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Abstract

The need for e-mental health (electronic mental health) services in Canada is significant. The current mental health care delivery
models primarily require people to access services in person with a health professional. Given the large number of people requiring
mental health care in Canada, this model of care delivery is not sufficient in its current form. E-mental health technologies may
offer an important solution to the problem. This topic was discussed in greater depth at the 9th Annual Canadian E-Mental Health
Conference held in Toronto, Canada. Themes that emerged from the discussions at the conference include (1) the importance of
trust, transparency, human centeredness, and compassion in the development and delivery of digital mental health technologies;
(2) an emphasis on equity, diversity, inclusion, and access when implementing e-mental health services; (3) the need to ensure
that the mental health workforce is able to engage in a digital way of working; and (4) co-production of e-mental health services
among a diverse stakeholder group becoming the standard way of working.

(JMIR Ment Health 2020;7(4):e19360)   doi:10.2196/19360
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Just before North American travel and face-to-face contact was
reduced or eliminated by coronavirus disease (COVID-19),
more than 250 people gathered in Toronto, Canada, for the 9th
Annual Canadian E-Mental Health Conference [1]. In any given
year, 20% of Canadians will have experienced a mental health
or addiction related issue [2], and by the age of 40 years,
approximately half of Canadians have or will have had a mental
illness [3]. With a large number of people requiring access to
mental health care and the lack of current face-to-face services
in Canada to meet this need, the conference was held to share
ideas, leading research and best practices for the use of e-mental
health (electronic mental health) technologies to improve care.
The conference was founded by the University of British
Columbia Department of Psychiatry and coproduced this year
by the Mental Health Commission of Canada, University of

British Columbia Department of Psychiatry, University Health
Network, and the Centre for Addiction and Mental Health. In
an effort to ensure the relevancy, timeliness, and potential impact
of the topics discussed, the audience was made up of a diverse
group of stakeholders such as people with lived experience of
mental illness, health providers (including peer support workers,
caregivers, and health professionals), researchers, students,
administrators, system leaders, vendors/technology developers,
and policy makers.

Although there is an abundance of digital technologies used in
non–mental health contexts, there are only a limited (but
growing) number of examples of meaningful digital technology
use among mental health populations in the country [4]. The
need to quicken the pace of the adoption of digital technologies
within mental health service delivery contexts was discussed.
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Many strategies were shared. Common themes through all,
regardless of technology or tool, were trust, equity, and training.
Interestingly, on the heels of the conference, COVID-19 has
acted as an unfortunate but much needed accelerator for the
scaling and spread of e-mental health technologies [5] such as
increasing access to virtual assessments by a physician in
Ontario paid for by a temporary billing code of the provincial
insurance plan (Ontario Health Insurance Plan) [6]. Watching
many of the strategies discussed just weeks before now being
adopted locally and worldwide underscores the potential of
focusing on trust, equity, and training.

One central theme of numerous discussions was the close
attention that needs to be paid to trust, transparency, human
centeredness, and compassion in the development and delivery
of digital mental health technologies [7]. These concepts are
central to the “successful” uptake of these technologies by
people with mental illness, especially given the sensitivity of
the mental health clinical area. Trust, transparency, human
centeredness, and compassion can be understood in several
ways. For example, do those using a digital mental health
technology trust the information offered digitally? Do they feel
the service offered digitally is as good as (or better than)
face-to-face service delivery? Do they feel their information is
safe and secure enough to share and answer sensitive questions
honestly? Do they feel a health professional will do something
about their mental health information that is provided digitally?
Without being mindful of these important concepts, the risk is
that people with mental illness will not use or meaningfully
engage with these technologies, and thus, service delivery would
have to remain “in person,” which we know is already not
meeting the current demand for services.

A second theme that permeated all the workshops and
discussions was that of equity, diversity, inclusion and access.
These topics must be carefully considered and addressed to
ensure that some groups are not disproportionally and/or
inadvertency disadvantaged when implementing these
technologies. While e-mental health technologies may offer
some groups improved quality and access to care, there may be
others that are not able to take advantage of this form of care
due to accessibility, ability, and language among other reasons.
This may have the unintended consequence of creating an even
larger equity gap between those who can take advantage of
e-mental health technologies and those who cannot. For
example, there are still numerous areas of the country with
limited internet access and therefore offering e-mental health
services to these communities would need to be appropriately
supported through addressing significant infrastructure issues.
To adequately address important equity, diversity, inclusion
and access considerations, it will take new knowledge, specific

evidence, and cultural humility to build and adopt smarter
approaches to mental health care. Diversity, inclusion, equity,
and access are the fundamental starting points for expanding
reach and broadening perspectives.

A third theme was that the current mental health workforce is
likely not ready at this moment to fully engage in a digital way
of working. While it will be important that future mental health
professionals like psychiatrists, nurses, and social workers have
developed digital health competencies in their entry-to-practice
level educational programs, there is a large workforce currently
practicing that likely do not possess these competencies.
Creative ways to support the development of these competencies
is certainly needed, as these mental health professionals are
currently practicing within the system and have limited time to
engage in formal education. As care is increasingly delivered
virtually and uses differing care models than that used today,
it is also possible that there are roles that do not exist today (eg,
digital specialist or navigator) that may be needed to maximize
the potential of digital mental health technologies [8]. Careful
consideration must be paid to how the current and future
workforce can support a system that is increasingly digital.

In moving the abovementioned agenda forward and improving
trust, equity, and training, it will be of great importance to
involve all relevant stakeholders (people with lived experience,
researchers, health providers, developers, etc) and all relevant
communities in coproducing and implementing these e-mental
health technologies to ensure success. This is important to ensure
the appropriate digital mental health services are developed in
the first place, which meet the needs of those who will be using
them and are easy to use. Methods for “how to” coproduce and
engage diverse stakeholder groups are starting to permeate
formal academic literature in the mental health space [9,10].
What is now needed is for these methods to become more
commonplace within e-mental health technology
implementations. Ideally, co-production, co-design, and
meaningful engagement of these relevant stakeholders and
communities will become a new standard in which we work.

The group of conference organizers and attendees now have the
enormous task ahead of accelerating the lessons learned from
the conference during a critical time in recent history. This, of
course, needs to be done in a thoughtful way while carefully
considering issues of equity, diversity, inclusion, and access.
There seems no more urgent a time to ensure that e-mental
health technologies are used to deliver necessary care.

For additional information about the conference, review the
summary report soon to be published by the Mental Health
Commission of Canada.
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Abstract

Background: Chronic back pain (CBP) is linked to a higher prevalence and higher occurrence of major depressive disorder
(MDD) and can lead to reduced quality of life. Unfortunately, individuals with both CBP and recurrent MDD are underidentified.
Utilizing health care insurance data may provide a possibility to better identify this complex population. In addition, internet-
and mobile-based interventions might enhance the availability of existing treatments and provide help to those highly burdened
individuals.

Objective: This pilot randomized controlled trial investigated the feasibility of recruitment via the health records of a German
health insurance company. The study also examined user satisfaction and effectiveness of a 9-week cognitive behavioral therapy
and Web- and mobile-based guided self-help intervention Get.Back in CBP patients with recurrent MDD on sick leave compared
with a waitlist control condition.

Methods: Health records from a German health insurance company were used to identify and recruit participants (N=76) via
invitation letters. Study outcomes were measured using Web-based self-report assessments at baseline, posttreatment (9 weeks),
and a 6-month follow-up. The primary outcome was depressive symptom severity (Center for Epidemiological Studies–Depression);
secondary outcomes included anxiety (Hamilton Anxiety and Depression Scale), quality of life (Assessment of Quality of Life),
pain-related variables (Oswestry Disability Index, Pain Self-Efficacy Questionnaire, and pain intensity), and negative effects
(Inventory for the Assessment of Negative Effects of Psychotherapy).

Results: The total enrollment rate with the recruitment strategy used was 1.26% (76/6000). Participants completed 4.8 modules
(SD 2.6, range 0-7) of Get.Back. The overall user satisfaction was favorable (mean Client Satisfaction Questionnaire score=24.5,
SD 5.2). Covariance analyses showed a small but statistically significant reduction in depressive symptom severity in the
intervention group (n=40) at posttreatment compared with the waitlist control group (n=36; F1,76=3.62, P=.03; d=0.28, 95% CI
−0.17 to 0.74). Similar findings were noted for the reduction of anxiety symptoms (F1,76=10.45; P=.001; d=0.14, 95% CI −0.31
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to 0.60) at posttreatment. Other secondary outcomes were nonsignificant (.06≤P≤.44). At the 6-month follow-up, the difference
between the groups with regard to reduction in depressive symptom severity was no longer statistically significant (F1,76=1.50,
P=.11; d=0.10, 95% CI −0.34 to 0.46). The between-group difference in anxiety at posttreatment was maintained to follow-up
(F1,76=2.94, P=.04; d=0.38, 95% CI −0.07 to 0.83). There were no statistically significant differences across groups regarding
other secondary outcomes at the 6-month follow-up (.08≤P≤.42).

Conclusions: These results suggest that participants with comorbid depression and CBP on sick leave may benefit from internet-
and mobile-based interventions, as exemplified with the positive user satisfaction ratings. The recruitment strategy via health
insurance letter invitations appeared feasible, but more research is needed to understand how response rates in untreated individuals
with CBP and comorbid depression can be increased.

Trial Registration: German Clinical Trials Register DRKS00010820; https://www.drks.de/drks_web/navigate.do?
navigationId=trial.HTML&TRIAL_ID=DRKS00010820.

(JMIR Ment Health 2020;7(4):e16398)   doi:10.2196/16398
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pilot project; low back pain; depressive disorder; mental health; sick leave

Introduction

Background
Chronic back pain (CBP) is a pervasive condition with a
12-month prevalence rate of 38% and a lifetime prevalence of
approximately 40% in adults [1]. It is also associated with a 2-
to 3-fold increased risk for major depressive disorder (MDD)
[2], increased morbidity, and diminished quality of life [3,4].
In addition, depression is a core predictor of persistent pain
symptoms, increased pain-related disability, and poor treatment
outcomes [5-7]. MDD and CBP each account for 2% of
disability-adjusted life years worldwide [8], with immense health
care and socioeconomic costs due to productivity losses [9].
Thus, from an individual and societal perspective, it is
imperative to provide treatment options that decrease patients’
burden and specifically target individuals’ ability to return to
work following sick leave [10].

Effective psychological face-to-face (f2f) treatments exist for
depression and CBP [11]. A recent meta-analysis found evidence
for the effectiveness of f2f treatments on depression symptoms
compared with a nonactive control group (g=0.71, 95% CI 0.66
to 0.77) [12]. However, we found no evidence for the
effectiveness of multidisciplinary treatments for CBP and
comorbid depression. Despite the availability of effective f2f
treatments, CBP patients with recurrent depression on sick leave
are a difficult-to-reach population with traditional therapy
because of a lack of medical and/or disease-related disability
specialists.

Internet- and mobile-based interventions (IMIs) have the
potential to reach this population because they are easily
accessible at any time and in any location. IMIs may be
particularly beneficial in psychological and medical treatments
as they are accessible and scalable [13]. In addition, the
effectiveness of IMIs with mental disorders (eg, depression)
[14], disease-related distress in chronic somatic conditions [15],
cancer [16], pain [17-19], and coexisting somatic and mental
problems (eg, diabetes and depression) [20] is well established.

However, only a few studies have been conducted on the
effectiveness of IMIs for individuals with CBP and depression.

Recent studies are considering the effectiveness of an IMI on
depression in CBP patients following orthopedic rehabilitation,
compared with treatment-as-usual (TAU) [21,22]. Irrespective
of the findings of these studies, not all patients with CBP seek
inpatient rehabilitation treatment. Hence, future research must
consider other recruitment strategies. Using health record data
might be a valid and innovative recruitment strategy to identify
CBP patients with depression.

Objectives
Thus, one aim of this pilot randomized controlled trial (RCT)
was to investigate the feasibility of this recruitment strategy as
well as the feasibility, user satisfaction, and effectiveness of a
guided IMI for CBP patients with depression on sick leave. The
program is conceptualized as a stand-alone intervention to
provide help to this difficult-to-reach population and
complement conventional health care for CBP patients with
depression. We expected the IMI to be more effective in
reducing depressive symptom severity and pain-associated
measures and in increasing the quality of life compared with a
waitlist control condition.

Methods

Study Design
This study compares the effectiveness of a guided depression
intervention for patients suffering from CBP, resulting in current
sick leave, with a waitlist control group (WLC). The intervention
was evaluated in a two-armed RCT. The study procedures were
approved  by  the  e th i ca l  boa rd  o f  t he
Friedrich-Alexander-University Erlangen-Nürnberg (323_15B),
and the trial was registered in the German Clinical Trials
Register (DRKS00010820). All study outcomes except for the
Structured Clinical Interview (SCID) for the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV) [23] were
measured using Web-based self-report assessments at baseline
(t1), posttreatment (t2), and a 6-month follow-up (t3). A secure
Web-based system (advanced encryption standard, 256-bit
encrypted) was used. This study was initially planned with a
target sample of 250 participants. However, the trial did not
reach the targeted sample of participants (N=76) due to changes
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in personnel in the insurance company responsible for sending
invitation letters. Thus, the planned number of invitation letters
to be sent (12,000) was not achieved. The study was initially
powered to detect medium effect sizes (d=0.40; N=200, power
of 95%) and accounted for 25% dropout (N=250). Post hoc
analysis with N=76 revealed that we were able to detect an
effect size d of 0.65 with a power of 80%.

Procedure
Recruitment was carried out by the study team and supported
by a German health insurance company (BARMER) from
October 2016 until the end of December 2017 by sending
invitation letters to policy holders (N=6000). The inclusion
criteria were as follows: (1) recurrent diagnosis of MDD and
CBP (M54.x according to ICD-10) [24] in the past 16 months,
(2) sick leave for more than a week but less than 6 months, (3)
no lifetime diagnosis of psychosis, (4) no nursing care level 2
or higher (eg, needing help at least three or more times a day
with body care, food, mobility, and household care), and (5) no
acute/recent cancer diagnosis in the past 16 months.

In addition, participants were eligible for the study if they (1)
were at least 18 years old, (2) had at least moderate depressive

symptoms (Center for Epidemiological Studies Depression
Scale; CES-D≥23) [25,26], (3) sufficient German language
proficiency, and (4) had access to a computer with internet, an
email address, and a mobile phone.

The exclusion criteria included the following: (1) current
psychotherapeutic treatment, (2) exposure to other online
trainings provided by the health insurance company, (3)
problems with sight or hearing, and (4) a notable suicidal risk
indicated by a score greater than 2 on the Beck Depression
Inventory–II item number 9 [27,28] and/or suicidal behavior
within the last 5 years (assessed during the SCID) [29].
Individuals who were interested in the study contacted the
research team and were asked to fill out a brief online screening
form to ensure inclusion criteria were fulfilled. After eligible
individuals gave the required informed consent for participation,
an account for each participant was created. The account’s user
name was the participant-provided email address. The account
was password protected (password was chosen by participants
to prevent misuse of their data). Furthermore, the use of the
intervention was free of charge for the study participants. Study
procedures are documented in Figure 1.
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Figure 1. Flowchart for Get.Back. CES-D: Center for Epidemiological Studies Depression; ITT: intention-to-treat; MDD: major depressive disorder;
SCID: Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders; WAI: working alliance.

Randomization and Blinding
Participants eligible for the study were randomly allocated to
one of two groups (intervention group [IG] or WLC) based on
an a priori defined list after completing the baseline assessment.
An automated, Web-based randomization program [30] was
used, which features permuted block randomization. Variable
randomly arranged block sizes of 4, 6, 8 and an allocation ratio
of 1:1 were adopted. An independent research team member
not otherwise involved in the study conducted the

randomization. Participants were not blinded to treatment
condition.

