings
None of the studies reported on the socioeconomic background
or other characteristics of the target populations. Most studies
were conducted in high-income countries across Europe (n=71)
and in the United States (n=21), Australia (n=21), Canada
(n=13), and New Zealand (n=9). In terms of low- and
middle-income economies, interventions were reported only
from 4 countries, with most studies conducted in China (n=9),
including Hong Kong, and, to a lesser extent, in Chile (n=2),
Egypt (n=1), and Thailand (n=1). Given the homogeneity of
the country contexts and lack of analysis of the characteristics
of the target population, the generalizability of the findings is
limited beyond adolescents and young people in high-income
country settings.

Discussion

Principal Findings
We explored 18 reviews and meta-analyses on the effectiveness
of digital mental health interventions for adolescents and young
people. On the basis of this systematic overview, we found
evidence on the effectiveness of cCBT on anxiety and
depression, whereas the effectiveness of other digital mental
health interventions, including therapeutic video games, mobile
apps, or social networking sites, remains inconclusive. The
effects vary based on a targeted set of symptoms, with evidence
of effectiveness found on anxiety; depression; and, to a lesser
extent, stress, and based on age, with older participants gaining
greater benefits compared with younger adolescent participants.

Digital interventions that deploy evidence-based treatment such
as cCBT are generally comparable with face-to-face care.

Importantly, in-person elements (eg, professional, peer, or parent
engagement) were found to strengthen the effectiveness of
digital interventions. In addition, digital interventions improved
outcomes relative to waitlist controls, suggesting that they may
have additional benefits for supporting adolescents and young
people in cases where access to care is limited or wait times to
access are long.

Furthermore, although young people report a range of neutral
to positive attitudes about the helpfulness of digital platforms
for mental health support, few studies have tracked the long-term
outcomes of digital mental health interventions. Although
acceptability is considered good, dropout is common, and
adherence is relatively weak if not boosted by in-person
elements. Very little is known about cost-effectiveness, with
no systematic reviews or meta-analyses reporting on
cost-effectiveness. Finally, given that the vast majority of
interventions are implemented in high-income countries, very
little is known about the generalizability of the findings to low-
and middle-income countries and to a range of adolescents and
young people with different socioeconomic, cultural, racial, or
other backgrounds.

Despite some converging evidence across meta-analyses and
reviews, research in this area appears to have consistently low
quality and rigor as per assessment using the AMSTAR 2
criteria. The primary constraints for this were that the articles
analyzed reported many limitations in their samples. These
included a small number of studies meeting the inclusion criteria
[28,30,31,38,39,41,44], weak quality of studies
[32,34,40,41,43,44], and the heterogeneity across the
interventions in terms of content and delivery
[24,31,34,36,39-41,44]. Furthermore, study participants were
often recruited by self-selection [30,37,44], sample sizes were
small [24,30,32], and blinding was limited [24,30,35]. Notably,
one systematic review by Grist et al [30] also pointed out that
almost all studies were either undertaken or supported by the
program developer, which may greatly affect the study design
and interpretation of the findings.

Comparison With Previous Work
With the growing application of digital technologies in public
health, digital health interventions are perceived to increase
access to health services and information, self-care, and
empowerment and reduce the cost and burden on health systems
[45]. In this context, as digital natives, adolescents and young
people are considered as early adopters of technology [46], with
the potential to benefit from digital health technologies,
including for mental health.

Although there is an increasing body of research on the
effectiveness of digital mental health technologies targeting
adolescents and young people, most focus on evaluating cCBT.
In line with our findings, cCBT for addressing anxiety and
depression in adolescents and young people has been found to
be effective, including in school-based prevention and early
identification studies and in family-based studies [47]. The
effectiveness of cCBT in the adult population has also been
established [48,49]. Given that face-to-face CBT is widely used
as a treatment for depressive symptoms and disorders in this
age group [50], with evidence of its effectiveness found in a
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number of systematic reviews [51-53], it is plausible that it also
works in a standardized digital format.

Beyond the cCBT, evidence on the effectiveness of other digital
mental health interventions, including therapeutic video games,
mobile apps, and social networking sites, was extremely limited.
Although these may have the potential to engage adolescents
and young people and thus support traditional face-to-face
treatment [54] and although social network sites, including
gaming elements, are found to be promising in promoting
changes in health-related behaviors [55,56], the quality of
content and expected outcomes vary [57].

Similar to our findings, studies have reported low adherence
and high dropout rates in adolescents and young people using
digital mental health interventions [58-60], although there are
also contrasting data with high levels of acceptability and
usability [47], including from low- and middle-income countries
[61-63]. However, the contrasting data are mainly reported in
feasibility studies, based on adolescents without mental health
conditions, and thus, the data may not be applicable for
adolescents and young people with mental health issues.

Furthermore, to some extent, the cost-effectiveness of digital
health interventions has been studied in the general population
and other areas of health, including the management of
cardiovascular diseases [64] and insomnia [65]. However, there
is a lack of assessment of cost-effectiveness in digital mental
health interventions overall and for adolescents and young
people in particular. This may be because of methodological
limitations related to a number of studies, including
heterogeneity of interventions and outcomes that hinder the
overall assessment of effectiveness.

Finally, despite an increasing share of young population and
users of digital technology in low- and middle-income countries,
very little research has been conducted in these settings [61,62].
In line with our findings, the generalizability to low- and
middle-income countries [47,66] as well as adolescents and
young people with different backgrounds [47] is noted by
previous research. However, good-quality research on
cost-effectiveness and generalizability is critical when scaling
up these interventions in settings with already limited resources
for health care, including mental health services.

Limitations
Although this overview of meta-analyses and systematic reviews
provides a broad assessment of the results and quality of digital
mental health intervention research focused on adolescents and
young people, several limitations are evident. In this overview,
we have provided a higher-level synthesis of previous systematic
reviews in this area, covering a range of digital health

interventions and expected health outcomes. Although this is a
critical step in assessing the value of digital interventions
overall, it introduces some challenges for interpretation (eg,
variation in study settings, methods, and comparators, with
inconsistencies in reporting within and across the reviews,
including the level of description of primary studies and the
findings). However, these inconsistencies highlight an important
need for more systematic approaches to testing and reporting
on effectiveness across studies. Inclusion criteria for some of
the studies reviewed here may have resulted in overlap of
primary studies between the reviews. In addition, as the field
of digital interventions is fast-moving, many of the interventions
tested may now be outdated or defunct. However, cross-study
heterogeneity is why this review is needed to identify converging
effects that emerge, despite variation in specific tests across
studies and reviews.

Finally, we included only published peer-reviewed systematic
reviews and meta-analyses in the English language. Inclusion
of randomized control trials and other original research,
including in other languages, may have yielded more studies
focused on low- and middle-income countries.

Despite these limitations, the present overview provides a broad
picture of the converging evidence supporting the promise of
digital mental health interventions in adolescents and young
people and highlights a critical need for the field to increase the
number of high-quality effectiveness trials to ensure that the
interest and enthusiasm in these approaches do not outpace their
results.

Conclusions
This overview of meta-analyses and systematic reviews suggests
that digital mental health interventions for adolescents and
young people have modest positive effects, especially when
relying on evidence-based treatment content or in-person
elements that boost engagement. Their potential for settings
with limited resources for health and cost savings compared
with traditional treatment remains understudied. Therefore,
when developing, investing in, and delivering digital mental
health programs for adolescents and young people, we need to
better consider what types of services are meaningful to be
provided through a digital platform (ie, cCBT that deploys the
same techniques as face-to-face therapy and is typically
delivered by a professional), for what outcomes (eg,
self-reported vs diagnosed and mild vs severe symptoms), what
type of services adolescents and young people themselves prefer
(standard vs digital), and to what extent these are cost-saving
and clinically effective across a variety of settings with different
resources (ie, in high- vs low-resource settings).
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Abstract

Background: In a growing number of countries worldwide, clinicians are sharing mental health notes, including psychiatry
and psychotherapy notes, with patients.

Objective: The aim of this study is to solicit the views of experts on provider policies and patient and clinician training or
guidance in relation to open notes in mental health care.

Methods: In August 2020, we conducted a web-based survey of international experts on the practice of sharing mental health
notes. Experts were identified as informaticians, clinicians, chief medical information officers, patients, and patient advocates
who have extensive research knowledge about or experience of providing access to or having access to mental health notes. This
study undertook a qualitative descriptive analysis of experts’ written responses and opinions (comments) to open-ended questions
on training clinicians, patient guidance, and suggested policy regulations.

Results: A total of 70 of 92 (76%) experts from 6 countries responded. We identified four major themes related to opening
mental health notes to patients: the need for clarity about provider policies on exemptions, providing patients with basic information
about open notes, clinician training in writing mental health notes, and managing patient-clinician disagreement about mental
health notes.

Conclusions: This study provides timely information on policy and training recommendations derived from a wide range of
international experts on how to prepare clinicians and patients for open notes in mental health. The results of this study point to
the need for further refinement of exemption policies in relation to sharing mental health notes, guidance for patients, and curricular
changes for students and clinicians as well as improvements aimed at enhancing patient and clinician-friendly portal design.

(JMIR Ment Health 2021;8(4):e27397)   doi:10.2196/27397
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Introduction

Background
A growing number of health organizations worldwide now offer
patients web-based access to their clinical notes (open notes)
[1]. Using secure internet portals, patients can log in and, at
their own convenience, rapidly access and read their clinical
documentation. Access is not just to lists of medications,
laboratory results, referrals, or visit summaries but also to the
very words written by clinicians. Emerging from the
participatory design movement in Scandinavia [2]—often called
the Scandinavian Approach—which strives for democracy and
democratization in digital design [3], most patients in the Nordic
countries are already offered open notes. Different cultural and
policy considerations have advanced open notes in the United
States; starting April 5, 2021 (postponed from November 2,
2020, owing to COVID-19), new federal rules mandate that,
with few exceptions, all health providers must offer patients
access to their web-based clinical notes [4,5]. The driving force
behind these rules is the 21st-century Cures Act, which was
enacted with the goal of accelerating medical product
development and bringing innovations to patients quickly and
efficiently [6].

However, sharing mental health notes, including psychiatry and
psychotherapy notes, remains controversial, and some clinicians
are uncertain about when it is appropriate to hide notes from
patients. In Sweden, where the majority of patients have access
to open notes (via Journalen the country’s eHealth portal),
mental health notes are shared in psychiatric centers in 11 out
of 21 regions of the country. In Norway, where all patients can
access their clinical notes, a survey of psychiatry clinicians
working in hospitals found that 8% kept a shadow record to
prevent patients from reading all of their notes [7]. In the United
States, psychotherapy notes are exempt from the new federal
rules, and information blocking is permitted, if doing so “...will
substantially reduce the risk of harm” to a patient or to another
person [4]. Licensed health professionals can decide what
constitutes a substantial risk “...in the context of a current or
prior clinician-patient relationship” [4]. These rules leave
considerable room for interpretation, and it is unclear how
clinicians’ discretion will be monitored or evaluated.

Beyond policy and auditing considerations, surveys show that
many mental health clinicians worry that patients will become
anxious or confused after reading their notes [8,9]. In a study
conducted at the US Veterans Health Administration, 63%
(n=127) of clinician respondents described being less detailed
in their documentation as a result of patient access and 49%
(n=98) reported that they would be pleased if the practice was
discontinued [9]. In Sweden, 62% (n=39) of clinical
psychologists reported being less candid in their notes after the
implementation of patient access to Journalen [8]. In lieu of
adequate clinician training on writing mental health notes, ad
hoc strategies aimed at minimizing patient harm, confusion, or
disagreements with clinicians may undermine best practice.

Some surveys of patients’experiences with reading their mental
health notes are promising. For example, in a recent comparison
of primary care patients with and without a mental health

diagnosis, Klein et al [10] reported no differences in patient
experiences with open notes: 92% (336) of patients with a
mental health diagnosis compared with 91% (1789) of patients
without a mental health diagnosis reported feeling more in
control of their health care. A pilot study at an outpatient
psychiatric clinic in Boston found that the majority of patients
reported a better understanding of their mental health condition
and better remembering their care plan [11]. However, not all
patients report benefits from reading their mental health notes,
and some studies suggest that patient trust may be enhanced or
strained by access [12,13] Generally, research on opening notes
with mental health patients is limited, and there is little
discussion in the literature about how to provide patient guidance
about the benefits and risks of accessing their clinical notes
[14].

Objectives
There is now extensive research on sharing outpatient visit notes
with patients seeking medical care [15,16]. Although some
surveys have examined mental health clinicians’attitudes about
open notes [9,11], only a few have been conducted among
clinicians with experience of sharing their notes with patients
[8,17]. Although in many countries, such as the United States,
the majority of mental health care is provided in primary care,
so far, few surveys have analyzed the experiences of open notes
among mental health patients in that setting [10]. In addition,
few surveys have solicited the experiences and opinions of
patients who have read outpatient or inpatient psychiatry or
psychotherapy notes [11,13,18,19]. Relatedly, we are not aware
of any studies that have set out to explore the experiences with
open notes of patients living with serious mental illnesses such
as psychotic disorders, major depression, and bipolar disorders.
Finally, only a limited number of investigations have examined
how to prepare clinicians and patients for opening notes in the
context of mental health care [14,20,21].

As previous publications have emphasized, open notes in mental
health care do raise new practice dilemmas [18,22,23].
Clinicians must balance the duty to respect patient autonomy
and transparent information disclosures while preventing the
potential for patient harm from reading notes that may be
upsetting or confusing [22,24]. Considering the pressing need
for greater clarity about best practice in this domain, our goal
was to initiate expert-led discussion on policy recommendations,
including on how to better train clinicians and guide patients,
for this practice innovation.

Methods

Background
We used a structured web-based survey to explore the consensus
views of international experts. The qualitative web survey was
embedded in a modified Delphi methodology structured around
3 rounds of surveys. The Delphi technique is an established
methodology for exploring the consensus views of experts. It
is especially well suited to forecasting in emergent areas of
research and gauging opinions about new policies. This approach
has also been applied extensively as a heuristic in health care
management [25,26]. Experts are invited, in 3 rounds of polls,
to give their anonymous opinions on a topic. Through an
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iterative process, the goal is to establish consensus opinions
across the group.

Employing a purposive sampling methodology, the research
team compiled a list of 92 participants with expertise in open
notes in mental health. There is no universal agreement about
the sample size for Delphi polls [27]; however, following
previous surveys, our aim is to maximize the volume of
responses balanced against maintaining high response rates
between surveys [28,29]. As the survey was administered during
the COVID-19 pandemic, it was uncertain how many responses
we might obtain, and this factored into the decision to invite as
many suitable experts as possible. The list was compiled after
joint meetings in which the research team examined published
research, gray literature, mass media articles, and personal
connections to derive as inclusive a list as possible.
Acknowledging the challenges associated with defining
expertise in a given domain, we interpreted expertise as
individuals who had experience, as clinicians, of sharing mental
health notes with patients; patients with mental health diagnoses,
including patient advocates and peers who had first-hand
experience or knowledge of the practice; chief information
officers, chief medical information officers, or directors of
divisions of health organizations who had implemented sharing
mental health notes; and informaticians and other health
researchers, including patient researchers, who had published
significant contributions within the field of open notes.

To ensure an international perspective, we specifically invited
individuals from countries and health systems where clinical
note sharing has been implemented. Measures were also taken
to ensure gender, age, and demographic diversity. The study
received ethical approval from the Beth Israel Deaconess
Medical Center Institutional Review Board in April 2020

(reference number 2020P000218) and the University of
Plymouth, United Kingdom. Invited participants were advised
that the survey was confidential, and their identity would be
restricted to a key member of the research team (AK). All the
respondents provided informed consent before participating.

Prospective panelists were contacted via email in August 2020
with an invitation and internet link to the survey. Invitees were
also informed that participation was voluntary, unpaid, and
confidential to the survey team. Participants’ names were
replaced with a study ID number by AK to preserve anonymity
during data analysis.

The Questionnaire
We created an electronic survey using JISC Online Surveys
hosted by the University of Plymouth, United Kingdom [30].
The survey was conducted in English. Participants were sent 3
reminders, 1 week apart, and were given 4 weeks to respond to
each round. The first round comprised questions about
demographic information and the nature of participants’
expertise with open notes in mental health. This was followed
by four sections with a total of 6 open-ended questions on
sharing mental health notes and an additional open-ended
question allowing participants to comment on the survey or
submit additional responses (Textbox 1; Multimedia Appendix
1). The sections comprised (1) Effects on patients (2 open-ended
questions), (2) Effects on clinicians (1 open-ended question),
(3) Training and education (2 open-ended questions), and (4)
Policy regulations (1 open-ended question). Responses to section
1 were used to form 2 additional rounds of the Delphi survey,
and the results will be published elsewhere. In this study, we
focused only on participants’ open-comment responses to
sections 3 and 4, along with the response to the additional
open-ended question.

Textbox 1. Round 1 open-ended questions.

Effects on patients

• What, in your opinion, are the benefits, if any, of sharing mental health notes with patients?

• What, in your opinion, are the harms, if any, of sharing mental health notes with patients?

Effects on clinicians

• What, in your opinion, are the effects, if any, on clinicians of sharing mental health notes with their patients?

Training and education

• Should mental health clinicians be trained on how to write clinical notes for patients? If so, what should such training encompass?

• Should mental health patients receive guidance on how to read their mental health notes? If so, what should such guidance encompass?

Policy regulations

• What policy regulations, if any, should be in place for patient access to mental health notes?

Comments

• Do you have any other comments about sharing online mental health notes with patients?

Qualitative Survey Component
Descriptive content analysis was used to investigate the
responses using the following steps [31,32]. First, transcripts

were read by CB, MH, and JT to familiarize themselves with
responses. Second, a process was employed in which brief
descriptive labels (codes) were applied to comments; for some
comments, multiple codes were applied. This widely used
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method is considered an efficient methodology for qualitative
data analysis [32]. Comments and codes were reviewed by CB,
MH, and JT, with revisions leading to further refinement of the
codes. Subsequently, first-order codes were grouped into
second-order themes based on the commonality of meaning.
CB, MH, and JT reviewed and refined the final themes.

Results

Overview
From a total of 92 experts from 6 different countries, 76% (70)
of them responded. Among the 70 respondents, 50% (35) were
female, and the mean age was 50 years (SD 11.52 years; Table
1). Of the 70 participants, 34% (24) had a PhD degree, and 64%
(45) were currently working in clinical practice (Table 2). The
mean number of years of experience working in health care, in

open notes research, or as a patient advocate was 16 years. All
respondents left comments (10,445 words), which were typically
brief (1 phrase or 2 sentences).

As a result of the iterative process of content analysis,
participants’ comments on clinician training, patient guidelines,
policy recommendations, and “any other comments” yielded
distinctive themes. Owing to the limitations of the data set, these
emergent themes reflected the topics of the questions and
included (1) clarity about provider policies on exemptions, (2)
providing patients with basic information about open notes, (3)
clinician training in writing mental health notes, and (4)
managing patient-clinician disagreements about mental health
notes (Figure 1). These themes were further subdivided into
categories, which are described below with illustrative
comments.

Table 1. Demographic characteristics of respondents in round 1 (n=70).

ValueaCharacteristic

Gender, n (%)

35 (50)Female

35 (50)Male (including transgender male)

Age (years)

49.87 (11.52)Mean (SD)

Age group (years), n (%)

1 (1)20-29

19 (27)30-39

14 (20)40-49

19 (27)50-59

17 (24)60+

Ethnicity, n (%)

6 (9)Asian

1 (1)Black, African or Caribbean

59 (84)White

2 (3)Other

2 (3)Declined to answer

Country of residence, n (%)

3 (4)Canada

1 (1)Estonia

3 (4)Norway

12 (17)Sweden

4 (6)United Kingdom

47 (67)United States

aOwing to rounding off, not all percentages may add to the total.
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Table 2. Expertise of respondents in round 1 (n=70).

ValueaCharacteristic

24 (34)PhD degree, n (%)

3 (4)Biochemistry, cell biology or molecular pharmacology

9 (13)Informatics (including eHealth, technology and health engineering)

8 (11)Psychology (including biological and clinical)

4 (6)Other (including economics, mathematics, medicine, and philosophy)

45 (64)Works in a clinical practice, n (%)

15 (21)Psychiatry (including adult, adolescent and child)

10 (14)Primary care

7 (10)Clinical psychology or psychotherapy

4 (6)Psychiatric nursing

3 (4)Pediatrics

3 (4)Social work

2 (3)Palliative care or home hospice

2 (3)Peer support

1 (1)Hospitalist

1 (1)Radiology

16.32 (12.23)Experience of working in health care, open notes, or patient advocacy (years), mean (SD)

Occupation or expertise related to health, open notes or patient advocacy, n (%)b

46 (66)Clinician

25 (31)Researcher

14 (20)Chief information officer or portal director or medical director

5 (7)Patient advocate or person with lived experience

1 (1)Social worker

aOwing to rounding off, not all percentages may add to the total.
bSome participants indicated more than one area of expertise.
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Figure 1. Themes and categories. VHA: Veterans Health Administration.

Clarity About Provider Policies on Exemptions

Permitted Exclusions
Participants frequently expressed the view that exclusions to
note sharing should be permissible in circumstances where
access might lead to patient harm. Many comments referred to
domestic abuse situations, for example, “notes that could
endanger patients if read by eg, a relative/spouse.” As one
participant noted:

If the relative forces the patient to log in to the portal,
just the sight of mental health notes/visits might raise
suspicion that the patient has been “gossiping.”

The view that exclusions should be permitted if there was “a
specific clinical reason” was also commonly voiced, and
participants offered suggestions for when hiding notes might
be appropriate. One participant suggested that exemptions from
sharing should be permitted among “patients with diagnoses or
conditions that they believe will be destabilizing for the patient.”
Other respondents offered more specific clinical scenarios or

conditions, including “sexual trauma notes,” persons with
“delusional” symptomatology, those with “multiple personality
disorder, bipolar types I & II, schizophrenia, and active suicidal
ideation,” and persons with “psychosis, personality disorders,
and substance abuse disorders.”

In other cases, such as access to notes by adolescents, a few
participants expressed reservations or uncertainties about
suitable policies and restrictions. As one expert commented:

What should be done with adolescents and their
parents’ access to these notes?

Offering a different perspective, a few participants proposed
the broader view that there should be, “exclusion of all
psychotherapy notes” from mandatory sharing. However, several
respondents remained neutral about opening mental health notes,
asserting, “we need to do some more research,” and “the data
needs to be collected to document the reality of benefits and
impacts.”

Expanding on the notion of patient exclusions, some participants
proposed that time delays to sharing mental health notes should
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be “temporarily possible” or that “therapy notes may need to
be held longer before sharing.” One participant suggested:

There should be a delay period for mental health
notes of at least a week.

Drawing on his or her experience, another respondent noted:

We have 12 years of experience of sharing clinical
notes with mental health patients in Estonia. We use
[an] opt-out concept in [our] nation-wide health
information system. The law gives the physician the
right to close patient data from the patient for up to
6 months. After that the notes should be disclosed.

Notably, however, not all participants agreed that exemptions
to sharing mental health notes should be permitted and that
“open notes means open notes.” Some comments reflected the
view that restricting access would be unethical, for example:

I do not feel that it is ethically correct to set
restrictions based solely on diagnoses.

Unilateral paternalistic decisions about what should
or should not be disclosed to patients is not
acceptable.

Anything short of real-time patient access and patient
control of how and when they wish to access their
own record demonstrates an inequity in
patient-provider partnerships.

Clinician Discretion
Addressing the issue about when patient exclusions to opening
mental health notes might apply, many comments conveyed the
view that “clinicians should be given discretionary power to
withhold part or all of the notes.” As another respondent noted:

I would advocate for clinician judgment always
having the final authority to revoke or block notes
from patients in very specific instances.

One respondent dissented from this position, noting:

I don’t like the idea of limiting the notes to certain
patients because we then get into tricky ethical areas
and subjectivity on the part of the clinician.

Elaborating further on the idea of discretionary judgments,
however, some participants emphasized that additional measures
must be in place. These comments emphasized that, with the
responsibility of making decisions about when to block notes,
the burden of justification for doing so should be on clinicians.
For example:

The onus should be on the clinician to record why
access should be restricted, giving a review date for
when this restricted access should be reconsidered.

Several participants suggested that formalized checks and
balances should be in place to confirm clinicians’ decisions
about when to deny access to notes. For example:

there need[s] to be at least two clinicians signing off
on that exclusion before it can be invoked.

One participant proposed the need for “regular audits and
monitoring...to increase transparency of which patient records

are blocked and why.” Going further, another participant
suggested:

Organizations should be required to perform audits,
by a panel of clinicians and paid service users, at
intervals on: (a) the proportion of patients that are
accessing their mental health records and
organizations with very low rates of access should
have their processes for access assessed; (b) the
proportion of records that have restricted access and
how much of that restricted access is past its “sell by
date.”

Providing Patients With Basic Information About
Open Notes

Accessing the Notes
Basic issues such as patients’ digital literacy and their
knowledge of using health portals formed an emergent category.
For example:

[P]atients should receive information about how to
actually reach the notes (the technical part, how to
access the information).

Respondents also emphasized the need to communicate basic
information about medical records; as one participant wrote:

Explain the purpose of the health record and mental
health note.

Several comments also suggested that patients should be
informed about the potential value of open notes, including
“how it can lead to better outcomes” and how reading their notes
can “inform treatment engagement and decisions.”

Reading Mental Health Notes
Multiple comments emphasized the importance of informing
patients about how the notes were structured. Some participants
suggested that such guidance should include “being given basic
information about the mental state examination.” Another
participant noted:

The mental status exam has caused some
consternation amongst patients until it is explained
to them.

Another common subcategory was preparing patients to manage
their expectations about the content of notes, including “potential
areas of friction or frustration;” “why a diagnosis is needed, and
that this diagnosis may be fluid;” and reassuring patients that,
“the note/diagnoses is not judgment (especially for substance
use and personality disorders).” Many participants also described
the importance of informing patients about the risk of being
upset by what they read, for example:

Providing education about the potential emotional
response to notes is critical.

Several respondents suggested that patients should be advised
that they will be supported if they choose to read their notes.
As one patient advocate noted:

I was a patient in a psychiatric ward for 20 years. I
recently obtained all my notes. It is fascinating and
also disturbing to see what professionals thought and
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said about me. It is important for patients to be
supported while reading their notes, to prevent
relapse or trauma.

Participants frequently noted that patients would need advice
on how to raise questions about what they read in their notes.
Some comments emphasized that patients should be “encouraged
to bring questions” about their notes to clinicians.

Clinician Training on Writing Mental Health Notes

Writing Understandable Notes
Participants commented on the need to train clinicians on “how
to write so that a layman may understand the notes.” Multiple
comments suggested that clinicians should also be advised on
the “degree of medical jargon” that might be documented. Some
respondents suggested that there should be a “reduction in
jargon” or “avoidance of confusing medical jargon and
abbreviations.” One participant went further by suggesting that
clinicians should also become knowledgeable about common
patient terminology:

There is an ever-growing list of colloquial expressions
and a lexicon for describing diagnoses and symptoms
that exists outside of the medical community. And
sometimes it’s the same word a clinician would use
but it means something totally different on a Reddit
mental health forum.

Exploring another aspect of this category, multiple comments
expressed the importance of training to preserve details in
clinical documentation. Some stated that clinicians should not
“dumb down” their notes that needed to be “accurate, objective,
truthful.” One participant highlighted the need to instruct
clinicians on the “documentation of uncertainty.”

In general, most comments suggested that the onus should be
on clinicians to modify documentation practices, for example:

Clinicians should always be writing on the assumption
that their audience has zero training...Effective
communication is necessary for the job.

However, one respondent presented a portal design solution:

To solve the conflict between professional language
precision, and lay person comprehension, one
practical solution may be to embed a dictionary in
the journal [medical records]. I have seen a proof of
concept of such system. The patient was presented a
journal text, and by hovering the mouse over a
medical record, a dictionary box was presented.

Documenting Sensitive Information
One frequently identified predicament was the need for guidance
on “how to describe sensitive matters” and “difficult topics,”
including “how to manage situations/write content that may
potentially be perceived in a negative light in a way that is
clinically appropriate and respectful.” Some respondents
emphasized that clinicians would need to be instructed that
“important information should not be left out due to fear about
the patient’s reaction.” As one participant noted:

a patient may discuss a sensitive issue that they do
not want in the record and the clinician needs to know
how to document information in a way that the patient
is comfortable having in writing.

More generally, participants recommended that clinicians should
be trained to adopt a “mindful approach” in documenting mental
health notes and to use “patient-friendly” language. Respondents
frequently emphasized that clinicians would require training in
writing notes that were “not perceived as demeaning,” in
adopting “less inflammatory terminology,” and in choosing
language “to avoid stigma or embarrassment.” As one
respondent noted:

[M]any patients stumble over “patient complains of”
or “affect” or other common psych mental health
terms.

One respondent suggested that it would be helpful for clinicians
to be provided with:

[a] list of words that appear to be judgmental or
offensive that are frequently used (eg, patient lied,
patient was aggressive, patient denied, patient is
non-compliant, patient was upset).

Participants also emphasized the need for training in writing
notes with empathy and warmth. Some comments highlighted
an opportunity to use notes to provide greater patient
engagement and motivation for treatment goals. As one
participant noted, training should also encompass “a framework
that acknowledges strengths and doesn’t just pathologize;” or
as another commented, “education should include an
examination of patient strengths as well as deficits; too often
MH [mental health] notes can be of the deficit model.”

Managing Patient-Clinician Disagreement About
Mental Health Notes

Instructing Clinicians
Another category of comments related to clinician training
addressed potential disagreements arising from patient access
to their mental health notes. As one participant remarked:

Clinicians should receive training on the ethics of
sharing notes with patients and how to address
conflicts.

Other comments suggested that training should encompass
advice about how to discuss disagreements in vivo during visits,
for example:

Such training is not about writing notes, but rather
about how to communicate with patients about their
illnesses in a way that promotes shared understanding
and points of open disagreement (Rather than
clandestine documentation).

Offering ideas on how to prepare clinicians for practice
dilemmas, participants suggested the need to “provide tips,
templates and scripts on how to address certain situations so
clinicians feel more confident.” Several respondents cited “the
web-based course from VHA [Veteran’s Health
Administration]” as “a useful starting point” (a webinar on how
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to write mental health notes [20]). One participant noted the
importance of patient feedback to improve writing notes:

when mental health clinicians are first learning how
to write notes they should have patient evaluators.
For more seasoned clinicians, a modified version of
this training could take place.

Soliciting Patient Collaboration
Multiple comments also described the importance of providing
advice to patients about what to do if they detected inaccuracies
or omissions in their notes, including “how to handle anything
they feel is factually incorrect or was misunderstood in terms
of content.” Recommendations also encompassed perceived
discrepancies in psychotherapy notes, for example, explaining
to the patient that, “possible mismatches can always be sorted
out during the next session.” Several participants noted the
positive dimension of soliciting patient feedback. Some
comments suggested that patients should be counseled that any
errors or feedback present opportunities for working
“collaboratively” and increasing “open dialogue between patient
and provider.”

Discussion

Principal Findings
This qualitative study provides foundational cross-cultural
insight into the views of a range of experts on open notes in
mental health care. We identified 4 major categories related to
opening mental health notes: (1) clarity about provider policies
on exemptions, (2) providing patients with basic information
about open notes, (3) clinician training in writing notes, and (4)
managing patient-clinician disagreements.