Interventions
All participants had unrestricted access to TAU (eg, visiting a
general practitioner). Health care utilization data were collected
with the well-validated Trimbos and iMTA Questionnaire for
costs associated with psychiatric illness (TiC-P; see outcome
measures) [31,32].
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Intervention Group
Participants in the IG had access to the intervention Get.Back.
Get.Back is adapted from eSano BackCare-D to suit people on
current sick leave [21]. The online intervention is based on
cognitive behavioral therapy (CBT) and consists of 7 weekly
modules lasting 45 to 60 min each. Modules include information
regarding psychoeducation, behavioral activation, problem
solving, cognitive restructuring, return to work, self-esteem,
and relapse prevention (for a detailed description see Lin et al
[21]). eSano BackCare-D was originally adapted from GET.ON
Mood Enhancer [33,34]. GET.ON Mood Enhancer was proven
to be effective in different populations including individuals
with MDD alone [34], individuals with MDD and comorbid
diabetes [20], and a subclinically depressed population [35-37].
Get.Back differs from eSano BackCare-D mainly because of
content regarding returning to work (for detailed information,
see Table 1). In eSano BackCare-D, return to work was included
as an optional module, whereas in Get.Back, this module was
integrated into the obligatory modules and was extended and
improved in content. This module specifically provides stress
management strategies (coping with solvable and unsolvable

problems in the workplace), psychoeducational information on
how to adapt the workplace to each individual’s needs (eg,
ergonomic chair and desk arrangement), and relaxation and
exercise information to facilitate motion and prevent pain. The
return to work module was introduced in the fifth intervention
module. The optional modules on partnership, sexuality, and
sleep habits from eSano BackCare-D were also used as optional
modules in Get.Back. In addition to eSano BackCare-D, we
also included 4 optional minimodules (15 min each) on
perfectionism, social support, communication, and appreciation
that could be completed after module 3, 4, 5, or 6, respectively
(for more detailed information, see Table 2). These topics play
an important role in acclimating to the workplace after sick
leave, and thus, it is crucial to address such information. We
also included 1 booster module 4 weeks after the completion
of the intervention contrary to 2 booster modules in eSano
BackCare-D. The emphasis is on homework assignments, which
ideally leads to the application of the learned skills into daily
routines. Interactive elements (eg, emails and text messages),
reminders, and exercises were used to enhance adherence to the
intervention (for detailed information about the intervention,
see Multimedia Appendix 1).

Table 1. Content of the Get.Back intervention and changes from eSano BackCare-D.

Back pain–specific topicsDepression-specific topicsModulesa

1 •• PsychoeducationPsychoeducation

2 •• Pain-related complicationsBehavioral activation

3 •• Problem solvingProblem solving

4 •• Pain-related ruminationCognitive restructuring

5 •• My way back to work: Stress management strategies, psychoe-
ducational information on personal needs at the workplace,
relaxation and exercises to facilitate motion and prevent pain,

and coping with pain in a work-related environmentb

My way back to work: Stress management strategies, psychoe-
ducational information on personal needs at the workplace,
relaxation and exercises to facilitate motion and prevent pain,

and coping with pain in a work-related environmentb

6 •• Strengths and successes despite painMood and self esteemb

• Fostering exercises to value oneselfb

7 •• Building up and maintaining resourcesRelapse prevention

8 •• Booster session (within 4 weeks after the regular modules)Booster session (within 4 weeks after the regular modules)

aOriginal intervention: eSano BackCare-D [21].
bAdaptations made to the original intervention content for the Get.Back intervention.
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Table 2. Content of the optional and minimodules in the Get.Back intervention.

TopicsModule

On perfectionism, social support, communication, and appreciationMinimodules (15 min)a

Information and exercises on how to cope with perfectionism (especially related to the work environment),
cognitive restructuring for a more relaxed and tension free attitude towards tasks

Perfectionism

Information and exercises on how to receive and provide social support if needed, interaction in difficult situations
(work-related conflicts)

Social Support

Introduction to a concept of nonviolent communication and exercises to facilitate interaction with colleagues
and supervisors

Communication

Introduction of mindfulness-based ideas and exercises on how to appreciate positive aspects in daily life routineAppreciation

Healthy sleep & intimacy and partnershipOptional modules (45-60 min)

aAdaptations made to the original intervention content for the Get.Back intervention.

Intervention Guidance
Participants were guided by trained psychologists, called
eCoaches, who provided semistandardized feedback within 2
working days after each completed module. The feedback was
based on an eCoach manual, which is intended to ensure
adherence to the treatment. The manual also includes
instructions to remind, set deadlines, and formulate standardized
feedback. The communication between eCoaches and
participants occurred through Get.Back’s online platform. The
feedback content was based on the participant’s statements and
included positive reinforcement to encourage participants to
continue with the training. If any further questions arose,
participants and eCoaches were able to contact each other at
any time via the platform. In case of noncompletion of the
modules, eCoaches sent reminders to participants. eCoaches
received a training based on the eCoach manual and on previous
experiences by the trainers as well as constant supervision during
their time as eCoaches on this study. Training and supervision
were provided by a trained and fully licensed (according to
German laws and regulations) behavioral and cognitive
psychotherapist.

Text Message Coach
Participants had the option to receive daily standardized text
messages to increase treatment outcomes and adherence, as well
as to support transferring learned skills into their daily routine.
Content included the following: (1) reminders to complete
weekly assignments, (2) repetition of the content, and (3)
motivation enhancement components. Each participant received
a total of 42 text messages.

Waitlist Control Group
Participants in the WLC had access to the unguided intervention
after study completion in addition to unrestricted access to TAU
throughout their participation.

Outcomes

Primary Outcome - Depressive Symptom Severity at
Posttreatment
Depressive symptom severity was measured with CES-D
[25,26], a widely used instrument in IMI depression trials
[14,38]. The 20 items refer to the previous week and are
answered on a 4-point Likert scale, ranging from 0 (rarely or

none of the time) to 3 (most or all of the time) with a total score
ranging from 0 to 60. Items include the most common symptoms
related to depression, such as low mood, loss of appetite,
concentration difficulties, and hopelessness. CES-D scores of
16 or greater indicate clinically relevant levels of depression
severity. The CES-D has been shown to have excellent reliability
(ie, internal consistency of Cronbach alpha=.89) [39]. In this
study, Cronbach alpha was .82.

Secondary Outcomes

Depression Symptoms

Quick Inventory of Depressive Symptomatology Self-Report
(QIDS-SR16) [40,41] is a 16-item questionnaire that assesses
all criteria for MDD according to DSM-5 [42]. The items refer
to the previous week and are answered on a 4-point Likert scale,
ranging from 0 (absence of symptom for 7 days) to 3 (presence
of intense symptoms every day). Total scores range from 0 to
27, with the following cutoffs: 0 to 5 indicates no depression,
6 to 10 indicates mild depression, 11 to 15 indicates moderate
depression, 16 to 20 indicates severe depression, and 21 to 27
indicates very severe depression. Psychometric properties are
reported to be adequate (Cronbach alpha was .77) [43]. In this
study, Cronbach alpha was .74.

Quality of Life

Assessment of Quality of Life (AQoL-6D) [44] was used to
measure the health-related quality of life. AQoL-6D includes
20 items and covers 6 dimensions. Psychometric properties of
AQoL-6D are well established [44]. In this study, Cronbach
alpha was .85. We also used EuroQoL [45,46], a widely
implemented instrument, which covers 5 health domains. In
this study, Cronbach alpha was .76.

Anxiety

The Hamilton Anxiety and Depression Scale [47,48] is a 7-item
self-report measure that assesses anxiety and depressive
symptoms during the last 7 days on two subscales. In this study,
only the anxiety subscale was used. Items are answered on a
4-point Likert scale with total scores ranging from 0 to 21 on
the anxiety subscale. Cutoffs are as follows: 8 to 10 indicates
mild anxiety, 11 to 14 indicates moderate anxiety, and 15 to 21
indicates severe anxiety. Psychometric properties are reported
to be adequate [47]. Cronbach alpha in this study was .70.
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Pain-Related Disability

The Oswestry Disability Index [49,50] is a 10-item self-report
questionnaire with good validity and reliability [51]. Total scores
can also be used to calculate a correlated functional disability
at the individual level (measured in percentages, ranging from
0% to 100%). Cutoffs are as follows: 0% to 20% indicates
minimal disability, 21% to 40% indicates moderate disability,
41% to 60% indicates severe disability, 61% to 80% indicates
crippled, and 81% to 100% indicates individuals who are either
bedbound or exaggerating their symptoms [49,52]. In this study,
Cronbach alpha was .90.

Pain Rating

We used three items measured on an 11-point numerical (0-10)
scale regarding the worst, least, and average pain during the last
week. The three items were averaged to calculate a global pain
rating over the past week. In addition, we assessed pain using
a categorical rating of pain intensity (none, mild, moderate, and
severe).

Pain-Related Self-Efficacy

The Pain Self-Efficacy Questionnaire [53,54] is a valid and
reliable 10-item instrument that assesses self-efficacy
expectations related to pain on a 7-point Likert scale. Total
scores range from 0 to 60, and higher scores represent more
self-efficacy. In this study, Cronbach alpha was .89.

Screening for Bipolar Disorder

The Mood Disorder Questionnaire (MDQ) [55] is a brief
self-report instrument which comprises three sections. In the
first section, 13 manic and hypomanic symptoms are assessed
on a dichotomous scale (ie, yes and no). Section two asks if any
of these symptoms are experienced at the same time, which is
also answered on a dichotomous scale. Section three is answered
on a 4-point Likert scale (no problems to serious problems)
regarding the degree to which their symptoms have caused
problems. The screening is considered positive if a cutoff of ≥7
symptoms for section one, yes in section two, and a problem
severity of moderate or serious in section three are indicated.
Psychometric properties are well validated, with a reported
sensitivity of 0.28 and a specificity of 0.97 [56].

Working Capacity

The Subjective Prognostic Employment Scale [57] is a 3-item
self-report questionnaire, with a sum score from 0 to 3. It is
well validated (internal consistency according to Guttman scale:
rep=0.99) [57]. The rep=0.99 refers to the coefficient of
reproducibility and can be considered as a measure of internal
consistency. The coefficient ranges from 0 (no reproducibility
of data) to 1 (perfect reproducibility of data) with values of 0.90
and above indicating acceptable reproducibility.

Client Satisfaction

The Client Satisfaction Questionnaire (CSQ) [58,59] adapted
for the assessment of client satisfaction in IMIs by Boß et al
[60] consists of 8 items that are rated on 4-point and 5-point
Likert scales. CSQ was only assessed in the IG. In this study,
Cronbach alpha was .93.

Adverse Events

The Inventory for the Assessment of Negative Effects of
Psychotherapy (INEP) [61] was used to assess negative effects
during posttreatment online assessments. The 15-item INEP
assesses common changes participants may have experienced
in line with the intervention’s 5 domains (intrapersonal change,
relationship, friends and family, work, and stigma). This study
had a Cronbach alpha of .55. To further assess serious adverse
events (SAE), participants were asked about adverse events at
the beginning of each module and were also encouraged to
report any such events to their eCoach who monitored the SAEs
and initiated further actions if needed. Symptom deterioration
was assessed by calculating the reliable change index [62] for
CES-D (for a detailed description, see Statistical Analysis).

Working Alliance

To evaluate a subjective rating of the alliance between eCoach
and patient, the short, revised version of the working alliance
(WAI) [63,64] was administered only after the third module
(half of the intervention). The WAI–short revised is a well
validated [65], 12-item questionnaire and consists of three
subscales assessing (1) how closely the client and therapist agree
on and are mutually engaged in the goals of treatment (task
subscale); (2) how closely the client and therapist agree on how
to reach the treatment goals (goal subscale); and (3) the degree
of mutual trust, acceptance, and confidence between the client
and therapist (bond subscale). Items are rated on a 5-point Likert
scale from 1 (seldom) to 5 (always). Cronbach alpha in this
study was .92.

Health Care Utilization and Sick Leave Data

Health care utilization data and data on sick leave were collected
with the well-validated TiC-P illness [31,32] via online
self-report.

Adherence

The attrition rate was calculated by identifying the percentage
of individuals who no longer utilized the intervention, as
indicated in their log-in data. This provides an estimate of the
participants’ intervention adherence.

Statistical Analysis
All analyses were conducted using SPSS Statistics Version 25
(IBM Corporation) [66] and are reported in accordance with
the Consolidated Standards of Reporting Trials statement [67].
Missing data were multiply imputed using a Markov chain
Monte Carlo [68] multivariate imputation algorithm with 50
estimations per missing value in accordance with the
intention-to-treat principle. Descriptive statistics were reported
for feasibility of recruitment, intervention usage, client
satisfaction, and relationship with the eCoach. Analyses of
covariance adjusted for sex, age, and baseline symptom severity
were performed to analyze primary and secondary outcomes
between groups at posttreatment and the 6-month follow-up. In
a sensitivity analysis, the same analyses were performed with
the last observation carried forward (LOCF) method for the
postassessment and follow-up. In addition, we performed
per-protocol analyses to assess differences in the primary
outcome between intervention completers and noncompleters.
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Participants were classified as intervention completers if they
adhered to at least 80% of the intervention (5 out of 7 modules).

Results are reported as mean within- and between-group
differences and as Cohen d effect sizes (and their 95% CIs,
according to Hedges and Olkin [69]) controlling for baseline
scores (ie, calculating change scores divided by the pooled
standard deviation of change scores). To assess improvements
in the primary outcome (depressive symptom severity) at the
individual level, treatment response and near-to-symptom-free
status (eg, CES-D<16) were calculated at posttreatment and the
6-month follow-up. In addition, corresponding numbers needed
to treat (NNT, with 95% CI) to achieve symptom-free status
were calculated at posttreatment and the 6-month follow-up.
Treatment response was defined as a 50% symptom reduction
from baseline to follow-up, as well as based on the reliable
change index by Jacobson and Truax [62]. Participants with a
reliable positive change in depression (RCI>1.96; CES-D≥
−12.10; CES-D points take into account the reliability of the
CES-D to compensate for measurement errors) were classified
as responders to the intervention. Accordingly, symptom
deterioration was classified as an increase in 7.8 CES-D points
between baseline and posttreatment assessments, and between
baseline and the 6-month follow-up. Statistical significance in
all analyses was set at alpha<.05 and was one-sided according
to Cho and Abe [70].

Results

Descriptive Statistics
In total, 76 participants were included in the study. For detailed
information on characteristics, see Table 3. There were no

clinically relevant differences in baseline characteristics between
the groups.

The posttreatment (9-week) questionnaire return rate was 79%
(60/76). Of those, 75% (30/40) of participants were in the IG
and 83% (30/36) of participants were in the WLC. Complete
data at the 6-month follow-up were collected from 58% (23/40)
of participants in the IG and 72% (26/36) of participants in the
WLC, with an overall completion rate of 64% (49/76). Dropout

rates did not statistically differ at posttreatment (Χ2
1=0.7, P=.37)

or at the 6-month follow-up (Χ2
1=1.7, P=.18). Participants in

the study were predominately female with an average age of
50.78 years (SD 7.85). The majority of participants had a
midlevel of education (equivalent to General Educational
Development Test) and were married. The average age at
depression onset was 35.19 years (SD 14.64), and the average
number of previous depressive episodes was 8.2 (SD 7.27).
Self-reported depressive symptom severity measured with
CES-D was 32.92 (SD 7.52). The most common depressive
episode severity (QIDS) was moderate (24/76, 32%) or severe
(28/76, 37%). In total, 9% (7/76) of participants screened
positive for bipolar disorder (MDQ). The pain-related disability
(ODI) was 27.3%, which corresponds to a moderate disability.
The average pain intensity was 4.39 (SD 1.94, range 0-11),
corresponding to a moderate level of pain present during the
last week. The most common categorical rating on the actual
pain intensity was moderate (39/76, 51%).
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Table 3. Demographics and clinical characteristics.

Total (N=76)WLCb (n=36)IGa (n=40)Variable

50.78 (7.85)50.1 (7.00)51.3 (8.60)Age (years), mean (SD)

55 (72)29 (81)26 (65)Sex, female, n (%)

Education, n (%)

17 (22)9 (25)8 (20)High

51 (67)25 (69)26 (65)Medium

8 (11)2 (6)6 (15)Low

Marital statusc, n (%)

22 (29)14 (39)8 (20)Single/separated

52 (68)21 (58)31 (78)Married/in a relationship

2 (3)1 (3)1 (3)Widowed

8.20 (7.27)8.60 (8.26)7.85 (6.39)Number of depressive episodes, mean (SD)

35.19 (14.6)33.8 (14.9)36.4 (14.4)Age at onset (years), mean (SD)

Severity of current episoded, n (%)

14 (18)5 (14)9 (23)Mild

24 (32)12 (33)12 (30)Moderate

28 (37)13 (36)15 (38)Severe

10 (13)6 (17)4 (10)Very severe

Current pain intensity, n (%)

7 (9)4 (11)3 (8)None

27 (36)12 (33)15 (38)Mild

39 (51)19 (53)20 (50)Moderate

3 (4)1 (3)2 (5)Severe

Social supportc, n (%)

20 (26)10 (28)10 (25)High

26 (34)14 (39)12 (30)Medium

30 (39)12 (33)18 (45)Low

3 (4)3 (8)0 (0)Partial disability, yes, n (%)

7 (9)3 (8)4 (10)Positive screening for bipolar disorder, yes, n (%)

aIG: intervention group.
bWLC: waitlist control group.
cPercentages less than 100 are due to missing data.
dMeasured with Quick Inventory of Depressive Symptomatology.

Use of Other Health Care Services and Sick Leave
Change
Data on concurrent mental health care service use was provided
by 58% (44/76) of participants at the 6-month follow-up (IG:
21/44, 48%; WLC: 23/44, 52%). In total, 84% (37/44) of
participants reported visits to their GP in the previous 3 months,
with more participants (21/23, 91%) in the WLC compared with

the IG (16/21, 76%; Χ2
1=1.8, P=.17). About one-third of

participants reported visits to a psychotherapist and/or a
specialist in neurology and psychiatry, with no notable
differences between study groups (15/44, 34%; IG: 7/21, 33%;

WLC: 8/23, 35%; Χ2
1=0.0, P=.83). Approximately two-thirds

of participants (26/40, 65%), with an equal number of
participants in the IG (13/26, 50%) and WLC (13/26, 50%),
used pain management medication for back pain with no

difference between the groups (Χ2
1=0.0, P>.99). Half of the

participants (23/39, 59%) took antidepressant medication (IG:
12/23, 52%; WLC: 11/23, 48%) with no statistical difference

between the groups (Χ2
1=0.2, P=.60). Data on current sick leave

were provided by 50% of participants (IG: 16/40, WLC: 22/36).
At the 6-month follow-up, 33% (25/76) of study participants
reported being on sick leave during the last 3 months. There
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were more participants in the WLC (n=17/22) reporting to have
been on sick leave than in the IG (n=8/16). However, there was
no statistically significant difference between the groups

(Χ2
1=3.0, P=.08).

Feasibility: Feasibility of Recruitment, Intervention
Usage, Client Satisfaction, and Relationship With the
eCoach

Feasibility of Recruitment
Of the 6000 individuals who were sent invitations, interest in
the study was expressed by 333 (5.50%) individuals. However,
only 3.86% (232/6000) of individuals started the screening
process. Of those 232 individuals, 144 (62.0%) did not complete
the screening, while 3 participants (1.2%) did not meet the
inclusion criteria. In total, 36.6% (85/232) of the screened
individuals were eligible for study participation and were invited
for a diagnostic interview via telephone (see Figure 1). Of these
85 individuals, 9 (11%) did not complete the baseline assessment
after the telephone interview and were excluded, resulting in
76 (N) study participants. In total, the enrollment rate of those
who received invitation letters was 1.26% (76/6000).

In terms of costs, the total cost of recruitment was 2683.20€
(US $2974.13), and corresponding costs of approximately 8.05€
(US $8.92) per individual signing up for participation. The cost
associated with every finally enrolled individual (ie, intervention
implementation costs) was 35.30€ (US $39.13) per person.

Intervention Usage
Participants completed on average 4.8 (SD 2.6) modules of the
intervention. In total, 60% (24/40) of participants in the IG were
identified as completers, and 55% (22/40) of participants
adhered to all 7 modules. Of the 16 (16/40, 40%) participants
who did not complete at least 5 modules, 1 (3%) participant
never started the intervention. Completers and noncompleters
did not differ in their baseline characteristics.

Client Satisfaction
Participants were generally satisfied with the intervention. The
average score on the CSQ-8 was 24.53 (SD 5.20, range 8-32,

min=10, max=32). A high quality and satisfaction rating of the
intervention was reported by 90% (26/29) of participants, who
stated that they would recommend the intervention to a friend.
The vast majority of participants (25/29, 86%) stated that they
would use the intervention again if the need arose. Four-fifths
of the participants received the training that they wanted (24/29,
83%), perceived the intervention as helpful in dealing with their
problems more effectively, and were overall satisfied with the
treatment (23/29, 79%). Three-quarters of participants (22/29)
also reported that the intervention met their needs and that they
were satisfied with the amount of help they received throughout
the intervention.

Relationship With the eCoach
Analysis of WAI-SR showed a good WAI between participants
and eCoaches with a mean score of 39.30 (SD 11.64, range
15-60, min=21, max=56). Participant’s ratings of the subscales
revealed the highest ratings in the subscale task (mean 14.22,
SD 3.77, range 5-20, min=8, max=20), followed by the goal
subscale (mean 13.94, SD 3.70, range 5-20, min=8, max=20)
and the bond subscale (mean 11.13, SD 4.98, range 5-20, min=4,
max=19).

Short-Term Effects

Primary Intervention Outcome
The mean scores for outcomes are reported in Table 4. Table 5
displays results for all outcome measures. The results revealed
statistically significant reductions in the primary outcome from
baseline to posttreatment in both the IG (reduction of 6.84 points
on CES-D; t40=5.82, P<.001; d=0.84, 95% CI 0.39 to 1.30) and
WLC (reduction of 4.64 points on CES-D; t36=3.86, P<.001;
d=0.64, 95% CI 0.17 to 1.12). There was a statistically
significant difference between the IG and WLC at posttreatment,
resulting in a small between-group effect size favoring the
intervention condition (F1,76=3.62, P=.03; d=0.28, 95% CI −0.17
to 0.74). There were no significant differences in the primary
outcome between intervention completers and noncompleters
(F1,29=0.01; P=.97).
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Table 4. Mean (SD) of outcomes.

6-month follow-upPosttreatmentBaselineOutcomes

Total
(N=76),
mean (SD)

WLC
(n=36),
mean (SD)

IG (n=40),
mean (SD)

Total
(N=76),
mean (SD)

WLC
(n=36),
mean (SD)

IG (n=40),
mean (SD)

Total
(N=76),
mean (SD)

WLCb

(n=36),
mean (SD)

IGa (n=40),
mean (SD)

25.37
(8.20)

26.40 (7.13)24.36
(9.03)

27.20
(7.68)

28.91
(6.38)

25.66 (8.48)32.92
(7.52)

33.55
(7.84)

32.50 (7.27)CES-Dc

13.46
(4.08)

14.25 (3.54)12.76
(4.32)

13.60
(3.85)

14.21
(3.15)

13.06 (4.35)15.62
(4.53)

15.55
(4.53)

15.00 (4.57)QIDSd

0.57 (0.16)0.55 (0.12)0.60 (0.18)0.53 (0.15)0.51 (0.14)0.55 (0.17)0.48 (0.16)0.47 (0.16)0.48 (0.16)AQoL-6De

0.68 (0.16)0.68 (0.15)0.69 (0.17)0.67 (0.18)0.68 (0.17)0.67 (0.19)0.65 (0.19)0.66 (0.18)0.64 (0.21)EQ-5D-5Lf

9.04 (3.23)9.56 (3.21)8.57 (3.21)10.22
(3.39)

11.20
(3.11)

9.34 (3.43)12.00
(3.37)

11.80
(3.30)

12.18 (3.47)HADSg-anxiety

25.03
(14.23)

24.90
(15.27)

25.15
(13.43)

26.98
(16.53)

25.56
(16.52)

28.26
(16.29)

27.39
(17.35)

26.11
(16.79)

28.50
(17.97)

ODI-fdh

3.79 (1.69)3.67 (1.80)3.89 (1.60)4.27 (1.85)3.81 (1.76)4.68 (1.86)4.39 (1.94)4.08 (1.91)4.68 (1.94)Average pain intensity

39.22
(11.77)

38.20 (9.70)40.14
(13.42)

36.65
(10.69)

36.62
(9.38)

36.67
(11.87)

34.21
(11.86)

34.75
(11.50)

33.72
(12.30)

PSEQi

1.65 (0.38)1.6 (0.42)1.69 (0.34)0.97 (0.71)0.9 (0.76)1.03 (0.66)0.97 (0.78)0.99 (0.82)0.95 (0.74)SPEj

aIG: intervention group.
bWLC: waitlist control group.
cCES-D: Center of Epidemiological Studies Depression Scale.
dQIDS: Quick Inventory of Depressive Symptomatology.
eAQoL-6D: Assessment of Quality of life.
fEQ-5D-5L: EuroQol.
gHADS: Hamilton Anxiety and Depression Scale.
hODI-fd: Oswestry Disability Index-functional disability, measured as % (SD).
iPSEQ: Pain Self-Efficacy Questionnaire.
jSPE: Subjective Prognosis of Employment Scale.
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Table 5. Results of all outcomes.

WLCbIGaBetween-groupP valueF test (df)Time points and outcomes

95% CId95% CId95% CId  

Posttreatment

Primary outcome

0.17 to 1.120.640.39 to 1.300.86−0.17 to 0.740.280.033.62 (1,76)CES-Dc

Secondary outcomes

−0.12 to 0.820.340.01 to 0.880.43−0.28 to 0.620.160.131.24 (1,76)QIDSd

−0.19 to 0.730.26−0.04 to 0.840.39−0.24 to 0.660.20.160.99 (1,76)AQoL-6De

−0.36 to 0.550.09−0.29 to 0.580.14−0.37 to 0.520.070.440.01 (1,76)EQ-5D-5Lf

−0.27 to 0.650.180.36 to 1.270.81−0.30 to 0.600.140.00110.45 (1,76)HADSg-anxiety

−0.42 to 0.490.03−0.42 to 0.450.01−0.42 to 0.470.020.350.15 (1,76)ODIh

−0.32 to 0.600.14−0.44 to 0.430−0.22 to 0.680.230.063.76 (1,76)Average pain intensity

−0.28 to 0.640.17−0.19 to 0.680.24−0.33 to 0.560.110.430.02 (1,76)PSEQi

−0.34 to 0.580.11−0.32 to 0.560.11−0.20 to 0.700.240.121.35 (1,76)SPEj

6-month follow-up

Primary outcome

0.45 to 1.430.940.51 to 1.460.98−0.34 to 0.460.10.111.50 (1,76)CES-D

Secondary outcomes

−0.14 to 0.790.320.06 to 0.950.5−0.21 to 0.690.230.081.93 (1,76)QIDS

0.08 to 1.020.550.20 to 1.100.65−0.23 to 0.660.210.111.44 (1,76)AQoL-6D

−0.37 to 0.540.08−0.21 to 0.660.22−0.29 to 0.610.160.380.06 (1,76)EQ-5D-5L

0.21 to 1.160.680.60 to 1.541.07−0.07 to 0.830.380.042.94 (1,76)HADS-anxiety

−0.38 to 0.530.07−0.22 to 0.650.21−0.30 to 0.590.140.360.11 (1,76)ODI

−0.24 to 0.680.220.00 to 0.880.44−0.24 to 0.660.210.420.03 (1,76)Average pain intensity

0.04 to 0.980.51−0.04 to 0.830.39−0.21 to 0.680.230.220.57 (1,76)PSEQ

0.43 to 1.41−0.910.79 to 1.76−1.27−0.29 to 0.610.150.160.96 (1,76)SPE

aIG: intervention group.
bWLC: waitlist control group.
cCES-D: Center of Epidemiological Studies Depression Scale.
dQIDS: Quick Inventory of Depressive Symptomatology.
eAQoL-6D: Assessment of Quality of Life.
fEQ-5D-5L: EuroQol.
gHADS: Hamilton Anxiety and Depression Scale.
hODI: Oswestry Disability Index.
iPSEQ: Pain Self-Efficacy Questionnaire.
jSPE: Subjective Prognosis of Employment Scale.

Treatment Response
Reliable change did not significantly differ between participants

in the IG (17/40, 43%) and WLC (11/40, 31%; Χ2
1=1.1, P=.14;

NNT=8, 95% CI 3 to 106). A nonsignificant score reduction of
50% from baseline to posttreatment was seen more often in the

IG (2/77, 3%) compared with the WLC (n=0; Χ2
1=1.8, P=.08;

NNT=20, 95% CI 9 to 106).

Near-to-Symptom-Free Status
Significantly more participants in the IG (5/40, 13%) reached

a symptom-free status compared with the WLC (n=0; Χ2
1=4.8,

P=.01; NNT=8, 95% CI 5 to 45).

Secondary Outcomes
The IG showed a significantly greater reduction in anxiety
compared with the WLC (F1,76=10.45, P=.001; d=0.14, 95%
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CI −0.31 to 0.60) with a within-group effect size d of 0.81 (95%
CI 0.36 to 1.28; t40=5.40; P<.001) versus 0.18 (95% CI −0.27
to 0.65; t36=1.26; P=.21) in the WLC. There were no statistically
significant differences between the IG and WLC with regard to
any other secondary outcomes (eg, pain-related disability,
self-reported depressive symptoms, pain-related self-efficacy,
quality of life, and subjective prognosis of employment; see
Table 5).

Adverse Events
At posttreatment, 10% (4/40) of participants reported at least 1
negative event related to the intervention. In total, 6 negative
events were reported by the IG, with the most commonly
reported negative event being: “Since the start of the
intervention, I suffer more from events in the past” (n=3). In
addition, 17% (5/30) of participants reported at least 1 negative
event not related to the training. Symptom deterioration did not
take place in the IG. In the WLC, 3% (1/37) of participants did
experience deterioration. This difference was not statistically

significant (Χ2
1=1.1; P=.14).

Long-Term Effects

Primary Intervention Outcome
Both study groups displayed statistically significant reductions
in depressive symptom severity from baseline to the 6-month
follow-up (IG: t40=5.99, P<.001; d=0.98; 95% CI 0.51 to 1.46
and WLC: t36=4.99, P<.001; d=0.94; 95% CI 0.43 to 1.45);
however, the between-group difference was not statistically
significant (F1,76=1.50, P=.11; d=0.10, 95% CI −0.34 to 0.46).