Clarity about provider policies included both views that
exclusions to note sharing should be permissible under certain
circumstances and views that clinicians should be given
discretionary power to decide when notes should be shared or
not. However, these views were not fully agreed upon, as some
participants stressed that restricting access would compromise
clinicians’ ethical duties. Many respondents discussed special
handling of notes around certain mental health conditions such
as “psychosis, personality disorders, and substance abuse
disorders,” among others. Although there is research on open
notes and mental health, these conditions are often excluded in
studies, resulting in a lack of knowledge. Patients with these
disorders may react differently to mental health notes, but
separating stigma and assumptions from facts is critical. For
example, patients with psychosis are active users of mental
health apps and are not paranoid about telehealth, despite
common assumptions about their use of technology [33-35].
Open notes could make patients with psychosis paranoid;
however, the opposite effect may be achieved. Immediate
research is necessary to guide impending implementation efforts.
As participants suggested, formalized monitoring is needed to
confirm clinicians’ decisions and ensure that patients are not
wrongfully denied access to their notes.

Although recent research suggests that mental health patients
seek the same features on health system portals as medical
patients [36], it must be acknowledged that people with mental

health conditions, such as schizophrenia, are likely to have less
access to portals and, thus, less ability to partake in open notes.
At the same time, internet access through smartphones is
increasing globally, and a recent study from Sweden indicated
that 77% (n=11,001,189) of the visits to the national patient
portal were made from a smartphone [37]. Ensuring easy mobile
access to patient portals is an important means of increasing
accessibility.

Supporting patients on how to access and read their mental
health notes was a topic of less controversy. Participants
suggested that patients may need basic information on how to
access patient portals and notes and on the purpose and content
of a health record and mental health notes. The proposed
guidance included ways of preparing patients for what to expect
when reading their mental health notes to reduce the risk of
misunderstandings or harmful emotional responses. Similarly,
the need for clinician training on writing notes was also agreed
upon by most participants, including concrete advice on how
to write more understandable notes and how to address sensitive
topics. Participants agreed that information should not be left
out of the record for fear of causing patient distress; however,
clinicians should be guided on how to address these topics both
in the conversation with the patient and in the note.

Disagreements between patients and clinicians caused by the
notes were also described as an issue requiring more than just
training in how to write better notes. Rather, notes should be
seen as one component in the overall communication with the
patient, and clinicians should be supported in how to address,
and hopefully avoid, disagreement and conflict with patients
both in the visit and through written communication. Patient
feedback on note writing was highlighted as an important tool.
In addition, participants also suggested providing patients with
instructions or guidance on what to do when in disagreement
with a note to facilitate dialogue and collaboration rather than
conflict.

Finally, a topic that was not raised by the respondents in this
study was differential diagnoses. In a recent survey of US
physicians with experience of open notes, approximately 23%
(n=176) of physicians reported changing how they wrote
differential diagnoses [38]. The omission of answers focusing
on this topic by our respondents could indicate that this is less
of a consideration in mental health care. However, in a Swedish
survey study, 1 in 5 (22%, n=147) mental health clinicians [8]
admitted writing less candid notes, and in a US Veteran’s Health
Administration study, the majority (69%, n=108) of mental
health clinicians reported writing fewer details [9]. That open
notes may have an impact on how notes are written seems clear,
but further research is needed to further understand the types
of changes and their consequences [39].

Strengths and Limitations
This study provides a foundational qualitative exploration of
expert opinions on open notes in mental health. Importantly,
this inquiry builds on previous survey research conducted in
this area by focusing on expert opinions, for the first time, on
pressing questions about policy, clinician training, and patient
guidance. The survey benefits from a wide range of expertise
drawn from countries and health organizations where patients
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have access to their mental health notes. The international
diversity and breadth of expertise of the respondents from 6
countries are major strengths of the survey. For web-based
surveys, a 50% response rate for is considered high [40]; our
survey secured a response rate of 76%, which was another major
strength of the study.

This study has several limitations. Comments were brief—only
1 or 2 sentences or written in bullet points—restricting a more
in-depth understanding of participants’views. In addition, owing
to the limitations of web-based surveys, it was not possible to
probe or explore respondents’ comments to obtain a more
in-depth understanding of their views. Although 11% (8/70) of
the respondents identified as patients or patient advocates, we
suggest future research should directly solicit the views of
mental health patients as experts, particularly those with serious
mental illness, who work outside of professional health care
and academia.

In addition, most of our respondents were White and well
educated, which may have affected their responses. Perhaps
reflecting on this, questions about access to patient portals
received fewer comments. Although this may have reflected
the focus of the survey on mental health, many disadvantaged
social groups (older patients, those with fewer years of formal
education, and vulnerable patient populations) risk losing out
on the benefits of access to their clinical notes [41]. For example,
in the United States, not everyone has internet access or
experience in the use of digital devices to be able to log on to
health system portals or read their notes [42].

To address these limitations, further focus groups or interviews
would help to facilitate a richer and more nuanced exploration
of patients’ and mental health clinicians’ perspectives on the
themes raised in this survey, and further qualitative research is
warranted. Future research could aim to better understand the
root causes of clinician omission of information, less candid
notes, and writing fewer details. For example, there may be
personal apprehension and fear by clinicians of increased
workload, appointment duration, and/or being questioned or
confronted. Such surveys or interviews might address clinician
rationales that may not be widely or openly disclosed.

Conclusions
The results of this study indicate that there is a need for training
and support for both patients and clinicians regarding the
practice of sharing mental health notes and that clear policies
are needed to guide clinicians in the process of sharing and to
ensure that patients are given access to their information.

We observe a tension in the results between complete
transparency and clinicians’ need to be able to exclude certain
information to prevent patient harm. Although participants
generally favored note sharing in mental health care, some
stressed the clinicians’autonomy to make fine-grained decisions
regarding what information to share, whereas others stressed
patients’ rights to access all information and the ethical risks
of leaving the decision to share to the individual clinician.
Evidently, there is a need for evidence-based policies in this
area. Surprisingly, few participants raised issues regarding the
digital divide and the risk that some patients may not be able
to access their notes, possibly indicating that there is still more
focus on challenges regarding those patients who do access their
notes.

The results of this study highlight the need for further training
and support for both clinicians and patients regarding note
sharing and more thoughtful refinements to user-friendly portal
design. A major part of such training and support must address
the need for culture change and a shift in mindset toward a more
collaborative approach to patient-provider relationships. We
suggest that priority should be on training clinicians, including
students, on how to write mental health notes. There is a pressing
need for transparent systems that support flexible and safe
sharing of notes in mental health care. Engaging both patient
advocates and eHealth design teams in this study is essential to
forge innovative strategies that enable patient understanding of
medical terms and feedback on notes, as suggested by the
respondents. We hope that this study will provide both direction
and inspiration for further research and policy reflection on
patient access to their mental health notes.
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Abstract

Background: There is growing interest in using mobile apps and online tools to support postsecondary student mental health,
but most of these solutions have suboptimal user engagement in real-world settings. Poor engagement can limit long-term
effectiveness and usefulness of these tools. Previous literature has proposed several theories that link factors such as low usability
and poor user-centered design to app disengagement. However, few studies provide direct evidence showing what factors contribute
to suboptimal user engagement in the context of mobile mental health apps for postsecondary students.

Objective: This study focuses on understanding postsecondary students’ attitudes and behaviors when using Thought Spot, a
co-designed mental health app and online platform, to understand factors related to engagement and user experience.

Methods: Students who were given access to Thought Spot for 6 months during a randomized trial of the intervention were
invited to participate in one-on-one semistructured interviews. The interviews explored participants’ overall experiences and
perceptions of the app, along with factors that affected their usage of various features. All interviews were recorded, and template
analysis was used to analyze transcripts.

Results: User satisfaction was mixed among users of Thought Spot. The degree of engagement with the app appeared to be
affected by factors that can be grouped into 5 themes: (1) Students valued detailed, inclusive, and relevant content; (2) Technical
glitches and a lack of integration with other apps affected the overall user experience and satisfaction with the app; (3) Using the
app to support peers or family can increase engagement; (4) Crowdsourced information from peers about mental health resources
drove user engagement, but was difficult to obtain; and (5) Users often turned to the app when they had an immediate need for
mental health information, rather than using it to track mental health information over time.

Conclusions: Content, user experience, user-centeredness, and peer support are important determinants of user engagement
with mobile mental health apps among postsecondary students. In this study, participants disengaged when the app did not meet

JMIR Ment Health 2021 | vol. 8 | iss. 4 |e23447 | p.103https://mental.jmir.org/2021/4/e23447
(page number not for citation purposes)

Wong et alJMIR MENTAL HEALTH

XSL•FO
RenderX

mailto:david.wiljer@uhn.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


their expectations on these determinants. Future studies on user engagement should further explore the effectiveness of different
features and the relative importance of various criteria for high-quality apps. Further focus on these issues may inform the creation
of interventions that increase student engagement and align with their mental health needs.

Trial Registration: ClinicalTrials.gov NCT03412461; https://clinicaltrials.gov/ct2/show/NCT03412461

International Registered Report Identifier (IRRID): RR2-10.2196/resprot.6446

(JMIR Ment Health 2021;8(4):e23447)   doi:10.2196/23447

KEYWORDS

transition-aged youth; qualitative study; user experience; help-seeking; mental health; postsecondary; mobile apps; adolescent

Introduction

Facilitating access to mental health support for postsecondary
students (youth aged 17-29) is critical to preventing underlying
conditions from worsening as these transition-aged youth enter
adulthood [1-3]. With widespread ownership of cell phones and
a willingness to try web-based services, online and mobile
mental health apps have been touted as a promising way to
provide mental health information and services to this population
[4-7]. Delivering mental health support through mobile apps
offers several advantages over traditional in-person services,
such as improved ease of access, convenience, lower costs,
reduced stigma, and user customization [8,9]. Many digital
mental health interventions have been developed and offer a
wide range of functions, including self-help, symptom
monitoring, cognitive behavioral therapy, and psychoeducation
for postsecondary students [8,10,11].

Engagement is often considered when understanding the efficacy
of digital behavior change interventions, a category that many
digital mental health apps fall under. In the literature,
engagement refers to both the subjective experience and
behavior when interacting with a digital behavior change
intervention [12]. According to traditional computer science
and human–computer interface research, engagement as a
subjective experience can be characterized as feeling focused,
attentive, and satisfied when using a digital technology [12]. In
comparison, engagement as a behavior commonly refers to the
patterns of usage (eg, frequency, duration, retention rate) and
depth of usage (eg, use of a specific app feature) [12-14].

Unfortunately, many mobile mental health interventions that
target this population face low user engagement [8,13,15,16].
For example, one study found that among 93 mental health apps
on the Google Play store, the median 15-day retention rate was
3.9% [13]. Overall, low engagement can hinder an app’s ability
to deliver positive outcomes to its users and makes it difficult
for researchers to understand the app’s long-term efficacy
[8,12,13,15,17,18].

Currently, there is a lack of direct evidence to explain low
engagement in the postsecondary student population, but a few
theories do exist [17,19]. Some theories posit that personal
attitudes toward technology and perceptions about seeking help
can lead to disengagement. The design, content, and usability
of an app have also been proposed as important factors that
affect engagement [17,19]. Exploring these theories will provide
stakeholders, such as app developers, clinicians, postsecondary
institutions, and policymakers, with evidence about the factors

that influence student engagement with mobile mental health
apps. These investigations can reveal opportunities and drive
strategies for increasing student engagement with mobile mental
health apps in the future.

This qualitative study seeks to understand user engagement by
exploring postsecondary students’experiences on Thought Spot,
a mobile mental health mobile app. Thought Spot was created
through participatory design research methods and usability
testing with college and university students [20,21]. Drawing
on the social cognitive theory [22] and the theory of
help-seeking [23], the intended purpose of this app is to be an
online and mobile resource with features that help students find
mental health support, build self-efficacy for seeking help, and
increase help-seeking behavior [20,24-26]. For example,
Thought Spot contains curated information about mental health
and wellness resources for youth, and allows them to geo-locate
mental health services. The app also displays mental health
services and resources that do not require in-person visits, such
as websites, apps, and phone or chat support lines tailored to
youth. An in-app crowdsourcing function enables users to add
mental health and wellness resources, rate them on a 5-star
scale, and write reviews for others to see. Newly added resources
appear on a timeline that is updated in real time. Resources are
categorized using tagged keywords to allow for easy and
intuitive searches. A mood-tracking journal enables users to
privately record their thoughts and moods during their
help-seeking process and to geo-locate where these thoughts
occurred.

The primary objective of this qualitative study is to identify
factors that affect postsecondary students’ attitudes and
behaviors when using the Thought Spot app, and to describe
how those factors affected user experience and subjective user
engagement.

Methods

Study Design
This qualitative study is part of a larger study that includes a
randomized controlled trial (RCT) to evaluate Thought Spot
[20,27]. The qualitative approach serves to explore questions
that complement the larger study, including those that examine
factors affecting adoption of and user engagement with Thought
Spot for seeking mental health support. It describes the who,
what, and where of participant experiences [28]. This study is
also a continuation of the participatory design research process
and a progression from prior work on Thought Spot [20,24,25].
In contrast to previous qualitative evaluations of Thought Spot

JMIR Ment Health 2021 | vol. 8 | iss. 4 |e23447 | p.104https://mental.jmir.org/2021/4/e23447
(page number not for citation purposes)

Wong et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.2196/23447
http://www.w3.org/Style/XSL
http://www.renderx.com/


in theoretical situations, which were emulated during co-design
workshops and usability tests, this study focuses on the
experiences of youth participants who used the app in their
day-to-day lives during the RCT [20,24,25,27].

Recruitment, Sampling, and Participants
Participants were recruited to the qualitative phase of the study
through purposeful sampling of a subset of students from the
intervention group who completed the Thought Spot RCT [27].
Students who indicated in an end-of-study usability survey that
they were interested in participating were identified as potential
participants for the interviews. The survey explained that the
study would involve a 30- to 60-minute in-person or telephone
interview about the user’s experience with Thought Spot, and
that compensation would be provided. A purposive sampling
strategy determined who would be selected for an interview.
During the RCT, intervention group participants were sent an
email on how to download and access Thought Spot on their
personal device [20]. Participants were asked to use the app as
needed and they were free to use it in whatever manner they
liked. As such, participants were only selected to participate in
qualitative interviews if they had logged into the Thought Spot
app more than once during the trial between March 2018 and
June 2019. User activity was verified by one member of the
research team (JS) through a filtered search of Thought Spot’s
user activity data logs. Second, participants were purposefully
sampled in 2 groups because the RCT was a longitudinal study
and participants who received Thought Spot started the study
at different times. In January 2019, changes were made to
Thought Spot to address technical issues, resulting in small
differences between the versions used by study participants.
Consequently, to obtain a comprehensive picture of user
experience and user engagement, participants were grouped
into those who finished the Thought Spot trial before January
2019 (Group A) and those who were participating in the trial
after that date (Group B). The research team also purposefully
sampled a 50:50 split of users with high usage/satisfaction and
low usage/dissatisfaction in both groups. Usage and satisfaction
were determined from separate analyses of individual-level
usage data from the app and participant scores on the adapted
Usefulness, Satisfaction, and Ease of Use (USE) questionnaire,
respectively [29] (Shi et al, unpublished data, 2021). The
adapted questionnaire was part of the end-of-study usability
survey administered to all participants in the intervention arm
to evaluate usefulness, ease of use, ease of learning, and
satisfaction with the Thought Spot app [20,29] (Shi et al,
unpublished data, 2021). The full reporting and analysis of usage
data and USE questionnaire responses are reported elsewhere
(Shi et al, unpublished data, 2021). During the purposeful
sampling process of this study, if there were no more participants
with high usage/satisfaction or low usage/dissatisfaction left to
sample, the research team sampled participants with mixed USE
questionnaire scores/usage, such as those with high USE score
and low usage or low USE score and high usage. Applying
findings from the separate analyses of USE questionnaire
responses and usage data, the research team used the median
USE Questionnaire Score, 53.78 (IQR 38.89-67.78) out of total
score 100, to discern high/low satisfaction users (Shi et al,
unpublished data, 2021). The median number of clicks, 14 clicks

(IQR 6-22), was used to discern high/low usage users (Shi et
al, unpublished data, 2021). Overall, the purposeful sampling
criteria were intended to identify a sample of participants with
varying degrees of usage and different perceptions about
Thought Spot’s usability.

Students were invited to participate in an interview through an
email that contained a summary of the qualitative study and an
informed consent form [14]. Participants were offered an
honorarium of CAD $40 (USD $32). Interested individuals
submitted a signed consent form and arranged a phone or
in-person interview with the research analyst and research
trainee (BL and HW, respectively).

The study was approved by the Research Ethics Boards at the
Centre for Addiction and Mental Health (REB #023/2017),
George Brown College (REB #6004416), Ryerson University
(REB # 2017-196-1), and the University of Toronto (REB#
00034725). The study was conducted between February 2019
and August 2019.

Data Collection
After obtaining informed written consent from participants, 2
members of the research team (BL and HW) conducted
semistructured interviews using the question guide presented
in Multimedia Appendix 1. The interviewers have formal
education in health informatics and received training and support
from other members of the research team who have expertise
in qualitative research. The domains covered in the question
guide included general impressions of Thought Spot and its
features, the utility and impact of the app for help-seeking and
finding resources, how and why the app was used, areas of
strength and weaknesses, how using the app related to other
help-seeking experiences, and suggestions for how to improve
the app. The interviewers used a “funneling” approach for the
interview guide [30]. First, they invited participants to share
their experience and perspectives on Thought Spot and how
they used it to meet their needs. Based on the response, the
interviewers probed specific topics, such as usage patterns,
changes to the help-seeking process, and what the participant
liked or disliked about the app. The interview guide was adjusted
iteratively when new patterns emerged during the interviews.
Interviews were conducted until the researchers felt that further
data collection did not add more depth to the emergent codes
or themes [31].

All interviews were audio-recorded, deidentified, and transcribed
verbatim by a professional third-party service. Members of the
research team checked the transcripts for accuracy and corrected
discrepancies.

Data Analysis
The research team used a comparative and iterative thematic
approach to developing themes from the interview transcripts.
Two authors (HW and BL) analyzed the transcripts to explore
themes related to on-app user behavior, motivation for usage,
perceptions of the app, and suggested improvements. The
analysis followed the procedural steps recommended by Brooks
et al [32] for template analysis because this method permits the
inclusion of predefined codes. The research team applied steps
from directed content analysis to include preliminary codes
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from human factors research into the analysis, such as
appearance, layout, navigation, and ease of use [33,34].

HW and BL reviewed an initial subset of 3 randomly selected
interviews to familiarize themselves with the data before coding.
Preliminary coding was then completed on the subset, where
keywords were highlighted to guide the development of an
initial coding template. Highlighted text from the 3 transcripts
was clustered into meaningful codes. Related codes were
clustered into a hierarchical structure, with narrow codes
organized as subcodes for broader themes. HW and BL created
a definition for each theme in the initial coding template and
presented them to the rest of the research team, along with
exemplary quotes. The research team reviewed the initial coding
template and modified it through consensus to ensure
representativeness and relevance. The remaining transcripts
were coded using the revised coding template. The coding
template was revised iteratively, which involved integrating
new themes and re-defining existing ones as more transcripts
were coded. During coding, members of the research team
ensured that all codes relevant to the research question were
accounted for in the template. The template was presented to
the entire research team at a second session to review and
finalize ideas, new themes, and interpretations. Having the
broader research team review the template ensured that all
perspectives were incorporated in the analysis.

Results

Demographics of Participants
Baseline characteristics of the participants are presented in Table
1. The research team was satisfied that they were not seeing
any new data after 17 interviews. A total of 11 interviews were
conducted via telephone calls and 6 were conducted in-person;
9 students from Group 1 were interviewed in March 2019 and
8 students from Group 2 were interviewed in June 2019. A total
of 13 female (76%) and 4 male (24%) students were interviewed,
which reflected the demographics of our RCT study of 481
participants (190/241, 78.8%, identified as female). All 3
academic institutions from the RCT were represented.

Following our template analysis, 5 main themes emerged based
on users’ experiences and perceptions of the app: (1) Students
valued detailed, inclusive, and relevant content on the app; (2)
Technical glitches and a lack of integration with other apps
affected overall user experience and satisfaction with the app;
(3) An app’s features can extend beyond the users to support
their peers; (4) Crowdsourced information from peers about
mental health resources was valuable and sought after, but
difficult to obtain; and (5) Users often used the app when they
had an immediate need for mental health information, rather
than using it to track mental health information over time.

Table 1. Baseline characteristics of participants who were interviewed (N=17).

ValueCharacteristic

Gender, n (%)

13 (76)Female

4 (24)Male

0 (0)Other

23.1 (20.9-25.6)Age (years), median (IQR)

32.4 (30.9-34.6)Interview time (minutes), median (IQR)

Classification of participants (USEa questionnaire rank and usage data rank), n (%)

3 (18)Low satisfactionb and low usagec

7 (41)Low satisfaction and high usage

3 (18)High satisfaction and low usage

4 (24)High satisfaction and high usage

aUSE: Usefulness, Satisfaction, and Ease of Use.
bLow satisfaction is defined as users with a ≤50th percentile USE score.
cLow usage is defined as users with ≤50th percentile number of clicks.

Students Value Detailed, Inclusive, and Relevant
Content
Many students believed that getting information about mental
health resources was valuable in both the short and long term.
Many appeared to use Thought Spot as an information-gathering
tool to learn about nearby mental health services. Opinions
about the app content appeared to affect user satisfaction. For
example, some users were pleased with the level of detail and
diversity of mental health information that the app provided (all

quotes are presented verbatim, but to improve readability, some
filler words such as like and um have been removed):

I liked, when you clicked it, it would tell you what
kinds of services it offered. ...There were actually
details. ...It showed me what the services were. It
showed me what the hours were. It showed me the
address. And that's all I really needed at the time.
Maybe if I had investigated further, I would have
realized that I needed other things, but no. It was
good. I was satisfied with it. [P14]
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By contrast, other users were dissatisfied with the content. For
example, a few commented on the lack of breadth, depth, and
relevant information. These users wanted more services to be
available on the app and sought additional details about them.

I just have utilized a lot of services...so when I was
going in just kind of looking, a bunch of things just
weren’t included or listed, so I was like, I’m not really
sure what people are going to be finding when they
come in here...I think that was the only drawback to
it, or I guess the piece that it didn’t meet was having
all of the relevant services listed. [P08]

Some users were curious about the kinds of support provided
by a mental health service, such as whether it offered peer
support, professional counseling, or another form of support.
There were also suggestions to include more background
information about the people providing these services, because
it helped users gauge whether a service was inclusive of their
needs and preferences.

Everybody knows you can go to counselling in your
school...but someone who is of colour like might not
want to go into that space...so there’s a space that’s
hosted by the student’s union that gives peer support
but it’s not called peer support...having that added
into the app could be really good. I found it really
helpful and it’s very inclusive, that might be a better
way for students. [P07]

There were also other comments related to inclusion, as several
users said that the content on the app was too general and did
not account for their unique circumstances. For example, some
users said that the information on the app did not fully consider
factors such as where they lived, where they went to school,
whether they had health insurance, and how long it would take
to access a service. Consequently, it made it challenging for
some participants to understand whether a services or resource
was relevant for them.

...it didn’t really take into account the resources I had
as a student...it kind of treated all situations as equals,
so let’s say, I do have insurance coverage...I know
it’s better for me to go in to somebody I can pay for
and that can see me sooner, but it’s not necessarily
that the app took that into consideration. [P02]

I go to [School A] and I found a lot of the places were
close to [School B] or close to [School C] I just
remember that I couldn't use the full app, because I
don't live in Toronto and I don’t have a lot of time
when I'm down there. [P16]

...if I'm like [School C] student...am I really not
allowed to use the [other] school's app...it doesn't
really divide or split between [the different types of]
professionals and students...So some people may
think, “Oh, this doesn't apply to me”.... [P13]

Other participants wanted to access more content, tools, and
strategies to help them manage their mental health concerns,
rather than simply being directed to mental health services or
resources. Some wanted more support to be delivered directly
through the app.

...I have anxiety, so I try to use apps like Calm or
different ones that help me calm my anxiety, like
Breath, all those different apps...I thought maybe this
app was going to help me get those kind of features
that the other apps have, like strategies to deal with
my mental health issues like anxiety and anxiousness
and stress and daily stress, but really it was just
providing me with different places to go, I believe, if
I understood the purpose of the app properly. So the
app wasn’t giving me tools, it was just redirecting
me. [P05]

Participants indicated that it was important for content to be
comprehensive and relevant. They were satisfied when mental
health information details were relevant to their circumstances,
needs, and preferences. The lack of relevant details also made
it difficult for some users to assess whether content on the app
was applicable to them and may have decreased their willingness
to use Thought Spot. Furthermore, participants indicated that
the app provided sufficient information to get a preliminary and
surface-level understanding of what mental health services or
resources were offered, but that it lacked the level of detail that
some participants needed to motivate them to try the resources
or services.

Technical Glitches and a Lack of Integration With
Other Apps Affected Overall User Experience and
Satisfaction With the App
Several participants identified technical issues as a source of
frustration and inconvenience when navigating the app. They
described occasional glitches and system lag when using the
search and filter feature. This feature was designed to help
students make custom searches by selecting key terms to narrow
down the services and wellness locations most applicable to
them. However, technical issues prolonged the amount of time
it took some users to find and retrieve information:

...I tried the search. I tried to look at different features
that it had...in the first few times I tried it, it was kind
of glitchy and I had to go back and restart. [P05]

Sometimes when I went to do something it takes a
couple of tries to get the map moving, or if I want to
search something, it does take a couple of tries to get
it to work, but it doesn’t happen all of the time. [P03]

Integration between Thought Spot and other apps was discussed
by several participants. They reported using the app alongside
other tools, such as Google and journaling and wellness apps,
when looking for mental health resources. However, some
wanted an all-inclusive app that could connect them to a variety
of these tools directly through the app. The current version of
Thought Spot does not integrate with other apps, and some
students expressed dissatisfaction with the cumbersome process
of switching between several platforms. Some felt that improved
integration could create a more seamless experience and increase
the likelihood that they would take action after accessing
information on Thought Spot:

I like to have everything sort of integrated into one
application. So given the option, like if I was tracking
my fitness app—I once did have a calorie counter and
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a meal tracker and my monthly menstrual cycles all
in the same app, just because it’s too much work to
have to go and change apps, and you know, it’s more
work and I’d be less likely to do it. [P09]

Despite technical issues and lack of integration, some
participants were still intrigued by Thought Spot’s potential
usefulness for students:

...I remember having some trouble with how it
operated it on my phone, and that prevented me from
using it a lot, I think, during the study, but also, I
thought it was a really great idea. [P15]

Specifically, a few participants liked the app’s goal of helping
students access mental health support and felt that updating and
optimizing the app further would resolve issues related to user
experience:

...so maybe in the future we have more financial
resource to support this application, I think it should
be better, and in the long term I think it's really good
for students. [P12]

Participants saw value in the app itself, but the quality of
Thought Spot’s user experience varied, with some users
encountering more issues than others. The main concerns about
slow loading and integration with other apps may have interfered
with their ability to engage meaningfully and fully with the app.

The App’s Functionalities Can Extend Beyond the
User to Support Peers
Several participants reported using Thought Spot to help their
friends and family members. They described sharing resources
and services with others who needed mental health support,
even when they did not immediately require services or
resources themselves:

...I shared the app with my friends, and with some of
my friends that have...something they don't want to
talk with about to the family or relatives, so I
introduced them [to] this app. [P12]

I didn’t necessarily go to all of them, but I sent friends
to some of the places, like when they needed to go
somewhere, I would say, you know, there’s this place,
it’s 100 meters away. [P09]

The potential of Thought Spot to play a role in providing peer
support for mental health concerns was discussed by some
participants. They described mental health as a sensitive topic
and thought that it was valuable to share information on the app
because it might be more trustworthy. One participant suggested
adding value by being able to directly share the information
with a friend through channels such as social media:

Yeah, refer your friends or share it with your friend,
because you know what? With this kind of very
sensitive issue, sensitive information, you just believe
what you trust or believe. So that's why refer your
friend, introducing your friend, that should be a
function in the app—to share with your friend. [P12]

Even though some participants did not have a pressing need for
mental health help themselves, they used the app to become
messengers of mental health–related information within their

social circles. In situations where a peer required support,
participants explained that Thought Spot gave them information
that they could share with their peer and that would help them
access the resources or services they needed.

Crowd-Sourced Information From Peers About Mental
Health Resources Was a Driver of Engagement, but
Was Difficult to Obtain
Thought Spot enables students to crowdsource information, that
is, to add mental health services and self-care locations
(classified as “spots”) and to provide reviews about these
resources. Most users agreed that peer reviews were important
and valuable because reviews about mental health resources are
often difficult to find and reading about other people’s
experiences can increase motivation to access services:

Having the reviews and the comments from peers who
have utilized those different groups was...a huge thing
that doesn’t exist anywhere. [P08]

The same participant added that evaluating the quality of
services was challenging or tricky, and seeing diverse peer
reviews gave them a more balanced perspective about a “spot”
or resource:

And I think through the reviews I’m able to get a little
bit more of, kind of a sense of, the vibe and not
necessarily the service offered, to know if...I would
feel comfortable or okay with it. Yeah. I think that’s
a big one, because it’s definitely hard to review any
kind of mental health services, especially because
people go in in such different places with such
different experiences...someone could have a horrible
experience just because the person, the professional
they were working with or the clinician just was not
equipped to deal with that situation, but is amazing
for someone else. So I think it’s definitely kind of a
balance there. [P08]

Although participants valued others’ input, many found it
difficult to add resources and post reviews, so they did not use
these crowdsourcing features. Participants gave a wide range
of reasons they did not contribute. Some attributed their lack
of engagement with these features to infrequent usage, lack of
motivation, forgetfulness, or insufficient experience with mental
health services:

I didn't because I didn't use it for that long...if I was
using it for like a more consistent basis, then I would
have been able to use it or potentially review any of
the spots. Or maybe it's just—sometimes I forget.
Honestly, I've not been one to review things a
lot...sometimes I'd rather live in the moment than
review it. So it could be a really unique aspect of it,
if you do have users who are really consistent on
reviewing things, but I don't think every user wants
to review everything. [P16]

The few participants who engaged in crowdsourcing appeared
to do so because they were motivated to help fellow students.

When participants were asked to suggest ways to encourage
engagement with crowdsourcing, a few acknowledged the
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complexity and difficulty of motivating others. They were
uncertain whether giving incentives or following up with service
users would improve participation:

I don’t know what you could use as a motivator...It
doesn’t have to be anything of any actual value, but
having some sort of—an appearance of a reward at
the end of something tends to motivate people, so that
might be something that would maybe help. [P09]

Peer-contributed information about mental health services and
resources appeared to be a driver for user engagement with the
app because this kind of information is hard to find elsewhere.
Students wanted to hear from their peers to help them evaluate
whether a service was the right fit.