Treatment Response, Near-to-Symptom-Free Status, and
Symptom Deterioration
A reliable change from baseline to the 6-month follow-up was
more often seen in the IG (9/40, 23%) compared with the WLC

(6/36, 17%). However, this difference was not statistically

significant (Χ2
1=0.4, P=.52; NNT=17, 95% CI 5 to 106). A

symptom reduction of 50% from baseline to follow-up was seen
in twice as many participants in the IG (6/40, 15%) compared
with the WLC (3/36, 8%), but this difference was not

statistically significant (Χ2
1=0.8; P=.18). In all, 48% (19/40)

of participants in the IG and 39% (14/36) of participants in the
WLC reached symptom-free status at the 6-month follow-up,
with no statistically significant difference between the groups

(Χ2
1=0.5; P=.22). From baseline to follow-up, symptom

deterioration occurred more often in the WLC, with 6% (2/36)
of participants, compared with 3% (2/40) of participants in the
IG; however, this difference was not statistically significant

(Χ2
1=0.4; P=.24).

Secondary Outcomes
Analyses revealed that the between-group difference in anxiety
at posttreatment was also statistically significant at follow-up
(F1,76=2.94, P=.047; d=0.38, 95% CI −0.07 to 0.83). There were
no statistically significant differences across groups with regard
to any other secondary outcomes (eg, pain-related disability,
self-rated depressive symptoms, average pain intensity,
pain-related self-efficacy, quality of life, or subjective prognosis
of employment; Table 5).

Sensitivity Analysis
Results of the sensitivity analyses were similar to the results of
the main analyses. It has previously been shown that LOCF
estimates similar effect sizes, but overestimates the precision,
compared with multiple imputation [71]. Results of the
sensitivity analyses are presented in Table 6.
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Table 6. Sensitivity analyses (last observation carried forward).

WLCb (n=36)IGa (n=40)Between-groupP valueF test (df)Time points and outcomes

95% CId95% CId95% CId  

Posttreatment

Primary outcome

−0.12 to 0.810.340.16 to 1.060.61−0.11 to 0.800.340.033.64 (1,76)CES-Dc

Secondary outcomes

−0.29 to 0.640.17−0.04 to 0.840.39−0.08 to 0.830.370.023.79 (1,76)QIDSd

−0.35 to 0.580.11−0.10 to 0.780.34−0.08 to 0.820.370.052.60 (1,76)AQoL-6De

−0.46 to 0.460−0.20 to 0.680.23−0.10 to 0.810.350.081.94 (1,76)EQ-5D-5Lf

−0.39 to 0.540.070.18 to 1.080.620.28 to 1.220.7509.34 (1,76)HADS-anxietyg

−0.41 to 0.520.05−0.32 to 0.560.11−0.08 to 0.830.370.062.38 (1,76)ODIh

−0.37 to 0.550.08−0.39 to 0.480.04−0.37 to 0.530.080.131.24 (1,76)Average pain intensity

−0.42 to 0.500.04−0.21 to 0.670.230.01 to 0.920.460.033.62 (1,76)PSEQi

−0.43 to 0.490.03−0.34 to 0.540.1−0.32 to 0.580.130.30.25 (1.76)SPEj

6-month follow-up 

Primary outcome

−0.06 to 0.870.40.24 to 1.140.69−0.14 to 0.770.310.043.35 (1,76)CES-D

Secondary outcomes

−0.30 to 0.630.160.00 to 0.890.44−0.03 to 0.880.420.023.81 (1,76)QIDS

−0.15 to 0.780.310.10 to 1.000.55−0.11 to 0.800.340.062.36 (1,76)AQoL-6D

−0.46 to 0.470−0.07 to 0.820.37−0.01 to 0.900.440.062.56 (1,76)EQ-5D-5L

−0.15 to 0.780.310.26 to 1.170.710.05 to 0.970.510.033.95 (1,76)HADS-anxiety

−0.38 to 0.550.08−0.18 to 0.700.260.08 to 0.990.530.024.89 (1,76)ODI

−0.36 to 0.560.09−0.12 to 0.770.32−0.15 to 0.750.30.190.73 (1,76)Average pain intensity

−0.42 to 0.500.03−0.04 to 0.840.4−0.03 to 0.880.420.043.13 (1,76)PSEQ

0.11 to 1.050.580.18 to 1.080.63−0.41 to 0.490.030.980.00 (1,76)SPE

aIG: intervention group.
bWLC: waitlist control group.
cCES-D: Center of Epidemiological Studies Depression Scale.
dQIDS: Quick Inventory of Depressive Symptomatology.
eAQoL-6D: Assessment of Quality of Life.
fEQ-5D-5L: EuroQol.
gHADS: Hamilton Anxiety and Depression Scale.
hODI: Oswestry Disability Index.
iPSEQ: Pain Self-Efficacy Questionnaire.
jSPE: subjective Prognosis of Employment Scale.

Discussion

Principal Findings
Delivery of CBT via the internet seems feasible in a highly
burdened sample, and the enrollment rate was 1.26% (76/6000).
As hypothesized, Get.Back demonstrated small but statistically
significant effects compared with the WLC in terms of reducing
depressive symptom severity at posttreatment. However,

findings did not support effectiveness with regard to pain
measures, quality of life, or long-term effectiveness.

Comparison With Previous Research
To the best of our knowledge, there are no published studies
regarding digital or f2f psychological interventions for patients
with comorbid depression and CBP on sick leave. Our findings
regarding the feasibility and user satisfaction of IMIs are in line
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with other studies for monodisorder depression and for comorbid
depression with somatic diseases [19,72].

The within-group effect size d of 0.86 in favor of the IG is
comparable with existing evidence for digital interventions for
MDD. Königbauer et al [14] found standardized within-group
effect sizes (Hedge g) ranging from −0.64 (95% CI −1.27 to
−0.01) to −1.52 (95% CI −2.22 to −0.82) for the reduction in
depressive symptom severity at posttreatment. However,
between-group effect sizes found in this study were smaller
than those in similar trials on IMIs with depressed individuals.
One reason might be the notable improvements in the WLC.
Participants in the WLC knew that they were scheduled to get
access to Get.Back after a waiting period. Therefore, there is a
possibility of an expectancy effect. A recent study showed that
patients with MDD who were scheduled to wait for treatment
showed a significant decline in depressive symptoms [73].
However, WLCs may also experience a nocebo effect, such that
participation as a waitlist control might reduce natural recovery
[74]. Future studies are needed to better understand the effects
of scheduled waiting in clinical trials.

Moreover, regardless of the treatment format, psychological
interventions for depression in individuals with CBP might
achieve lower effects compared with individuals without CBP.
This hypothesis is supported by a meta-analysis showing that
depression treatments tend to be less effective in individuals
with general medical disorders compared with nonmedical
populations [12].

There is existing evidence that CBT is effective in reducing
depressive symptom severity in individuals with CBP [21].
However, this evidence is limited to samples with unspecified
depression diagnoses and symptoms. Moreover, internet-based
self-help could be less suitable for this group compared with
f2f psychotherapy. To date, there is no RCT in an f2f setting
that investigates the effectiveness of a CBT depression
intervention in individuals with CBP, and only 1 other trial that
investigates iCBT in individuals with CBP and clinical
depression [21]. We found no trials focusing on individuals
with chronic depression or current sick leave.

Furthermore, this study aimed to reach individuals who are not
actively seeking help, meaning that their motivation to change
might be lower compared with individuals who do actively seek
help. In Germany, the decision to pursue psychological
treatments for mental illness is made after an average waiting
period of approximately 7 years [75]. Therefore, motivation for
change can be considered an important predictor in depression
treatments and related outcomes [76]. However, it could be that
Get.Back combined with our recruitment strategy resulted in
smaller effects compared with recruitment strategies directly
targeting individuals who are actively seeking help. Thus, it is
possible that this intervention may have increased effects if
recruitment strategies actively targeted and increased the
motivation for change before starting the intervention.

Yet, the between-group effect size d of 0.28 was higher than
the minimal important difference defined as a standardized mean
difference of 0.24, pinpointing the cutoff of clinical relevance
in depression treatment [77]. Thus, Get.Back may be a
promising treatment for this burdened population. To investigate

the beneficial effects of Get.Back, a larger trial with sufficient
power is needed on enhancing the overall treatment effect.

Limitations
First, our findings should be interpreted as that of a pilot trial
with limited power. Initially, the study was planned as an RCT
with a total sample of 250 participants and was designed to
specifically explore effects on return to work and
cost-effectiveness of Get.Back. Our small sample size reduced
the power to detect medium effect sizes. Second, the sample
characteristics may have also limited the generalizability of our
findings. The percentage of well-educated women was higher
than in the general chronic pain population. Third, participants
were recruited from a health insurance company. Therefore,
results may not be generalizable to other settings in routine,
clinical mental health care. Fourth, no clinical interviews took
place at posttreatment or the 6-month follow-up. Therefore,
changes in the diagnosis of MDD could not be analyzed. Future
trials should therefore investigate the potential beneficial effects
of the intervention with an extended follow-up period and with
sufficient power. Fifth, the WAI version that was used in this
study was not adapted for the use of internet interventions.
Hence, exploring the agreement on goals might be difficult, as
the goals are typically set by the intervention. An adapted
version of WAI [78] for use in the internet interventions has
been released and should be used in future studies.

Implications for Clinical Practice and
Recommendation for Future Research
Our findings have several implications for clinical practice.
First, the results of this study suggest that a combined
psychological treatment for patients on sick leave with comorbid
recurrent depression and CBP might be beneficial. Available
treatments generally only focus on one condition, rarely on both.
Results of our study show that combining treatments for both
conditions within one IMI appears to be feasible with high user
satisfaction and acceptable adherence. However, although we
found significant effects with respect to the primary outcome,
the intervention was not found to be superior with regard to a
range of secondary outcomes. It is unclear whether this finding
is a result of the low power in this study or due to minimal
efficacy for psychological interventions targeted at individuals
with comorbid depression and CBP on sick leave. Hence, future
studies are needed to compare different treatment modalities
(eg, IMI vs f2f) with regard to both effectiveness and reach in
the target group, given the challenging sample characteristics.

Second, using health insurance data to address individuals with
CBP and a history of depression appears to be a promising
strategy to reach individuals in need of treatment, as shown by
the initial response rate of 5.5%. However, the rate of actual
enrollment (76/6000, 1.26%) is lower than the response rates
found in studies aimed at reducing mild to moderate depression
and absenteeism in individuals at high risk for taking
depression-related sick leave [73]. The requirement that
individuals opt in to a study based on a postal invitation may
have compounded difficulties of recruiting participants with
depression.
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Moreover, reacting to an invitation letter (eg, completing a
baseline assessment and providing informed consent) may have
been too demanding for individuals with severe depression.
Individuals with depression might be interested in participating
in internet-based interventions but not in a clinical trial. This
may be particularly pertinent for individuals with CBP and
comorbid depression. Consequently, future research should
implement measures to reduce participant burden.

Another strategy to further enhance the potential of recruitment
via a health insurance company could be the implementation
of acceptance facilitation interventions (AFIs). The effectiveness
of AFIs has been evaluated in recent research [79-81]. Such
interventions may aim to increase the utilization of treatments
by directly addressing potential barriers (eg, low outcome
expectancy and fear of stigma). Future studies should therefore
focus on improving initial response rates to health care insurance
letters in addition to increasing conversion rates following
expressed interest.

Third, the total cost (2683.20€; US $2973.79) [82], cost for
initial response (8.05€; US $ 8.92) [82], and cost per included
participant (35.30€; US $39.12) [82] were low. Cost per
included participant was comparable with studies using
Facebook ads (US $51.70; 46.64€) [82,83]. Compared with the
high cost associated with non- or delayed treatments for

multimorbid patients with chronic disease and depression, this
cost is negligible. A meta-analysis concluded that it is difficult
to assess the overall effectiveness of any particular recruitment
strategy as some strategies that work well for a certain
population may not be optimal for another population; they also
discussed the necessity of additional research to better
understand effective recruitment strategies [84]. For our studied
population, the current recruitment strategy via health insurance
letter invitations appeared feasible, but more research is needed
to understand how response rates in untreated individuals with
CBP and comorbid depression can be increased.

Conclusions
To the best of our knowledge, this is one of the first RCTs
investigating the effects of a psychological intervention in
individuals with comorbid depression and CBP on sick leave.
Despite our inability to examine the actual effects on return to
work rates and cost-effectiveness of Get.Back, this trial shows
that this particular group of individuals may benefit from IMIs,
as shown by the positive user satisfaction ratings. However,
besides larger follow-up confirmatory trials, future studies
should implement strategies that could better reach the target
sample, test possibilities to increase intervention effects, and
identify subgroups of patients that may or may not benefit from
such interventions and could otherwise be referred to other
treatment modalities.
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Abstract

Background: There is a strong link between sleep and major depression; however, the causal relationship remains unclear. In
particular, it is unknown whether changes in depression core symptoms precede or follow changes in sleep, and whether a longer
or shorter sleep duration is related to improvements of depression core symptoms.

Objective: The aim of this study was to investigate temporal associations between sleep and depression in patients suffering
from major depressive disorder using an idiographic research approach.

Methods: Time-series data of daily sleep assessments (time in bed and total sleep time) and self-rated depression core symptoms
for an average of 173 days per patient were analyzed in 22 patients diagnosed with recurrent major depressive disorder using a
vector autoregression model. Granger causality tests were conducted to test for possible causality. Impulse response analysis and
forecast error variance decomposition were performed to quantify the temporal mutual impact of sleep and depression.

Results: Overall, 11 positive and 5 negative associations were identified between time in bed/total sleep time and depression
core symptoms. Granger analysis showed that time in bed/total sleep time caused depression core symptoms in 9 associations,
whereas this temporal order was reversed for the other 7 associations. Most of the variance (10%) concerning depression core
symptoms could be explained by time in bed. Changes in sleep or depressive symptoms of 1 SD had the greatest impact on the
other variable in the following 2 to 4 days.

Conclusions: Longer rather than shorter bedtimes were associated with more depression core symptoms. However, the temporal
orders of the associations were heterogeneous.

(JMIR Ment Health 2020;7(4):e17071)   doi:10.2196/17071

KEYWORDS

depression; sleep; time series; idiographic; self-management

Introduction

Most patients with depression suffer from sleep disturbances,
which mainly occur in the form of difficulty in initiating or
maintaining sleep. Sleep disturbances have often been reported
by patients and clinicians as an early sign or symptom at
depression onset. This assumption has been supported by studies

showing that insomnia and short sleep duration increase the risk
of depression onset [1,2]. In addition, sleep disturbances are a
risk factor for recurrent depression [3] and worsening symptoms
of depression [4] (also see [5] or [6] for an overview). These
studies indicate that sleep plays a causal role in the development
of depression. This interpretation was supported by findings of
studies focusing on the treatment of insomnia with cognitive
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behavior therapy, which has been shown to substantially reduce
depression symptoms [7,8]. One study also showed that
cognitive behavior therapy focused on treating insomnia
symptoms was equally effective in reducing depression core
symptoms as therapy focused on treating depression symptoms
[9].