Users Often Used the App in Response to an Immediate
Need for Mental Health Information
User engagement appeared to be driven primarily by reactive
rather than proactive behavior. Most participants reported using
Thought Spot as a tool to learn about mental health resources
during times of need. Several participants opened the app only
when they were experiencing anxiety, depression, or other
symptoms of poor mental health. As one user explained:

Actually, just when I need to, when I have some
problem or issue or my friend happen[s] to ask me
so I just show it to him.... [P12]

Some users reported using the app infrequently because they
were not experiencing mental health issues during the 6-month
study period. However, these users indicated that they would
be willing to rely on Thought Spot if problems arose, as one
user described:

I didn’t end up going to any of them more than once
or twice, even the thought of just having it there,
knowing that I could use it if I wanted to, provided a
level of comfort that helped when, you know, there
were things that would make you spiral or you were
not thinking very clearly or very logically. [P09]

Although Thought Spot has features that can be used daily, such
as adding reviews, crowdsourcing resources, and mood tracking,
some users said they seldom engaged with these features.

I didn’t really use the mood tracker...although I’m
just bad at tracking things in general, so I guess in
that way I could’ve used it regularly, but other than
that, nah...because in terms of finding resources, your
search kind of stops as soon as you’ve found
something that works for you. [P02]

While several participants said they did not regularly use
Thought Spot to search for and access mental health support,
they identified it as an option that they could rely on if they ever
needed help.

Discussion

Principal Findings

Factors That Affected Postsecondary Students’
Engagement With a Mental Health App
This study is among the few that describe factors affecting
postsecondary students’ attitudes, behaviors, engagement, and
user experience when using a mental health mobile app.
Participants identified the comprehensiveness and relevance of
app content, user experience, integration with other apps, peer
support, and reactive (versus proactive) behavior as factors that
affected engagement. To varying degrees, these factors appeared
to influence students’ use of the Thought Spot app for mental
health help-seeking and their willingness to use it in the future.

How engaged users were on Thought Spot appeared to be
affected by factors that can be grouped into 5 themes. First,
positive experiences on the app were tied to whether it delivered
mental health information that users found to be concise,
inclusive, relevant to their needs, and that included meaningful
details. Dissatisfaction with the content appeared to decrease
users’willingness to engage with the app and to use it to support
their mental health. A second theme related to engagement was
user experience and integration with other apps. Despite
technical issues and lack of integration, some participants were
still willing to engage with Thought Spot if they believed they
could benefit from it. Third, some participants were motivated
to engage with Thought Spot to support friends and family
members who needed mental health support. Accessing
crowdsourced information was a fourth theme related to
engagement. Some participants used the app to read reviews
about their peers’ experiences with mental health resources and
services. Fifth, engagement with the app appeared to be driven
by reactive rather than proactive behavior, that is, participants
often used the app when they had an immediate need for mental
health information. These themes provide important insights
into factors that affect the engagement of postsecondary students
with mobile apps in the context of seeking help for mental health
issues.

Research Theories on Low Engagement With Mobile
Mental Health Interventions
The findings of this study that relate to user engagement are
consistent with those of previous research on mobile health and
mobile mental health interventions. That research has proposed
general theories for low engagement, and this study adds direct
evidence to support several concepts related to engagement
[8,15,18,19]. For example, studies have theorized that usability
issues, not being user-centered, and lacking relevant information
about mental health services limited users’ ability to address
mental health problems or progress toward their help-seeking
and wellness goals [18,19]. The themes developed in this study
that relate to Thought Spot’s content and user experience provide
some evidence that supports existing theories of low
engagement. For example, several users said that experiencing
usability issues such as technical glitches or lacking integration
hurt their subjective experience with using Thought Spot, which
could thereby jeopardize engagement. Similarly, having
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difficulties navigating the app and finding relevant content could
have impaired engagement because several participants reported
it as a source of user dissatisfaction.

Information Exchange With Peers and Family Members
The findings of this study complement existing research about
barriers to and facilitators of mental health help-seeking among
youth, specifically the importance of peer and family
relationships [35-37]. For example, previous research has found
that many young people prefer informal sources of support,
often family and friends, when they are seeking help or
information about mental health [35-37]. Participants in this
study also expressed that preference and indicated that they
would use the app to help family or friends access mental health
information and services. Some participants described Thought
Spot as a source of accessible and accurate information about
mental health services and wanted improved ways to share this
knowledge with others. Although sharing and communication
features are not part of the current app version, participants in
the co-design and prototyping phase of the project recommended
embedding peer-to-peer communication within the app.

Although sharing and communication features were not
available, participants still found a way to exchange mental
health information with family and peers. This type of
peer-to-peer communication could be seen as an innovative way
of working around the app’s limited features. Sharing content
from Thought Spot suggested the potential of apps to improve
awareness of mental health services and resources, which is the
most common knowledge-related barrier to seeking help [35].
Moreover, the findings reiterate the crucial role that peers and
family members often play during help-seeking [35-37].

The findings are also consistent with theories that identify peer
support as a way to improve user engagement [19]. Several
participants described crowdsourcing as an appealing strategy
for students. Peer reviews of mental health services were a
valuable decision-making aid for some participants who were
seeking help for themselves. They explained that these kinds
of reviews are scarce, but that they are more relevant and
trustworthy than information from an unknown source. The
request for more reviews from mental health service users
underscores the importance of peer support as a feature that
increases user engagement. Overall, the study provides new
evidence to support existing theories about low engagement
with mobile health and mobile mental health interventions.

Challenges of Co-Designing Apps
The Thought Spot project was student led and many
postsecondary students were actively involved in deciding what
features to include in the app that was evaluated during the RCT.
Several findings from the participant interviews echo what
students had discussed during the co-design workshops and
focus groups in the earlier stages of Thought Spot’s development
[25]. At that time, students suggested adding more peer support,
including features that would enable communication between
users and with social groups. They also requested more
information about service costs, accessibility, and languages
spoken [25]. The research team considered these suggestions
for the optimization phase of the app’s development, but they

could not be implemented for various reasons. For example,
the databases from which Thought Spot draws information do
not collect information on cost of services, accessibility, or wait
times. Project cost constraints made it unfeasible to add complex
features such as integration with other apps. Direct peer-to-peer
interaction features were not implemented because they pose a
high risk for misuse and the research team lacked the resources
to monitor this activity for safety. Nonetheless, the similarities
between students’ perspectives during the development of
Thought Spot and after the RCT show that participatory
co-design research can be a useful tool for identifying key
features that influence user engagement in the final product.

This study is also one of the few studies of mobile mental health
interventions that points to the challenges during the co-design
process of balancing user needs and perspectives with project
resources, feasibility, and risk [38,39]. In future studies, it may
be valuable for other researchers to also discuss the
consequences when co-design suggestions cannot be
implemented. Likewise, it can be useful to learn about the
complex decision-making process that developers undergo when
choosing what features to include or exclude. Doing so could
identify areas of caution and guide other mobile mental health
app developers.

Comparison With Mobile Mental Health Assessment
Frameworks
Mobile mental health assessment frameworks, such as those
developed by Chan et al [40], Zelmer et al [41], and Stoyanov
et al [42], help researchers evaluate apps and guide developers
in building high-quality, safe, and effective tools. These
frameworks describe key considerations, including fit to target
group, functionality, information quality, integration,
user-centeredness, usefulness, usability, security, and
transparency [40-42]. Although the frameworks are useful
guidelines, it is unclear how much engagement with the
technology will change when the framework criteria are satisfied
[40-42]. The findings of this study provide preliminary
indications, given the similarities between several criteria in
the 3 frameworks cited above and the themes developed in this
study. For example, functionality and usability criteria, which
refer to an app’s performance, reliability, and ease of use, are
similar to the themes that emerged in this study that relate to
user experience and willingness to use Thought Spot [40-42].
Likewise, framework criteria about fit to target group,
information quality, and usefulness are reflected in this study’s
theme that links engagement with the provision of app content
that is detailed, inclusive, and relevant [40-42]. These
complementary findings indicate that content and usability
improve engagement, but further investigation is required to
measure the impact.

Findings from this study suggest that some participants prioritize
usefulness over the user experience. However, the assessment
frameworks described above do not rank the importance of each
criterion [40-42]. It may be useful for future studies to explore
the relative impact that each criterion has on engagement. That
knowledge could help app developers determine what features
or functions to prioritize to maximize adoption and engagement.
Moreover, incorporating this information into existing
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assessment frameworks could increase their practical value in
guiding the development of projects with limited resources and
time constraints, such as Thought Spot and many publicly
funded co-designed projects [39].

It is important to note that sustained usage is not guaranteed
even if all framework criteria are satisfied. For example, in our
study, some students used Thought Spot only during times of
pressing need, which could result in infrequent and sparse
engagement, regardless of the quality or usefulness of the app.
This behavior suggests that user engagement is context
dependent, and that an app can be useful despite low engagement
with it.

Limitations
This study had several limitations. Because of purposeful
sampling, the participants may not be representative of all users
in the RCT. In addition, the study did not factor mental illness
diagnoses into the recruitment strategy or thematic analysis,
which means that we may not have captured the perspectives
of students who are in greatest need of mental health support.
During the recruitment process, the research team was not able
to engage students who did not use the app, so our analysis did
not include feedback from the most disengaged and disinterested
students. Lastly, the findings may not be fully generalizable to
mental health solutions with different functions. For example,
Thought Spot functions primarily as a stand-alone app to assist

with finding and navigating to mental health resources, but the
factors that encourage engagement with it may differ from the
factors that encourage engagement with an app that involves
direct communication with a mental health professional (eg,
cognitive behavioral therapy or counseling apps).

Conclusions
This study demonstrates that content, usability,
user-centeredness, and peer-to-peer communication are
determinants of engagement with apps such as Thought Spot
among postsecondary students. Failing to meet participants’
expectations on these dimensions led to disengagement with
the app. The findings highlight the challenges of balancing user
needs and perspectives with project resources, feasibility, and
risk during the co-design process, as well as the difficulty in
predicting which app features will be successful, even after a
thorough co-design process. The findings of this study support
criteria for engagement proposed in several mobile mental health
assessment frameworks. However, neither this study nor existing
theoretical frameworks have determined whether certain criteria
have a greater impact on engagement than others. Future studies
that measure the relative importance of each criterion for user
engagement would yield insights that could help app developers
prioritize certain features or functions, creating interventions
with greater engagement and that reflect what students want
and need when they are seeking mental health support.
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Abstract

Background: Although it has been well demonstrated that the efficacy of virtual reality therapy for social anxiety disorder is
comparable to that of traditional cognitive behavioral therapy, little is known about the effect of virtual reality on pathological
self-referential processes in individuals with social anxiety disorder.

Objective: We aimed to determine changes in self-referential processing and their neural mechanisms following virtual reality
treatment.

Methods: We recruited participants with and without a primary diagnosis of social anxiety disorder to undergo clinical assessments
(Social Phobia Scale and Post-Event Rumination Scale) and functional magnetic resonance imaging (fMRI) scans. Participants
with social anxiety disorder received virtual reality–based exposure treatment for 6 sessions starting immediately after baseline
testing. After the sixth session, participants with social anxiety disorder completed follow-up scans during which they were asked
to judge whether a series of words (positive, negative, neutral) was relevant to them.

Results: Of 25 individuals with social anxiety disorder who participated in the study, 21 completed the sessions and follow-up;
22 control individuals also participated. There were no significant differences in age (P=.36), sex (P=.71), or handedness (P=.51)
between the groups. Whole-brain analysis revealed that participants in the social anxiety disorder group had increased neural
responses during positive self-referential processing in the medial temporal and frontal cortexes compared with those in the
control group. Participants in the social anxiety disorder group also showed increased left insular activation and decreased right
middle frontal gyrus activation during negative self-referential processing. After undergoing virtual reality–based therapy, overall
symptoms of the participants with social anxiety disorder were reduced, and these participants exhibited greater activity in a brain
regions responsible for self-referential and autobiographical memory processes while viewing positive words during postintervention
fMRI scans. Interestingly, the greater the blood oxygen level dependent changes related to positive self-referential processing,
the lower the tendency to ruminate on the negative events and the lower the social anxiety following the virtual reality session.
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Compared with that at baseline, higher activation was also found within broad somatosensory areas in individuals with social
anxiety disorder during negative self-referential processing following virtual reality therapy.

Conclusions: These fMRI findings might reflect the enhanced physiological and cognitive processing in individuals with social
anxiety disorder in response to self-referential information. They also provide neural evidence of the effect of virtual reality
exposure therapy on social anxiety and self-derogation.

(JMIR Ment Health 2021;8(4):e25731)   doi:10.2196/25731
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Introduction

Social anxiety disorder (also known as social phobia) is
characterized by a persistent fear of social situations in which
the person would be exposed to possible scrutiny by others [1],
with a lifetime prevalence of 2% to 7% in adults and a
prevalence up to 25% in university students [2]. Individuals
who have social anxiety disorder are typically hypervigilant for
real or imagined feedback and more likely to rely on safety
behaviors, aiming to avoid any stimuli or events that could
trigger their social anxiety [3,4].

An elaborate cognitive–behavioral model proposed that
pathological self-referential processing is an important factor
in the developing and continuing to experience social anxiety
disorder [5]. Increased activity in cortical midline structures
(eg, medial prefrontal cortex, posterior cingulate cortex) and
limbic areas (eg, amygdala, anterior cingulate cortex, insula)
has been linked to biased self-referential processing [5,6] in
social anxiety disorder. Altered activation in these brain areas
is also correlated with abnormal self-focused attention [7], which
includes socially anxious individuals’ fear of being evaluated
[8].

Interestingly, individuals with social anxiety disorder seem to
be vulnerable to any type of evaluation toward them. That is,
they are sensitive to potential negative evaluations from others
(fear of negative evaluation), but also, positive evaluations from
others [9] given that a positive social reputation inevitably
elevates the individual’s social status, which brings more
scrutiny. Empirical evidence indicates that receiving positive
social feedback is a horrific experience for patients with social
anxiety disorder [10,11]. In addition, it has been shown that the
higher the fear of positive evaluation, the higher the social
anxiety and discomfort and the lower the assertiveness and
perceived accuracy of the feedback [10,12]. Findings on the
fear of evaluation in social anxiety disorder have been paralleled
by a growing interest in their neurophysiological mechanisms.
Previous studies [12] have suggested that aberrant neural activity
may exists when individuals with social anxiety disorder receive
feedback. Research using positive referential processing has
also shown higher activation in bilateral medial prefrontal and
inferior frontal cortices, fusiform gyrus, thalamus, left posterior
superior temporal gyrus [13], and left posterior insula [14] in
social anxiety disorder.

Unfortunately, social anxiety disorder affects self-concept and
individual performance directly and long-term [15,16].
Therefore, timely diagnosis and intervention are necessary for

those affected by social anxiety disorder. A large body of
literature has shown that psychoeducation, imaginal and in vivo
exposure, and assertive training can reduce social anxiety
symptoms and hyperactivation in brain areas in social anxiety
disorder [17-19]; however, a majority of individuals do not
place social phobia as a priority for treatment, as they become
distracted by other coexisting diseases or regard their symptoms
as an inherited temperament such as shyness [20].

In recent years, virtual reality (VR) therapeutics, developed to
overcome restricted accessibility to conventional
psychotherapies, have been widely used as a valid and effective
platform for patients with social anxiety disorder to learn
evidence-based coping skills [21,22]. Meta-analyses [23,24]
have shown a large effect size of VR exposure therapy for social
anxiety disorder and performance anxiety; however, the extent
of the effectiveness of social anxiety disorder–specific VR
therapies on self-referential processing remains an open research
question. Moreover, neurobiological evidence regarding
VR-based interventions for social anxiety disorder is still
lacking.

In this study, we aimed to assess positive and negative
self-referential processing in individuals diagnosed with social
anxiety disorder and to explore the effects of VR therapy on
neural substrates related to self-referential processing. First, we
hypothesized that alterations in self-referencing occur in social
anxiety disorder. Second, we speculated that neuronal changes
in certain brain regions occur during self-referential processing
in individuals with social anxiety disorder who have undergone
VR therapy. To assess this, we used VR therapy [25], an
alternative to exposure therapy for individuals with social
anxiety disorder that provides psychoeducational intervention
tailored to social anxiety symptoms. In short, we expected to
provide neural evidence of the efficacy and applicability of a
VR-based therapeutic approach to alter self-referential
processing in individuals with social anxiety disorder.

Methods

Recruitment
We recruited individuals with and without social anxiety
disorder via advertisements posted online (eg, forums, social
media, and a website). Participants with social anxiety disorder
were eligible if they met the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition criteria for social anxiety
disorder, which was assessed with the Mini-International
Neuropsychiatric Interview [26], and if they had a score ≥82
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on the Korean version of the Social Avoidance and Distress
Scale.

The exclusion criteria for all participants were (1) having a
lifetime or current mental illness or neurological disorder that
might elicit severe side effects from a VR experience (eg,
schizophrenia spectrum disorder, bipolar disorder, posttraumatic
stress disorder, panic disorder, substance use disorders, autism
spectrum disorder, epilepsy, traumatic brain injury, suicide
attempts); (2) having an intellectual disability (IQ <70; estimated
with the short version of the Korean Wechsler Adult Intelligence
Test Fourth Edition [27]); and (3) receiving psychotropic
medication or psychotherapy at the time of research enrollment.

After they had been given a detailed explanation of the study,
all participants provided written consent and completed MRI
scanning safety eligibility screen.

VR-Based Psychotherapy

Composition and Contents of the Participatory VR
Therapy Program
Individuals diagnosed with social anxiety disorder were asked
to participate in the VR therapy program developed and verified
by the authors [25]. Two psychiatrists and two licensed
psychologists performed collaborative work to develop a
social-anxiety scenario (during a team meeting in class), and
the Art & Technology Lab at the Korean National University
of Arts designed VR environments using the Unity game engine
(Unity Technologies). Motion capture was conducted using
Sensor Suite (Rokoko Electronics) for VR character animation,
and voice acting was performed by 4 actors from Korean
National University of Arts drama school. In our previous work
[25], we proved that our participatory and interactive VR
intervention had significant beneficial effects on depression,
anxiety, shame, rumination, and social phobia.

The participatory VR intervention for social anxiety symptoms
consisted of 3 stages (introduction, core, and finishing) and was
divided into 3 levels of difficulty (easy, medium, and difficult).
All participants used a VIVE (HTC Corporation) VR headset,
and the participants’ heart rates, skin galvanic response, and
eye movements were measured during the VR experience.

In the introduction stage, the participants were invited to choose
their avatar to learn how to use VR, calm their minds, and help
them adapt to VR during the meditation-based warm-up. A
voice guide was provided to help the participants relax and
breathe while observing trees gently shaking to calm their minds.
Through this, the participants not only adapted to the VR system
but also moved to the next stage in a stable state of mind. The
introduction stage was configured to take approximately 5
minutes.

The core stage was designed to provide a solution to individuals’
exposure and participation in social anxiety situations by
providing them with a VR environment in which a college
student group was meeting for the first time to discuss an
assigned task and introduce themselves. In the virtual setting,
7 to 8 nonplayer characters introduced themselves then the
participants with social anxiety disorder were asked to introduce
themselves. At the easy level, each participant took turns

introducing themselves in a normal and calm manner, starting
with the nonplayer characters. In the difficult situation of
encountering an unfavorable reaction from nonplayer characters,
the nonplayer characters became increasingly distracted while
listening to the participant’s self-introduction, making more
small talk among themselves, concentrating harder on other
tasks, or staring intently at each other. The medium level
consisted of distractions between the easy and difficult levels.
The core stage was configured to take approximately 7 to 8
minutes.

In the finishing stage, the participant, as in the introduction
stage, once again experienced meditation-based VR that calmed
the mind while observing a gently shaking tree and controlling
their breathing. The VR program ended by providing general
cognitive and behavioral psychoeducation for social anxiety
disorder in both voice and text form via the VR system. The
final stage was configured to take approximately 3 minutes.

Number of Participatory VR Solution Sessions and Rules
All participants were asked to complete a total of 6 VR sessions,
each consisting of the 3 stages. In one visit, each participant
could complete up to 2 VR sessions as long as the participant
took at least a 2-hour break between sessions. All participants
started at the easy VR level. From the second session onward,
the participants were asked to select the level of difficulty they
desired. The difficulty level was increased, maintained, or
decreased at the participant's request to provide an
individual-tailored intervention. The researchers stayed with
the participants throughout the VR sessions to address
emergencies such as extreme anxiety or panic attacks.

Experimental Procedure

Overview
All participants underwent fMRI while performing a
self-referential processing task and completing self-report
questionnaires, including the Korean version of the Social
Phobia Scale (SPS) (H. Kim, unpublished) and Post-Event
Rumination Scale (PERS) [28]. The participants with social
anxiety disorder underwent fMRI and assessments before and
after treatment, while the control participants underwent fMRI
only once. The recommended sample size for a task fMRI is
20; our sample size (n=25 in the social anxiety disorder group
at baseline, n=21 in the social anxiety disorder group at
follow-up) seemed to have adequate statistical power [29]. The
study was approved by the institutional review board of Korea
University Anam Hospital in accordance with the Declaration
of Helsinki. This study was registered (Clinical Research
Information Service KCT0003854).

fMRI Experimental Task
A revised version of the Personal Relevance Rating Task
(PRRT) was used for the fMRI task [30]. The task consisted of
2 runs with a duration of 9 minutes 22 seconds per run, and
each run included 40 trials (yielding a total of 80 trials). Each
stimulus word was projected onto an angled mirror mounted
on the head coil for 2 seconds using E-prime software
(Psychology Software Tools). Between experimental stimuli,
a mask (row of X's; 10.8 seconds) and a fixation cue (1 second;
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row of X's with prongs around the center X) were presented.
The order of presentation of all stimuli was counterbalanced.

To build the set of stimuli, we selected 10 positive words, 10
negative words, and 20 neutral words for the experiment,
balanced for arousal level, emotional valence, and word length.
In addition to the normed emotional adjectives, 10 positive
words and 10 negative words generated by the participants were
added to the word list for the fMRI PRRT task. The instructions
were as follows: “Generate ten positive words that best represent
your strengths” and “Generate ten negative words that best
represent your weaknesses.” All of these words in both normed
stimuli (10 positive, 10 negative, 20 neutral words) and
participant-generated stimuli (10 positive, 10 negative words)
were selected from the Korean emotion words list [31].

During the fMRI, participants were instructed to make a
judgment on each word as soon as possible by pressing the
buttons for “not relevant to me,” “somewhat relevant to me,”
or “relevant to me” after the word projected. Prior to the scan,
participants completed a practice session to ensure that they
understood the task. All responses and reaction times were
recorded.

Image Acquisition and Analysis
Neuroimaging was performed using an MRI machine (3T
Siemens Tim trio) equipped with a 12-channel head coil at the
Brain Imaging Center, Korea University. Axial T2*-weighted
images (echo time 26 ms, repetition time 2000 ms, flip angle
80°, field of view 210 mm, voxel size 2.5×2.5×3.4, slice
thickness 3.4 mm, matrix size 84×84). A single functional run
consisted of 278 volumes with 37 sequential axial slices each.
In addition, structural T1-weighted images (208 slices; echo
time 1.89 ms, repetition time 1670 ms, flip angle 9°, field of
view 250 mm, matrix size 256×256) were also obtained to aid
with spatial normalization.

Anatomic T1 and functional T2* images were analyzed with
Statistical Parametric Mapping software (version 12; Welcome
Department of Cognitive Neurology). The echo-planar images
were corrected for slice acquisition time and realigned to correct
for rigid body transformation, then the individual's anatomic
image was coregistered to the mean functional image. The
echo-planar images were subsequently normalized using
nonlinear transformation parameters obtained by registering
individual T1-weighted images to the Montreal Neurological

Institute template [32] and smoothed with an isotropic 6-mm3

full-width-at-half-maximum Gaussian kernel.

Statistical Analysis
We compared the baseline for demographic measures of each
group using independent t tests (sex and handedness) or
chi-square tests (age and education). Distributions for all clinical
variables were analyzed for normality, skewness, and kurtosis
prior to comparative analysis. We compared the baseline
measurements of each group using parametric and nonparametric
analysis as appropriate. Normally distributed variables (negative
PERS score) were analyzed employing an analysis of variance
(ANOVA), while variables found to have skewed distributions
(SPS, positive PERS scores) were analyzed using

Mann–Whitney U tests. We also conducted a multivariate
analysis of variance (MANOVA) to compare behavioral data
between groups. For within-group analysis, ANOVA was used
for normally distributed SPS scores to identify differences
between baseline and follow-up. Both positive and negative
PERS scores before and after the intervention were compared
using the Wilcoxon signed-rank test. A repeated measures
ANOVA with time (baseline vs follow-up) and valence
(positive, negative, neutral) as within-subject factors was used
to evaluate changes in behavioral outcomes for participants with
social anxiety disorder. To identify the brain regions responsible
for positive and negative self-referential processing, first-level
contrast images were created using the difference between the
blood oxygen level-dependent (BOLD) signals recorded during
each condition (positive-word images>neutral-word images;
negative-word images>neutral-word images). At the second
level, we conducted whole-brain analysis to assess which
specific brain regions were sensitive to the conditions between
the social anxiety disorder and control groups. Two-sample t
tests were used to reveal group-related differences in brain
activity between the social anxiety disorder and control groups.
A paired t test was also used to estimate the main effect of the
intervention for each condition between baseline and follow-up
in the social anxiety disorder group. In the whole-brain analysis,
significant activations were reported with an uncorrected
threshold of P<.001 and a cluster extent threshold of k≥20 voxels
(equivalent to t=3.55), which is recommended to minimize the
risk of type I (false-positive) errors [33,34]. This threshold is
stricter than the uncorrected P<.005, k≥20 voxel threshold,
which is equivalent to a false discovery rate of .05 [35].

In social anxiety disorder group, the correlations between the
percentage signal intensity changes following VR therapy
sessions and clinical symptom scores were evaluated using the
Spearman correlation coefficient. Statistical analysis of the
demographic and clinical data was performed using SPSS
Statistics (version 23.0; IBM Corp).

Results

Recruitment, Enrollment, and Completion
We initially recruited and enrolled 40 individuals with social
anxiety disorder and 33 individuals for the control group who
had no other neurological or psychiatric diagnoses; however,
from the initial 73 individuals, 23 participants (social anxiety
disorder: n=12; control: n=11) were excluded because of missing
data (n=14), excessive head motion (n=6), or poor fMRI task
performance due to loss of concentration, fatigue, or dizziness
(n =3). Data from 4 additional participants were discarded due
to head motion (n=1) and declined to be scanned (n=3) at the
time of follow-up, and 3 participants with social anxiety disorder
dropped out during the study prior completing all 6 sessions.
Thus, the data from 25 individuals (15 women) with a primary
diagnosis of social anxiety disorder and 22 controls (12 women)
were used in the baseline analysis (Table 1), and there were no
group differences in age, sex, or handedness. In addition, among
the 25 individuals with social anxiety disorder, 21 participants
completed the VR session and postintervention assessments.
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Table 1. Sample characteristics and behavioral data.

P valueTest statisticControls (n=22)Social anxiety disorder (n=25)Characteristic

.710.14 (1)aSex, n

1215Male

1010Female

.36–0.92 (45)b23.95 (3.50)23.04 (3.35)Age (years), mean (SD)

.511.36 (2)aHandedness, n

10Left

2023Right

12Both

.19–1.34 (45)b15.09 (1.88)14.44 (1.45)Education (years), mean (SD)

<.001–5.67c6.05 (5.26)32.52 (13.17)Social Phobia Scale, mean (SD)

<.00179.92 (1,45)e8.18 (6.23)32.24 (11.18)Negative PERSd, mean (SD)

<.0014.28c26.64 (9.44)13.84 (5.41)Positive PERSd, mean (SD)

Personal Relevance Rating Task, mean (SD)

Personal relevance rating

<.00114.23 (.24)f2.52 (.41)1.97 (.57)Positive

.035.11 (.10)f1.80 (.35)2.01 (.30)Neutral

<.00122.53 (.33)f1.61 (.48)2.24 (.42)Negative

Reaction time (milliseconds)

.102.78 (.06)f1174.8 (761.4)1567.5 (842.7)Positive

.102.75 (.06)f1270.2 (547.3)1601.7 (784.9)Neutral

.073.49 (.07)f1187.0 (549.0)1539.8 (720.0)Negative

aChi square (df).
bt test statistic (df).
cMann–Whitney U test Z statistic.
dPERS: Post-Event Rumination Scale. Task response ratings were scored on a 3-point Likert scale (1=not relevant; 2=somewhat relevant; 3=relevant).
eF(df1,df2).
fF(η2

p).

Full Sample Description at Baseline

Demographic and Clinical Characteristics
Demographics did not differ significantly between the 2 groups
(sex, P=.71; age, P=.36; handedness, P=.51; education, P=.19),
but compared with the controls, individuals with social anxiety
disorder had higher SPS (Mann–Whitney U test: Z=−5.67,
P<.001, r=−.83) and negative PERS (F1,47=79.92, P<.001,

η2
p=.64) scores as well as lower positive PERS scores

(Mann–Whitney U test: Z=4.28, P<.001, r=−.63) (Table 1).

Behavioral Outcomes
Statistically significant multivariate effects were found between
the social anxiety disorder and control groups for the response
ratings and reaction times for words of every valence (positive,
neutral, and negative) (Wilks lambda=.58, F3,43=10.41, P<.001,

η2
p=.42). Participants who were highly socially anxious rated

positive words as less (F1,45=14.23, P<.001, η2
p=.24) and

negative words as more personally relevant (F1,45=22.53,

P<.001, η2
p=.33) than controls did. There were no significant

group differences in reaction time for any valence (Wilks

lambda=.93, F3,43=1.11, P=.36, η2
p=.07) (Table 1).

Neural Correlates of Positive and Negative
Self-Referential Processing at Baseline
In the whole-brain analysis, compared with the controls, the
social anxiety disorder group showed increased activation of
the bilateral inferior frontal gyrus and left middle temporal gyrus
during positive self-referential processing (positive-word
images>neutral-word images). In individuals with social anxiety
disorder, there was also increased left insula activation and
decreased right middle frontal gyrus activation in response to
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negative self-referential processing (negative-word images>neutral-word images) (Figure 1 and Table 2).

Figure 1. (A) Statistical parametric map showing activation differences between the social anxiety disorder and control groups during positive
self-referential processing. (B) Statistical parametric map showing activations associated with negative self-referential processing. HC: healthy control;
IFG: inferior frontal gyrus; MFG: middle frontal gyrus; MTG: middle temporal gyrus; Neg: negative words; Neu: neutral words; Pos: positive words;
SAD: social anxiety disorder. The color bar depicts Z values.

Table 2. Brain regions showing group differences in response to self-referential processing.

Social anxiety disorder with respect to controlStatisticaCoordinateValence and region

Z maxkzyx

Positive>neutral words

Inferior frontal gyrus

Greater activation4.095383448Right pars triangularis

Greater activation3.8049438–48Left pars triangularis

Greater activation3.52240–28–48Left middle temporal gyrus

Negative>neutral words

Greater activation3.662314–16–36Left insula

Less activation4.0541461422Right middle frontal gyrus

at≥ 3.28, df=[1.0, 45.0].

VR-Based Treatment Responses in Social Anxiety
Disorder

Behavioral Outcomes
Repeated measures ANOVA for the response ratings and
reaction times in the social anxiety disorder group (n=21)

showed marginally significant changes in the ratings for the

positive words (F1,19=3.85, P=.06, η2
p=.16) and negative words

(F1,19=3.77, P=.07, η2
p=.16). No statistically significant changes

were found for reaction times before and after VR treatment
(Table 3).
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Table 3. Changes in clinical symptoms and behavior performance of participants with social anxiety disorder following VR therapy.