However, the association between sleep disturbances and
depression can also be explained by a common pathogenic factor
that causes both symptoms. The arousal regulation model of
affective disorders describes upregulated brain arousal as such
a central pathogenic factor [10], which is commonly found in
patients with major depressive disorder. The withdrawal and
sensation avoidance observed in major depressive disorder is
considered to be an autoregulatory reaction of the individual in
response to the high brain arousal. Upregulated brain arousal
can also provide an explanation for other coexisting symptoms
such as insomnia or anxiety. According to this concept, arousal
regulation can be influenced by factors such as increasing sleep
pressure via sleep deprivation, which counteracts the upregulated
brain arousal, whereas extended sleep durations maintain the
pathogenic factor (arousal). These assumptions were supported
by an experimental study revealing that an increase in time in
bed and total sleep time has negative effects on mood [11]. Even
partial sleep deprivation of 2 hours was shown to have an
antidepressive effect in some patients [12]. Moreover, one of
the decisive interventions applied in cognitive behavioral therapy
for insomnia is sleep restriction, in which patients experience
a significant reduction in bedtime. Thus, consistent with sleep
restriction studies in the context of depression, it is possible that
this reduction in time in bed leads to an improvement in
depression symptoms through the mechanism described by the
arousal model. This association has already been convincingly
demonstrated for patients with bipolar disorder in a time-series
study design [13]. The authors investigated the temporal
association between sleep and mood over the course of an
average of 169 days, finding that a decrease in sleep duration
was followed by an increase in mood the following day for 34%
of the patients, and the same association was found between
bedrest (awake in bed) and mood for 22% of the patients, with
no positive cross-correlations identified for sleep duration.
However, this is one of only few studies that have investigated
the relationship between sleep and mood in an idiographic
research design.

Idiographic research is based on within-subject analysis
techniques. Instead of analyzing cohorts to explain variance in
the population, the aim of an idiographic approach is to explain
variance within individuals without seeking to generalize the
results to other individuals. Such analyses require repeated
measurements for the same individual. The experience sampling
method or momentary ecological assessment is a promising
research technique to collect repeated measures within
individuals for an idiographic analysis [14]. One of the main
advantages of idiographic research is that it is a more
person-centered approach, since patterns within individuals can
be investigated over time. For example, this method allows for
investigating temporal associations with various time lags
between several variables for a given individual, enabling
identifying indications for cause-effect relationships of several

variables within an individual [15]. Therefore, this approach
can provide results with high clinical relevance, as they apply
to specific individuals in specific contexts. In particular, if
interindividual differences between patients are to be assumed,
an idiographic research design can avoid the disadvantages of
group statistics that risk blurring the relevant effects on the
individual level. Molenaar et al [16] provide a more detailed
discussion and comparison of interindividual and intraindividual
research methodologies.

For both clinicians and individual patients, it would be highly
relevant to understand how changes in sleep are related to
changes in depressive symptoms. For example, if shorter
bedtimes lead to a reduction in depressive symptoms in
individual patients, this information can be used by both the
clinician for treatment and by the patient for self-management.
Idiographic time-series studies are useful to explore these
questions, and some authors have shown that ecological
momentary assessment in combination with time-series analysis
are useful tools for this purpose [17,18].

The goal of the present study was to investigate the relationship
between sleep and depression core symptoms by applying
selected time-series methods on long-term collected sleep and
self-rating data. We pursued three explorative aims. The first
aim was to investigate the number of patients demonstrating
significant temporal associations (indicating possible causal
relationships) between time in bed/total sleep time and core
depression symptoms. The second aim was to describe the nature
of the relationship from two aspects: whether changes in sleep
cause changes in depression or vice versa, and whether more
or less sleep causes a reduction in depression. Finally, we sought
to analyze the impact and temporal dynamics of the effects in
patients with significant temporal associations by calculating
the amount of variance explained in the time series and by
analyzing how changes of 1 SD in a time series affect the other
time series over a 10-day period.

Methods

Sensor-Based System for Therapy Support and
Management of Depression Research Project
The data analyzed in this study were obtained from the research
project Sensor-based System for Therapy Support and
Management of Depression (STEADY), with the broad aim of
developing a digital solution allowing patients to collect data
on the course of their disease using smartphones and mobile
sensors. To support patients in their self-management, one aim
of STEADY was to identify patient-specific patterns and
associations in the recorded self-ratings and digital behavior
markers that can serve as a basis for patient-specific
self-management. A feasibility study was carried out within the
STEADY project, which was divided into three distinct study
phases targeted at investigating specific modules or features of
the comprehensive STEADY system. Before and after each
study phase, data were collected using printed self-assessment
questionnaires, including the Pittsburg Sleep Quality Index
(PSQI) [19]. During the study phase, patients were supported
by weekly and later monthly telephone calls. Furthermore, a
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monthly on-site appointment was held at the research center of
the German Depression Foundation in Leipzig, Germany.

Participants
Participants of the STEADY feasibility study were primarily
recruited at the Department of Psychiatry and Psychotherapy
of the University of Leipzig, Germany. In addition, interested
individuals could register in the study via a project-specific
website. The study was approved by the local ethics committee
of the University of Leipzig. Once written informed consent
was obtained, participants were invited for a diagnostic interview
to check for eligibility according to the following criteria.
Inclusion screening criteria were at least 18 years of age,
diagnosis of a recurrent depressive disorder, current depressive
symptomatology reflected by a minimum of 14 points on the
Inventory of Depressive Symptomatology Clinician (IDS-C)
scale [20], undergoing professional treatment with regard to the
diagnosis, and living in close proximity to the study center to
facilitate regular study appointments. Exclusion criteria were
psychiatric comorbidities (alcohol/drug addiction, schizophrenia,
schizotypal and delusional disorders, borderline personality
disorder), severe somatic disorders, acute suicidal behavior,
pregnancy/lactation, and electronic implants.

Inclusion and exclusion criteria were checked using
semistructured interviews on sociodemographic factors and
medical history. Psychiatric diagnoses were established using
the Structured Clinical Interview for Diagnostic and Statistical
Manual of Depressive Disorders IV [21]. Depression severity
was rated on the IDS-C scale [20] by trained raters. A total of
25 participants were included in the study. To be included in
this current analysis, participants had to collect data over a
continuous period of at least 130 days. Additionally, subjects
were excluded if missing values exceeded 30% during this
period. After applying these additional criteria, 22 of 25
participants were included in the present analysis.

App-Based Self-Rating and Measures
According to the goals of the project, an app was developed by
the STEADY consortium to support the self-rating process. The
study participants performed morning and evening self-ratings
using the app. The smartphone app was programmed so that
morning logs were available daily from 3 am to 3 pm and
evening logs were available daily from 3 pm to 3 am. Patients
were asked to fill in the morning logs directly after awakening
and to fill in the evening logs right before going to bed.

Two main self-ratings were considered: daily ratings of
depression core symptoms and night sleep. The former
considered core symptoms addressing interest and pleasure as
well as feelings of depression and hopelessness such as those
used in the Two-item Health Questionnaire (PHQ-2) [22] to
measure depression symptoms. In the evening log, patients rated
how often they experienced the symptoms during the day on a
visual analogue scale from 0 (“never”) to 10 (“all the time”). A
mean of the two items was calculated and used as a measure of
depression core symptoms severity, hereinafter referred to as
depression core symptoms. For night sleep measurement,
participants were asked to fill in a sleep diary that was integrated
in the morning log consisting of “go to bed time,” “get up time,”

and “time spent sleeping.” Time in bed and total sleep time
were then calculated from the sleep diary as the main parameters
for analysis.

Procedure
Patients were invited to the study center where they were given
a general introduction to the app and the integrated morning
and evening logs. Patients were instructed on how and when to
fill in the logs. Monthly visits at the study center took place
during the data collection period, which involved a data
plausibility check (including a check for missing values), along
with the opportunity to address patient questions and difficulties.
Study assistants monitored the data collection process
throughout this period. This involved a continuous check for
missing values. When a missing value was noted, it was
addressed in a phone call with the patient to obtain feedback
on the reasons for missing values as a measure to reduce the
occurrence of missing values.

Data Analysis
The vector autoregression (VAR) technique was applied to
analyze the collected datasets [23]. The VAR technique was
originally developed for research in economic sciences, but has
also been used in other fields such as neuroimaging, sociology,
and meteorology. A useful advantage of the VAR technique is
that it allows investigating the temporal dynamics between
several time series without the need of presumptions about the
possible associations. In a VAR model, all of the endogenous
variables are regressed onto their own time-lagged values and
the time-lagged values of all other endogenous variables. An
endogenous variable is a variable that can be both a determinant
and an outcome. Therefore, a VAR model enables drawing
conclusions about the temporal sequence of the effects to derive
indications for cause-effect relationships [23].

Several steps are required when conducting a VAR analysis.
One important step is to make a decision about the maximum
lag. The lag length refers to the maximum number of previous
observations (eg, the previous 2 days), which is then used to
estimate the current observation. Lag length selection criteria
can be used to determine the optimal number of lags.

In this study, we established two models with two variables
each. Each model consisted of two endogenous variables: total
sleep time and depression core symptoms (model 1), and time
in bed and depression core symptoms (model 2). The
corresponding regression equations are listed below.

Equations for model 1:

Equations for model 2:
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In these models, αi, βi, γi, and δi are coefficients to be estimated;
ε1 and ε2 are the error terms; and p is the number of lags
considered in the model. A maximal lag length of 7 days was
used. The Akaike information criterion value was used to
identify the optimal number of lags for the models. To account
for trends and to obtain stationarity, the time series were passed
through a linear filter using the autoregressive integrated moving
average methodology [24]. To test for potential cause-effect
associations, Granger causality tests were conducted. This test
examines whether the past values of a variable are useful to
predict another variable. A variable x is considered to be causally
related to a variable y if past values of y and x predict y
significantly better than the past values of y alone. The principle
behind the Granger test is that a cause cannot come after an
effect [15]. Therefore, testing the temporal order of associations
provides information on potential causal effects. To determine
the impact of each endogenous variable over time, impulse
response functions (IRFs) were calculated for all patients with
significant Granger causality test results. An impulse response
is the temporal reaction of a dynamic system to a change of a
variable (eg, change of total sleep time in our analysis). Such
a change is called “shock” and is normally defined as 1 SD in
the time series; this definition was adopted in the present study
as it has been shown to be a reliable definition of change in
clinical research [18]. Furthermore, forecast error variance
decomposition (FEVD) was performed to estimate the amount
of variance in a variable that can be explained by another

variable in a defined time period. The R package vars was used
for statistical analysis [25].

Missing Values
Missing values occurred occasionally in the time series
whenever a patient forgot to fill in the morning or evening logs.
Since the applied analysis method cannot handle missing data,
imputation methods were used to estimate missing values. In a
given time series, missing values are estimated on the basis of
the respective time series itself to avoid sham correlations
between different time series. For this purpose, the Kalman
smoothing imputation method was applied using the R package
imputeTS [26].

Results

Demographics and Clinical Characteristics
Data of 22 participants (15 women, 7 men) were analyzed in
this study. On average, data for 173 days (range 143-205) per
participant were available. Participants were aged between 21
and 67 years (median 43.5) and had a mean IDS-C baseline
score of 27.27 (SD 8.5), corresponding to a moderate severity
of depression, and a mean PSQI baseline score of 8.95 (SD
4.62). Nineteen of the 22 participants (86%) were taking
antidepressant medication and had already undergone
psychotherapy or were in psychotherapy at the time of the study.
Table 1 summarizes all demographic and clinical characteristics
at the individual patient level.
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Table 1. Demographic and clinical characteristics.

IDS-CbPSQIaOther psychiatric disordersEmployment statusAge
(years)

SexData collection
period (days)

Patient

T2T1T2dT1c

142411—eAnxiety disorder/ agoraphobiaHousewife41F2011

30231312Generalized anxiety disorder,

May 2017-present

Full time50F1502

213964Generalized anxiety disorderIncapacity for work due to
illness

54M1743

181795NonePart time33F1794

7645NoneFull time43F1725

3434910NonePartial retirement60F2056

16764NoneSelf-employed/

freelance

44F1997

2791418Pain disorder,

2010-present

Full time45F1508

38181810NoneFull time38F1889

101177NoneFull time33F15610

91932NoneSelf-employed/

freelance

42M20311

15111010NoneStudent21M17012

44442022NonePartial retirement53M15413

61557NoneSelf-employed/

freelance

48F16014

363177NonePrivateer50M14315

252273NoneSick leave35F15016

23–9NoneFull time32F19917

171558TrichotillomaniaPart time53F17918

162015–Attention deficit and hyperactiv-
ity disorder

Student27F17819

20291210NonePension/early retirement67F17320

14597NonePart time26M17821

39451716NoneIncapacity for work due to
illness

62M15122

aPSQI: Pittsburg Sleep Quality Index score.
bIDS-C: Inventory of Depressive Symptomatology Clinician Rating.
cT1: before the study phase.
dT2: after the study phase.
e—: data not available.

Granger Causality Results
Granger causality tests were performed to investigate the
temporal order of associations and to test for potential causal
effects. In total, 11 patients showed significant Granger causal
associations at a significance level of 5%. For 3 patients, time
in bed Granger caused depression core symptoms (positive
association), meaning that more time in bed was followed by
more severe depression. In 3 patients, this association had a
reversed temporal order, meaning that more depression core
symptoms were followed by more time in bed. In one patient,

depression core symptoms Granger caused time in bed (negative
association), meaning that more depression core symptoms were
followed by less time in bed. In 3 patients, total sleep time
Granger caused depression core symptoms (positive association),
meaning that more total sleep time was followed by more
depression, whereas this temporal order was reversed in 2
patients (ie, more depression core symptoms were followed by
greater total sleep time). In 3 patients, total sleep time Granger
caused depression core symptoms (negative association),
meaning that more total sleep time was followed by less
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depression core symptoms, and this temporal order was reversed
for 1 patient. Figure 1 shows the raw time series (time in bed
and depression core symptoms) of patient 2 as an example.

Table 2 summarizes all of the statistically significant Granger
causality test results.

Figure 1. Raw time-series data of patient 2.

Table 2. Granger causality test results.

Total (n)Negative association (n)Positive association (n)Causality test

Time in bed (TIB)

303TIB Granger causes depression core symptoms

413Depression core symptoms Granger causes TIB

000Mutual causality

Total sleep time (TST)

633TST Granger causes depression core symptoms

312Depression core symptoms Granger causes TST

000Mutual causality

Impulse Response Function
IRFs were calculated to analyze the impact of a change in the
two sleep variables on depression core symptoms and vice versa

over time. Figure 2 provides an example of the IRF for patient
2, showing the impact of a change (1 SD) in depression core
symptoms on time in bed during a 10-day period.

Figure 2. Impulse response function for patient 2. Impulse represents depression severity, response is time in bed, time horizon = 10 days; the dashed
line indicates the 95% CI.
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In this case, a change in depression core symptoms led to a
significant increase in time in bed the following 2 days. At day
2, the effect reached its peak with an increase of 12.86 minutes
in bed. At day 3, the impact was no longer significant based on
a confidence interval exceeding 0. IRF coefficients can be
cumulated to calculate the total impact of a change (1 SD) in a

variable over time. For patient 2, a change in depression core
symptoms of 1 SD led to a total increase in time in bed of 27.64
minutes during a 10-day period. Table 3 summarizes the
cumulated IRF results for all patients with significant Granger
causality test results.