P valueTest statisticFollow-up (n=21)Baseline (n=21)

.0059.83 (1,20)a23.52 (12.34)30.86 (13.34)Social Phobia Scale, mean (SD)

<.001–3.32c21.19 (11.62)31.95 (11.66)Negative PERSb, mean (SD)

.75.32c14.62 (7.61)13.86 (5.12)Positive PERSb, mean (SD)

Personal Relevance Rating Task, mean (SD)

Personal relevance rating

.063.85 (.16)d2.17 (.61)1.93 (.60)Positive

.291.18 (.06)d2.05 (.30)1.98 (.28)Neutral

.073.77 (.16)d2.01 (.42)2.18 (.41)Negative

Reaction time (milliseconds)

.162.10 (.10)d1333.7 (458.3)1594.0 (894.8)Positive

.301.15 (.05)d1469.1 (661.0)1677.0 (823.0)Neutral

.171.99 (.09)d1369.7 (577.9)1599.7 (743.0)Negative

aF(df1,df2).
bPERS: Post-Event Rumination Scale. Task response ratings were scored on a 3-point (1 to 3) Likert scale.
cWilcoxon signed-rank test Z statistic.
dF(η2

p).

Changes in Clinical Symptom Severity in Social Anxiety
Disorder
The SPS and negative PERS scores of the social anxiety disorder

group decreased remarkably (F1,20=9.83, P=.005, η2
p=.33;

Wilcoxon signed-rank test: Z=–3.32, P<.001, r=.51,
respectively) following VR therapy. There were no significant
changes in positive PERS scores between baseline and follow-up
(P=.75) (Table 3).

Changes in Neural Response to Self-Referential
Processing in Social Anxiety Disorder
The social anxiety disorder group had significantly increased
activation of positive self-referential stimuli (positive>neutral)
in the right posterior cingulate cortex/precuneus, lingual gyrus,
left inferior temporal gyrus, precentral gyrus, and postcentral
gyrus after treatment. Moreover, increased activation was found
during negative self-referential processing (negative>neutral)
in the left middle occipital gyrus, parahippocampus, left
Rolandic operculum, left superior frontal gyrus, and left caudate
nucleus (Figure 2, Table 4) at follow-up compared with that at
baseline.

Figure 2. Changes in neural responses during (A) positive self-referential processing and (B) negative self-referential processing among individuals
with social anxiety disorder. ITG: inferior temporal gyrus; LG: lingual gyrus; MOG: middle occipital gyrus; Neg: negative words; Neu: neutral words;
Pos: positive words; PCC: posterior cingulate cortex; RO: Rolandic operculum; SFG: superior frontal gyrus. The color bar depicts Z values.
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Table 4. Brain regions exhibiting significant changes in self-referential processing in social anxiety disorder following VR therapy.

Follow-up with respect to baselineStatisticaCoordinateValence and region

Z maxkZYX

Positive>neutral words

Greater activation4.384818–3812Right posterior cingulate cortex/precuneus

Greater activation3.452212–4826Right posterior cingulate cortex/precuneus

Lingual gyrus

Greater activation4.2757–10–54–12Left lingual gyrus

Greater activation3.9664–2–506Right lingual gyrus

Greater activation4.1321–24–50–46Left inferior temporal gyrus

Postcentral gyrus

Greater activation4.032038–12–44Left postcentral gyrus

Greater activation4.026950–2834Right postcentral gyrus

Greater activation3.812548–1452Right precentral gyrus

Negative>neutral words

Greater activation4.407716–64–30Left middle occipital gyrus

Parahippocampus

Greater activation4.1761–12–36–18Left parahippocampus

Greater activation4.1021–4–4216Right parahippocampus

Greater activation3.954518–36–24Left Rolandic operculum

Greater activation3.88235218–20Left superior frontal gyrus

Greater activation3.8437–8120Left caudate nucleus

at≥3.55, df=[1.0, 20.0].

Correlation Analyses Between Neural Changes During
Self-Referential Processing and Clinical Measures in
Social Anxiety Disorder Following VR Therapy
Changes in lingual gyrus activation associated with positive
self-referential processing were related to alleviated social
anxiety (SPS, Spearman ρ=–.52, P=.02) and decreased
rumination on the negative events (negative PERS, Spearman
ρ=–.61, P=.005) in the postintervention sessions. In addition,
mean percentage BOLD signal changes in regions revealing
significant changes following the VR intervention were not
correlated with either positive PERS score at follow-up or the
other symptom change rates in social anxiety disorder.

Discussion

General
Over the past decade, great endeavors have been made to
provide VR-based therapeutic interventions for social anxiety
disorder [36]. Individuals with social anxiety disorder
continuously allocate their attentional resources to their
self-evaluation and self-referential processing. Such cognitive
processes can interfere with accurate perception and
interpretation of the self and the social environment [37]. These
individuals’ excessive self-focused attention will eventually
become impediments to social and professional achievements
[38]. We aimed to demonstrate the neural correlates of

self-referential processing in social anxiety disorder and the
changes in brain activations following VR-based therapy, one
of the promising interventions for social anxiety. The results
demonstrated that individuals diagnosed with social anxiety
disorder showed increased neural activity in response to both
positive and negative self-referential stimuli. We also found
that VR therapy alleviated anxiety symptoms and enhanced
neural activity across a wide range of brain areas, including the
frontal, temporal, and occipital regions, of individuals with
social anxiety disorder. In particular, the SPS scores decreased
significantly below the range of severe social anxiety (from
mean 30.86, SD 13.34 at baseline to mean 23.52, SD 12.34 at
follow-up; the clinical cutoff score for severe social anxiety is
24 [39]). In the correlation analyses, those who showed greater
functional changes in the lingual gyrus during positive
self-referential processing were observed to have less social
anxiety and less engagement in negative rumination in the
postintervention sessions. Our results might provide several
insights regarding self-referential processing in social anxiety
disorder in light of the legacy accumulated by brain imaging
studies.

Increased Brain Activity During Self-Referential
Processing
Group differences in neural areas recruited during the
presentation of emotional self-referential stimuli were found.
Many more areas, including the bilateral inferior frontal gyrus
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and left middle temporal gyrus, were recruited during positive
word processing (positive>neutral) than during negative
self-referential word processing in social anxiety disorder. An
increasing number of studies have proposed the fear of positive
evaluation in social anxiety in addition to the fear of negative
evaluation [10,40]. The increased inferior frontal gyrus and
middle temporal gyrus activation reported herein further support
previous findings that both regions are responsible for the
down-regulation of socially driven emotions [41]. In particular,
the left inferior frontal gyrus is well-known to be related to high
selection demand among competing alternatives [42] as well
as to self-referential processing [43]. This may indicate the
possibility that the processing of positive self-referential
information is a demanding task for socially anxious individuals.

Additionally, as hypothesized, negative self-referential
processing (negative>neutral) was associated with stronger
activation of the left insula in social anxiety disorder. This
hyperactivation seems to reflect the aversive response or
hypervigilance to negative self-referential stimuli [44-46].

VR Therapy

Changes in Neural Responses to Positive Words
Another overarching aim of this fMRI study was to identify
neural changes associated with self-referential processing as
well as anxiety symptom reduction in social anxiety disorder
following VR therapy designed to teach self-assertiveness.
Because the control group did not participate in the therapy
sessions, it cannot be decisively stated that the fMRI data
obtained were the direct results of the VR therapy intervention.
What is clear, however, is that there were significant changes
in brain activity during positive self-referencing processing in
the social anxiety disorder group who completed the VR
sessions. That is, the participants showed not only significant
reductions in social anxiety disorder symptoms but also neural
changes in the right posterior cingulate cortex/precuneus, lingual
gyrus, left inferior temporal gyrus, postcentral gyrus, and right
precentral gyrus during positive self-referential processing after
VR therapy.

We found increased activity in the posterior cingulate
cortex/precuneus of individuals with social anxiety disorder.
These cortical regions, along with the precentral gyrus, exhibit
enhanced activation during the processing of positive
self-referential stimuli in healthy volunteers [30]. The posterior
cingulate cortex/precuneus also plays a crucial role in integrating
autobiographical information regarding the self [47].
Interestingly, a recent finding from experimental research
suggested that social anxiety relates to impaired memory for
social scenarios that ended with positive outcomes [48].
Altogether, our results may reflect increased cognitive efforts
to access autobiographical memory while processing positive
self-referential information in social anxiety disorder. This result
needs to be further studied using an autobiographical memory
task and comparison with a control group.

After VR therapy, the activation of the lingual gyrus and inferior
temporal gyrus during positive self-referential processing also
increased. According to previous studies [49,50] using healthy
populations, stronger activations of the lingual gyrus, inferior

temporal gyrus, and posterior cingulate cortex are closely related
to self-referential processing. Intriguingly, the greater the change
in lingual gyrus activation while processing positive
self-referential information, the lower the tendency to ruminate
on negative life events and the lower the social anxiety levels
following the VR intervention session. Additionally, the inferior
temporal gyrus has been reported to play an important role,
along with the posterior cingulate cortex, in judging whether a
series of stimuli is self-related [51]. Therefore, increased BOLD
signals in these cortical regions may reflect the facilitative effect
of VR therapy on the process by which the individuals with
social anxiety disorder accept the positive-valence words as
being relevant to them.

The precentral and postcentral gyri also showed increased
activation during positive self-referential processing in
individuals with social anxiety disorder upon completing the
VR sessions. A similar brain activation pattern was observed
in individuals with anxiety disorders who used cognitive
reappraisal [52]. We conjecture that activation in the postcentral
gyrus represent the therapeutic effects of the social
anxiety–focused VR program. Further research is needed to
investigate whether the therapeutic effect of our VR program
could be extended to individuals with other clinical conditions
that exhibit reduced postcentral gyrus activity, such as those
with a generalized anxiety disorder [53] or a history of childhood
abuse [54].

Changes in Neural Responses to Negative Words
Participants with social anxiety disorder exhibited greater
activation in cortical and subcortical regions, which are known
to be involved in somatosensory integration, during the
processing of negative self-referential stimuli after VR therapy
than at baseline. Similar findings were reported from an fMRI
study [19,55] showing the neural mechanisms of the cognitive
reappraisal of negative self-beliefs in individuals diagnosed
with social anxiety disorder; in particular, the participants with
social anxiety disorder demonstrated greater cognitive and
somatosensory brain responses while reappraising negative
self-beliefs. The most recent study using healthy adults [56]
showed that cognitive bias modification for interpretation
resulted in significantly greater activations of the somatomotor
and somatosensory areas and occipital lobe. Our results may
suggest that the VR-based therapy facilitated the perceptual or
sensory-motor processing of negative self-referential stimuli in
individuals with social anxiety disorder who had been willing
to avoid negative feedback cues. Further research using a control
group is needed to explore whether such an enhancement of
brain activation can be linked to an approach-oriented strategy
with negative-valence stimuli in social anxiety disorder.

Limitations
Several limitations should be noted. First, the case-control study
using sham was not properly performed. Therefore, there is a
limitation in interpretation to determine the effect of VR therapy
through this study. Second, the lack of a direct comparison with
conventional face-to-face therapy should be considered when
interpreting these findings. A randomized controlled trial with
a larger sample size is necessary to confirm the benefits of this
VR therapy intervention on self-referential processing in social
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anxiety disorder. Finally, it should be noted that some our
showed patterns similar to those of previous studies of
depression [57]. In future research, a transdiagnostic approach
would be a reasonable way to explore a variety of diagnostic
criteria for other conditions.

Conclusions
The body of literature supporting the effect of VR-based therapy
for individuals with social anxiety disorder has been growing.
Our study showed inefficient neural activation in a wide range
of cortical regions, suggesting an increased predisposition for
excessive cognitive processing in response to self-referential
stimuli in social anxiety disorder. Following successful treatment
with a VR intervention, symptoms in individuals with social

anxiety disorder were reduced, which was demonstrated to be
related to brain activation changes. Enhanced activations were
also exhibited across brain regions that engage in self-image
construction, autobiographical memory processing, and sensory
information integration in healthy adults [30,47,56], indicating
that VR may modulate the neural mechanisms responsible for
self-reference. To our knowledge, this is the first neuroimaging
study to specify the changes in the psychophysiological
responses to self-referential information in social anxiety
disorder in response to VR therapy. We believe that our findings
may contribute to a better understanding of the therapeutic
effects of VR-based interventions, which could be included in
the routine treatment of social anxiety disorder.
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MANOVA: multivariate analysis of variance
MRI: magnetic resonance imaging
PERS: Post-Event Rumination Scale
PRRT: Personal Relevance Rating Task
SPS: Social Phobia Scale
VR: virtual reality
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Abstract

Background: Incomplete suicidality coding in administrative claims data is a known obstacle for observational studies. With
most of the negative outcomes missing from the data, it is challenging to assess the evidence on treatment strategies for the
prevention of self-harm in bipolar disorder (BD), including pharmacotherapy and psychotherapy. There are conflicting data from
studies on the drug-dependent risk of self-harm, and there is major uncertainty regarding the preventive effect of monotherapy
and drug combinations.

Objective: The aim of this study was to compare all commonly used BD pharmacotherapies, as well as psychotherapy for the
risk of self-harm, in a large population of commercially insured individuals, using self-harm imputation to overcome the known
limitations of this outcome being underrecorded within US electronic health care records.

Methods: The IBM MarketScan administrative claims database was used to compare self-harm risk in patients with BD following
65 drug regimens and drug-free periods. Probable but uncoded self-harm events were imputed via machine learning, with different
probability thresholds examined in a sensitivity analysis. Comparators included lithium, mood-stabilizing anticonvulsants (MSAs),
second-generation antipsychotics (SGAs), first-generation antipsychotics (FGAs), and five classes of antidepressants. Cox
regression models with time-varying covariates were built for individual treatment regimens and for any pharmacotherapy with
or without psychosocial interventions (“psychotherapy”).
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Results: Among 529,359 patients, 1.66% (n=8813 events) had imputed and/or coded self-harm following the exposure of
interest. A higher self-harm risk was observed during adolescence. After multiple testing adjustment (P≤.012), the following six
regimens had higher risk of self-harm than lithium: tri/tetracyclic antidepressants + SGA, FGA + MSA, FGA,
serotonin-norepinephrine reuptake inhibitor (SNRI) + SGA, lithium + MSA, and lithium + SGA (hazard ratios [HRs] 1.44-2.29),
and the following nine had lower risk: lamotrigine, valproate, risperidone, aripiprazole, SNRI, selective serotonin reuptake
inhibitor (SSRI), “no drug,” bupropion, and bupropion + SSRI (HRs 0.28-0.74). Psychotherapy alone (without medication) had

a lower self-harm risk than no treatment (HR 0.56, 95% CI 0.52-0.60; P=8.76×10-58). The sensitivity analysis showed that the
direction of drug-outcome associations did not change as a function of the self-harm probability threshold.

Conclusions: Our data support evidence on the effectiveness of antidepressants, MSAs, and psychotherapy for self-harm
prevention in BD.

Trial Registration: ClinicalTrials.gov NCT02893371; https://clinicaltrials.gov/ct2/show/NCT02893371

(JMIR Ment Health 2021;8(4):e24522)   doi:10.2196/24522
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Introduction

Self-harming behavior is a public and mental health concern of
increasing prevalence, which contributes to US hospitalization
rates, morbidity, and mortality due to completed suicides. There
is a clear temporal and causal link between self-injury and
suicide attempts, with both being part of a “suicidality” spectrum
and the former being a robust prospective predictor of the latter
[1]. In 2018, suicide was the 10th leading cause of death in the
general US population, reaching a rate of 14.2 per 100,000
standard population [2]. A previous study reported that the risk
ratio of suicide in mental disorders was as high as 7.5 (95% CI
6.6-8.6) and in mood disorders was even higher at 12.3 (95%
CI 8.9-17.1) [3]. A recent systematic review showed that bipolar
disorder (BD) may be associated with the highest suicide risk
among all psychiatric disorders, with over 15%-20% of deaths
attributed to suicide and the standardized suicide rate being 20
to 30-fold greater than in the general population (0.2-0.4 per
100 person-years) [4]. Another review found that up to 20% of
individuals with BD end their life by suicide and 20%-60%
attempt suicide at least once in their lifetime [5]. The reported
proportion of suicide attempts and completed suicides among
individuals with BD varies from 5:1 in males over 45 years to
85:1 in females under 30 years [6].

Since suicide is an extreme form of self-harming behavior,
proper recognition and management of patients presenting with
self-inflicted injury are of tremendous importance to prevent
lethal outcomes, especially among patients with mood disorders.
The factors affecting self-harm risk should be of particular
importance for studying suicidality, especially given that the
self-inflicted nature of physical trauma/poisoning is often hidden
owing to poor patient rapport, provider screening, and data
recording.

Incomplete suicidality coding in administrative claims data is
a known obstacle for observational studies. It was shown that
only 19% of suicide attempts mentioned in primary care clinical
notes were coded in International Classification of
Diseases-9-Clinical Modification (ICD-9-CM) [7]. Our data
from a large-scale observational study on imputing self-harm
phenotypes in individuals with major mental illness (MMI)

showed that only 1 in 19 self-harm events were coded in the
billing records [8]. In addition, a methodological challenge is
that ICD-9-CM coding does not robustly distinguish between
suicide attempts (implying a desire to die), self-inflicted injury
without suicidal intention, and suicide. While ICD-10-CM can
distinguish these, many suicide attempts will be classified only
under intentional self-harm. Given that all these acts are within
the spectrum of self-damaging behavior, we will refer to them
collectively as “self-harm.” Thus, we use
“self-harm”/“self-harming behavior” as the broadest term
covering all forms of self-damaging acts (not thoughts alone),
including not only suicide attempts, but also any intentional
harm regardless of intent to die. In contrasting this self-harm
study with the literature, we recognized that most of the latter
was focused more narrowly on attempted and/or completed
suicides.

With most of the negative outcomes missing from the data, it
is challenging to assess the evidence on treatment strategies for
the prevention of self-harm in BD, including pharmacotherapy
and psychotherapy. There are conflicting data from studies on
the drug-dependent risk of self-harm, and there is still major
uncertainty regarding the preventive effect of monotherapy and
drug combinations. The benefits of lowering suicidality risk
were reported for lithium [9], mood-stabilizing anticonvulsants
(MSAs) [10], antidepressants [11-13], and second-generation
antipsychotics (SGAs) [14] in the mentally ill population.
Several studies demonstrated the benefits of continuous MSA
use (either alone or as an adjunct) for suicide risk reduction
[15,16]. However, two recent meta-analyses showed no clear
benefits of lithium [17] or valproate [18] use for preventing
suicidality in patients with mood disorders. The STEP-BD study
failed to find any relationship between lithium, MSA, or
antipsychotic use and suicidality [19]. The US Food and Drug
Administration (FDA) issued warnings for increased suicidality
risk with antidepressants [20] and antiepileptic drugs [21].

Two recent meta-analyses showed that psychotherapy is
associated with a reduced risk of attempting suicide, but more
equivocal evidence on self-harm [22,23]; however, data on
psychotherapy-dependent self-harm in adults and subjects with
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BD are lacking. This provokes further questions on its relative
effectiveness when compared with BD medications.

The aim of this study was to provide a comprehensive
comparison of all commonly used BD pharmacotherapies, as
well as psychotherapy for the risk of self-harm in a large
population of commercially insured individuals, using self-harm
imputation to overcome the known limitations of this outcome
being underrecorded within US electronic health care record
systems.

Methods

A retrospective observational study was conducted using the
IBM MarketScan commercial claims and encounters (CCAE)
administrative claims data and MarketScan Medicare data on
1.3 million US inpatients and outpatients with BD for the years
2003 to 2016 [24]. The database contained records of provider
visits, diagnoses, procedures, outpatient prescription fills,
laboratory test orders (but not results), and patient age, sex, and
state of residence. The data handling was similar to that in our
previous studies on the drug-dependent risk of kidney disorders
and diabetes mellitus in BD [25,26], with the additional step of
combining data for patients who were covered in both the CCAE
and Medicare databases through their patient identifier. The
relevant PostgreSQL queries and source code for data
transformations and machine learning (ML) are available online
[27]. The study protocol was approved by the University of
New Mexico Human Research Review Committee (Institutional
Review Board number 16-243).

Given that the majority of suicide attempts and self-harm events
are not coded at the point of care, we employed ML to build a
classification model of self-harm being present or absent, based
on billing codes during emergency room (ER) or inpatient
provider visits. For that purpose, we constructed a “meta-visit”
by merging consecutive outpatient/inpatient/ER visits, with no
gaps between visits, which allowed us to capture the medical
activity associated with a given event that could have involved
multiple points of care. A self-harm phenotype was defined by
the presence during a meta-visit of one or more of the
ICD-10-CM codes or ICD-9-CM codes listed in Multimedia
Appendix 1. These encompass all codes for intentional self-harm
or suicide attempts by any means, including poisoning. If one
or more of these codes was present during a meta-visit, the
meta-visit was labeled as class 1; otherwise, it was labeled as
class 0.

Our earlier imputation model on over 10 million patients aged
≤65 years with MMI (schizophrenia, schizoaffective disorder,
BD, and major depressive disorder) from CCAE was validated
with several approaches, including via a clinician-derived “gold
standard,” and it identified 10.1 times more self-harm events
with probability over 0.5 than were originally coded or 19 times
more self-harm events based on summed probabilities [8]. In
this study, we applied the previously developed ML modeling
approach to an extended set of psychiatric patients of all ages,
including those in the CCAE and Medicare databases. We first
selected 11 million individuals with any MMI diagnosis

(635,722,756 meta-visits) and performed ML on a subset of
26,392,236 meta-visits in which an inpatient or ER visit was
present, using five-fold cross-validation. Covariates included
age, sex, start year of the meta-visit, and the presence/absence
of non–self-harm billing codes. ICD-9-CM and ICD-10-CM
diagnosis codes were mapped to their Systematized
Nomenclature of Medicine (SNOMED) equivalents (and all
ancestors thereof) using the Observational Medical Outcomes
Partnership (OMOP) vocabulary as of October 24, 2020 [28].
Procedure codes based on ICD-9-CM Volume 3 (ICD-9-CM
V3), ICD-10-Procedure Coding System (ICD-10-PCS), and
Current Procedural Technology, Fourth Edition (CPT-4) were
mapped to ICD-10-PCS concepts (and all ancestors thereof).
Overall, 190,919 covariates were added into the ML process
described previously [8]. A threshold probability over 0.5 from
the resulting cross-validated model estimates of self-harm was
chosen to label self-harm as “present” for our main model, but
sensitivity analyses were run for threshold probabilities greater
than 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 0.95, and only
coded self-harm (probability=1.0).

We then used the categorization of 26 million meta-visits to
assign whether or not self-harm occurred following treatment
exposure in a subset of 529,359 patients with two or more
diagnoses of BD and no other MMI, who satisfied our data
staging and inclusion/exclusion criteria (see below). Since there
are approximately 28 attempts for every suicide death [29] and
attempts are a subset of self-harm, selection of self-harm as the
outcome allowed us to greatly increase the power of our
subsequent comparative effectiveness study.

It should be noted that our ML approach was trained only on
meta-visits with an inpatient/ER component since there was a
negligible number of self-harm events coded during the purely
outpatient meta-visits (about 1 in 100,000).

The patient inclusion criterion was two or more
ICD-9-CM/ICD-10-CM diagnostic codes for BD (296.(0-1)*,
296.(4-8)*, F30*, or F31*) from 2003 to 2016. The exclusion
criterion was the diagnosis of major depressive disorder,
schizophrenia, or schizoaffective disorder at any time during
the observation period. The onset of intellectual disability,
autism spectrum disorder, mental illness of organic origin, or
Parkinson disease, and use of antidementia drugs after the index
exposure were considered as censoring events.

A patient was included in the analysis based on the following
first observed sequence of events (Figure 1): (1) A minimum
of 12 months of observation (used to compute pretreatment
covariates); (2) Index visit (meta-visit with at least one BD
diagnostic code); (3) Index exposure (the first day of exposure
[drug regimen or “no drug”] observable on the last day of the
index visit); (4) Time-varying drug exposure period (series of
time intervals in which distinct regimens [including “no drug”]
were prescribed); and (5) Outcomes of interest (the first
meta-visit with newly observed coded and/or imputed self-harm
and right censoring defined as any hospitalization/ER meta-visit
without coded and/or imputed self-harm, or the end of patient
observation).
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Figure 1. Prespecified sequence of events. (1) One year before the index exposure; (2) Index visit (any meta-visit with a diagnosis of bipolar disorder);
(3) Index exposure (the first day of exposure [drugs of interest or no drugs of interest] observable on the last day of the index visit); (4) Time-varying
drug exposure period (series of time intervals in which distinct regimens [including “no drug”] were prescribed); (5) Outcome (the first meta-visit with
coded and/or imputed self-harm or a censoring event).

The observation period ended for patients upon
self-harm–unrelated hospitalization/ER meta-visit, because data
on pharmacotherapy were not available during these types of
visits, making it challenging to quantify psychotropic treatment
time intervals. Additionally, hospitalization itself can affect the
risk of self-harm.

The start and stop times were recorded for each treatment
exposure period. Two Cox regression models for self-harm were
built. One model compared 64 pharmacotherapies (as well as
“no drug”) to lithium, and the other model compared any drug
(as a single category) with or without psychosocial interventions
to “no treatment” (neither pharmacotherapy nor psychosocial
interventions).

The idea to include “no drug” and “no treatment” in the list of
comparators in our study came from patients with BD who
participated in several focus groups and were engaged in
designing this research [30,31]. Doing so allowed us to address
patient questions regarding the safety and effectiveness of
avoiding pharmacotherapy.

To ensure sufficient power to detect significant self-harm risk
differences and assure convergence of Cox regression, each
drug regimen was required to have 1000 or more treatment
intervals and to have five or more defined cases of coded and/or
imputed self-harm following exposure [32]. Because of this
latter restriction, for the sensitivity analyses, the lower threshold
sensitivity Cox models will have more drugs analyzed than the
higher threshold ones.

The following 11 drug classes were included in the analysis:
lithium, first-generation antipsychotics (FGAs), SGAs,
third-generation antipsychotics (TGAs; partial agonists of
dopamine receptors, aripiprazole, and brexpiprazole), MSAs,
monoamine oxidase inhibitor antidepressants, noradrenergic
and specific serotonergic antidepressants (NASSAs; represented
by mirtazapine only), norepinephrine-dopamine reuptake
inhibitors (NDRIs; represented by bupropion only),
serotonin-norepinephrine reuptake inhibitors (SNRIs), selective
serotonin reuptake inhibitors (SSRIs), and tri- and tetracyclic

antidepressants (see Multimedia Appendix 2 for the full list of
drugs).

MSAs, SGAs, and TGAs were studied as a class when used
during a polypharmacy regimen exposure interval and as
individual drugs when considering monotherapy time intervals.
SGAs common enough for individual analysis were risperidone,
olanzapine, quetiapine, ziprasidone, asenapine, paliperidone,
and lurasidone. The individual MSAs studied were valproate,
carbamazepine, oxcarbazepine, and lamotrigine. Of the two
TGAs, only aripiprazole was common enough to be studied
individually.

Combinations of two, three, or four of the 11 drug classes
(represented usually by one drug from each class) with the
requisite 1000 or more treatment intervals and five or more
self-harm events were included in the regression model, and
drug regimens without those requisites were grouped under the
categories “polypharmacy 2,” “polypharmacy 3,” and
“polypharmacy 4” (for uncommon combinations of two, three,
and four or more classes, respectively). Enough instances of
within-class polypharmacy were present among MSAs and
SGAs to include “multi-MSA” and “multi-SGA” variables.
Monotherapies without the requisite 1000 exposure intervals
(clozapine, brexpiprazole, and iloperidone) were combined into
the category “uncommon monotherapy.”

Treatment in the main time-varying Cox regression model was
represented as one or more exposure intervals, with all drug
categories mutually exclusive and collectively exhaustive, using
lithium monotherapy as the reference. The rules to distinguish
between polypharmacy and overlapping drug regimen switch
are described in our previous study of a similar design [25].

Among the covariates included in the main Cox regression
model (not to be confused with the ML covariates) were patient
age, sex, BD episode index visit characteristics (severity, mood
polarity, and psychotic features, if documented), comorbid
mental and physical conditions, including “external injury”
codes evidencing noniatrogenic trauma, medication prescriptions
filled (other than drugs of interest) and mental health procedures
performed 1 year before (but not including) the index exposure,
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hospital/ER admissions 1 year prior to the index exposure, and
types of visits composing the index meta-visit
(inpatient/ER/outpatient).

Patient age and the number of unique BD drugs previously tried
by the patient were fitted in both Cox regression models using
a smoothing spline to account for nonlinear risk of self-harm.

“Psychotherapy” included 227 procedure codes indicating
psychosocial intervention (individual, group, or family
psychotherapy, crisis intervention, substance abuse–focused
treatment, hypnosis, biofeedback, etc) [27].

We developed two time-varying Cox regression models. In the
first (main) model comparing 64 treatments and “no drug” to
lithium, psychotherapy was coded as a binary time-varying
covariate (indicating whether at least one of the 227 procedure
codes was present during the current drug/“no drug” exposure
period). In the second regression model, all drug regimens were
united into a single category (“pharmacotherapy”), and
psychotherapy was combined with pharmacotherapy in a
time-varying covariate with the following four categories:
“pharmacotherapy alone,” “psychotherapy alone,”
“psychotherapy and pharmacotherapy,” and “no psychotherapy
and no pharmacotherapy” (ie, “no treatment”), with “no
psychotherapy and no pharmacotherapy” as the reference.

Given the multiple treatment comparators chosen and the
time-varying nature of the treatment covariates in our design,
propensity score matching was not feasible for bias correction.
Instead, we used a resolution IV fractional factorial design of
experiments [33] (whereby main effects are aliased with
three-way interactions and two-way interactions are aliased with
two-way interactions) to select an appropriate subset of the 78
pretreatment covariates to control for bias. Rather than assessing
whether the pretreatment covariates were associated with the
outcome, we assessed in a form of sensitivity analysis whether
their inclusion or exclusion impacted the hazard ratio (HR)
estimates for the treatments with respect to the outcome. If so,
inclusion of the variable in the model would be needed for
addressing bias. If not, the variable, while possibly associated
with the outcome, would nevertheless be unimportant for
accurate assessment of treatment risk, and could be excluded
to reduce the degrees of freedom of the model and thereby
increase power. The time-varying treatment variables were
included in each model, but the pretreatment covariates were
included or excluded according to the factorial design across
512 different runs (plus a reference run with no pretreatment
covariates) to determine which covariates had the largest impact
on the drug HR coefficients. The 513 runs generated a 513×66
matrix Y of coefficients for 66 drugs over the 513 runs. The
design matrix X was a 513×78 matrix of +1/−1 values
corresponding to whether the given pretreatment covariate was
included/excluded in a given run. Then, for each of the 66
column vectors (Yi) of Y, a multiple linear regression was run
with Yi as the dependent variable and the 78 column vectors of
X as the independent variables. We counted how many times
each of the 78 covariates was significant at P<.05/66 over those
66 models to rank candidate covariates for our model. We
discarded 26 covariates that were not significant in any of the
66 models. We then built our main Cox regression model using

this set of covariates plus the treatment covariates and performed
a backward elimination procedure on the pretreatment
covariates, iteratively dropping the covariates that were
significant in the fewest models and stopping the elimination
procedure when a highly significant covariate was found
(neoplasm). One drug was subsequently removed from the
analysis owing to lack of events when some coding errors were
corrected. We also generated an L2-norm of each row of X with
the reference run row to form a vector Y’ for regression with
the design matrix X to assess how much the incorporation of
pretreatment covariates changed all drug covariate estimates in
order to understand the largest potential sources of bias. The
final set of covariates selected for the first Cox model was used
in the second Cox model.

The study used the following software: PostgreSQL version
10.4 (PostgreSQL Global Development Group) and R version
3.4.0 (R Foundation for Statistical Computing), including the
Cox regression coxph() function from the survival (2.42-6)
package and the FrF2 (1.7-2) package for fractional factorial
design. All hypothesis tests were two-sided.

Results

The following self-harm classification results were observed
for our MMI ML model on meta-visits based on five-fold
cross-validation (probability [p] cutoff of 0.5): self-harm coded
and imputed (p>0.5; N=93,311); self-harm coded but not
imputed (p≤0.5; N=3717); self-harm not coded but imputed
(N=1,029,058); and self-harm neither coded nor imputed
(N=25,266,150) (area under the curve [AUC]=0.99; Matthews
correlation coefficient [MCC]=0.28; sensitivity=0.962;
specificity=0.961). The following self-harm classification results
were observed when the model was applied to meta-visits for
only BD cases meeting our eligibility criteria: self-harm coded
and imputed (p>0.5; N=488); self-harm coded but not imputed
(p≤0.5; N=37); self-harm not coded but imputed (N=8288); and
self-harm neither coded nor imputed (N=520,546) (AUC=0.994;
MCC=0.225; sensitivity=0.930; specificity=0.984). Thus, an
extra 8288 meta-visits with imputed self-harm were added to
our analytical pipeline in addition to the 525 (488+37)
meta-visits that had coded self-harm for a total of 8813 persons
with self-harm.

The sample sizes at different stages of the study are shown in
Multimedia Appendix 3. A total of 529,359 patients met the
eligibility criteria and had the prespecified sequence of events.
Of them, 98.3% were censored and 1.66% (n=8813 events) had
imputed and/or coded self-harm.

During the observation period after the index visit, the annual
incidence of self-harm (p>0.5) was 0.013 (0.016 for all drug
exposure intervals with or without psychotherapy and 0.011 for
“no drug” intervals with or without psychotherapy), based on
632,512 years of observation. By summing the probabilities,
during the observation period after the index visit for all
exposures, the annual incidence of self-harm was 0.027 over
632,512 years of patient observation.
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The 515 observed treatment regimens were collapsed to 17
monotherapies, three monoclass therapies, “no drug,” and 45
drug combinations that fit the selection criteria.

The first Cox regression model comparing 65 treatment
regimens to lithium showed that 11 treatments had a
significantly higher risk of self-harm (P<.05, no multiple testing
correction) (Table 1). The top “high-risk” treatments were
“tri/tetracyclic antidepressants + SGA” (HR 2.33, 95% CI

1.28-4.26; P=5.73×10-3), “SSRI + FGA” (HR 2.26, 95% CI

1.16-4.38; P=1.61×10-2), “FGA + MSA” (HR 1.82, 95% CI

1.15-2.89; P=1.12×10-2), and FGA monoclass therapy (HR 1.69,

95% CI 1.19-2.39; P=3.20×10-3).

Nine regimens had significantly lower risk of self-harm over
lithium alone (P<.05, no multiple testing correction), including
monotherapies with MSAs valproate (HR 0.71, 95% CI

0.61-0.84; P=4.57×10-5) and lamotrigine (HR 0.74, 95% CI

0.65-0.85; P=1.13×10-5), SGAs risperidone (HR 0.68, 95% CI

0.56-0.83; P=1.82×10-4) and aripiprazole (HR 0.70, 95% CI

0.59-0.84; P=9.40×10-5), and antidepressant classes SNRI (HR

0.65, 95% CI 0.51-0.83; P=5.51×10-4), SSRI (HR 0.61, 95%

CI 0.53-0.71; P=6.05×10-11), and NDRI (bupropion) (HR 0.50,

95% CI 0.39-0.65; P=1.18×10-7), as well as the combination of

NDRI with SSRI (HR 0.28, 95% CI 0.13-0.60; P=1.0×10-3) and
the “no drug” regimen.

Of the 11 polypharmacy regimens with risk significantly
different from that of lithium, only bupropion + SSRI had lower

risk (HR 0.28, 95% CI 0.13-0.60; P=1.00×10-3). Nine of the
remaining 10 high-risk polypharmacy regimens contained an
antipsychotic (either SGA or FGA, or both), with the exception
being lithium + MSA (HR 1.35, 95% CI 1.09-1.67;

P=5.32×10-3). The “no drug” exposure intervals were associated
with a significantly lower risk of subsequent self-harm versus
lithium monotherapy (HR 0.56, 95% CI 0.50-0.63;

P=2.79×10-22).

To correct for multiple comparisons, we used the
Benjamini-Yekutieli procedure to reduce the false discovery
rate. This correction yielded 15 regimens with a statistically
significant different risk of self-harm versus lithium at a 5%
false-discovery rate (which corresponded to a P value cutoff
≤.012). Six of them were of higher risk (tri/tetracyclic
antidepressants + SGA, FGA + MSA, FGA, SNRI + SGA,
lithium + MSA, and lithium + SGA) and nine were of lower
risk than lithium (lamotrigine, valproate, risperidone,
aripiprazole, SNRI, SSRI, “no drug,” bupropion, and bupropion
+ SSRI).

Our sensitivity analysis revealed that overall most of the
“high-risk” drug regimens maintained their HR values above 1
across a wide range of self-harm probability thresholds
(40%-70%) (Figure 2). Only one regimen (tri/tetracyclic
antidepressants + SGA) demonstrated significantly higher risk
of self-harm versus lithium, across all 10 tested probability
thresholds.
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Table 1. Cox regression model comparing 64 pharmacotherapies and “no drug” to lithium for the risk of subsequent coded and/or imputed self-harm
in patients with bipolar disorder of all ages.

Events
(N=8813)

Intervals
(N=1,749,468)

Patients

(N=529,359)

P valueUpper
95%

Lower
95%

HRb,cCovariatesa

1110441805.73×10-34.261.282.33Tri/tetracyclic antidepressants + SGAd,e

910141951.61×10-24.381.162.26SSRIf + FGAg,e

1924484811.12×10-22.891.151.82FGA + MSAh,e

1414241924.96×10-22.971.001.72SSRI + lithium + MSA + SGAe

35585310693.20×10-32.391.191.69FGA monoclass therapye

50680314662.27×10-32.141.181.59SNRIi + SGAe

2942008052.25×10-22.291.061.56SNRI + MSA + SGAe

914941602.31×10-12.900.771.50Asenapine

57774811431.52×10-21.901.071.42Lithium + MSA + SGAe

2939194597.25×10-22.070.971.42Lurasidone

712511703.84×10-12.960.661.40NDRIj + SSRI + MSA + SGA

2838987259.85×10-22.050.941.39SSRI + lithium + SGA

714381933.95×10-12.930.651.38NDRI + lithium + MSA

1826414111.87×10-12.220.861.38Aripiprazole + MSA + SGA

11618,72827635.32×10-31.671.091.35Lithium + MSAe

15518,98037572.86×10-31.621.111.34Lithium + SGAe

47886712747.60×10-21.820.971.33Polypharmacy 4k

11816,32231531.52×10-21.621.051.31SSRI + MSA + SGAe

3055588362.47×10-11.810.861.25NDRI + MSA + SGA

2239877153.72×10-11.880.791.22Aripiprazole + SGA

914573215.86×10-12.330.621.20NASSAl + SGA

2145597285.18×10-11.800.741.16NDRI + lithium

1741306935.66×10-11.880.711.15Tri/tetracyclic antidepressants

163,5144997.10×10-11.820.661.10SSRI + lithium + MSA

612051698.29×10-12.450.491.09Uncommon monotherapy

1947547207.44×10-11.720.681.08NDRI + SSRI + MSA

6413,23524576.61×10-11.390.811.06SSRI + lithium

42167,18513,3485.15×10-11.210.911.05MSA + SGA

35166,76013,759N/A  N/A N/Am1.00Lithium (reference)

9523,23437949.66×10-11.250.791.00Polypharmacy 3n

923162549.67×10-11.910.510.99NDRI + aripiprazole + MSA

917972279.30×10-11.890.500.97Lithium + aripiprazole + MSA

1228145299.06×10-11.720.540.97SNRI + lithium

18833,50378966.36×10-11.150.800.96SSRI + SGA
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Events
(N=8813)

Intervals
(N=1,749,468)

Patients

(N=529,359)

P valueUpper
95%

Lower
95%

HRb,cCovariatesa

28658,78912,3155.32×10-11.110.810.95SSRI + MSA

34260,42213,7955.03×10-11.100.820.95Quetiapine

10821,36834015.90×10-11.170.760.94Aripiprazole + MSA

5811,77323816.63×10-11.240.710.94Ziprasidone

1534796777.94×10-11.570.560.93Multi-SGA

2242686657.19×10-11.420.600.92Lithium + aripiprazole

5813,99529394.80×10-11.200.680.90SNRI + MSA

614723157.73×10-11.990.400.89FGA + lithium

33833614085.07×10-11.270.620.89NDRI + SGA

34879214514.49×10-11.240.610.87Multi-MSA

5211,69522852.83×10-11.140.640.85SSRI + aripiprazole

8316,75940401.57×10-11.070.660.84Olanzapine

923134385.65×10-11.600.420.82NASSA + MSA

7421,29434601.20×10-11.050.640.82NDRI + MSA

9720,63344366.91×10-21.020.650.81Oxcarbazepine

4210,66222846.45×10-21.020.540.74Carbamazepine

549131,78628,6241.13×10-50.850.650.74Lamotriginee

1240385642.91×10-11.300.410.73NDRI + aripiprazole

25361,54414,7184.57×10-50.840.610.71Valproatee

1751487841.56×10-11.150.430.70SSRI + aripiprazole + MSA

18647,37388729.40×10-50.840.590.70Aripiprazolee

2811,26920175.32×10-21.010.460.68Polypharmacy 2o

13828,30270841.82×10-40.830.560.68Risperidonee

7827,92161205.51×10-40.830.510.65SNRIe

1549649509.77×10-21.080.380.65NASSA

718582922.03×10-11.300.290.61Paliperidone

381131,89530,1386.05×10-110.710.530.61SSRIe

520793452.57×10-11.450.250.60NDRI + SSRI + SGA

3694621,467299,2952.79×10-220.630.500.56“No drug”e

7235,43360051.18×10-70.650.390.50NDRI (bupropion)e

527654577.85×10-21.090.190.45SNRI + aripiprazole

7749612631.00×10-30.600.130.28NDRI (bupropion) +SSRIe

7016527043.17×10-284.112.683.32Prior self-harme

1065149,67957,3927.17×10-1062.031.811.92Alcohol/substance abuse or dependencee

60408616941.92×10-62.101.361.69Deliriume
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Events
(N=8813)

Intervals
(N=1,749,468)

Patients

(N=529,359)

P valueUpper
95%

Lower
95%

HRb,cCovariatesa

1905342,122131,6131.78×10-641.721.541.63Prior hospitalizatione

841247,47481,9433.43×10-501.581.421.50Mental procedure before index exposuree

12123,55990634.27×10-81.711.291.49Liver diseasee

24471,000,348307,2431.67×10-151.431.241.33Unknown polarity of index mood episodee

25539,65713,7283.65×10-61.391.141.26Conduct disordere

667307,88790,2762.07×10-71.251.111.18Seizure disordere

1350338,635117,7222.31×10-51.191.061.12External injurye

16048,97418,9607.60×10-21.260.991.12Pulmonary disorder

487245,70772,3861.52×10-21.181.021.10Depression during the index meta-visite

1966733,963227,5071.46×10-31.121.031.07Male sexe

929431,040130,1864.24×10-21.121.001.06Exposure to sedative or antianxiety druge

 N/A N/A N/A4.17×10-31.041.011.02Number of prior unique BDp drugs tried (linear

component of spline fit)e

34578,57923,8467.73×10-11.110.921.01Psychotic features present during the index
meta-visit

 N/A N/A N/A6.99×10-2010.980.970.98Age (linear component of spline fit)e

396195,11655,1409.62×10-21.010.880.95Exposure to central nervous system stimulant

497331,72090,7412.49×10-20.990.870.93BD type II during the index meta-visite

512250,28582,9553.40×10-20.990.850.92Manic episode during the index meta-visite

472246,18280,6261.04×10-70.890.770.83Exposure to glucocorticoidse

951453,129144,9333.77×10-170.840.760.80Exposure to antibacterial agentse

372217,33567,5503.08×10-100.850.740.79Exposure to sex hormonese

220130,48842,6281.70×10-70.850.700.77Neoplasme

27091,295,408401,7892.85×10-300.720.630.67Psychotic features unknown during the index

meta-visite

1369704,937249,3281.12×10-1140.620.570.59Psychotherapy (psychosocial interventions)e

34751,732,715522,2324.69×10-230.630.500.56Outpatient visit present during the index meta-

visite

N/AN/AN/A4.58×10-32N/AN/AN/AAge (nonlinear components of the spline

model)e
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Events
(N=8813)

Intervals
(N=1,749,468)

Patients

(N=529,359)

P valueUpper
95%

Lower
95%

HRb,cCovariatesa

N/AN/AN/A1.21×10-9N/AN/AN/ANumber of prior unique BD drugs tried (non-

linear components of spline fit)e

aCovariates labeled “prior” are related to the 1-year period before the index exposure.
bCovariates are sorted by their hazard ratio value.
cHR: hazard ratio.
dSGA: second-generation antipsychotic.
eCovariates with significant P values (<.05; no multiple testing correction).
fSSRI: selective serotonin reuptake inhibitor.
gFGA: first-generation antipsychotic.
hMSA: mood stabilizing anticonvulsant.
iSNRI: serotonin-norepinephrine reuptake inhibitor.
jNDRI: norepinephrine-dopamine reuptake inhibitor (represented by bupropion only).
kPolypharmacy 4: uncommon combination of four or more bipolar disorder drug classes.
lNASSA: noradrenergic and specific serotonergic antidepressant (represented by mirtazapine only).
mN/A: not applicable.
nPolypharmacy 3: uncommon combination of three bipolar disorder drug classes.
oPolypharmacy 2: uncommon combination of two bipolar disorder drug classes.
pBD: bipolar disorder.
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Figure 2. Sensitivity analysis for the “low-risk” and “high-risk” covariates in the first regression model comparing individual exposure regimens for
the risk of self-harm. The X-axis shows 13 covariates and the respective 20%-100% self-harm thresholds chosen to impute the outcome. The Y-axis
shows the respective hazard ratios (colored dots) and 95% CIs (colored lines). Varied intensity magenta is used to represent the range of 20%-40%
self-harm probability thresholds, black is used to represent the 50% threshold of the main model, and varied intensity green is used to represent the
60%-100% probability threshold used. Missing estimates are due to lack of sufficient outcomes for a regimen to be included (observed in the higher
probability threshold models). MSA: mood-stabilizing anticonvulsant; NDRI: norepinephrine-dopamine reuptake inhibitor; nodrug: period free from
any of the studied bipolar disorder drugs; SGA: second-generation antipsychotic; SNRI: serotonin-norepinephrine reuptake inhibitor; SSRI: selective
serotonin reuptake inhibitor.

For most of the “low-risk” drugs, the HR values were below 1
at any self-harm probability threshold, except for 90%-100%
(very likely to be self-harm or actually coded). Bupropion alone
or in combination with SSRI had a significant association with
lower self-harm risk across all tested thresholds. As expected,
the higher the probability of self-harm, the larger were the
respective HR CIs owing to fewer events observed. The results
of the sensitivity analysis for all exposure covariates in this
model, as well as the nondrug covariates, can be found in
Multimedia Appendix 4, Multimedia Appendix 5, Multimedia
Appendix 6, and Multimedia Appendix 7.

When assessing the largest sources of bias, four variables were
highly significantly associated with shifting the estimates of all
the treatment coefficients, based on the regression of Y’ versus
X, including the number of prior unique BD drugs tried,
psychotherapy, alcohol/substance abuse or dependence, and
outpatient visit present during the index meta-visit. These four
were among the covariates with the top five most significant
(P<.05/66) associations over the 66 Yi versus X regressions
performed on individual treatment estimates in our variable
selection procedure. A total of 29 pretreatment covariates were

incorporated in the model to adjust for potential bias in treatment
risk estimates.

In the main Cox model, documentation of prior coded self-harm
had the highest HR value among all nondrug covariates (HR

3.32, 95% CI 2.68-4.11; P=3.17×10-28). A set of mental
conditions, including delirium, substance/alcohol abuse and
dependence, conduct disorder, and procedures related to mental
health services were associated with a significantly higher risk
of self-harm (HR 1.26-1.92, P<.05). Previous hospitalizations,
liver disease, and seizures were also associated with elevated
self-harm risk when present (HR 1.18-1.63, P<.05). Exposure
to antianxiety and sedative drugs showed a modest risk of

self-harm (HR 1.06, 95% CI 1.00-1.12; P=4.24×10-2).
Additionally, index visit depression was modestly associated

with self-harm risk (HR 1.10, 95% CI 1.02-1.18; P=1.52×10-2).

Multiple factors had significantly lower self-harm risk, including
index manic mood episodes, BD type II, use of antibacterial
agents and glucocorticoids, exposure to sex hormones, and
neoplasm diagnosis (HR 0.77-0.93; P<.05). Psychotherapy
during the exposure period was strongly associated with a lower
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risk of self-harm (HR 0.59, 95% CI 0.57-0.62; P=1.12×10-114).
The lowest HR value for self-harm was associated with an
outpatient visit being present during the index meta-visit (HR

0.56, 95% CI 0.50-0.63; P=4.69×10-23) (Table 1).

When self-harm risk was plotted as a function of the number
of different unique drugs of interest tried in the past, we

observed that HR values slightly decreased after intervals with
one and two drugs used, but then started to rise with the number
of agents used (Figure 3).

Figure 4 shows the risk of self-harm as a function of patient
age. It demonstrates that HR values were much higher in
adolescence, dropped after the 20s, and leveled off with older
age.

Figure 3. The hazard ratio of coded and/or imputed self-harm as a function of the number of different unique drugs of interest used by the patient in
the year prior to the index visit plus up to the prior treatment interval. The graph represents a smoothing spline, with the reference being zero prior
drugs. The blue dotted lines represent 95% CIs.
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Figure 4. The hazard ratio of coded and/or imputed self-harm as a function of patient age. The graph represents a smoothing spline, with the reference
being age 50 years. The blue dotted lines represent 95% CIs.

In the second Cox regression model with all BD drugs grouped
under the “pharmacotherapy” category, the risk of self-harm
was the lowest following “psychotherapy alone” intervals,
compared with “no treatment” (HR 0.56, 95% CI 0.52-0.60;

P=8.76×10-58) (Table 2). The combination “psychotherapy +

pharmacotherapy” had a somewhat lower risk of self-harm (HR

0.88, 95% CI 0.83-0.95; P=3.80×10-4), but pharmacotherapy
alone was associated with a significantly higher risk compared

with “no treatment” (HR 1.38, 95% CI 1.30-1.48; P=1.09×10-22).
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Table 2. Cox regression model comparing “pharmacotherapy” (as a single category) and “psychotherapy” (psychosocial interventions) to “no treatment”
(no drugs and no psychotherapy) for the risk of subsequent coded and/or imputed self-harm in patients with bipolar disorder of all ages.

Events
(N=8813)

Intervals
(N=1,749,468)

Patients
(N=529,359)

P valueUpper
95%

Lower
95%

HRb,cCovariatesa

2819651,191122,8981.09×10-221.481.301.38Pharmacotherapy alone (any drug regimen)d

2300476,810107,1663.80×10-40.950.830.88Any drug and psychotherapyd

1183228,127142,1628.76×10-580.600.520.56Psychotherapy aloned

2511393,340157,133N/AN/AN/Ae1.00 No treatment (reference)

7016527043.34×10-284.102.683.32Prior self-harmd

1065149,67957,3922.48×10-1052.031.801.91Alcohol/substance abuse or dependenced

60408616942.74×10-62.081.351.68Deliriumd

1905342,122131,6133.21×10-621.711.521.61Previous hospitalizationd

841247,47481,9432.90×10-491.571.411.49Prior mental health procedured

12123,55990634.30×10-81.711.291.48Liver diseased

24471,000,348307,2432.33×10-161.451.251.35Unknown polarity of index mood episoded

25539,65713,7289.03×10-61.381.131.25Conduct disorderd

667307,88790,2764.56×10-71.251.101.17Seizure disorderd

16048,97418,9606.69×10-21.260.991.12Pulmonary disorder

1350338,635117,7224.79×10-51.181.061.12External injury

487245,70772,3863.15×10-21.171.011.09Depression during the index visitd

1966733,963227,5073.96×10-41.131.041.08Male sexd

N/AN/AN/A2.99×10-241.091.061.07Number of prior unique BDf drugs tried (linear

component of spline fit)d

929431,040130,1861.10×10-11.110.991.05Exposure to sedative antianxiety

34578,57923,8466.01×10-11.130.931.03Psychotic features present

N/AN/AN/A5.17×10-1940.980.980.98Age (linear component of spline fit)d

396195,11655,1402.15×10-20.990.870.93Exposure to central nervous system stimulantd

497331,72090,7416.72×10-30.980.860.92BD type II during the index meta-visitd

512250,28582,9551.45×10-20.980.840.91Manic episode during the index meta-visitd

472246,18280,6262.18×10-80.880.770.82Exposure to glucocorticoidsd

951453,129144,9332.65×10-190.830.740.78Exposure to antibacterial agentsd

372217,33567,5503.77×10-110.840.730.78Exposure to sex hormonesd

220130,48842,6284.76×10-80.840.690.76Neoplasmd

27091,295,408401,7898.75×10-330.710.620.66Psychotic features unknown during the index

meta-visitd

34751,732,715522,2323.19×10-240.620.500.56Outpatient visit present during the index meta-

visitd

N/AN/AN/A3.00×10-33N/AN/AN/AAge (nonlinear components of spline model)d

N/AN/AN/A4.47×10-12N/A N/AN/ANumber of prior unique BD drugs tried (non-

linear components of spline fit)d
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aCovariates labeled “prior” are related to the 1-year period before the index exposure.
bCovariates are sorted by their hazard ratio value.
cHR: hazard ratio.
dCovariates with significant P values (<.05).
eN/A: not applicable.
fBD: bipolar disorder.

The sensitivity analysis showed that most of the “high-risk”
variables maintained their HR values above 1 at a wide range
of self-harm probability thresholds, except for very high
thresholds (>80%-90%). Prior self-harm and pharmacotherapy
alone (without psychosocial interventions) had significantly
high HR values across all tested self-harm probability thresholds.
The “low-risk” variables mostly maintained their HR values
below 1 with different self-harm probability thresholds (except

for 80%-100%). Five variables had significantly lower risk of
self-harm across all tested thresholds compared with no
treatment at all. They were psychotherapy alone, prior self-harm,
outpatient visit present during the index meta-visit, exposure
to sex hormones, and use of antibacterial agents. As in the first
model, the higher was the probability of self-harm, the wider
were the CIs owing to fewer events (Figure 5).

Figure 5. Sensitivity analysis for the “low-risk” and “high-risk” covariates in the second regression model comparing pharmacotherapy (as a single
exposure category) and psychotherapy for the risk of self-harm. The X-axis shows 27 covariates and the respective 20%-100% self-harm probability
thresholds chosen to impute the outcome. The Y-axis shows the respective hazard ratios (HRs) (colored dots) and CIs (colored lines). Varied intensity
magenta is used to represent the range of 20%-40% self-harm probability thresholds, black is used to represent the 50% threshold of the main model,
and varied intensity green is used to represent the 60%-100% probability threshold used. The covariate “prior coded self-harm” is separated out with a
different HR scale in the far right, since the HR values were extremely high at the 100% (coded) probability threshold. BD: bipolar disorder; CNS:
central nervous system; Drug: any of the bipolar disorder drugs of interest.

Discussion

Principal Findings
Given the use of imputed self-harm (in addition to formally
coded) as the primary outcome in our study, it is worthwhile to
compare the coded and imputed annual incidence of self-harm

in our data with that of the literature. In a recent UK study [34],
within 25,965 person-years of observation in a cohort of 6671
patients with pharmacologically treated BD, who were aged 16
years or above, the annual incidence of hospitalized self-harm
was 3774 per 100,000 person-years at risk (PYAR). The coded
self-harm in our BD cohort of all ages was only 83 per 100,000
PYAR. This would constitute 1:45-fold underrecording, if US
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rates of self-harm are comparable to UK rates. Our earlier
estimate [8] that only 1 in 19 self-harm events was coded (within
meta-visits having an inpatient and/or ER component) may not
have been sufficiently pessimistic. In contrast to the strikingly
low rates of coded self-harm in our study data, the estimates of
coded + imputed self-harm used for our main model were more
reassuring, with 1393 self-harm events per 100,000 PYAR.
When summing the probabilities over all meta-visits, our
estimate of the level of self-harm was 2839 per 100,000 PYAR,
which is 75% of the UK estimate and is probably still low. Our
sensitivity analysis revealed a range of 525 (formally coded
only) to 20,226 (coded + imputed with >20% probability)
self-harm events corresponding to a range of 83 to 3198/100,000
PYAR. It is important to note that because HRs are relative
measures, they may be stably estimated across a broad range
of imputation thresholds, with the advantage of more power for
lower thresholds.

Our findings suggest that exposure to FGAs and some multidrug
combinations were associated with 1.31 to 2.33 higher risks of
self-harm compared with lithium; however, these associations
were possibly observed owing to multiple-testing type I error.
Drug-free intervals (“no drug”) had one of the lowest HR values
in our first regression model compared with lithium (HR 0.56,

95% CI 0.50-0.63; P=2.79×10−22). According to a recent
literature review, there is strong converging evidence indicating
that long-term lithium treatment lowers deaths by suicide in
patients with BD [4], which can be attributed to its possible
serotonergic effect [35]. One explanation for the better
performance of the “no drug” regimen in our study versus
lithium could be indication bias, as drug-free periods can be
associated with stable remission or asymptomatic states.

Self-harm risk reduction was significant with monotherapies
involving the MSAs valproate and lamotrigine, the atypical
antipsychotics risperidone and aripiprazole, the antidepressant
bupropion, and monoclass treatment with SNRI and SSRI
antidepressants. There are conflicting data in the literature on
antidepressant-dependent suicidality in mood disorders, with
reports on both the increased [36] and decreased risks of suicidal
behavior [11,37]. In 2004, antidepressants received an FDA
black box warning owing to increased suicidal thoughts and
behaviors in adolescents on antidepressants versus placebo in
FDA approval–seeking trials [20], and this warning was
extended to include young adults in 2007 [38]. It is still not
entirely clear whether a presumed increased suicidality risk in
antidepressant users is due to drugs failing to prevent
deterioration involving the natural illness course, due to their
activating effect, or due to manic switch with subsequent mood
phase inversion. In contrast, a 27-year prospective study on
mood disorders showed that the risk of suicide attempts or
suicides was reduced by 20% among participants taking
antidepressants (HR 0.80, 95% CI 0.68-0.95; P=.011) [12].
Subsequent findings of the same authors showed that suicidality
risk was reduced by 54% in individuals with BD type I and by
35% in those with BD type II while on antidepressants,
compared with propensity-matched unexposed intervals [13].
While our study generated evidence on a more broadly defined
set of “self-harm” acts, our data support the findings of the
relative safety of SSRI and SNRI antidepressants compared

with lithium and even with “no drug” in relation to suicidality
in BD.

SGAs were previously shown to be associated with a reduced
risk of suicide in patients with schizophrenia [14], although two
recent international observational studies demonstrated the
inferiority of quetiapine and olanzapine compared with lithium
for self-harm prevention [34], and even an increased risk of
completed suicide among BD patients taking antipsychotics
[39]. Our data showed that the SGA risperidone is associated
with a significantly lower self-harm risk in patients with BD.
There is evidence suggesting that the beneficial effect of
antipsychotics in BD may be explained by reduced impulsivity
and risk taking [40].

Similar to studies on antidepressants, there are conflicting data
on the MSA-dependent risk of self-harm in BD. While some
studies reported an equally beneficial effect of MSAs
(divalproex and carbamazepine) to lithium for BD suicidality
prevention [10], others reported a significantly safer profile for
lithium [41]. The majority of MSAs received an FDA warning
of increased suicidal thoughts and behaviors in 2008 [42], based
on a meta-analysis of 11 drugs [21]. Several studies failed to
find any significant changes in suicidality risk according to
antiepileptic drug intake [18,37]. However, a large
pharmacoepidemiologic study found significantly lower rates
of suicide attempts following MSA use, compared with the
period before treatment, and showed that MSA monotherapy
was significantly protective relative to no pharmacologic
treatment (3 per 1000 vs 15 per 1000 person-years) [43]. Our
findings support the evidence of a beneficial role of MSAs in
self-harm prevention in BD management. Unlike the other data
[34], our data showed that valproate is superior to lithium in
terms of the association with reduced self-harm risk.

Given that 10 of the 11 “high-risk” exposures in our study were
polypharmacy regimens, we made efforts to address the possible
indication bias of multidrug regimens being given to patients
who are treatment-resistant, by modeling the risk of self-harm
as a function of the number of unique BD drugs filled in the
year prior to the index visit plus those drugs tried from the index
visit up to the current treatment interval. We fit this within the
Cox regression model using a smoothing spline with no prior
drugs set as the reference (Figure 3). The risk of self-harm was
significantly lower in individuals treated with one to five
different BD drugs in the year prior to the index visit, compared
with individuals who had no prior drugs in the observed period
of time. One explanation for this finding is that several “trial
and error” attempts eventually result in better control over illness
symptoms. However, self-harm risk was significantly higher in
patients who received eight or more unique BD drugs, compared
with drug-naive subjects, evidencing drug-resistant cases. At
the same time, the rapidly expanding range of 95% CI
corresponding to 8 to 20 drugs indicates limited sample sizes
in this range. Overall, given that our self-harm risk estimates
for the drugs account for prior treatment complexity and that
the magnitude of this factor’s impact on risk was modest, it
seems unlikely that a presumed polypharmacy-dependent
increase in self-harm risk in patients with BD is fully explained
by drug resistance or disease severity. However, we may not
have fully corrected for indication biases. In particular, we did
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not model drug exposures prior to the year before the index
visit.

Our sensitivity analysis showed that the direction of
drug-outcome associations did not change as a function of the
threshold of self-harm probability, while HR CIs were much
more narrow when the outcome was imputed rather than coded.
This provides evidence that using ML-imputed outcomes is a
promising approach to increase power to perform comparative
effectiveness studies, particularly when a phenotype is sparsely
coded.

The presence of an outpatient encounter during the index
meta-visit (with or without an adjacent hospitalization/ER visit)
was associated with the lowest risk of self-harm. This can be
explained by more accessible or comprehensive health care
services provided, as evidenced by a patient visiting his/her
outpatient provider during a crisis.