Table 3. Cumulative resultsa of impulse response analysis for all patients with significant Granger causality test results.

lag 10lag 9lag 8lag 7lag 6lag 5lag 4lag 3lag 2lag 1lagb 0Granger causality 

TIBc Granger causes depression

0.520.520.520.520.520.530.530.530.510.290.06Patient 3

0.310.310.310.310.310.310.320.320.310.250.02Patient 6

1.031.031.031.031.031.031.031.021.000.890.44Patient 20

0.620.620.620.620.620.620.630.620.600.470.17Mean

Depression Granger causes TIB

9.339.339.339.339.339.339.349.359.177.460.00Patient 10

9.799.799.799.799.799.799.789.729.448.420.00Patient 11

13.5713.5713.5713.5713.5713.5713.5713.5513.3312.740.00Patient 14

–23.60–23.60–23.60–23.63–23.66–23.81–23.64–22.59–20.71–7.160.00Patient 19

14.0714.0714.0714.0814.0914.1314.0813.8013.168.950.00Mean

TSTd Granger causes depression

0.320.320.320.320.320.320.320.320.320.270.06Patient 6

–0.14–0.14–0.14–0.14–0.14–0.14–0.14–0.14–0.13–0.160.09Patient 7

–0.10–0.10–0.10–0.10–0.10–0.10–0.10–0.10–0.10–0.110.08Patient 14

–0.49–0.49–0.49–0.49–0.49–0.49–0.49–0.49–0.48–0.46–0.17Patient 19

0.230.230.230.230.230.230.230.230.230.20–0.24Patient 20

–0.24–0.27–0.30–0.35–0.40–0.40–0.25–0.10–0.030.090.36Patient 21

0.250.260.260.270.280.280.260.230.220.220.17Mean

Depression Granger causes TST

28.5528.4428.0327.4927.2327.7928.4427.4420.889.280.00Patient 2

10.6510.6510.6510.6510.6510.6410.6310.5710.249.110.00Patient 11

–9.37–9.37–9.37–9.37–9.37–9.37–9.37–9.37–9.36–9.460.00Patient 22

16.1916.1516.0215.8415.7515.9316.1515.7913.499.280.00Mean

aValues are expressed in minutes (TIB and TST) or units on the depression scale (depression).
bLag numbers correspond to days.
cTIB: time in bed.
dTST: total sleep time.

Variance Decomposition
Table 4 summarizes the results of the FEVD analysis over a
period of 10 days for all patients with significant Granger
causality test results. As an example, in patient 20, 6.4% of the
variance in depression core symptoms at lag 1 (the day following
night sleep) could be explained by time in bed. The following
day (lag 2), the percentage increased to 12.4%. At day 3 (lag

3), a peak was reached with 12.7% of the variance explained.
The mean FEVD results were calculated for each temporal
association across patients with respective significant Granger
causal associations. On average, 10% and 6% of the variance
in depression core symptoms could be explained by time in bed
and total sleep time, respectively, and 3% of variance in time
in bed and in total sleep time could be explained by depression
core symptoms.
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Table 4. Explained variance in depression core symptoms and time in bed at different time lags for all patients with significant Granger causality test
results.

lag 10lag 9lag 8lag 6lag 5lag 4lag 3lag 2laga 1Granger causality

TIBb Granger causes depression

0.120.120.120.120.120.120.120.070.00Patient 3

0.050.050.050.050.050.050.050.040.00Patient 6

0.130.130.130.130.130.130.130.120.06Patient 20

0.100.100.100.100.100.100.100.080.02Mean

Depression Granger causes TIB

0.030.030.030.030.030.030.030.030.03Patient 10

0.020.020.020.020.020.020.020.020.02Patient 11

0.030.030.030.030.030.030.030.030.03Patient 14

0.040.040.040.040.040.040.040.010.00Patient 19

0.030.030.030.030.030.030.030.020.02Mean

TSTc Granger causes depression

0.040.040.040.040.040.040.040.040.00Patient 6

0.020.020.020.020.020.020.020.020.00Patient 7

0.030.030.030.030.030.030.030.030.01Patient 14

0.040.040.040.040.040.040.040.040.01Patient 19

0.080.080.080.080.080.080.080.080.02Patient 20

0.160.160.160.160.150.140.140.130.09Patient 21

0.060.060.060.060.060.060.060.060.02Mean

Depression Granger causes TST

0.050.050.050.050.050.050.040.020.00Patient 2

0.020.020.020.020.020.020.020.020.00Patient 11

0.030.030.030.030.030.030.030.030.00Patient 22

0.030.030.030.030.030.030.030.020.00Mean

aLag numbers correspond to days.
bTIB: time in bed.
cTST: total sleep time.

Discussion

In this study, idiographic analyses were applied on time-series
data of self-reported sleep and depression ratings in 22 patients
with major depressive disorder. Data were collected on a daily
basis with a smartphone app across 143-205 days per subject.
Significant Granger causal associations were found in 11 of 22
patients regarding the associations between time in bed or total
sleep time and depression core symptoms.

The first aim of this study was to determine the number of
patients for whom temporal associations could be found to
indicate a causal relationship. In 7 patients, temporal
associations between time in bed and depression core symptoms
were found to exhibit a causal relationship, and causal
associations were found between total sleep time and depression
core symptoms in 9 patients.

The second aim of the study was to evaluate whether changes
in sleep or changes in depression core symptoms are primarily
responsible for causing changes in the other variable, and
whether more or less sleep causes a reduction in depression core
symptoms. The analysis revealed high heterogeneity in these
associations among patients. One source of heterogeneity was
related to the temporal order of the associations, and hence the
direction of a possible causal relationship (Granger causality).
Concerning time in bed, the direction of the association was
quite equally distributed: time in bed Granger caused depression
core symptoms in 3 patients, whereas depression core symptoms
Granger caused time in bed in 4 patients. With regard to total
sleep time, the association was more homogenous toward total
sleep time being the cause rather than the effect: total sleep time
Granger caused depression core symptoms in 6 patients, whereas
the temporal order was reversed in 3 patients.

A different source of heterogeneity concerns the nature of the
relationship (eg, if more sleep or depression core symptoms
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causes a reduction or an increase in the other variable). The
association between time in bed and depression core symptoms
was positive in 6 patients, meaning that longer time in bed/more
depression core symptoms led to an increase in depression core
symptoms/time in bed, whereas this association was negative
in 1 patient, meaning that more depression core symptoms led
to a decrease in time in bed. A more homogenous pattern was
found with regard to the association between total sleep time
and depression core symptoms: The association was positive
in 5 patients, meaning that longer total sleep time/more
depression core symptoms led to more depression core
symptoms/longer total sleep time, and the association was
negative in 4 patients, meaning that longer total sleep
time/depression core symptoms led to a decrease in depression
core symptoms/total sleep time.

The third aim was to analyze the impact and temporal dynamics
of the effects identified. Variance decomposition revealed that,
on average, the largest proportion of explained variance was in
the association between time in bed and depression core
symptoms, with an average 10% of depression core symptoms
being explained by time in bed. The second largest proportion
concerned the association between total sleep time and

depression core symptoms with 6% of the variance in depression
core symptoms being explained by total sleep time. Explained
variance was small in associations with a reversed temporal
order: 3% of the variance in total sleep time and 3% of the
variance in time in bed could be explained by depression core
symptoms. Impulse response analysis revealed that changes of
1 SD in a variable (eg, total sleep time) had the greatest impact
on the other variable (eg, depression core symptoms) in the
following 2 to 4 days.

An advantage of our analysis is that it allows the possibility to
make statistical claims on an individual level owing to the use
of time series. This would be particularly useful for a clinician
since it would be highly relevant to know whether a temporal
association between sleep and depression exists in a certain
patient and whether it is more likely that sleep changes cause
changes in depression or vice versa. If patients are willing to
share such data with a clinician [27], it could be used for
treatment decisions. For example, if the data suggest that a
longer time in bed worsens depressive symptoms, therapeutic
sleep restriction or long-term mild sleep restriction might be a
promising intervention. This knowledge could also be used by
the patients themselves for self-management activities.
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Abstract

Background: Quality of life (QoL) is considered a key treatment outcome in bipolar disorder (BD) across research, clinical,
and self-management contexts. Web-based assessment of patient-reported outcomes offer numerous pragmatic benefits but require
validation to ensure measurement equivalency. A web-based version of the Quality of Life in Bipolar Disorder (QoL.BD)
questionnaire was developed (QoL Tool).

Objective: This study aimed to evaluate the psychometric properties of a web-based QoL self-report questionnaire for BD (QoL
Tool). Key aims were to (1) characterize the QoL of the sample using the QoL Tool, (2) evaluate the internal consistency of the
web-based measure, and (3) determine whether the factor structure of the original version of the QoL.BD instrument was replicated
in the web-based instrument.

Methods: Community-based participatory research methods were used to inform the development of a web-based adaptation
of the QoL.BD instrument. Individuals with BD who registered for an account with the QoL Tool were able to opt in to sharing
their data for research purposes. The distribution of scores and internal consistency estimates, as indicated by Cronbach alpha,
were inspected. An exploratory factor analysis using maximum likelihood and oblique rotation was conducted. Inspection of the
scree plot, eigenvalues, and minimum average partial correlation were used to determine the optimal factor structure to extract.

Results: A total of 498 people with BD (349/498, 70.1% female; mean age 39.64, SD 12.54 years; 181/498, 36.3% BD type I;
195/498, 39.2% BD type II) consented to sharing their QoL Tool data for the present study. Mean scores across the 14 QoL Tool
domains were, in general, significantly lower than that of the original QoL.BD validation sample. Reliability estimates for QoL
Tool domains were comparable with that observed for the QoL.BD instrument (Cronbach alpha=.70-.93). Exploratory factor
analysis supported the extraction of an 11-factor model, with item loadings consistent with the factor structure suggested by the
original study. Findings for the sleep and physical domains differed from the original study, with this analysis suggesting one
shared latent construct.

Conclusions: The psychometric properties of the web-based QoL Tool are largely concordant with the original pen-and-paper
QoL.BD, although some minor differences in the structure of the sleep and physical domains were observed. Despite this small
variation from the factor structure identified in the QoL.BD instrument, the latent factor structure of the QoL Tool largely
reproduced the original findings and theoretical structure of QoL areas relevant to people with BD. These findings underscore
the research and clinical utility of this instrument, but further comparison of the psychometric properties of the QoL Tool relative
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to the QoL.BD instrument is warranted. Future adaptations of the QoL Tool, including the production of an app-based version
of the QoL Tool, are also discussed.

(JMIR Ment Health 2020;7(4):e17497)   doi:10.2196/17497

KEYWORDS

bipolar disorder; survey methodology; patient reported outcomes; psychometrics; questionnaire design; quality of life; validation
studies

Introduction

Background
Applications of quality of life (QoL) assessment instruments in
bipolar disorder (BD) research have grown substantially [1,2]
since the introduction of the concept in psychiatric research
more generally in the 1980s [3]. Broadly speaking, QoL
instruments holistically assess an individual’s satisfaction and
functioning across a range of life domains and are, therefore,
increasingly used to evaluate BD treatment outcomes beyond
symptomatic response. Assessment of QoL may be particularly
important in the context of BD, given the chronic course and
significant impacts across diverse life domains associated with
this mood disorder [1]. Indeed, there is some evidence to
indicate that both patients with BD and health care providers
view QoL as the most important outcome in the treatment of
the condition [4].

In the study of BD, QoL has been primarily measured with
universal or generic instruments (most commonly, the 36-Item
Short Form Health Survey and Quality of Life Enjoyment and
Satisfaction Questionnaire [1]). Although generic measures
assess areas of life, which may be considered fundamentally
important [5], patient groups may have unique priorities that
are best assessed with disorder-specific instruments [6]. To
address this gap, the first condition-specific QoL instrument for
BD was developed: the Quality of Life in Bipolar Disorder
(QoL.BD) [7]. Informed by consultation with people with lived
experience of BD, their family members, and field experts, the
resulting scale assesses cardinal life areas directly impacted by
BD symptoms (mood, sleep, physical health, and cognition),
pragmatic and functional outcomes (home, work, education,
leisure, and finances), and more psychosocially orientated
constructs (relationships, self-esteem, spirituality, identity, and
independence). A decade since its development, the QoL.BD
instrument has seen international adoption: it has undergone
formal adaptation and validation in Iranian, Chinese, and
Chilean populations [8-10] and has been translated into over
20 languages [11]. It has also seen application in diverse
research contexts, including clinical trials of psychotherapy
[12-16] and pharmacological interventions [17,18]. Materials
have also been developed to support the use of the QoL.BD
instrument by health care practitioners in a clinical context (eg,
case formulation [11]) and by individuals with BD themselves
in their self-management practices [19].

Although the uptake of the QoL.BD instrument has been
encouraging, its research and clinical utility may be enhanced
with a web-based delivery format. Relative to traditional
pen-and-paper instruments, web-based administration formats
reduce administrative burden (through, for instance, automatic

scoring and practical data storage), data entry and coding errors,
and item nonresponse [20]. Web-based questionnaires may also
enhance the accessibility of instruments for both researchers
and patients: they are cost-effective [21], instantaneously
available to potential users with an internet connection
(regardless of location), and navigation is user-friendly, with
the ability to skip or eliminate irrelevant questions from the
view [22]. Respondents may also prefer web-based
administration formats [23], and for questionnaires that assess
sensitive topics (such as factors related to mental health),
web-based questionnaires may potentially reduce social
desirability effects [24]. For ongoing self-monitoring purposes,
web-based instruments are advantaged by their ability to provide
immediate feedback to respondents, reduce the burden of
tracking large volumes of data, and potentially lessen
experiences of stigma by decreasing the visibility of symptom
monitoring. Given the numerous pragmatic benefits and
enhanced user-friendliness of web-based self-report
questionnaires, adaptation of the pen-and-paper version of the
QoL.BD instrument to a web-based interface was undertaken
to support utilization of this instrument across research, clinical,
and self-management contexts.

However, simple migration of pen-and-paper scales to
web-based formats does not guarantee preservation of a scale’s
psychometric properties. A number of factors can impact the
way a scale performs when adapted for web-based
administration, including modifications to layout, instructions,
or changes in item wording and response options [25,26]. The
Professional Society for Health Economics and Outcomes
Research (ISPOR) guidelines suggest that evidence needed to
support measurement equivalence between pen-and-paper and
electronic adaptations varies depending on the extent of
modifications, from minor (eg, simply displaying a scale text
on screen) to more substantive (ranging from moderate
alterations such as splitting the presentation of items over several
screens, up to large scale changes to items, presentation or
response format). Supporting evidence can include usability
testing, appraisal of interformat reliabilities, comparable means
and standard deviations, and preservation of scale reliability
and factor structures across formats. Although the majority of
Web-adaptation studies have reported interformat reliabilities,
informing confidence about the consistency of measurement of
self-reported mental health data across formats [27,28], fewer
studies have made a comment on whether the original factor
structure is replicated in web-based questionnaire formats. As
such, exploration of the psychometric properties, particularly
factor structure, is needed to support the use of any web-based
adaptation of the QoL.BD instrument.
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Objective
The overarching aim of this study was to compare the
psychometric performance of the web-based QoL Tool with the
original pen-and-paper version of the QoL.BD scale. To do this,
we aimed to (1) describe the means and standard deviations of
QoL Tool responses, (2) evaluate the internal consistency of
the web-based measure, and (3) determine whether the factor
structure of the original QoL.BD could be replicated in the
web-based adaptation of this instrument.

Methods

Overview
The project was conducted by the Collaborative RESearch Team
to study psychosocial issues in Bipolar Disorder (CREST.BD
[19]), a Canadian-based network dedicated to collaborative
research and knowledge translation (KT) in BD. CREST.BD
specializes in community-based participatory research (CBPR),
where researchers and knowledge users work collaboratively
[29]. Informed by a decade of research and integrated KT,
CREST.BD has developed a specific model of CBPR for BD
[30]. Funding from the Canadian Institutes of Health Research
was granted to extend on prior work to design and validate a
pen-and-paper QoL questionnaire for BD (described below).
This psychometric evaluation follows the development of a
web-based adaptation of the QoL.BD instrument using CBPR
methods.

Design and Validation of the Pen-and-Paper Quality
of Life in Bipolar Disorder Questionnaire
The development and validation of the QoL.BD instrument is
described in detail elsewhere [7]. In brief, candidate items were
generated through (1) qualitative interviews with people with
BD, their family members, and field experts and (2) a literature
review of existing research on QoL in BD. Following item
reduction, preliminary psychometric analyses, and further
consultation with field and lived experience experts, a final
subset of 56 items was retained. Items are organized into 14
4-item domains: 12 core (physical, sleep, mood, cognitive,
leisure, social, spirituality, finances, household, self-esteem,
independence, and identity) and 2 optional (work and study,
which respondents are directed to complete if they are currently
employed or in school). A 12-item brief version was also
developed.