As was expected, our data suggested that psychosocial
interventions may decrease the risk of self-harm in patients with
BD. A recent meta-analysis showed that patients who received
psychotherapy were less likely to subsequently attempt suicide
[22]. However, a surprising finding from our second Cox
regression model was that the HR of self-harm was lower
following time intervals with psychotherapy alone, rather than
when psychotherapy was combined with pharmacotherapy. This

could be explained by indication bias, since drug-free patients
could be asymptomatic or in stable remission. Another
explanation is that pharmacotherapy was a very heterogeneous
category combining “low-risk” and “high-risk” regimens
together. There was insufficient power to perform a per-drug
analysis of adjunctive psychotherapy.

The study limitations include nonrandomized assignment of
patients to treatment groups; no patient data availability prior
to the insurance enrollment date, as well as prior to 2003;
unmeasured indication or other biases (eg, personality traits,
coping strategies, environmental stressors, and support systems);
and no correction for medication dosage, route of administration,
or release mechanism.

Conclusions
The risk of self-harm varied more than eight-fold among
different BD drug regimens. Exposure to antidepressant or MSA
monotherapy was associated with a significantly lower risk of
subsequent self-harm compared with lithium. Psychotherapy
was strongly associated with a decreased risk of self-harm in
patients with BD. ML imputation of self-harm can enhance the
power for comparative effectiveness studies of BD treatments.
The risk of self-harm was the highest during adolescence. Our
data support the evidence that prior self-harm is one of the
strongest predictors of future self-harm.
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Multimedia Appendix 2
Drugs of interest analyzed either individually or as part of a composite class.
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Multimedia Appendix 3
Sample size based on data staging. BD: bipolar disorder; ER: emergency room; MMI: major mental illness.
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Multimedia Appendix 4
Sensitivity analysis for the first third of drug covariates (sorted by their hazard ratio from low to high) in the regression model
comparing individual exposure regimens for the risk of self-harm. The X-axis shows drug covariates and the respective 20%-100%
self-harm thresholds chosen to impute the outcome. The Y-axis shows the respective hazard ratios (colored dots) and CIs (colored
lines). Varied intensity magenta is used to represent the range of 20%-40% self-harm probability thresholds, black is used to
represent the 50% threshold of the main model, and varied intensity green is used to represent the 60%-100% probability threshold
used. MSA: mood-stabilizing anticonvulsant; NDRI: norepinephrine-dopamine reuptake inhibitor; SGA: second-generation
antipsychotic; SNRI: serotonin-norepinephrine reuptake inhibitor; SSRI: selective serotonin reuptake inhibitor.
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Multimedia Appendix 5
Sensitivity analysis for the second third of drug covariates (sorted by their hazard ratio from low to high) in the regression model
comparing individual exposure regimens for the risk of self-harm. The X-axis shows drug covariates and the respective 20%-100%
self-harm thresholds chosen to impute the outcome. The Y-axis shows the respective hazard ratios (colored dots) and CIs (colored
lines). Varied intensity magenta is used to represent the range of 20%-40% self-harm probability thresholds, black is used to
represent the 50% threshold of the main model, and varied intensity green is used to represent the 60%-100% probability threshold
used. MSA: mood-stabilizing anticonvulsant; NDRI: norepinephrine-dopamine reuptake inhibitor; SGA: second-generation
antipsychotic; SNRI: serotonin-norepinephrine reuptake inhibitor; SSRI: selective serotonin reuptake inhibitor.
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Multimedia Appendix 6
Sensitivity analysis for the last third of drug covariates (sorted by their hazard ratio from low to high) in the regression model
comparing individual exposure regimens for the risk of self-harm. The X-axis shows drug covariates and the respective 20%-100%
self-harm thresholds chosen to impute the outcome. The Y-axis shows the respective hazard ratios (colored dots) and CIs (colored
lines). Varied intensity magenta is used to represent the range of 20%-40% self-harm probability thresholds, black is used to
represent the 50% threshold of the main model, and varied intensity green is used to represent the 60%-100% probability threshold
used. MSA: mood-stabilizing anticonvulsant; NDRI: norepinephrine-dopamine reuptake inhibitor; SGA: second-generation
antipsychotic; SNRI: serotonin-norepinephrine reuptake inhibitor; SSRI: selective serotonin reuptake inhibitor.
[PNG File , 160 KB - mental_v8i4e24522_app6.png ]

Multimedia Appendix 7
Sensitivity analysis for the nondrug covariates in the regression model comparing individual exposure regimens for the risk of
self-harm. The X-axis shows nondrug covariates and the respective 20%-100% self-harm thresholds chosen to impute the outcome.
The Y-axis shows the respective hazard ratios (HRs) (colored dots) and CIs (colored lines). Varied intensity magenta is used to
represent the range of 20%-40% self-harm probability thresholds, black is used to represent the 50% threshold of the main model,
and varied intensity green is used to represent the 60%-100% probability threshold used. The covariate “prior coded self-harm”
is separated out with a different HR scale in the far right, since the HR values were extremely high at 100% (coded) probability
threshold. MSA: mood-stabilizing anticonvulsant; NDRI: norepinephrine-dopamine reuptake inhibitor; SGA: second-generation
antipsychotic; SNRI: serotonin-norepinephrine reuptake inhibitor; SSRI: selective serotonin reuptake inhibitor.
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Abstract

Background: Borderline personality disorder is a debilitating and prevalent mental health disorder, with often inaccessible
treatment options. Electronically delivered dialectical behavioral therapy could be an efficacious and more accessible intervention.

Objective: We aimed to evaluate the efficacy of electronic delivery of dialectical behavioral therapy in the treatment of individuals
with symptoms of borderline personality disorder.

Methods: Study participants diagnosed with borderline personality disorder were offered either an email-based or in-person
group format dialectical behavioral therapy skill-building program. During each session, participants were provided with both
the material and feedback regarding their previous week’s homework. Electronically delivered dialectical behavioral therapy
protocol and content were designed to mirror in-person content. Participants were assessed using the Self-Assessment Questionnaire
(SAQ) and Difficulties in Emotion Regulation Scale (DERS).

Results: There were significant increases in SAQ scores from pre- to posttreatment in the electronic delivery group (F1,92=69.32,
P<.001) and in-person group (F1,92=60.97, P<.001). There were no significant differences observed between the groups at pre-
and posttreatment for SAQ scores (F1,92=.05, P=.83). There were significant decreases in DERS scores observed between pre-
and posttreatment in the electronic delivery group (F1,91=30.15, P<.001) and the in-person group (F1,91=58.18, P<.001). There
were no significant differences observed between the groups for DERS scores pre- and posttreatment (F1,91=.24, P=.63). There
was no significant difference in treatment efficacy observed between the 2 treatment arms (P<.001).

Conclusions: Despite the proven efficacy of in-person dialectical behavioral therapy in the treatment of borderline personality
disorder, there are barriers to receiving this treatment. With the prevalence of internet access continuing to rise globally, delivering
dialectical behavioral therapy with email may provide a more accessible alternative to treatment for individuals with borderline
personality disorder without sacrificing the quality of care.

Trial Registration: ClinicalTrials.gov NCT04493580; https://clinicaltrials.gov/ct2/show/NCT04493580

(JMIR Ment Health 2021;8(4):e27308)   doi:10.2196/27308
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Introduction

The essential features of a personality disorder are an
impairment in personality (self and interpersonal) functioning
and the presence of pathological personality traits, including
impairments in identity, self-direction, and interpersonal
functioning [1]. Additionally, it is common for an individual
with a personality disorder to present with numerous comorbid
mental disorder diagnoses [2]. Moreover, it is well documented
that the presence of a personality disorder negatively impacts
the efficacy of treatment for other physical and mental disorders
[1,3,4].

Borderline personality disorder is a serious psychiatric disorder
with a prevalence of approximately 1% to 2% in the general
population [5]. Borderline personality disorder is characterized
by a pervasive pattern of mental instability in the areas of affect
regulation, impulse control, interpersonal relationships, and
self-image. Clinical signs of borderline personality disorder
include emotional dysregulation, impulsive aggression, repeated
intentional self-injury, and chronic suicidal tendencies and
ideation [6].

Dialectical behavior therapy (DBT) is one of the most
efficacious and commonly utilized modalities for the treatment
of borderline personality disorder [7]. DBT is structured with
weekly group meetings where participants can learn about and
develop coping skills. This learning and development are done
using an evidence-based manualized curriculum that
encompasses the topics of mindfulness, interpersonal
relationships, emotion regulation, and distress tolerance [7,8].

Although various psychotherapy modalities have been proven
to be effective in treating borderline personality disorder, they
are often not used due to limited resources and lack of
accessibility for patients. The causes of inaccessibility to
treatment can be broken into 2 categories—practical, such as
long waitlists, rural or remote living situations where treatment
is not available, and lack of transportation, and psychological,
wherein individuals with borderline personality disorder are
more resistant to the idea of participating in group therapy than
individuals with other mental disorders [9]. A commonly
reported reason for avoiding in-person psychotherapy is to avoid
the stigma surrounding mental health [10]. Due to these factors,
while potentially effective, in-person DBT does not appear to
be an ideal treatment modality for individuals with borderline
personality disorder, and the issues mentioned must be addressed
in the hopes of developing a more accessible treatment option.

A viable treatment delivery method may be using the internet.
Internet usage is increasing exponentially, with over 2.5 billion
people globally using the internet [11]. Moreover, there was a
reported increase of 56% in internet users globally from 2000
to 2012 [11]. Currently, approximately 41% of households
worldwide can connect to the internet, and approximately 37%
of women and 41% of men use the internet [11]. For individuals
in high-income economies, internet use has become an integral
part of daily life. Even within middle- and low-income countries,
internet usage continues to increase [11]. With higher speeds,
more affordable access, and an increasing user base, there is a

growing demand for more robust and sophisticated technologies
and applications on the internet [11].

Given the culture shift with respect to internet communication,
it is not surprising that there has been rapid growth in recent
years in the research, development, and use of internet-based
psychotherapeutic interventions. To address the issue of the
abovementioned barriers to access, the use of internet-based
psychotherapy, which is clinically effective, has emerged as a
solution [12]. In-person and live participation in psychotherapy
is no longer the exclusive treatment delivery route for
individuals to address their mental health needs. Fortunately,
research has shown that electronically delivered cognitive
behavioral therapy (e-CBT) is a cost-effective and easily
accessible treatment modality for a wide variety of mental health
disorders [13,14]. Furthermore, it has been suggested that
internet-based psychotherapy can increase treatment adherence
and yield high treatment satisfaction among patients while
offering results comparable to those offered by in-person
psychotherapy. For the treatment of depression, e-CBT programs
have demonstrated considerable efficacy and have been
increasingly utilized to enhance access to care for individuals
[15,16]. Although there has been a large amount of research on
the efficacy of e-CBT in the treatment of mental health
disorders, to date, no study has examined the efficacy of
electronically delivered DBT (e-DBT) skill-building programs
for treating individuals with borderline personality disorder.

We aimed to add to the literature by creating and offering an
email-based DBT skill-building program as an alternative
treatment modality for individuals with borderline personality
disorder who were referred to participate in in-person DBT.
Additionally, we aimed to explore the efficacy and accessibility
of e-DBT compared to in-person DBT.

Methods

Dialectical Behavioral Therapy
Since 1995, the Personality Disorders Service in Kingston,
Ontario, Canada, has developed psychotherapeutic programs
that have integrated a range of modalities for the treatment of
individuals with borderline personality disorder [17,18].
Currently, several therapy groups are offered, including a weekly
skill-building group structured to offer the basic DBT
curriculum, titled Managing Powerful Emotions. This
curriculum includes mindfulness, distress tolerance, emotion
regulation, and interpersonal effectiveness and has been offered
since 2000 as a first-line treatment for individuals diagnosed
with borderline personality disorder.

The Personality Disorders Service offers more advanced therapy
groups for individuals who have completed the Managing
Powerful Emotions program and wish to continue seeking
treatment modalities. One of the most intensive therapy
programs offered is the Chrysalis Day Treatment Program
[17,18]. To participate in the Chrysalis Day Treatment Program,
an individual must progress through 2 prior phases: (1)
Managing Powerful Emotions and (2) psychotherapy groups
incorporating DBT skill-building. The Chrysalis Day Treatment
Program is an intensive day treatment program that integrates
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DBT skill-building, psychodynamic psychotherapy, and a range
of other group therapy modalities. This integrated form of
psychotherapy is extremely effective, particularly in individuals
with more severe and prolonged symptomology and trauma
histories [18].

Recruitment
Individuals who were referred to the Personality Disorders
Service in Kingston, Ontario, Canada (after confirmation of
diagnosis of borderline personality disorder by a psychiatrist in
the Department of Psychiatry at Queen’s University) were
offered the opportunity to select either the in-person DBT
skill-building program or an email format of the program.
Inclusion criteria were being between the ages of 18 and 65
years at study inception and a diagnosis of borderline personality
disorder according to the Diagnostic and Statistical Manual of
Mental Disorders Fifth Edition guidelines. Moreover,
participants were required to have the competency to consent
and participate, the ability to speak and read English, and to
have consistent and reliable access to the internet. Participants
were excluded from the study if they were experiencing acute
hypomanic or manic episodes, were experiencing acute
psychosis, had severe alcohol or substance use disorders, or
were currently receiving DBT.

Individuals who were referred to the program were provided
with an information sheet with details of the study and the
comparative effectiveness of online and in-person treatment.
Individuals were asked to give informed consent (ie, sign a letter
of consent) to participate in the study. The in-person treatment
group served as a control group.

Measurement Scales
All participants were required to complete questionnaires at
baseline, at the end of week 7, and after the completion of the
treatment program. These questionnaires included the
Self-Assessment Questionnaire (SAQ) and the Difficulties in
Emotion Regulation Scale (DERS) [19]. The DERS is a
self-report tool designed to obtain an overall measure of the
difficulty respondents have with various aspects of emotion
regulation. The DERS provides an overall score of difficulties
with emotion regulation as well as an assessment of each of the
following 6 specific factors related to emotion dysregulation:
nonacceptance (nonacceptance of emotional responses), goals

(difficulty engaging in goal-oriented behaviors), impulse
(difficulty controlling impulses), awareness (lack of emotional
awareness), strategies (lack of access to emotion regulation
strategies), and clarity (lack of emotional clarity).

Participants were informed that both in-person and e-DBT
treatment programs were created with the intent of helping them
to learn useful skills and strategies for managing emotions and
behaviors and that it was not to be used as a crisis service.
Participants of the electronically delivered program were
informed that their therapist would read their emails once a
week and would not be able to respond to crises, such as acute
suicidal ideation or intent. Participants were informed that, in
the case of an emergency, they should either go to their local
emergency department or call emergency services or their local
crisis line.

Therapy Programs
The study protocol was registered (NCT04493580). Both
programs had a duration of 15 weeks, with 1 DBT session per
week. In the e-DBT group, participants were individually
emailed approximately 30 to 40 PowerPoint slides (Microsoft
Inc) each week that they were to complete. These slides included
general information on a particular topic (Table 1), an overview
of skills related to the topics being covered, and homework
sheets to be completed and returned to their therapists. The team
of therapists involved in care delivery were psychiatry residents,
psychologists, and registered nurses who also facilitated the
in-person groups. All content and the format of the e-DBT
program were designed to directly correspond with those of the
in-person group.

Participants in the e-DBT program were asked to email their
homework sheets back to their therapist by a specific day each
week. The following day, the therapist would review the
homework and email the participant individualized feedback
regarding their homework along with the following week’s
homework and slides. To be eligible to receive the following
week's materials, participants were required to email their
homework before the set deadline. If the homework was not
submitted before the deadline, a reminder email was sent. If a
participant missed more than 2 sessions, they were removed
from the study.
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Table 1. Managing Powerful Emotions sessions.

ContentWeek

Goals, Accepting Reality, Willingness vs. Willfulness, Distress Tolerance Box1

Crisis Survival Strategies – Distract2

Crisis Survival Strategies – Self-Soothe3

Crisis Survival Strategies – Improve the Moment4

Crisis Survival Strategies – Pros and Cons5

Skills for Accepting Life as it is in the Moment – Observing Your Breath6

Skills for Accepting Life as it is in the Moment – Half-Smiling Exercises7

Skills for Accepting Life as it is in the Moment – Awareness Exercises8

Distress Tolerance Box Due / Emotion Regulation9

Myths About Emotion10

Model for Describing Emotion, Emotion Sheet11

Functions of Emotion12

Reducing Vulnerability to Painful Emotions, Increasing Pleasant Events13

Acting Opposite to Action Urge14

Your Opinions15

Analysis
To determine whether there was a significant change in
functioning or level of symptomatology pre- to posttreatment,
t tests and mixed-model analysis of variance 2 (e-DBT,
in-person) ×2 (pretreatment, posttreatment) with Bonferroni
correction were used. Between group and within-group
differences at baseline were assessed using t tests.

Ethical Considerations and Confidentiality
Only individuals involved in the direct care of participants had
access to their information. Data regarding study variables were
entered anonymously into a database separate from clinical files
using anonymous participant identification numbers. This study
was approved by the Queen’s University Research and Ethics
Board (TRAQ 6007697; PSIY-391-13).

Results

Participants
Of 107 individuals recruited for the study, 52 elected to take
part in the e-DBT group (male n=10, female n=42), and 55
elected to be in the in-person group (male n=14, female n=41)
(Figure 1). At baseline, there were no significant differences
between the 2 groups in SAQ (e-DBT: mean 27.29, SD 6.36;
in-person: mean 27.45, SD 48.00; t105=–.11, P=.91) or DERS
scores (e-DBT: mean 52.88, SD 23.45; in-person: mean 57.81,
SD 21.51; t104=–1.13, P=.26) (Figure 2). Of the participants in
the e-DBT group, 23 completed all therapy sessions, with those
who did not complete all sessions completing between 2 and
13 sessions (mean 8.83, SD 3.30). Of the participants in the
in-person group, 27 completed all therapy sessions, with those
not completing all sessions completing between 1 and 14
sessions (mean 4.29, SD 3.46).

Figure 1. Participant enrollment, allocation, and analysis process. e-DBT: electronically delivered dialectical behavioral therapy.
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Figure 2. Prior to treatment, there were no significant differences between the 2 groups in Self-Assessment Questionnaire (SAQ) scores and Difficulties
in Emotion Regulation Scale (DERS) scores. e-DBT: electronically delivered dialectical behavioral therapy.

SAQ Scores
SAQ scores (Figure 3) were significantly different between pre-
and posttreatment (F1,92=130.23, P<.001), with pretreatment
scores (mean 27.57, SD 7.25) being significantly lower than
posttreatment scores (mean 33.28, SD 7.66). Within the groups,

significant increases in SAQ scores from pre- to posttreatment
in the e-DBT group (F1,92=69.32, P<.001) and in-person group
(F1,92=60.97, P<.001) were observed. There was no significant
difference between the groups between pre- and posttreatment
for SAQ scores (F1,92=0.05, P=.83).

Figure 3. Self-Assessment Questionnaire scores at baseline (pre) and 15 weeks (post). e-DBT: electronically delivered dialectical behavioral therapy.
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DERS Scores
DERS scores (Figure 4) were significantly different between
pre- and posttreatment (F1,91=85.90, P<.001), with pretreatment
scores (mean 54.68, SD 22.80) being significantly higher than
posttreatment scores (mean 38.78, SD 23.78). Within the groups,

there were significant decreases in DERS scores between pre-
and posttreatment in the e-DBT group (F1,91=30.15, P<.001)
and the in-person group (F1,91=58.18, P<.001). There was no
significant difference between the groups between pre- and
posttreatment for DERS scores (F1,91=0.24, P=.63).

Figure 4. Difficulties in Emotion Regulation Scale (DERS) scores at baseline and 15 weeks. e-DBT: electronically delivered dialectical behavioral
therapy.

Nonacceptance Subscale Scores
The nonacceptance subscale scores significantly differed
between pre- and posttreatment (F1,91=249.86, P<.001), with
pretreatment scores (mean 19.70, SD 5.69) being significantly
higher than posttreatment scores (mean 13.86, SD 5.26). Within
the groups, there were significant decreases in nonacceptance
scores between pre- and posttreatment in the e-DBT group
(F1,91=123.98, P<.001) and the in-person group (F1,91=125.90,
P<.001). There was no significant difference between the groups
between pre- and posttreatment (F1,91=.11, P=.74).

Goals Subscale Scores
The goals subscale scores were significantly different between
pre- and posttreatment (F1,92=117.10, P<.001), with pretreatment
scores (mean 14.15, SD 4.54) being significantly higher than
posttreatment scores (mean 10.97, SD 4.71). Within the groups,
there were significant decreases in goals scores between pre-
and posttreatment in the e-DBT group (F1,92=48.96, P<.001)
and the in-person group (F1,92=69.25, P<.001), with no
significant difference between the groups between pre- and
posttreatment (F1,92=.001, P=.97).

Impulse Subscale Scores
The impulse subscale scores were significantly different between
pre- and posttreatment (F1,79=131.33, P<.001), with pretreatment
scores (mean 12.78, SD 7.74) being significantly higher than
posttreatment scores (mean 8.36, SD 5.08). Within the groups,
there were significant decreases in impulse scores between pre-

and posttreatment in the e-DBT group (F1,79=69.01, P<.001)
and the in-person group (F1,79=63.38, P<.001), with no
significant difference between the groups between pre- and
posttreatment (F1,79=0.005, P=.94).

Awareness Subscale Scores
The awareness subscale scores were significantly different
between pre- and posttreatment (F1,76=27.31, P<.001), with
pretreatment scores (mean –17.22, SD 5.80) being significantly
higher than posttreatment scores (mean –19.69, SD 6.92). Within
the in-person group, there were significant differences between
pre- and posttreatment scores (F1,76=32.20, P<.001); however,
within the e-DBT group, there was no difference between pre-
and posttreatment scores, (F1,76=1.84, P=.18). There was no
significant difference between the groups between pre- and
posttreatment (F1,76=.71, P=.40).

Strategies Subscale Scores
The strategies subscale scores were significantly different
between pre- and posttreatment (F1,91=171.73, P<.001), with
pretreatment scores (mean 21.73, SD 7.12) significantly higher
than posttreatment scores (mean 15.62, SD 6.90). Within the
groups, there were significant decreases in strategies scores
between pre- and posttreatment in the e-DBT group
(F1,91=79.10, P<.001) and the in-person group (F1,91=93.00,
P<.001), with no significant difference between the groups
between pre- and posttreatment (F1,91=0.013, P=.91).
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Clarity Subscale Scores
The clarity subscale scores were significantly different between
pre- and posttreatment (F1,75=121.03, P<.001), with pretreatment
scores (mean 2.69, SD 4.00) significantly higher than
posttreatment scores (mean –1.18, SD 3.65). Within the groups,
there were significant decreases in clarity scores between pre-
and posttreatment in the e-DBT group (F1,91=78.85, P<.001)
and the in-person group (F1,91=47.65, P<.001), with no
significant difference between the groups between pre- and
posttreatment (F1,75=0.005, P=.94).

Discussion

General
DBT is a form of psychotherapy that has been proven to be an
efficacious treatment modality for addressing various mental
health disorders in several controlled research studies [7]. DBT
is particularly effective in reducing the incidence of suicidal
and self-injurious behaviors and the frequency of acute
hospitalizations in individuals diagnosed with borderline
personality disorder [20].

Significance and Impact
Many individuals with borderline personality disorder are
resistant to taking part in in-person group psychotherapy, a core
aspect of DBT [20,21]. Additionally, there are many other
psychological, social, geographical, and systemic barriers to
utilizing DBT as a treatment for mental health disorders [9].
The demand for DBT often exceeds the resources, leaving many
individuals with serious and life-threatening (in some cases)
problems, on waitlists for evidence-based care. Therefore, it is
an unequivocal public health need to overcome these barriers
through alternative methods of care delivery. With internet use
increasing globally, offering internet-based DBT skill-building
groups through email (e-DBT) could be a viable treatment option
that could help the health care system meet the demand for
therapy. The ability to reduce treatment costs while offering
comparable quality of care with more efficient utilization of
medical personnel can be significant to the health care system.
Among other benefits, e-DBT would allow for greater treatment
accessibility to participants, as well as being more time-efficient
for clinicians without having to sacrifice the quality of care.
Moreover, e-DBT would allow for relatively simple
modifications in the future when addressing language and
cultural barriers to therapy. Additionally, e-DBT can provide a
much-needed service to individuals located in geographically
isolated areas.

Our results suggest that an e-DBT skill-training program
delivered via email could be a viable treatment delivery modality
for addressing symptoms in individuals diagnosed with
borderline personality disorder. There were no significant
differences observed in SAQ or DERS scores between the
e-DBT and in-person groups both pre- and posttreatment
(P<.001). This suggests that e-DBT could provide comparable
results to those provided by in-person therapy, allowing a more
accessible version of the treatment, without sacrificing the
quality of care. Additionally, both the SAQ and DERS scores
significantly improved in both the e-DBT and in-person groups

(P<.001). These results suggest that e-DBT could be an effective
alternative to in-person therapy for individuals with borderline
personality disorder.

Although there was no significant difference observed between
the groups in terms of the number of participants who completed
the program (P<.001), participants who prematurely terminated
their involvement in the e-DBT program took part in more
sessions than those who prematurely terminated participation
in the in-person group. This could indicate that e-DBT offers a
higher treatment adherence in individuals with borderline
personality disorder.

Limitations
Despite the strengths of this study, there are some limitations.
The study did not assess the long-term efficacy of the treatment;
future research should investigate this by implementing a
follow-up component.

Additionally, among the participants who selected the e-DBT
and in-person groups, only 44% (23/52) and 49% (27/55),
respectively, completed the program. The large number of
dropouts could affect the result of the study; however, we
believe that the lack of adherence with treatment could be due
to the nature of borderline personality disorder. For individuals
with borderline personality disorder, the dropout rates in a DBT
outpatient group are typically quite high, often peaking between
24% and 58% and are attributed to a younger age, higher levels
of baseline distress, and a higher level of baseline nonacceptance
of emotional responses [22]; therefore, the dropout rates in our
study are not unusual

Future Direction
Although the therapy at the Personality Disorder Services at
Queen’s University, Kingston, Ontario is offered in 3
phases—DBT-informed skill-building group (Managing
Powerful Emotions), psychotherapy groups, Chrysalis
Program—in this study, electronic delivery was only offered
for the first phase. Future research should evaluate the efficacy
of electronic delivery of all 3 phases.

Future research is necessary to address the abovementioned
limitations and to provide further support for the efficacy of an
e-DBT program. Although the results of our study suggest that
email is a viable method for delivering DBT skill-building
groups, a randomized controlled study should be conducted to
compare the efficacy of in-person DBT with e-DBT for
borderline personality disorder treatment. A control group
should be utilized to examine its efficacy in comparison to other
delivery methods. Moreover, a benefit to randomization would
be that individuals with differing technology comfort levels
would be more evenly dispersed. Future research should also
implement a follow-up period to ensure that e-DBT has
long-term efficacy.

Conclusions
Notwithstanding its limitations, our study’s findings have
significant practical implications. This study provides evidence
that DBT delivered via email can be effective in reducing the
severity of symptoms associated with borderline personality
disorder. These findings concurrently add to literature on the
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efficacy of internet-based interventions for DBT, with more
work needing to be done [23]. This innovative modality has the
potential to increase the accessibility of mental health services
for a large group of individuals who could benefit from these
resources. This simple, innovative, and user-friendly way to
deliver DBT can be used to deal with barriers to treatment such
as lack of resources, work or school commitments, transportation
limitations, geographical isolation, the stigma associated with
mental health treatment, and the high costs of software

development. This treatment modality can be particularly
beneficial for those comfortable with technology who may be
concerned with the stigma associated with attending in-person
DBT or group treatments by allowing treatment to be completed
at any time and location. The DBT delivered via email shows
promise as a new treatment delivery modality that can provide
increased accessibility while offering improvements in
symptomology that are comparable to of in-person DBT for
individuals with borderline personality disorder.
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Abstract

Background: The COVID-19 pandemic has been declared an international public health emergency, and it may have long-lasting
effects on people’s mental health. There is a need to identify effective health behaviors to mitigate the negative mental health
impact of COVID-19.

Objective: The objectives of this study were to (1) examine the regional differences in mental health and COVID-19–related
worry, attention to news, and stress, in light of the state-level prevalence of COVID-19 cases; (2) estimate the associations between
mental health and COVID-19–related worry, attention to news, and stress and health behavior engagement (ie, physical activity,
mindfulness meditation); and (3) explore the mediating effect of health behavior engagement on the associations between mental
health and COVID-19–related worry, attention to news, and stress.

Methods: A cross-sectional survey was distributed to a sample of US adult paying subscribers to the Calm app (data were
collected from April 22 to June 3, 2020). The survey assessed COVID-19–related worry, attention to news, and stress; health
behavior engagement; and mental health (ie, perceived stress, posttraumatic stress disorder, and anxiety and depression). Statistical
analyses were performed using R software. Differences in COVID-19–related worry, attention to news, and stress and mental
health by location were assessed using t tests and chi-square tests. Logistic and ordinary least squares models were used to regress
mental health and health behavior on COVID-19–related worry, attention to news, and stress; moreover, causal mediation analysis
was used to estimate the significance of the mediation effects.

Results: The median age of the respondents (N=8392) was 47 years (SD 13.8). Participants in the Mid-Atlantic region (New
Jersey, New York, and Pennsylvania) reported higher levels of stress, more severe depression symptoms, greater worry about
COVID-19, paying more attention to COVID-19–related news, and more stress related to social distancing recommendations
than participants living in other regions. The association between worry about COVID-19 and perceived stress was significantly
mediated by changes in physical activity (P<.001), strength of meditation habit (P<.001), and stopping meditation (P=.046). The
association between worry about COVID-19 and posttraumatic stress disorder symptoms was significantly mediated by changes
in physical activity (P<.001) and strength of meditation habit (P<.001).

Conclusions: Our findings describe the mental health impact of COVID-19 and outline how continued participation in health
behaviors such as physical activity and mindfulness meditation reduce worsening of mental health due to the COVID-19 pandemic.
These data have important implications for public health agencies and health organizations to promote the maintenance of health
habits to reduce the residual mental health burden of the COVID-19 pandemic.

(JMIR Ment Health 2021;8(4):e28479)   doi:10.2196/28479
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Introduction

In January 2020, the World Health Organization declared
COVID-19 an international public health emergency [1], and
the negative mental health effects of the ongoing COVID-19
pandemic are expected to be a significant, long-lasting global
health problem [2,3]. In an April 2020 review of the existing
literature on COVID-19 and mental health, moderate to severe
levels of depressive symptoms and anxiety were reported in
16%-28% of the general population and medical staff in
response to the COVID-19 pandemic [4]. Additionally, fear and
worry about COVID-19 are common [5], with many people
citing worries related to personal infection or the infection of
family members [6,7], an overrun health care system, financial
losses without expectation of recovery soon [8,9], and
long-lasting isolation and movement restrictions [10]. Previously
reported data have suggested regional differences across the
United States in COVID-19–related fear and mental health (ie,
anxiety and depressive symptoms), with greater symptoms in
regions with higher confirmed cases, namely the Northeast New
England, Northeast Mid-Atlantic, South-South Atlantic, and
West Pacific regions (survey data collected March 23, 2020)
[5]. Based on the known mental health effects of the COVID-19
pandemic, there is a clear need for strategies to help individuals
better cope with the pandemic and mitigate its potentially
long-lasting mental health consequences. Additionally, there is
a need to better understand how resources for mental health
should be allocated as the prevalence of COVID-19 infections
changes regionally over time.

Although mental health professionals are often among the first
line of treatment for poor mental health, digital approaches,
including mobile health (mHealth) technologies may provide
a way to more widely disseminate treatment information and
enable individuals to self-manage their mental health from the
safety of their own home. In a recent survey (N=2198) by the
Academy of Medical Services, many respondents were
concerned about how they would access mental health support,
as many previously available in-person services had been
discontinued as a result of the COVID-19 pandemic [11].
Stakeholders were also concerned with the capacity to handle
the increased demand for mental health services and the lack
of emphasis on mental health compared to treatment of
COVID-19 and its physical health impacts [11]. Importantly,
self-management strategies, including digital approaches to
improve mental health, have become an area of interest for
policy makers, as many individuals fail (or are unable) to
participate due to the pandemic (eg, facility closures, reduced
client load, social distancing) [12]. Self-management strategies
may also empower individuals by enabling them to take a more
active role in their health care (ie, recognizing and managing
their own health problems) [13]. Additionally, self-management
strategies are cost-effective and can be used as a preventative
tool (rather than prescriptive or treatment-focused) that may
mitigate the development of more debilitating mental health
issues [12]. Common and evidence-based self-management

strategies for improving mental health are physical activity and
mindfulness meditation [14-16], both of which can still be
maintained during social distancing policies and stay-at-home
orders and can be adapted and delivered digitally. However, the
extent to which individuals have maintained their participation
in these self-management strategies during the COVID-19
pandemic is unknown.

Physical activity has been widely adopted as a beneficial way
to self-manage mental health and may attenuate the mental
health decline resulting from COVID-19 [17,18]. Physical
activity has been shown to be as effective as antidepressants in
decreasing stress, improving mood, and enhancing self-esteem
[17,18]. Despite the known benefits of physical activity,
currently, more than 60% of US adults do not engage in the
recommended amount of physical activity (ie, 150 minutes of
moderate to vigorous physical activity per week), and 25% are
not active at all (ie, sedentary) [19]. Social distancing, quarantine
or social isolation, and closure of public spaces due to
COVID-19 are likely to increase these rates of physical
inactivity [20,21], and the degree to which adults change the
type or duration of their physical activity during COVID-19 is
also unknown. Thus, there is a need to determine how
self-management strategies such as physical activity have
changed as a result of the pandemic, and specifically if
reductions in physical activity are associated with worsening
mental health status.

Mindfulness meditation, another self-management strategy, has
also been evidenced to improve mental health, and maintenance
(or habituation) of this behavior, particularly during the
COVID-19 pandemic, may reduce worsening of mental health
over time. Evidence suggests that mindfulness meditation
reduces stress, improves mood (eg, symptoms of anxiety and
depression), and enhances well-being [14,22]. Although an
optimal amount of mindfulness meditation has not been
established, evidence suggests that its benefits accrue with
greater frequency of practice [23]. The habituation of
mindfulness meditation practice (ie, behavioral automaticity)
[24,25] has yet to be examined in the literature [26] but may
have important implications for whether individuals maintain
their practice during the COVID-19 pandemic. Those with
stronger meditation habits may be more likely to continue
meditation practice even when daily life is disrupted, as habits
are known to persist when motivation declines and other
distractions are present [25]. Mindfulness meditation delivered
via mHealth may be another useful way to help people maintain
their practice, especially when many public facilities are closed
or limit participation [27-29], and popular meditation apps such
as Calm or Headspace have shown promise to reduce stress and
improve health [27,30-34]. Interestingly, sales of the Calm app
in April 2020 were 62% higher than in February 2020 and 32%
higher than in March 2020 (unpublished sales data provided by
an internal Calm team), indicating that more people are
accessing this type of self-management strategy in response to
COVID-19. Although mHealth meditation apps have promise
to help people self-manage their mental health, there is a lack
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of understanding about how continued participation in
meditation is being impacted during the COVID-19 pandemic
and whether meditation habits are associated with improved
mental health.

Given the benefits of physical activity and mindfulness
meditation on mental health, the purpose of this cross-sectional
survey (data collected between April 22 and June 3, 2020) was
to (1) examine the differences in COVID-19–related worry,
attention to news, and stress from social distancing and mental
health (ie, stress, posttraumatic stress disorder [PTSD],
depression, and anxiety) by region of the United States, (2)
explore the associations between COVID-19–related worry,
attention to news, and stress and health behavior engagement
(ie, strength of meditation habit, and changes in mindfulness
meditation and physical activity) and mental health, and (3)
estimate the mediating effect of health behavior engagement
on the associations between mental health and
COVID-19–related worry, attention to news, and stress. We
hypothesized that (1) there would be differences in
COVID-19–related worry, attention to news, and stress and
mental health in states with higher prevalence of COVID-19,
(2) greater COVID-19–related worry, attention to news, and
stress would be associated with lower health behavior
engagement and greater levels of mental health, and (3) health
behavior engagement would mediate the associations between
mental health and COVID-19–related worry, attention to news,
and stress.

Methods

Ethics Approval
The Institutional Review Board at Arizona State University
(STUDY00011867) approved the study. All participants
provided electronic consent before participating in the study.
The data sets generated and analyzed during the study are
available at OSF [35].

Study Design
This survey is part of a descriptive, national longitudinal study
using a nonrandom convenience sample of adult paying
subscribers to Calm, a mindfulness meditation mobile app.
Participants in this study initially completed a cross-sectional
baseline survey called the “COVID-19 Health and Well-being
Survey” and agreed to complete four follow-up surveys over
the subsequent 12 months. The data presented in this paper were

obtained from the baseline survey administered from April 22
to June 3, 2020.

Participant Recruitment and Selection
Emails inviting Calm subscribers to participate in the study
were sent on April 22, April 29, and May 6, 2020. Subscribers
were eligible if they had opened an email from Calm at least
once in the last 90 days and had used Calm at least once in the
last 90 days, were aged 18 years or older, could read and
understand English, and resided in the United States.

Procedures
Interested individuals were directed to a Qualtrics eligibility
screener (~1 minute to complete). Once eligibility was
determined, participants completed an electronic informed
consent form and the baseline survey. There were no incentives
for participation in the first wave (baseline) of the study;
however, incentives were offered for continued participation in
subsequent waves of this study (ie, random draws for 20 US
$50 Amazon gift cards at months 2-4 and 50 US $50 Amazon
gift cards at month 12).

COVID-19 Health and Well-being Survey
The baseline survey was also administered using Qualtrics and
included both investigator-developed and validated
questionnaires. The investigator-developed portion of the survey
included a total of 15 questions related to worry regarding
COVID-19, attention to news, and stress from social distancing
and 20 questions related to health behavior engagement (ie,
strength of meditation habit and changes in mindfulness
meditation and physical activity; see Textbox 1 for the questions
used in these analyses). The COVID-19–related questions were
adapted from a US Centers for Disease Control and Prevention
(CDC) questionnaire for other infectious diseases (eg, the Severe
Acute Respiratory Syndrome [SARS] Psychosocial Research
Consortium survey) [36,37]. The validated survey components
assessed meditation habit strength, perceived stress, PTSD, and
anxiety and depression. Demographic information was collected
at the end of the survey. Specifically, zip codes were used to
determine the participants’ state of residence [38], and the states
were categorized into regions according to the US Census
Bureau classification system [39]. States were also designated
as having a high or low prevalence of COVID-19 based on data
compiled by the Center for Systems Science and Engineering
at Johns Hopkins University describing state-level COVID-19
cases and deaths per 100,000 at the time of the initial survey
distribution (April 22, 2020) [40].
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Textbox 1. Investigator-developed survey questions used in the analyses.

Prior to COVID did you meditate with Calm? [Y/N]

Do you currently meditate with Calm? [Y/N]

To what extent has COVID changed your meditation practice?

• I meditate much more (5)

• I meditate a little more (4)

• I meditate about the same amount (3)

• I meditate a little less (2)

• I meditate much less (1)

• I no longer meditate (0)

Prior to COVID, on average, how often did you engage in physical activity/exercise? [0-7 days/week]

On average, how often do you currently engage in physical activity/exercise? [0-7 days/week]

To what extent has COVID-19 changed your amount of physical activity/exercise?

• I exercise much more (5)

• I exercise a little more (4)

• I exercise about the same amount (3)

• I exercise a little less (2)

• I exercise much less (1)

• I no longer exercise (0)

Have recommendations for socially distancing caused stress for you?

• Not at all (1)

• A little (2)

• Somewhat (3)

• A lot (4)

How worried are you about…

… personally getting coronavirus?

… a family member getting coronavirus?

… the spread of coronavirus in your area?

• Not at all worried (1)

• A little worried (2)

• Somewhat worried (3)

• A good bit worried (4)

• Very worried (5)

How would you rate your attentiveness to information about ongoing changes and updates regarding the coronavirus?

• Not at all paying attention to (1)

• Somewhat paying attention to (2)

• Moderately paying attention to (3)

• Quite a bit paying attention to (4)

• Very much paying attention to (5)
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Measures

COVID-19–Related Worry, Attention to News, and Stress
From Social Distancing
Participants were asked how worried they were about personally
contracting COVID-19, a family member contracting
COVID-19, and the spread of COVID-19 in their area (see
Textbox 1). Worry about COVID-19 was operationalized as the
sum of responses to these three questions. Scores ranged from
3-15, where higher scores indicate greater levels of worry about
COVID-19. Participants were also asked how they would rate
their attentiveness to information about ongoing changes and
news regarding COVID-19 (see Textbox 1). Scores at or below
the median were used to identify individuals with low attention
to COVID-19, while scores above the median were categorized
as high attention to COVID-19. Finally, the participants were
asked if recommendations for socially distancing had caused
them stress (see Textbox 1). Scores at or below the median were
used to identify participants with low stress; scores above the
median indicated high stress.

Health Behavior Engagement

Mindfulness Meditation Practice
Participants were asked about their meditation practice using
Calm prior to the COVID-19 pandemic as well as their current
use of Calm. If participants indicated that they meditated using
Calm prior to the COVID-19 pandemic, they were asked to
what extent COVID-19 had changed their meditation practice
(see Textbox 1). Participants who indicated they no longer
participated in meditation were categorized as “stopped
meditation,” while all other participants were considered as
“continuing meditation.”

Physical Activity Behavior
Participants were asked to select how many days per week (scale
of 0-7) they participated in physical activity prior to the
COVID-19 pandemic as well as their current participation.
Participants were also asked to what extent COVID-19 had
changed the frequency or duration of their physical activity (see
Textbox 1). Changes in physical activity were calculated as the
difference between the participants’ reported number of days
of physical activity currently and prior to the COVID-19
pandemic.

Validated Surveys

Self-Report Habit Index
The Self-Report Habit Index (SRHI) includes 12 items reflecting
on three proposed characteristics of habit (ie, automaticity,
frequency, and relevance to self-identity). Response options
range from 1, strongly disagree, to 5, strongly agree. The SRHI
is a reliable and valid measure that has demonstrated Cronbach
α values of .89-.92. The items are summed to produce a total
score, with higher values indicating stronger habits [41]. For
the current study, only the 4-item automaticity subscale of the
SRHI was used in the analyses, and it produced a Cronbach α
of .88.

Perceived Stress Scale
The Perceived Stress Scale (PSS) includes 10 items that measure
the degree of self-appraised stress in one’s life within the past
month [42,43]. The response items are rated on a 5-point Likert
scale from 0, never, to 4, very often. The items are summed to
produce a total score from 0-40, with higher scores indicating
higher levels of perceived stress. The PSS is a reliable and valid
measure that has demonstrated good internal consistency
(Cronbach α=.74-.91) [44]. For the current study, the Cronbach
α is .89.

Impact of Events Scale-6
The Impact of Events Scale-6 (IES-6) is a 6-item abbreviated
version of the Impact of Events Scale-Revised (22 items) that
assesses PTSD symptoms over the past seven days [45]. The
response items are rated on a 5-point Likert scale from 0, not
at all, to 4, extremely. The score is calculated as a mean of the
six items. Scores range from 0-5, with a binary cutoff score of
1.75 indicating clinically important PTSD symptoms. The IES-6
is a valid and reliable measure with excellent internal
consistency (α=.91). For the current study, the Cronbach α is
.86.

Hospital Anxiety and Depression Scale
The Hospital Anxiety and Depression Scale (HADS) is a 14-item
scale measuring levels of anxiety and depression [46]. The
anxiety subscale (HADS-A) and the depression subscale
(HADS-D) each comprise 7 items. Response items are rated on
a 4-point Likert scale from 0-3. The items are summed to
produce a total score from 0-21 on each subscale. Scores from
0-7 are considered normal, scores from 8-10 are considered
borderline abnormal, and scores from 11-21 are considered
abnormal. The HADS is a valid and reliable tool, with internal
consistencies reported to be as high as α=0.93 and α=0.90 for
the HADS-A and HADS-D subscales, respectively. For the
current study, the Cronbach α=.85 and .80 for the HADS-A and
HADS-D, respectively.

Statistical Analysis
All statistical analyses were performed using R software, version
4.0.0 (R Project) [47]. Descriptive statistics were used to
characterize the sample’s demographic characteristics; health;
presence of chronic conditions; mental health; and
COVID-19–related worry, attention to news, and stress.
Differences in mental health and COVID-19–related worry,
attention to news, and stress by location were assessed using t
tests and chi-square tests. Logistic and ordinary least squares
models were used to regress mental health and health behavior
on COVID-19–related worry, attention to news, and stress, and
causal mediation analysis from the “mediation” package in R
was used to estimate the significance of the mediation effects.
Specifically, the standard errors for the mediation effects were
calculated from 1000 bootstrapped samples for each mediation
regression. Demographic, health, and location variables were
included as covariates in all regression analyses. A P value of
<.05 was considered statistically significant.
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Results

Sample Characteristics
The sample (N=8392) was primarily White, non-Hispanic, and
female (see Table 1). The majority of participants had a
bachelor’s or graduate-level degree, were employed, and had
an annual household income exceeding US $100,000.
Approximately one-third of the participants (2603/7335, 35.49)
reported having a least one medical condition associated with
increased risk of severe illness from COVID-19; however, more
than 80% (5976/7317, 81.67%) perceived themselves to be in
good overall health.

The self-reported changes in preventative health behaviors are
shown in Table 2; most participants were found to have
increased or maintained their physical activity and meditation
habits during the initial period of the COVID-19 pandemic.
There was a significant correlation between strength of
meditation habit and changes in meditation during the
COVID-19 pandemic; participants with the strongest habits
were the most likely to increase or maintain their meditation
practices (r=0.37, P<.001).

The mental health characteristics of the sample at the time of
the baseline survey are presented in Table 3. Compared to
participants living in other parts of the country, participants
living in the Mid-Atlantic region (ie, New Jersey, New York,
or Pennsylvania) reported higher levels of stress and more severe
depression symptoms. Participants living in the South Atlantic
region (ie, Delaware, Florida, Georgia, Maryland, North
Carolina, South Carolina, Virginia, West Virginia, or District
of Columbia) reported less severe depressive symptoms than

participants in other regions. Participants living in states with
a high prevalence of COVID-19 cases (ie, California, Colorado,
Illinois, Massachusetts, New Jersey, New York, or Washington)
reported more severe PTSD symptoms than participants living
in states where COVID-19 was less prevalent.

Table 4 presents the participants’ reports regarding their worries
about COVID-19 (ie, contracting it themselves, a family member
contracting it, the spread in their area), their attentiveness to
news and updates regarding COVID-19, and their stress due to
COVID-19–related social distancing recommendations.
Participants in the Mid-Atlantic region were more worried about
COVID-19, paid more attention to COVID-19 news and updates,
and reported more stress related to social distancing
recommendations than participants living in other regions.
Conversely, participants living in the South Atlantic region
reported less stress from social distancing recommendations
than participants in other regions. Participants living in states
where COVID-19 was prevalent had more COVID-19–related
worry, paid more attention to COVID-19 news and updates,
and experienced more stress from social distancing
recommendations.

The primary sources participants used to acquire information
about COVID-19 were news media (eg, newspapers, web-based
newspapers, television news networks; n=5552/7371, 75.32%)
and health officials (eg, CDC, World Health Organization, state
health officials; n=5212/7371, 75.12%). Approximately
one-third of participants reported acquiring information about
COVID-19 from social media (n=2951/7371, 40.04%), doctors
and medical professionals (n=2721/7371, 36.91%), and friends
and family members (n=2543/7371, 34.50%).
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Table 1. Demographic and health characteristics of the sample (N=8392).

ValueCharacteristic

47.0 (13.8)Age (years), median (SD)

Gender (n=7303), n (%)

6129 (83.92)Female

1147 (15.71)Male

27 (0.37)Other

Race (n=7178), n (%)

6586 (91.75)White

231 (3.22)Black/African American

216 (3.01)Asian

83 (1.16)Native American/Alaska Native

27 (0.38)Native Hawaiian/Pacific Islander

195 (2.72)Other

Ethnicity (n=6774), n (%)

6338 (93.56)Non-Hispanic

436 (6.44)Hispanic

2.0 (1.4)People in the household, median (SD)

Income (US $; n=6949), n (%)

212 (3.05)20,000 or less

402 (5.79)21,000-40,000

705 (10.15)41,000-60,000

942 (13.56)61,000-80,000

1055 (15.18)81,000-100,000

3633 (52.28)More than 100,000

Employment (n=7297), n (%)

5084 (69.67)Employed

1012 (13.87)Retired

477 (6.54)Unemployed

306 (4.19)Homemaker

252 (3.45)Unable to work

166 (2.27)Student

Education (n=7319), n (%)

8 (0.11)11th grade or less

161 (2.20)High school or General Educational Development

826 (11.29)Some college

424 (5.79)Two-year/technical degree

2670 (36.48)Bachelor's degree

3230 (44.13)Graduate degree

Regiona (n=7037), n (%)

489 (6.95)New England

946 (13.44)Mid-Atlantic

953 (13.54)East North Central

459 (6.52)West North Central
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ValueCharacteristic

1192 (16.94)South Atlantic

198 (2.81)East South Central

522 (7.42)West South Central

713 (10.13)Mountain West

1565 (22.24)Pacific West

State COVID-19 prevalenceb (n=7037), n (%)

3062 (43.51)High-prevalence state

3975 (56.49)Low-prevalence state

Health rating (n=7317), n (%)

1341 (18.33)Poor

5976 (81.67)Good

Underlying medical conditionsc associated with increased risk of severe illness (n=7335), n (%)

2603 (35.49)At least one underlying medical condition

4732 (64.51)No underlying medical conditions

aStates within each region are based on US Census divisions.
bState-level COVID-19 prevalence is based on the number of COVID-19 cases per 100,000 at the time of the first survey distribution (April 22, 2020);
high-prevalence states were California, Colorado, Illinois, Massachusetts, New Jersey, New York, and Washington.
cThe underlying medical conditions associated with increased risk of severe illness from COVID-19 include asthma, cardiovascular disease, chronic
lung disease, diabetes, chronic kidney disease, cancer in the past year, immunosuppressant therapy, and hepatitis B.

Table 2. Self-reported engagement in preventative health behaviors (N=8392).

ValueBehavior

Physical activity prevalence (N=7325), n (%)

6715 (91.67)Physical activity performance prior to the COVID-19 pandemic

6468 (88.30)Physical activity performance since the COVID-19 pandemic

Physical activity change since the COVID-19 pandemic (n=6015), n (%)

1394 (23.18)Increased

1585 (26.35)Maintained

2537 (42.18)Decreased

499 (8.30)Stopped

Meditation prevalence (n=7332), n (%)

5940 (81.01)Meditated prior to the COVID-19 pandemic

5435 (74.13)Meditated since the COVID-19 pandemic

Medication change since the COVID-19 pandemic (n=5914), n (%)

2101 (35.53)Increased

1979 (33.46)Maintained

1479 (25.01)Decreased

355 (6.00)Stopped

10.72 (4.05)Strength of meditation habit (SRHIa score), mean (SD)

aSRHI: Self-Report Habit Index.
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Table 3. Differences in mental health by region and state-level COVID-19 prevalence.

AnxietyeDepressiondPTSDb,cStressaCharacteristic

P valueMean (SD)P valueMean (SD)P valueMean (SD)P valueMean (SD)

Regionf

.366.01 (3.75).708.92 (4.15).821.68 (0.89).3718.31 (6.47)New England

.076.07 (3.81).039.13 (4.22).621.72 (0.91)<.00118.66 (6.46)Mid-Atlantic

.405.77 (3.62).718.81 (4.20).561.66 (0.90).1217.75 (6.33)East North Central

.515.97 (3.82).978.86 (4.09).561.65 (0.87).6517.92 (6.29)West North Central

.185.73 (3.57)<.0018.51 (4.04).061.63 (0.87).1417.81 (6.31)South Atlantic

.815.92 (3.70).349.15 (4.43).921.67 (0.93).1418.76 (6.87)East South Central

.225.67 (3.63).968.86 (4.24).141.62 (0.92).2417.73 (6.43)West South Central

.735.82 (3.47).548.94 (4.10).561.69 (0.86).9418.03 (6.13)Mountain West

.795.88 (3.50).798.88 (4.06).161.70 (0.87).8818.03 (6.14)Pacific West

State COVID-19 prevalenceg

.205.92 (3.60).808.89 (4.06).0041.71 (0.86).0818.23 (6.21)High-prevalence state

N/A5.81 (3.64)N/A8.86 (4.18)N/A1.65 (0.89)N/Ah17.97 (6.38)Low-prevalence state

N/A5.86 (3.62)N/A8.72 (4.13)N/A1.67 (0.89)N/A18.08 (6.31)Total, median (SD)

aStress was measured using the total score on the Perceived Stress Scale.
bPTSD: posttraumatic stress disorder.
cPTSD was measured using mean scores on the Impact of Events Scale-6.
dDepression was measured using the Depression subscale score on the Hospital Depression and Anxiety Scale.
eAnxiety was measured using the Anxiety subscale score on the Hospital Depression and Anxiety Scale.
fStates within each region are based on US Census divisions.
gState-level COVID-19 prevalence is based on the number of COVID-19 cases per 100,000 at the time of the first survey distribution (April 22, 2020);
high-prevalence states were California, Colorado, Illinois, Massachusetts, New Jersey, New York, and Washington.
hN/A: not applicable.
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Table 4. Differences in COVID-19–related worry, attention to news, and stress by region and state-level COVID-19 prevalence.

High stress from social distancingHigh attention to newsWorryVariable

P valuen (%)P valuen (%)P valueMean (SD)

Region

.12233 (47.65).36155 (31.70).549.69 (2.85)New England

<.001468 (49.47).01353 (37.35)<.00110.11 (2.86)Mid-Atlantic

.26404 (42.44).53312 (32.74).709.58 (2.94)East North Central

.35213 (46.41).91153 (33.33).619.55 (2.78)West North Central

.39494 (41.44).69395 (33.14).749.59 (2.92)South Atlantic

.4782 (41.41).7869 (34.85).539.75 (3.01)East South Central

.053209 (40.04).20162 (31.03).039.32 (3.08)West South Central

.25300 (42.08).22225 (31.56).0529.41 (2.99)Mountain West

.42706 (45.11).28544 (34.85).169.52 (2.90)Pacific West

State COVID-19 prevalencea

.0041420 (46.37).041064 (34.81).019.72 (2.90)High-prevalence state

N/A1832 (42.92)N/A1387 (32.51)N/Ab9.53 (2.95)Low-prevalence state

N/A3252 (44.37)N/A2451 (33.47)N/A9.61 (2.93)Total

aState-level COVID-19 prevalence is based on the number of COVID-19 cases per 100,000 at the time of the baseline survey (April 22, 2020);
high-prevalence states were California, Colorado, Illinois, Massachusetts, New Jersey, New York, and Washington.
bN/A: not applicable.

Associations Between Health Behavior Engagement
and COVID-19–Related Worry, Attention to News,
and Stress
Participants who were more worried about COVID-19, paid
more attention to COVID-19 news and updates, and experienced
more stress due to COVID-19 social distancing
recommendations had greater decreases in physical activity and
lower strength of their meditation habits (see Table 5). Attention
to news and updates about COVID-19 and stress due to social
distancing recommendations were also associated with stopping
meditation.

Men, White and non-Hispanic respondents, and respondents
with higher levels of education and higher household incomes
were also less likely to decrease their engagement in physical
activity. Strength of meditation habit was also generally greater
among respondents who were older, White, non-Hispanic,
female, and more educated, and who had higher annual
household incomes. Younger participants and men were more
likely to report that since the COVID-19 pandemic, they had
stopped meditating. Living in a state with high COVID-19
prevalence was associated with decreases in physical activity
and lower strength of meditation habit but not with stopping
meditation practice.
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Table 5. Associations between health behavior engagement and COVID-19–related worry, attention to news, and stress. The table presents the
coefficients from ordinary least squares regression models for the continuous outcomes, changes in physical activity, and meditation habit strength on
COVID-19–related worry, attention to news, and stress, and logistic regression models for the stopped meditation outcome on COVID-19–related worry,
attention to news, and stress. Standard errors were estimated using heteroscedasticity-robust procedures.

Stress about social distancingCOVID-19 attentionCOVID-19 worryOutcome and covariates

P valueCoefficient (SE)P valueCoefficient (SE)P valueCoefficient (SE)

Outcome: changes in physical activity

————a<.001–0.04 (0.01)COVID-19 worry

——.01–0.16 (0.06)——COVID-19 attention

.003–0.16 (0.05)————Stress about social distancing

Demographic covariatesb

.02–0.005 (0.002).09–0.003 (0.002).01–0.01 (0.002)Age

.600.05 (0.10).600.05 (0.10).810.02 (0.10)Racial minority status

.0010.24 (0.07).0020.22 (0.07)<.0010.25 (0.07)Female

.03–0.25 (0.11).02–0.26 (0.11).07–0.20 (0.11)Hispanic

<.001–0.69 (0.19)<.001–0.70 (0.19)<.001–0.71 (0.19)High school education only

<.001–0.22 (0.06)<.001–0.22 (0.06)<.001–0.22 (0.06)Undergraduate education

<.001–0.28 (0.07)<.001–0.29 (0.07)<.001–0.29 (0.07)Income <US $80,000

.01–0.16 (0.06).01–0.17 (0.06).01–0.16 (0.06)Income of US $81,000-100,000

.46–0.07 (0.09).42–0.07 (0.09).40–0.08 (0.09)Unemployed

.01–0.16 (0.06).01–0.15 (0.06).03–0.12 (0.06)Underlying medical condition

.03–0.12 (0.05).03–0.11 (0.054).04–0.01 (0.05)Living in a state with high COVID-

19 prevalencec

Outcome: stopped meditation

————.0450.04 (0.02)COVID-19 worry

——.0040.36 (0.13)——COVID-19 attention

.010.31 (0.12)————Stress about social distancing

Outcome: strength of meditation habit

————.001–0.06 (0.02)COVID-19 worry

——.18–0.17 (0.12)——COVID-19 attention

<.001–0.45 (0.11)————Stress about social distancing

a—: not applicable.
bThese covariates were included in all the models.
cState-level COVID-19 prevalence is based on the number of COVID-19 cases per 100,000 at the time of the first survey distribution (April 22, 2020);
high-prevalence states were California, Colorado, Illinois, Massachusetts, New Jersey, New York, and Washington.

Mediation Models

Perceived Stress and COVID-19–Related Worry,
Attention to News, and Stress via Engagement in Health
Behaviors
The mediating effect of health behavior changes on the
associations between stress and COVID-19–related worry,
attention to news, and stress from social distancing is
demonstrated by the regression analyses presented in Table 6.
The first row and first column of Table 6 present the total effect
of worry about COVID-19 on self-reported stress, and the
subsequent columns illustrate how the association between
worry about COVID-19 and stress is attenuated by the inclusion

of each behavioral change measure. Based on bootstrapped
estimation procedures, we found that the association between
worry about COVID-19 and perceived stress was significantly
mediated by changes in physical activity (P<.001), stopping
meditation (P=.046), and strength of meditation habit (P<.001).
The second panel of Table 6 presents a similar mediation
analysis for the association between attention to COVID-19
news and updates and perceived stress. The bootstrapped
standard error calculations found that changes in physical
activity (P=.02) and stopping meditation (P=.002) partially
mediated the association between attention to COVID-19 news
and updates and perceived stress; however, strength of
meditation habit was not a significant mediator (P=.11). Finally,
the association between perceived stress and stress due to
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COVID-19 social distancing recommendations was significantly
mediated by changes in physical activity (P=.01), stopping

meditation (P=.02), and strength of meditation habit (P<.001).

Table 6. Mediating effect of health behavior change on stress. The table presents the coefficients from ordinary least squares regression models of PSS
stress score on COVID-19 worry, COVID-19 attention, and stress from social distancing as well as the indicated health behavior changes. The demographic
variables of age, male sex, Hispanic, income <US $80,000, income US $81,000-100,000, unemployed, and underlying medical condition were included
as covariates in all models, which also estimated heteroscedasticity-robust standard errors.

PSSa stress scoreVariable

Strength of meditation habitStopped meditatingChange in physical activityTotal effect

P valueCoefficient
(SE)

P valueCoefficient
(SE)

P valueCoefficient
(SE)

P valueCoefficient
(SE)

——————b<.0010.61 (0.02)COVID-19 worry—total ef-
fect

<.0010.63 (0.03)<.0010.64 (0.028)<.0010.60 (0.03)COVID-19 worry—indirect effect

————<.001–0.25 (0.03)——Change in physical ac-
tivity

——<.0012.00 (0.33)————Stopped meditating

<.001–0.15 (0.02)——————Strength of meditation
habit

——————<.0010.77 (0.16)COVID-19 attention—total
effect

<.0010.76 (0.18)<.0010.65 (0.18)<.0010.74 (0.16)COVID-19 attention—indirect effect

————<.001–0.30 (0.04)——Change in physical ac-
tivity

——<.0012.15 (0.35)————Stopped meditating

<.001–0.17 (0.02)——————Strength of meditation
habit

——————<.0013.59 (0.16)Stress from social distanc-
ing—total effect

<.0013.59 (0.16)<.0013.64 (0.16)<.0013.54 (0.14)Stress from social distancing—indirect effect

————<.001–0.27 (0.03)——Change in physical ac-
tivity

——<.0011.93 (0.33)————Stopped meditating

<.001–0.15 (0.02)——————Strength of meditation
habit

aPSS: Perceived Stress Scale.
b—: not applicable.

PTSD Symptoms and COVID-19–Related Worry,
Attention to News, and Stress via Engagement in Health
Behaviors
The mediating effect of health behavior changes on the
associations between PTSD symptoms and COVID-19–related
worry, attention to news, and stress is outlined by the regression
analyses presented in Table 7. The first row and first column
of Table 7 present the total effect of worry about COVID-19
on self-reported PTSD symptoms, and the subsequent columns
illustrate how the association between worry about COVID-19
and PTSD symptoms is attenuated by the inclusion of each
behavioral change measure. Based on bootstrapped estimation
procedures, we found that the association between worry about
COVID-19 and PTSD symptoms was significantly mediated

by changes in physical activity (P<.001) and strength of
meditation habit (P<.001) but not significantly mediated by
stopping meditation (P=.07). The second panel of Table 7
presents the same mediation analysis for the association between
attention to COVID-19 news and updates and PTSD symptoms,
where bootstrapped standard error calculations indicated that
changes in physical activity (P=.01) and stopping meditation
(P=.004) significantly mediated the association between PTSD
symptoms and attention to COVID-19 news and updates while
the strength of meditation habit did not (P=.13). Finally, the
association between PTSD symptoms and stress caused by
COVID-19 social distancing recommendations was partially
mediated by changes in physical activity (P=.01), stopping
meditation (P=.01), and strength of meditation habit (P<.001).
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Table 7. Mediating effect of health behavior change on PTSD symptoms. This table presents the coefficients from ordinary least squares regression
models of PTSD score on COVID-19–related worry, attention to news, and stress from social distancing as well as the indicated health behavior changes.
Age, male sex, Hispanic race, income <US $80,000, income US $81,000-100,000, unemployed, and underlying medical condition were included as
covariates in all models.