The questionnaire items are presented on a standard 5-point
Likert response scale (strongly disagree–strongly agree). Items
are all positively worded (ie, describing the presence of a
desirably quality) for two reasons: (1) a positive question frame

is consistent with the strengths-based approach to QoL adopted
as a result of CBPR consultation and (2) reverse worded items
can reduce the reliability and validity of a scale [31]. Domains
are scored by summing the responses, for a potential score range
of 4 to 16. Calculation of an overall QoL score is possible by
summing responses to the 12 core domains. Initial field testing
of the QoL.BD instrument indicated that both the full and brief
version of the instrument represent a feasible, reliable, and valid
BD-specific QoL measure with solid internal validity and
appropriate test-retest reliability. Factor analysis affirmed that
the 12 basic scales were represented in the latent structure of
the instrument.

Development of the Web-Based Adaptation: The
Quality of Life Tool
A synergistic combination of CBPR and the principles of
user-centered design [32] were applied to develop the QoL Tool.
The primary goal of the development process for the QoL Tool
was to produce a web-based version of the QoL.BD instrument
that was faithful as possible to the original measurement
principles of the QoL.BD instrument but also adapted and
expanded to enhance user experience and functionality. A priori,
we established which features of the QoL.BD instrument were
immutable, specifically, preservation of precise wording of the
scale’s 56 items (with one exception, described below), the
ordering of the items, and the 5-point Likert response scale
(1=strongly disagree; 5=strongly agree) and item ordering. The
approach to scoring the domains and the range of potential
scores are consistent with the QoL.BD instrument.

Beyond these parameters, however, it was expected that the
web-based version of the scale would differ in some aspects
from its pen-and-paper counterpart. One adaptation was made
in the delivery format of the web-based version on the basis of
user feedback, the name of each domain was made visible to
the user (see Figure 1). Furthermore, as the inclusion of
graphical feedback of results has been described as a highly
prioritized feature for self-management apps for people with
BD [32,33], we determined a priori that the addition of a results
display feature would be essential (see Figure 2). All other
adaptations were identified via user-centered design processes.
One minor change in wording was made to a sleep domain item
(“woken up” was changed to “awoken”). All other items in the
QoL Tool were precisely as worded in the QoL.BD instrument.
Substantial changes were made in the web-based version in
terms of features and functionality. For example, registered
users of the QoL Tool are provided with the option of an
interactive results feature that demonstrates their QoL scores
over time (Figure 3) and the option to email their results to a
health care provider.

JMIR Ment Health 2020 | vol. 7 | iss. 4 |e17497 | p.40http://mental.jmir.org/2020/4/e17497/
(page number not for citation purposes)

Morton et alJMIR MENTAL HEALTH

XSL•FO
RenderX

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


Figure 1. QoL Tool questionnaire screen and response options.

Figure 2. QoL Tool graphical display of results.

Figure 3. Users are able to drag a slider to compare their QoL Tool results over time.
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Recruitment
The final version of the QoL Tool was formally launched on
World Bipolar Day (March 30, 2015). The QoL Tool was
promoted primarily through social media channels (eg,
CREST.BD Facebook page, Twitter, and website) but was also
highlighted as part of a series of knowledge translation events
(May-June 2015) focused on sharing knowledge on
self-management strategies for BD [34]. Informed consent for
data collection for research purposes was provided at the point
of registration in the QoL Tool system but was not required for
the use of the web-based interface. Inclusion criteria were (1)
older than 19 years; (2) have a self-reported diagnosis of BD I,
II, or not otherwise specified (NOS); and (3) able to
communicate in English. No compensation was offered for
participants’ completion of the QoL Tool. Ethics approval was
obtained from the University of British Columbia’s Behavior
Research Ethics Board.

Data Collection
Data collection for this study occurred between March 30, 2015,
and October 17, 2018. Demographic details and responses to
the QoL Tool were saved in a secure database hosted at the
University of British Columbia. For the purposes of this study,
only baseline responses to the QoL Tool were analyzed to avoid
contaminating the extracted factor structure with potential
learning effects [35]. Data from the baseline time point of the
original QoL.BD validation study (n=224; sample described
[7]) were included where relevant for comparison purposes.

Statistical Analysis

Internal Consistency
Internal consistency was evaluated using Cronbach alpha for
each of the 14 domains. Scales were deemed to be adequately
reliable if Cronbach alpha exceeded .7 [36].

Exploratory Factor Analysis
Analyses were carried out on the 12 basic domains of the
web-based QoL.BD ie, all except work and study). Factorability
was confirmed by using the Kaiser-Meyer-Oklin measure of
sampling adequacy and Bartlett test of sphericity. No corrections
for missing data were required, as the design of the QoL Tool
does not permit users to submit their data unless responses have
been provided for all questions. An exploratory factor analysis
(EFA) using maximum likelihood extraction was conducted in
SPSS 27 (IBM, Armonk, New York). Given that the variables
were assumed to be correlated, oblique (oblimin) rotation was

applied. Multiple criteria were reviewed to determine the optimal
number of factors retained. First, visual inspection of the point
of inflexion displayed by the scree plot was conducted [37].
Second, Kaiser criterion was used to determine the number of
factors with eigenvalues with a value greater than 1 [38]. Third,
the minimum average partial correlation (MAP) test was applied
using SPSS [39] to identify the number of components that
produces the minimum mean squared partial correlation [40].
Finally, the percentage of variance explained by each factor
was considered: amount of variance explained (with 5% a
generally accepted cutoff) may be used as a decision rule
[41,42].

Interpretability of the extracted factors was evaluated by
confirming primary factor loadings exceeded 0.4 and that
cross-loadings were less than 0.3 [42]. Finally, the item content
of each factor was evaluated to confirm whether the domains
proposed by the original validation of the QoL.BD instrument
were represented.

Results

Participants
A final sample of 498 participants (349/498, 70.1% female;
128/498, 25.7% male; 6/498, 1.2% transgender or nonbinary)
with a mean age of 39.64 years (SD 12.54) were included in
the analysis. In total, 36.3% (181/498) of the participants
reported having a diagnosis of BD type I (BD-I), 39.2%
(195/498) reported having a diagnosis of BD type II (BD-II),
and 2.2% (11/498) self-identified as having a diagnosis of BD
NOS. Individuals with other unspecified BD (50/498, 10.5%),
unclear or pending diagnoses (31/498, 6.5%), or rapid-cycling
BD (7/498, 1.5%) comprised the remainder. The majority of
participants were located in North America (22/498, 44.2%
Canadian; 138/498, 27.7% American), with the remainder
comprising international respondents (most commonly from
Australia with 28/498, 5.6% or Germany with 16/498, 3.2%).
Characteristics of this sample (QoL Tool respondents) and the
original pen-and-paper QoL.BD validation sample can be found
in Table 1. The two samples did not significantly differ with

respect to gender composition, X2
1=1.6 (N=690), P=.21; nor

age, t720=1.31, P=.19. The two samples did differ with respect

to diagnosis, X2
1=53.7 (N=590), P<.001; with the QoL Tool

sample containing a greater proportion of individuals with BD-II
than the pen-and-paper sample.
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Table 1. Sample characteristics of the quality of life (QoL) Tool (n=498) and Quality of Life in Bipolar Disorder (n=224) validation sample.

Original Quality of Life in Bipolar Disorder validation sample (n=224)QoL Tool validation sample (n=498)Sample characteristics

Gender, n (%)

67 (29.9)128 (25.7)Male

146 (65.2)349 (70.1)Female

N/Aa6 (1.2)Trans or nonbinary

41.00 (13.67)39.64 (12.54)Age (years), mean (SD)

Diagnosis, n (%)

169 (75.4)181 (36.3)BD-Ib

45 (20.1)195 (39.2)BD-IIc

Work/employment status, n (%)

121 (54.0)317 (63.7)Currently engaged in paid
or volunteer employment

52 (23.2)154 (30.9)In education

aN/A: not applicable.
bBD-I: bipolar disorder type I.
cBD-II: bipolar disorder type II.

Distributions by Domain
Mean, standard deviation, and skew of the 14 domains of the
QoL Tool are presented in Table 2, along with comparison data
from the first time point of the original QoL.BD validation
study. The optional work and study sections were completed
by 63.7% (317/498) and 30.9% (154/498) of the web-based

sample and 54% (121/225) and 23.2% (52/224) of the
pen-and-paper sample, respectively. The distribution of QoL
Tool domain scores was approximately normal, with all skew
values well under the recommended absolute value of 2 [43]
and no evidence of floor or ceiling effects. Mean scores for the
web-based sample were significantly lower across all domains
except finance, relative to the pen-and-paper sample.

Table 2. Descriptive statistics for the 12 basic and two optional domains of the quality of life (QoL) Tool.

P valuet test value (df)Quality of life in Bipolar DisorderQoL ToolDomain

SkewMean (SD)SkewMean (SD)

<.0017.27 (740)0.0111.77 (4.01)0.379.61 (3.70)Physical

<.0015.79 (740)0.0411.42 (4.12)0.2510.05 (3.64)Sleep

<.0017.31 (740)−0.2712.98 (3.98)0.0510.74 (3.89)Mood

<.0016.19 (740)−0.2612.78 (4.22)0.0610.91 (3.68)Cognitive

<.0014.17 (740)−0.2413.11 (4.16)−0.1711.79 (3.99)Leisure

<.0014.64 (740)−0.6714.31 (4.00)−0.3612.83 (4.12)Social

<.0014.99 (740)−0.3913.05 (4.07)−0.0511.49 (3.97)Spirituality

.510.67 (740)−0.2812.67 (4.64)−0.1312.42 (4.89)Finances

<.0016.22 (740)−0.3212.96 (4.11)0.0610.91 (4.27)Household

.0013.22 (740)−0.4413.82 (3.70)−0.3512.90 (3.64)Self-esteem

<.0014.91 (740)−0.8415.78 (3.23)−0.7014.51 (3.35)Independence

<.0017.87 (740)−0.2513.68 (4.14)0.0711.15 (4.10)Identity

<.0015.46 (436)−0.9615.20 (3.52)−0.3212.83 (4.25)Work (optional)

.013.31 (204)−0.4813.92 (4.96)−0.0211.56 (4.26)Study (optional)

Internal Consistency
Acceptable to excellent reliability estimates were observed for
all 14 QoL Tool domains (see Table 3 for Cronbach alpha values

for the QoL Tool and comparison data from the first time point
of the original QoL.BD validation study). Reliability estimates
for the QoL Tool were comparable with those reported for the
QoL.BD instrument across all domains.
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Table 3. Internal consistency estimates for the quality of life (QoL) Tool and Quality of Life in Bipolar Disorder.

Quality of Life in Bipolar DisorderQoL ToolDomain

nCronbach alphanCronbach alpha

218.79498.70Physical

208.83498.77Sleep

220.90498.88Mood

219.91498.83Cognitive

193.91498.89Leisure

220.88498.86Social

214.93498.91Spirituality

214.88498.89Finances

217.91498.93Household

221.88498.84Self-esteem

217.81498.76Independence

220.90498.86Identity

121.89317.90Work

52.95154.89Study

Exploratory Factor Analysis
The suitability of the data for factor analysis was confirmed,
with a “very good” sample size [44] and appropriate
factorability. The Bartlett test of sphericity was significant,

c2
1128=15,621.64; P<.001, and the Kaiser-Meyer-Olkin measure

of sampling adequacy was .93, exceeding the recommended
minimum value of .60 [35].

Visual inspection of the scree plot using the William guidelines
[37] suggested an 11-factor structure. The Kaiser criterion
suggested an 11-factor structure, which accounted for 70.48%
of the variance. The MAP test identified that the extraction of
12 components was required to produce the minimum mean
squared partial correlation. Weighting these findings together,
both an 11-factor structure and a 12-factor structure were
considered. Owing to the fact that retention of the 12th factor
explained less than 2% of the additional variance (below the
5% cutoff used for factor retention [41]), a final 11-item factor
structure was retained.

The interpretability of the 11 extracted factors was supported,
with the majority of factors (n=9) having at least four items
with factor loadings above 0.4. Only one item (“I have felt
emotionally balanced”) was observed to have a cross-loading
above 0.3 (primary loading mood, secondary loading cognition).
The pattern matrix with oblique rotation and factor loadings
above 0.3 is shown in Multimedia Appendix 1. The item content
of the extracted factors largely aligned with the factor structure
suggested in the original validation study, as well as the
conceptual labeling of the domains, with the exception of items
belonging to the sleep and physical domains. The rotated factor
structure suggested that a single latent factor best explained the
variance of items belonging to these domains. Furthermore, two
items from the original physical domain (“I have had the right
amount of exercise for me” and “I have been content with my

sex life”) did not demonstrate significant loadings on any
extracted factor.

Discussion

Principal Findings
This study describes the psychometric properties of a web-based
QoL questionnaire for individuals with BD (the QoL Tool)
adapted from a pen-and-paper measure (QoL.BD [7]).
Distributions of the core 12 QoL Tool domains were comparable
with those found using the QoL.BD instrument in the original
validation sample (although QoL Tool respondents reported
lower QoL across the majority of domains), standards for
appropriate internal consistency were met, and EFA suggested
a factor structure that is adequately concordant with the full
pen-and-paper version.

EFA of the core item set of the QoL Tool suggested an 11-factor
latent structure, accounting for a similar proportion of variance
(70.48%) to the factor structure identified in the original
QoL.BD validation study (12-factor structure accounting for
71% of variance). Furthermore, the same items (with the
exception of certain sleep and physical items) were observed
to load on the domains identified by the original validation study
and conceptual structure of the QoL.BD instrument, suggesting
that the same constructs are being measured by the web-based
and paper-based versions of this instrument [35].

A range of data suggests that, not surprisingly, directly copying
a paper questionnaire into a web page results in negligible
change to its psychometric properties. A systematic review
conducted by Alfonsson et al [27] on the adaptation of 40
symptom scales into digital format indicated that most
web-based instruments appear reliable across administration
formats. More specifically, van Ballegooijen et al [28] conducted
a focused review of the psychometric data of digitized paper
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questionnaires measuring symptoms of mood and anxiety
disorders, demonstrating adequate psychometric properties of
the tools in their web-based formats. Despite a growing body
of evidence comparing the psychometric properties of web-based
adaptations of questionnaires, three notable limitations of this
body of work exist. First, studies have typically examined the
interformat reliability (Web-based vs pen-and-paper) of
psychosocial instruments. Second, those which have validated
web-based mental health measures have typically used general
population samples rather than testing the instrument in a clinical
population. Third, few studies have reported the type and extent
of modifications made in adapting pen-and-paper questionnaires
to a web-based format [27], limiting the ability to make
inferences about the effect of delivery mode on degree of
similarity. Consequently, this study contributes some initial
evidence (couched in the limitations discussed below) supporting
that factor structure may be largely preserved in web-based
adaptations of patient-reported outcomes including minor to
moderate modifications (as defined by ISPOR recommendations
[25]) when tested in a BD sample.