PTSDa,b scoreVariable

Strength of meditation habitStopped meditatingChange in physical activityTotal effect

P valueCoefficient
(SE)

P valueCoefficient
(SE)

P valueCoefficient
(SE)

P valueCoefficient
(SE)

——————c<.0010.13 (0.003)COVID-19 worry—total ef-
fect

<.0010.13 (0.004)<.0010.13 (0.00)<.0010.13 (0.003)COVID-19 worry—indirect effect

————<.001–0.03 (0.010)——Change in physical ac-
tivity

—<.0010.23 (0.05)————Stopped meditating

<.001–0.01 (0.003)——————Strength of meditation
habit

——————<.0010.26 (0.02)COVID-19 attention—total
effect

<.0010.25 (0.03)<.0010.24 (0.03)<.0010.26 (0.02)COVID-19 attention—indirect effect

————<.001–0.03 (0.010)——Change in physical ac-
tivity

——<.0010.25 (0.05)————Stopped meditating

<.001–0.02 (0.003)——————Strength of meditation
habit

——————<.0010.55 (0.02)Stress from social distanc-
ing—total effect

<.0010.56 (0.02)<.0010.57 (0.02)<.0010.55 (0.02)Stress from social distancing-indirect effect

————<.001–0.03 (0.010)——Change in physical ac-
tivity

——<.0010.23 (0.05)————Stopped meditating

<.001–0.01 (0.003)——————Strength of meditation
habit

aPTSD: posttraumatic stress disorder.
bPTSD was measured using mean scores on the Impact of Events Scale-6.
c—: not applicable.

Discussion

Our findings describe the mental health impact of the COVID-19
pandemic and outline how continued participation in health
behaviors such as physical activity and mindfulness meditation
reduce worsening of mental health due to the COVID-19
pandemic. The aim of this baseline survey was to first examine
the regional differences in mental health and COVID-19–related
worry, attention to news, and stress in light of the state-level
prevalence of COVID-19 infections at the time of this survey.
We additionally sought to estimate the associations between
COVID-19–related worry and attention to news and stress,
health behavior engagement, and mental health, as well as to
explore the mediating effect of health behavior engagement on
the associations between mental health and COVID-19–related
worry, attention to news, and stress.

Mental Health and COVID-19–Related Worry,
Attention to News, and Stress by Region
Our findings indicate that participants living in the Mid-Atlantic
region (ie, New Jersey, New York, or Pennsylvania) had higher
levels of stress and more severe depressive symptoms compared
to the rest of the country, which is consistent with the fact that
a high prevalence of confirmed COVID-19 cases existed in this
region during the time period when this survey was
administered. Participants in the Mid-Atlantic region were also
more worried about COVID-19, paid more attention to
COVID-19 news and updates, and reported more stress related
to social distancing recommendations than survey participants
living in other regions. Additionally, participants living in states
with a high prevalence of COVID-19 cases (ie, California,
Colorado, Illinois, Massachusetts, New Jersey, New York, or
Washington) reported more severe PTSD symptoms than those
living in states where COVID-19 was less prevalent, and they
also reported more COVID-19–related worry, paid more
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attention to COVID-19 news and updates, and experienced more
stress from social distancing recommendations. These
preliminary findings highlight the regional differences in worry
and fear about COVID-19 and mental health based on the
prevalence of COVID-19 cases. As the prevalence of COVID-19
cases among regions may change over time, this information
could be particularly useful for public health agencies or
community health centers to direct or provide more mental
health resources to regions with high COVID-19 prevalence in
an effort to mitigate the subsequent mental health burden.
Additionally, future research and public health interventions
should consider the local prevalence of COVID-19 and the
extent to which individuals are paying attention to news and
media to monitor news related to COVID-19 when targeting
mental health interventions, as these factors may play an
important role in the mental health impact of the pandemic.

Associations of Worry About COVID-19, Physical
Activity, Meditation, and Mental Health
Our findings suggest that higher levels of worry about
COVID-19 were associated with lower physical activity levels
and lower strength of meditation habits; however, overall, the
majority of participants reported increasing or maintaining their
physical activity or meditation practice. Although our findings
are not causal, higher levels of worry about COVID-19 may
have contributed to the difficulty people had in sustaining their
physical activity participation and engaging in habitual
meditation practice. This is aligned with other research
demonstrating that anxiety and worry can be detrimental to
habitual participation in health-promoting behaviors, both in
general [48] and in the context of COVID-19 [49,50]. One
cross-sectional survey conducted in Belgium during the
COVID-19 lockdown reported increases in physical activity,
but only in those who were previously less active; decreases in
physical activity were found in previously highly active adults
[51]. Conversely, other cross-sectional studies conducted during
the COVID-19 pandemic reported significant declines in
physical activity and increased sitting time [49,52,53]. No
studies have reported patterns of meditation practice; however,
one cross-sectional study assessing stress-coping behaviors
conducted among New York City–based health care workers
during the COVID-19 pandemic reported that meditation (23%)
was a commonly endorsed behavior, along with physical
activity/exercise (59%) [54]. However, the physical activity and
meditation patterns were not assessed prior to the COVID-19
pandemic. More research describing patterns of health behaviors
during the COVID-19 pandemic is needed to better understand
how COVID-19 may contribute to long-lasting, negative health
behavior changes.

Our data also suggest that higher levels of worry about
COVID-19 are associated with poor mental health (ie, increased
stress and PTSD), and importantly, this association between
worry about COVID-19 and poor mental health was mediated
by lower physical activity levels and lower strength of
meditation habits (similar associations were observed for
depression and anxiety; see Multimedia Appendix 1). Therefore,
stopping or reducing health promoting behaviors, particularly
physical activity and meditation practice, during the COVID-19
pandemic may increase the negative impact of

COVID-19–related worry on stress, PTSD, depression, and
anxiety. To our knowledge, this is the first study to examine
the mediating effects of physical activity and meditation on the
associations between worry about COVID-19 and mental health
during the pandemic. Existing research has shown that greater
concern about COVID-19 was associated with greater anxiety
and depression levels [55], and decreased physical activity and
increased sedentary time during COVID-19 was associated with
poor mental health (ie, higher stress, anxiety, and depression
symptoms) [49,56]. Additionally, both physical activity and
meditation have been recommended as healthy ways to cope
with stress during the COVID-19 pandemic, underscoring the
importance of maintaining these behaviors during a time of
heightened stress [57]. Our data demonstrate that participation
in physical activity and meditation are important mechanisms
in reducing the increased mental health problems associated
with COVID-19–related worry. Other studies have shown that
both mindfulness-based and physical activity interventions may
be protective against the development of trauma-related
psychopathology (eg, PTSD) by enhancing cognitive function,
reducing arousal, normalizing hypothalamic pituitary axis
function, and reducing inflammatory markers [58,59]. There is
a need for more research, especially longitudinal data, to
examine the long-term changes in health behaviors due to the
COVID-19 pandemic, better disentangle the causal relationships
between these psychological and behavioral outcomes, and
identify strategies for helping people maintain health-promoting
behaviors.

In summary, our findings support existing evidence of the
beneficial health effects of physical activity and meditation on
mental health outcomes [16,60-62]. Because the COVID-19
pandemic has profoundly impacted daily routines (eg, social
distancing, quarantine, businesses closures) and may negatively
impact the performance of health behaviors, it is important to
continue promoting self-management of health behaviors such
as physical activity and meditation that can reduce worsening
of mental health during the COVID-19 pandemic, particularly
in regions with a heightened sense of worry about COVID-19.
Encouraging participation in physical activity and meditation
should be an important public health objective during the current
COVID-19 pandemic, especially because reduced physical
health and poor mental health have been shown to increase
susceptibility to COVID-19 infection and disease transmission
[63,64]. Public health agencies may consider providing strategies
to help people maintain or adapt their current health behaviors.
For example, digital or mHealth interventions for both physical
activity and meditation have shown promise for their feasibility,
scalability, and physical and mental health benefits [64-67].
Digital and mHealth interventions are also convenient and often
budget-friendly ways to encourage participation in both physical
activity and meditation, and more research is needed to better
understand their efficacy and applicability during the COVID-19
pandemic.

Limitations
Although this study is one of the first to describe the associations
between COVID-19–related worry and attention to news and
stress, mental health, and self-management health behaviors,
there are important limitations to be noted. First, our sample
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was primarily female, non-Hispanic, White, high-income, and
highly educated, and the participants were paid subscribers of
Calm, which limits the generalizability of these data. Second,
this survey was cross-sectional; therefore, causal relationships
cannot be determined from these analyses. In the broader study,
we plan to implement four more surveys over the next 12 months
to provide a more comprehensive longitudinal assessment of
the impact of the COVID-19 pandemic on mental health and
health behaviors.

Conclusions
Our findings underscore the importance of maintaining
self-management health behaviors such as physical activity and

meditation for sustaining one’s mental health during the
COVID-19 pandemic. These results suggest that public health
agencies and health organizations should promote the
maintenance of health habits with strategies such as digital and
mHealth approaches that can be more easily adapted during
stay-at-home orders and social distancing mandates. Future
research is needed to identify the causal relationships between
these psychological and behavioral outcomes and to evaluate
strategies for helping people adapt their current meditation and
physical activity practices to the restrictions on daily life
imposed by COVID-19–related public health policies.
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Abstract

Background: The COVID-19 pandemic has affected the health, economic, and social fabric of many nations worldwide.
Identification of individual-level susceptibility factors may help people in identifying and managing their emotional, psychological,
and social well-being.

Objective: This study is focused on learning a ranked list of factors that could indicate a predisposition to a mental disorder
during the COVID-19 pandemic.

Methods: In this study, we have used a survey of 17,764 adults in the United States from different age groups, genders, and
socioeconomic statuses. Through initial statistical analysis and Bayesian network inference, we have identified key factors
affecting mental health during the COVID-19 pandemic. Integrating Bayesian networks with classical machine learning approaches
led to effective modeling of the level of mental health prevalence.

Results: Overall, females were more stressed than males, and people in the age group 18-29 years were more vulnerable to
anxiety than other age groups. Using the Bayesian network model, we found that people with a chronic mental illness were more
prone to mental disorders during the COVID-19 pandemic. The new realities of working from home; homeschooling; and lack
of communication with family, friends, and neighbors induces mental pressure. Financial assistance from social security helps
in reducing mental stress during the COVID-19–generated economic crises. Finally, using supervised machine learning models,
we predicted the most mentally vulnerable people with ~80% accuracy.

Conclusions: Multiple factors such as social isolation, digital communication, and working and schooling from home were
identified as factors of mental illness during the COVID-19 pandemic. Regular in-person communication with friends and family,
a healthy social life, and social security were key factors, and taking care of people with a history of mental disease appears to
be even more important during this time.

(JMIR Ment Health 2021;8(4):e25097)   doi:10.2196/25097

KEYWORDS

COVID-19; mental health; Bayesian network; machine learning; artificial intelligence; disorder; susceptibility; well-being;
explainable artificial intelligence

Introduction

After 7 months of initial reporting, the COVID-19 pandemic
continues worldwide. The mental health consequences of the

COVID-19 pandemic have been substantial. More than half a
million lives and more than 400 million jobs have been lost [1],
causing a considerable degree of fear, worry, and concern. These
effects are seen in the population at large and may be more
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pronounced among certain groups such as youth, frontline
workers [2], caregivers, and people with chronic medical
conditions. The new normal has introduced unprecedented
interventions of countrywide lockdowns that are necessary to
control the spread but have led to increased social isolation.
Loneliness, depression, harmful alcohol and drug use, and
self-harm or suicidal behavior are also expected to rise.

The Lancet Psychiatry [3] recently highlighted the needs of
vulnerable groups during this time, including those with severe
mental illness, learning difficulties, and neurodevelopmental
disorders, as well as socially excluded groups such as prisoners,
the homeless, and refugees. Calls to action for engaging more
early-career psychiatrists [4,5], using technology such as
telepsychiatry, and stressing the high susceptibility of frontline
medical workers themselves [6] have highlighted the magnitude
of the problem. Further, interventions are expected to have a
gender-specific impact, with women more likely to be exposed
to additional stressors related to informal care, already existing
economic disparity, and school closures. Similarly, age and
comorbidity status may have a direct impact on susceptibility
to mental health challenges due to their relationship with
COVID-19 morbidity and mortality. Indeed, it has been
established that emotional distress is ubiquitous in affected
populations—a finding certain to be echoed in populations
affected by the COVID-19 pandemic [7]. Finally, the role of
social media [8,9] is complex, with some research indicating
an association between social media exposure and a higher
prevalence of mental health problems [10].

However, most of these effects have been studied in isolation
with a lack of modeling the collective impact of such factors.
This study addresses this gap through the use of Bayesian
networks (BNs), an explainable artificial intelligence approach
that captures the joint multivariate distribution underlying large
survey data collected across the United States. We also address
the gap of vulnerability prediction for mental health events such
as anxiety attacks using supervised machine learning models.

Methods

Data Sets
We extracted the data of 17,764 adults [11] from two weekly
surveys (April 20-26 and May 4-10, 2020) of the US adult
household population nationwide for 18 regional areas including
10 states (California, Colorado, Florida, Louisiana, Minnesota,
Missouri, Montana, New York, Oregon, Texas) and 8
metropolitan statistical areas (Atlanta, Baltimore, Birmingham,
Chicago, Cleveland, Columbus, Phoenix, Pittsburgh). Two
rounds of data collection were available at the time of this
analysis, and both rounds of data until May 25, 2020, were
included in this analysis. The details of the original data are
available elsewhere [12]. To summarize, the data set comprised
variables on physical health, mental health, insurance-related
policy, economic security, and social dynamics. Figure 1 shows
the sociodemographic characteristics of respondents
participating in the survey.
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Figure 1. Sociodemographics of respondents who participated in the survey. It can be seen that there was almost a similar representation from both
genders. Age groups 25-75 years were predominantly captured in the survey. Most of the respondents had received a Bachelor's degree or above and
were nearly equally distributed across geographies within the United States. HS: high school.

Analysis
Figure 2a shows the flow diagram for the analyses conducted.
The survey questions were classified into several types of

indicators such as mental health, work from home,
communication, COVID-19 symptoms, chronic medical
conditions, behavioral aspects, insurance assistance, and many
others (Multimedia Appendix 1).
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Figure 2. (a) Outline of the analytical pipeline. (b) Item reliability analysis of mental health indicators revealed a high degree of internal consistency
(Cronbach alpha value >.70) for most of the psychological variables, thus indicating suitability for the modeling exercise. ML: machine learning.

Item Reliability Analysis
We constructed a model for the mental health indicators with
attribute soc5a (felt nervous, anxious, or on edge), attribute
soc5b (felt depressed), attribute soc5c (felt lonely), attribute
soc5d (felt hopeless about the future), and soc5e (sweating,
trouble breathing, pounding heart, etc in the last 7 days) as
outcome variables. Hence, we first evaluated the consistency
in answers to the mental health questions using an item
reliability analysis. A scale for measuring the reliability of
internal consistency, Cronbach alpha, was calculated using the
Psych package in R (R Foundation for Statistical Computing)
[13].

Test of Independence Among the Mental Health
Indicator and Other Indicators
Thereafter, a pairwise chi-square test of independence was
performed to examine associations between mental health
indicators and other variables, and a P value<.05 was taken as
the cutoff for significance.

Data-Driven Bayesian Network Analysis
Since mental health variables may have complex dependencies
with potential confounding factors, mediation, and intercausal
dependency, we extended our association analysis with
data-driven BN structure learning. The structure of the learned
BN was made robust through bootstrapping and ensemble
averaging of edge directions. The hill climbing optimizer [14]
with the Akaike information criterion–based score [15] was
used to select the best probabilistic graphical model that
explained the data. Bootstrapped learning and majority voting

over 101 BNs were done. Exact inference using the belief
propagation algorithm [16] was learned to quantify the strength
of learned associations. The analysis was performed in R using
the package wiseR [17].

Mental Health Prediction Using Supervised Machine
Learning
Next, the Markov blanket [18] of mental health indicators was
extracted to select features that may predict responses to the
mental health indicators. Data were partitioned into training
(80%) and testing (20%) sets, and the class imbalance was
corrected using the synthetic minority oversampling technique
[19]. Different supervised machine learning models—random
forest (RF), support vector machine (SVM), logistic regression,
naive Bayes—were learned for predicting the response to mental
health indicators using the Scikit-learn library [20] in Python.

Results

Item Reliability Analysis
Attribute soc5a (felt nervous, anxious, or on edge), attribute
soc5b (felt depressed), attribute soc5c (felt lonely), and attribute
soc5d (felt hopeless about the future) achieved a Cronbach alpha
approximating .8 (Figure 2b), thus confirming their internal
consistency and suitability for modeling.

Gender- and Age-Related Variation in Mental Health
Indicators
Gender- and age-specific difference was observed in attribute
soc5a, with females having a higher incidence than males (two
proportion z test, P<.001; Figure 3a) and young adults in the
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18-29 years age group having higher incidence than other age
groups (P<.001; Figure 3b). The age group 18-29 years in both
genders was most vulnerable to mental stress for more than 5

days in a week, thus indicating that COVID-19 may have
disproportionately affected the mental health of youth due to a
variety of factors.

Figure 3. (a) Genderwise and (b) agewise distribution of mental issues (attribute soc5a) variable. Significance was tested using two proportion z test
and chi-square test, respectively, showing a higher prevalence of mental issues among youth and in women.

Associations of Anxiety in the United States
A chi-square test revealed many significant associations of the
mental health variables (Multimedia Appendix 2). However,
this analysis does not account for potential confounding or
explaining away effects.

Data-Driven Bayesian Network Analysis
Hence, a data-driven BN structure learning exercise was carried
out and revealed interesting findings. From the learned structure,
attribute soc5a (felt nervous, anxious, or on edge in the last 7
days) was found to be the parent variable for other mental health
indicators in almost 100% of the bootstrapped networks,
represented as the strength of the edges (Figure 4b). Being a
driver variable in the structure, attribute soc5a was taken as the
primary dependent variable for downstream modeling analysis.
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Figure 4. (a) Consensus structure learned through 101 bootstrapped samples. Hill climbing search along with Bayesian information criterion was used
to learn the structures and connections having edge strength and direction strength more than 90% are shown. The color of the edges represents the
proportion of networks in which that edge was present in the 101 bootstrapped samples, an indicator of confidence; (b) attribute soc5a was found to be
the parent node of all other mental health variables, therefore, leading to our choice of this variable as the primary dependent variable. PGM: probabilistic
graphical model.

Impact of Social Life and Work-Related Stressors
Our analysis using network inference via the exact inference
algorithm showed a clear impact of in-person social
communication on the reduction of anxiety levels. A strong
(>5% with CI ~1% on both sides) and (>6.5% with CI ~1.5%
on both sides) monotonic increase between control of anxiety
and frequency of speaking with neighbors (attribute soc2a,
attribute soc2b) were observed. This effect was weaker (~1.5%
with a wide confidence interval) with digital communication
with friends and family conducted over phone, text, email, or
other internet media (attribute soc3a, attribute soc3b). This
finding underscores the importance of social communication
while maintaining the appropriate measures such as masks and

social distancing to maintain mental health during such isolating
times. We also observed that the presence of kids in the house
reduces the probability of depression by >11% with CI ~2% on
both sides. Furthermore, the exact inference upon the network
revealed an increase in the conditional probability of anxiety
(attribute soc5a) arising from canceled or postponed work (>4%
with CI ~1.4%), canceled or postponed school (7% with CI
~1.5%), working from home (>5% with CI ~1.3%), and studying
from home (>7% with CI ~1.8%). Interestingly, although 83%
of all volunteers chose to wear the mask, 77% avoided
restaurants, and 83% avoided public and crowded places, these
measures were not found to be associated with a significant
change in anxiety levels as inferred from our model. These
inferences are summarized in Figure 5.
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Figure 5. Inferences from the Bayesian network. The difference in inferred probability was calculated after conditioning the independent variables. A
positive association implies a mental stress–inducing factor, whereas a negative association implies a mental stress reduction factor. The red circle
shows the mean value, with green and blue showing confidence intervals. COPD: chronic obstructive pulmonary disease; SNAP: Supplemental Nutrition
Assistance Program; TANF: Temporary Assistance for Needy Families.

Impact of Symptoms and Comorbidities
We also investigated the relationship between mental stress and
COVID-19 symptoms indicators. The World Health
Organization recommends contacting health service providers
if any COVID-19 symptoms (attributes phys1a to phys1q) are
experienced within the last 7 days. Our network did not indicate

any significant impact of these responses on mental health
(attribute soc5a), the conditional probability of which remained
unchanged (62.2%) across the responses. Although medical
conditions (attributes phys3a to phys3m) are known to increase
the risk of serious illness from COVID-19, our model showed
that having cancer (attribute phys3k) and hypertension (attribute
phys3b) had a reverse impact on anxiety levels. Those with

JMIR Ment Health 2021 | vol. 8 | iss. 4 |e25097 | p.182https://mental.jmir.org/2021/4/e25097
(page number not for citation purposes)

Jha et alJMIR MENTAL HEALTH

XSL•FO
RenderX

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


cancer had approximately 8.3% (with ~2% CI) higher
conditional probability of having less than 1 anxiety-ridden day
in a week (>7% effect for hypertension with CI ~1.5%).
Additionally, cystic fibrosis (attribute phys3i) and liver disease
(attribute phys3j) had wide confidence intervals with
nonsignificant differences in mean values (Figure 5).

Impact of Economic Factors
Receiving income assistance through Social Security improved
the conditional probability of less than 1 day of anxiety in a
week by 10.4% (with CI ~1.5%) as compared with the segment
of people who did not apply or receive it. Just applying for
income assistance led to a 4% improvement (Figure 5).
Supplemental Social Security (~5.5% with CI ~4%) and health
insurance (~5% with CI ~2%) also led to similar results.

In addition to this, older adults (>60 years) found health
insurance more relaxing than younger people. COVID-19 has
also severely affected the financial condition of individuals,
which may also lead to mental stress.

Predictive Modeling for Susceptibility to Anxiety
Attacks
Our supervised modeling approach used the Markov blanket of
the attribute soc5a variable, that is age (attribute age4), physical

symptoms in the last 7 days (attribute phys7_4), staying at home
(attribute phys2_18), and prior clinical diagnosis of any mental
health condition (attribute phys3h) as predictors.

The following three prediction scenarios were considered:

1. Mental issues less than 1 day in a week (class 1) versus
mental issues more than 1 day in a week (class 0)

2. Mental issues less than 1 day in a week (class 1) versus
mental issues more than 1 day in a week (class 0)

3. Mental issues less than 1 day in a week (class 1) versus
mental issues more than 1 day in a week (class 0)

RF models achieved the best performance in comparison with
SVM, logistic regression, and naive Bayes models on the basis
of standard model performance indicators (accuracy, sensitivity,
specificity, area under the receiver operating characteristic curve;
summarized in Table 1). We observed a decay (accuracy from
0.80 to 0.64; Table 1) in model predictability as we moved from
high risk of depression (case 3) to low risk of depression (case
1; Table 1). Such a trend was visible with all four machine
learning techniques we used.

Table 1. Model performance indicators of the supervised model for prediction of stress.

Logistic regressionNaive BayesSupport vector machineRandom forestScenarios

Mental issues less than 1 day in a week (class 1) vs mental issues more than 5 days in a week (class 0)

0.77 (0.017)0.77 (0.017)0.80 (0.016)0.80 (0.016)Accuracy (±CI)

0.59 (0.063)0.59 (0.063)0.56 (0.063)0.59 (0.063)Sensitivity (±CI)

0.78 (0.017)0.79 (0.017)0.82 (0.016)0.82 (0.016)Specificity (±CI)

0.68 (0.025)0.69 (0.025)0.69 (0.026)0.71 (0.026)AUROCa (±CI)

Mental issues less than 1 day in a week (class 1) vs mental issues more than 3 days in a week (class 0)

0.73 (0.018)0.74 (0.017)0.72 (0.018)0.72 (0.018)Accuracy (±CI)

0.57 (0.041)0.56 (0.041)0.6 (0.041)0.6 (0.041)Sensitivity (±CI)

0.76 (0.018)0.78 (0.017)0.75 (0.018)0.75 (0.018)Specificity (±CI)

0.67 (0.022)0.67 (0.022)0.67 (0.022)0.68 (0.022)AUROC (±CI)

Mental issues less than 1 day in a week (class 1) vs mental issues more than 1 day in a week (class 0)

0.62 (0.019)0.65 (0.019)0.66 (0.019)0.66 (0.019)Accuracy (±CI)

0.61 (0.026)0.45 (0.026)0.49 (0.027)0.48 (0.027)Sensitivity (±CI)

0.64 (0.020)0.77 (0.018)0.76 (0.018)0.77 (0.018)Specificity (±CI)

0.62 (0.018)0.61 (0.020)0.62 (0.019)0.62 (0.019)AUROC (±CI)

aAUROC: area under the receiver operating characteristic curve.

Discussion

Mental health is a public health concern. Mood disorders and
suicide-related outcomes have increased substantially over the
last decade among all age groups and genders [21,22]. The rapid
spread of COVID-19 forced governments worldwide to close
public gathering places, schools, colleges, restaurants, and
industries. Social isolation, digital communication, and working
and schooling from home have become the new normal, and

many jobs have been lost. Collectively, this has triggered a high
level of anxiety, stress, and depression globally. We did not
find studies that have used models to not only predict but also
explain the subtle effects of life situations on mental health. An
explainable probabilistic graphical modeling approach with
bootstraps and exact inference allowed us to capture many of
these effects in a robust manner. Our study revealed that
individuals with a prior diagnosis of any mental illness are the
most vulnerable for mental illness during the COVID-19
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pandemic, which recommends building national-level policies
to regularly track their mental status and treat them accordingly.
Most importantly, our results reiterate the economic
underpinnings of a collective mental health response. Income
assistance via Social Security or Supplemental Social Security
had a demonstrable effect on the alleviation of anxiety as
inferred from our model, which provides the first scientific
evidence, to the best of our knowledge, proving the utility of
such efforts. The extent of such measures’ effect may be
captured in such modeling studies conducted in various parts
of the world, with widely varying assistance structures during
this time.

Our findings from the United States can also stimulate further
cultural and social research in other geographies with similar
or different social structures. For example, the effects of
in-person communication, as opposed to digital connectedness,
may be different in countries where community living and joint
families are still commonplace, such as India. Digital
connectedness was not as effective as talking to a neighbor, at
least in the United States, highlighting that these have
fundamentally different influences on mental health and need
to be further explored in systematic studies. We conjecture that
such differences may arise from the evolutionary mechanisms
that have shaped human societies to live and share in close
physical connectedness. Such an effect has been previously
shown in primates kept in isolation who display depressive
symptoms [23,24]. Similarly, parenting and its association with
neuropeptide hormones may partially explain [25] our results
that the presence of kids reduces anxiety levels. Interestingly,
the COVID-19 pandemic has created a unique natural
experiment on the collective mental health response of
individuals to a health emergency.

The life cycle of such a response may need to be further studied
as the world goes through various phases of the pandemic until
its resolution. However, our study indicates that the mental
health impact is observable within a span of a few months,
especially on young individuals. Further research will be needed,
ideally in a longitudinal setting, where the same individuals can
be surveyed again to understand the dynamics of the collective
mental health response.

Our results also highlight that modern technological
development in virtual communication is not able to replace
natural socializing. Hence, it becomes imperative to design
better and more empathetic technological tools that may shape
a society and prevent isolation and alienation even while
maintaining physical distancing and preventive measures for
limiting spread. Personalization and contextualization of such
measures will also be important, as our results indicate that
persons with previous mental health conditions may be
disproportionately affected.

Finally, our results indicate that it may be possible to identify
people at the highest risk of developing mental health
disturbances. Our model achieved its best performance for those
who were most vulnerable (having mental stress more than 5
days in a week) versus least vulnerable (having no stress or less
than 1 day of stress in a week). This can help in the segmentation
of vulnerable populations such as frontline health care workers

and those who are facing disproportionately higher levels of
stress during this time.

A key factor in clinical and public health models is transparency
and explainability in the face of complex interactions. Mental
health variables are expected to have complex dependencies
with potential confounding factors, mediation, and intercausal
dependency; therefore, we extended our association analysis
with data-driven structure learning of a BN. We preferred this
approach over black box machine learning and standard
statistical modeling for several reasons. Structure learning allows
us to discover and model confounding factors transparently,
whereas black box machine learning models such as RFs and
gradient boosted machines are not well suited for transparent
reasoning. Standard statistical approaches make it humanly
impossible to model interactions among hundreds of variables.
Structure learning allows discovery and dissection of interactions
into mediation, confounding, and intercausal effects. The
challenge of incorrect learning is addressed by ensembling many
BNs (101 in our case) and choosing the ensemble voted
structure. Our artificial intelligence (AI) approach has earlier
been validated for public health problems [26,27], and this study
demonstrates the underexplored potential of such an approach
in complex mental health scenarios.

Our study has a few limitations. Establishing causal inference
in cross-sectional data is nearly impossible, and we acknowledge
the possibility of confounders. However, this was precisely the
reason we chose the structure learning approach, as some of the
confounding influences can be transparently discovered and
explained. The ensemble voted structure over the sufficiently
large number of bootstrapped structures is expected to be robust,
as a set of 101 BNs was found to be sufficiently large enough
for this study to address the challenge of incorrect learning. Our
approach is best suited as a probabilistic reasoning model to
explain mental health determinants and to make predictions, a
useful outcome in COVID-19–induced mental health morbidity.
We could not explain why anxiety levels may be lower in
persons with pre-existing cancer or hypertension. This may be
a result of reduced work environment–related stress or more
contact with family members at home. However, the current
data set is not suited to address this at a finer level of
explainability. In addition, we could not comment upon the
temporality and persistence of these effects. Our results are
currently limited to only one geography (ie, the United States).
However, the relatively large sample size and multiethnic
involvement in the survey makes the model representative for
most of the ethnicities and influences across the United States;
hence, it is likely to hold true in the United States. Finally, we
believe that our study contributes to the use of explainable AI
to predict mental health at a population level using survey data,
hence making it broadly applicable. Survey data sets are
notoriously noisy, and our approach achieved a balance between
knowledge discovery and a predictive accuracy of 80%, thus
establishing a baseline under a novel scenario. Our algorithms
can be used as a screening method for identifying individuals
who need help, and further studies with additional measurements
and features may increase the accuracy of predictions. Therefore,
predictive models for screening and assessing the mental health
impact of COVID-19 is a crucial step toward proactive
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management and prevention of psychiatric comorbidities as populations continue to fight the pandemic.
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