Although the EFA results support that, overall, the QoL Tool
and QoL BD have concordant factor structures, one point of
divergence warrants further discussion. In the QoL Tool sample,
EFA results suggest one latent factor may best account for items
from both the sleep and physical QoL domains, whereas the
original validation study of the QoL.BD instrument supported
two distinct factors. This design does not allow us to unpack
the determinant of this difference. We can speculate that,
potentially, the minor-to-moderate modifications in the
web-based delivery of the QoL Tool (changes to wording of
one item, a graphical representation of results, and the ability
for users to see the domain names) may have contributed to this
small divergence in factor structure. A second candidate
explanation that must be considered is differing sample
compositions [45]: In this study, similar proportions of
individuals reporting BD-I and BD-II diagnoses participated;
the original validation study predominantly consisted of
individuals with BD-I (see Table 1). Given that the prevalence
of various physical health comorbidities [46,47] and the
experience of sleep disturbances [48] may vary according to
BD subtype, heterogeneity between samples may underpin the
differences in factor structure observed over the sleep and
physical items viz the original validation study.

There are no clear-cut guidelines regarding the optimal way to
respond when faced with points of divergence in the
psychometric properties of web-based and pen-and-paper
instruments; developers must consider the impact on
psychometric properties in light of the numerous advantages of
web-based adaptations (discussed above) as well as supporting
interpretation of results by preserving the surface structure and
face validity of the questionnaire. ISPOR recommendations
highlight that fidelity to the original pen-and-paper instrument
must be balanced against the potential to improve functionality
and performance in web-based adaptations [25], and as such,
concrete, universal recommendations about standards of
evidence and quantitative cutoffs for acceptable psychometric
properties cannot be made. In fact, the meaning of divergence
between pen-and-paper instruments and web-based adaptations

is not clear cut and may in fact reflect improved data quality
and user-friendliness on the part of the web-based instrument,
as the potential for social desirability effects or missing data to
bias findings is ameliorated. Furthermore, psychometric findings
about factor structure is only one piece of evidence which should
drive decisions about the surface structure of an instrument. In
the case of this study, although it is perhaps unsurprising that
a latent factor may underpin items assessing both sleep and
physical health, given that some of the physical health items
(eg, “I have had plenty of energy”) are likely to be impacted by
achieving adequate sleep, there is also evidence to suggest the
face validity of distinct domains. Assessing these domains
separately is key for the instrument to have clinical and research
utility, given that sleep changes in BD are one of the most
prominent prognostic indicators of mood destabilization [49],
and sleep difficulties require different self-management and
clinical interventions relative to physical health comorbidities
[50]. In light of this and given strong conceptual arguments for
separate sleep and physical domains, we suggest these items
continue to be scored according to the original QoL.BD.

Limitations
A number of limitations to this study should be noted. First,
participants self-reported their diagnosis of BD; although the
confirmation of diagnosis by structured psychiatric interview
would have been preferable, there is some evidence that people
who self-identify as living with BD typically do meet diagnostic
criteria [51]. Furthermore, as the sample was self-selected,
higher levels of digital literacy may have been present:
qualitative interviews with a small subsample of participants
who were given the opportunity to use a web-based BD
self-management intervention suggest that some participants
struggled to access that website because of technological barriers
[34]. Care must be taken to evaluate the feasibility and
psychometric properties of the QoL Tool in samples with lower
levels of digital literacy or those facing a digital divide.

Finally, the web-based and pen-and-paper versions of the
QoL.BD instrument were not directly compared in the same
sample. Therefore, we are unable to determine whether factor
equivalence was impacted by differing demographic
compositions, rather than modifications to the delivery of the
instrument itself. Furthermore, we were not able to assess
concordance with the pen-and-paper QoL.BD in the form of
intraclass correlation coefficients. However, it has been noted
that it is not typically feasible nor warranted to assess test-retest
reliability across instrument modes [25] and indeed, this may
introduce confounding learning effects.

Implications and Future Directions
This study provides evidence for concordance between the
web-based and paper-based versions of the widely adopted
QoL.BD questionnaire, providing some confidence in the use
of the QoL Tool in research or clinical assessments.
Furthermore, there is now also qualitative evidence to suggest
that the QoL Tool can be integrated positively into the
self-management practices of individuals with BD; respondents
described the breadth of areas assessed as enabling them to
identify areas of strengths as well as areas in need of
improvement [52]. This emerging body of evidence for the
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utility of the QoL Tool, both from a psychometric and subjective
perspective, suggests further development and dissemination
of this measure is warranted.

One avenue of expansion is the translation of the QoL Tool
from a web-based interface to a mobile phone app. The project
to develop the QoL Tool was initiated in 2014; significant
advances have occurred in the digital mental health landscape
since that time—we now need to avail of developing
technologies to enhance the delivery and functionality of this
instrument. People with BD have shown interest in digitally
supported self-management [32,53], and self-monitoring apps
have been found to be feasible and acceptable in this population
[54-56]. However, current apps do not adequately meet
consumer needs to track a broad spectrum of outcomes [32],
with most apps developed to assess domains of well-being in
isolation, such as sleep or mood. Individuals with BD have
described resorting to elaborate, self-generated systems to track
multiple indicators [57]; between-app integration is a requested
feature of apps for BD [32]. The range of wellness outcomes
assessed by the QoL Tool means that its adaptation into an app
format is likely to meet this consumer need.

Moving forward, CREST.BD has now initiated a 3-year project
to incorporate the evidence and tools held in the Bipolar
Wellness Centre [58] and the QoL Tool [19] into a new mobile
health app—“Bipolar Bridges.” The project aims to address
some of the limitations of existing BD apps by using CBPR
approaches to co-design an app that synergistically combines
different forms of digital health data (including QoL Tool

results), enabling individuals to learn what self-management
strategies are most effective for optimizing their QoL.

Conclusions
This study provides initial support for the psychometric validity
of the QoL Tool, a web-based adaptation of an instrument to
measure QoL in BD (the QoL.BD instrument). Specifically,
internal consistency estimates, distribution of scores, and factor
structure were largely consistent with the pen-and-paper version.
Although evidence supporting the overall equivalence of these
instruments was observed, the findings of this study suggested
a latent structure of 11 compared with the original 12 basic
domains in the original instrument. This 11-factor structure
combined items from the sleep and physical domains in a single
shared factor. Two explanations for this minor divergence must
be considered: changes to the user experience in the web-based
interface and differences in sample composition. As the design
of this study does not permit separating the influence of these
two potential explanations, further research is required.
However, in light of the face validity and clinical utility of a
distinct sleep domain in QoL in BD, we recommend these items
continue to be treated according to the structure of the original
QoL.BD. Given the increasing role of web-based self-report
questionnaires for research, clinical, and self-management
contexts, findings of overall psychometric equivalence between
these QoL instruments validate current applications of the QoL
Tool and encourage further efforts to optimize its web-based
delivery and associated self-management strategies via a novel
mobile phone app.
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Abstract

Background: Individuals experiencing psychosis are at a disproportionate risk for premature disengagement from clinical
treatment. Barriers to clinical engagement typically result from funding constraints causing limited access to and flexibility in
services. Digital strategies, such as SMS text messaging, offer a low-cost alternative to potentially improve engagement. However,
little is known about the efficacy of SMS text messaging in psychosis.

Objective: This review aimed to address this gap, providing insights into the relationship between SMS text messaging and
clinical engagement in the treatment of psychosis.

Methods: Studies examining SMS text messaging as an engagement strategy in the treatment of psychosis were reviewed.
Included studies were published from the year 2000 onward in the English language, with no methodological restrictions, and
were identified using 3 core databases and gray literature sources.

Results: Of the 233 studies extracted, 15 were eligible for inclusion. Most studies demonstrated the positive effects of SMS
text messaging on dimensions of engagement such as medication adherence, clinic attendance, and therapeutic alliance. Studies
examining the feasibility of SMS text messaging interventions found that they are safe, easy to use, and positively received.

Conclusions: Overall, SMS text messaging is a low-cost, practical method of improving engagement in the treatment of
psychosis, although efficacy may vary by symptomology and personal characteristics. Cost-effectiveness and safety considerations
were not adequately examined in the studies included. Future studies should consider personalizing SMS text messaging
interventions and include cost and safety analyses to appraise readiness for implementation.

(JMIR Ment Health 2020;7(4):e16993)   doi:10.2196/16993

KEYWORDS

SMS; text messaging; psychosis; schizophrenia; bipolar disorder; engagement; medication adherence; attendance; patient
appointments
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Introduction

Psychosis and Engagement
The major psychoses (ie, schizophrenia spectrum and bipolar I
disorder) are recognized as a leading cause of disability
worldwide [1] and are associated with poverty [2], premature
mortality [3], impaired cognitive function [4], loss of education
and employment [5], and increased global economic burden
[6]. Published practice guidelines outlining the usual treatment
for psychosis identify antipsychotic medication as a frontline
treatment for positive symptom management and adjunct
psychosocial interventions such as psychoeducation, family
support, vocational interventions, and cognitive behavioral
skills–based therapies [7-11]. However, despite concerted
treatment efforts, disengagement from clinical services remains
to be a significant barrier to recovery for this population as
evidenced by high rates of nonadherence (25%-50%) [12],
nonattendance (40%) [13], and service dropout (30%) [14].

Background
Clinical engagement is a combination of health-oriented attitudes
(ie, beliefs about the cause of illness and intentions of the care
team) and behaviors (ie, appointment attendance, adherence to
treatment plans, and the level of participation in a clinical
relationship) [15,16]. Therefore, disengagement occurs when
attitudinal factors cause patients to stop performing treatment
behaviors such as taking medications and attending
appointments [16]. Disengaged individuals often exhibit greater
functional impairment and higher symptom burden over time
[17,18], subsequently leading to higher rates of relapse and
rehospitalization [12,13]. Cycles of relapse and rehospitalization
create a unique conundrum for this population as evidence
suggests that with each period of disengagement and relapse,
positive symptoms become more severe and more difficult to
treat [19]. This group is also less likely to fully recover or hold
employment [18]. Moreover, studies show that early and
sustained engagement in treatment can mitigate negative
outcomes of psychosis such as significantly lowering all-cause
mortality [20], reducing the risk of relapse [7-11] and
ameliorating functional impairment [5,9]. As such,
understanding and improving engagement in this population is
a priority.

Barriers to clinical engagement are rooted in access to treatment
including geographic, systemic, and financial obstacles.
Psychosocial services are often located in urbanized areas,
serving specific catchment areas [21] and limiting access for
rural or remote residents [15,21-23]. Moreover, services are
often only available in a business model (ie, Monday-Friday, 9
AM-5 PM) [24-26], with clinicians often treating double the
recommended caseloads, further restricting appointment
availability [26] because of funding constraints [24-26]. These
challenges are often exacerbated by personal factors such as
poverty, limited transportation, substance use, trauma history,
and beliefs about mental health [15].

Given the financial and staff limitations, there has been a call
for more cost-effective, flexible modes of engagement, such as
SMS text messaging. SMS text messaging is a globally used
mechanism for communication across both wealthy and poor

countries [27], and cellular phone ownership and its use in
populations with a psychiatric illness is high (72%-97%)
[28-31]. SMS text messaging offers an easy, user-friendly
platform to extend opportunities for engagement beyond clinical
boundaries. SMS text messaging also does not require access
to a smartphone, wireless internet, or cellular data, making it a
more accessible platform for low-income populations, including
those with psychosis. These characteristics may allow SMS text
messaging to provide support remotely, and in real time, to
boost engagement as shown in other areas of health care such
as HIV [32], diabetes [33-35], coronary heart disease [36],
obesity [37], and substance use disorders [38,39].

This Study
This systematic review aimed to examine studies investigating
SMS text messaging strategies to improve clinical engagement
in individuals with psychosis. To date, reviews have focused
on the subdomains of clinical engagement such as clinic
attendance or medication adherence; however, no such review
or single study has examined engagement holistically nor have
reviews focused on the use of SMS text messaging within
populations with psychosis. This is an important knowledge
gap given the challenging nature of engagement in the treatment
of psychosis, the resulting considerable outcome disparities,
and recent trends toward technologically aided health care. As
such, even a modest improvement in clinical engagement could
lead to better cost-effectiveness of psychosis treatments [40].

Methods

Study Inclusion Criteria
Studies were included regardless of the methodological
framework or quality, patient setting (ie, inpatient, outpatient,
or community care), age of the population, or stage of illness
to provide an inclusive examination of clinical engagement.
Studies with a range of quality ratings were included to fully
examine the state of the literature on this topic. Included
interventions used SMS text messaging as a delivery platform,
whereas interventions with mixed or non–SMS text messaging
technology (eg, mobile apps) were excluded. This review
focused on treatment-seeking individuals with psychosis (ie,
the portion of the population either beginning or receiving
treatment) to isolate the effect of SMS text messaging on clinical
engagement. Although it is true that disengagement is a
challenge for those who have yet to be in contact with the mental
health care system, attempting to study this population would
shift focus from treatment engagement to treatment outreach.

Primary Outcomes: Clinical Engagement
Clinical engagement is a broad term describing patients’
participation in treatment and is typically measured using its
behavioral outcomes such as appointment attendance (eg,
number or percentage of appointments attended, cancelled, or
rescheduled), medication adherence (eg, pill counts, clinician
or self-estimates, pharmacy prescriptions, or blood plasma
levels), and service dropout (eg, complete disengagement from
care). However, the consideration of behavioral outcomes alone
does not provide a holistic examination of clinical engagement
as it excludes the attitudinal aspects of this complex and nuanced
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concept. To this end, we also included studies with outcomes
measuring attitudes toward medication, the level of involvement
or participation in treatment plans, and therapeutic rapport.

Secondary Outcomes: Feasibility
Feasibility studies were also included to assess 2 outcomes: the
level of patient engagement with the SMS text messaging
intervention itself, and the degree of practicality of SMS text
messaging interventions and their ease of implementation.
Outcomes of feasibility trials include user feedback on ease of
use, satisfaction, likelihood of future use, and overall
intervention design. Outcomes related to practicality and
implementation include associated risk and economic, technical,
and legal considerations. These are important outcomes to
consider when assessing the efficacy of interventions because
both directly affect the interventions’ clinical utility. An
intervention of any kind is only as successful as its ability to
engage its users. In this case, engagement in the SMS text
messaging interventions aims to improve engagement in the
treatment of psychosis. Thus, this review examined both aspects
of engagement to comprehensively evaluate the efficacy and
clinical utility of SMS text messaging interventions to improve
clinical engagement in populations with psychosis.

Search Strategy
Web-based databases cataloging meta-analyses, systematic
reviews, and protocols were searched to ensure the originality
of this protocol (ie, Cochrane and PROSPERO); however, there
were no results on existing reviews on the use of SMS text
messaging in psychosis. A unique protocol was, then, created
following the Preferred Reporting Items for Systematic reviews
and Meta-Analyses guidelines and in consult with a librarian
at the University of Toronto. The resulting protocol was
registered with PROSPERO (reference number:
CRD42018091962), an international protocol registry for
prospective reviews in health care managed by the National
Institute of Health Research.

In all, 3 core databases powered by OVID were used: PsycINFO,
MEDLINE (Medical Literature Analysis and Retrieval System
Online), and EMBASE, using the following search strategy:
schizophrenia spectrum.mp. OR psychotic disorder.mp. OR exp
psychosis/ OR exp bipolar disorder/AND (sms or short messag*
service* or texting or text messag*).mp. Please note that .mp.
is a mapping command that allows you to search using a word
or phrase across titles, keywords, and abstracts using databases
powered by OVID.

CINAHL and Google Scholar were used as peripheral databases
to ensure studies were not missed. Search terms and keywords
related to psychosis and SMS text messaging that were used to
search gray literature included the following: (1) SMS OR Short
Message Service OR SMS-Survey OR Texting OR Text
Message OR SMS Based System OR SMS Reminder OR Text
Message Reminder and (2) Psychosis OR Schizophrenia OR
Bipolar OR Schizoaffective OR Schizophrenia Spectrum OR

Psychotic Disorders OR First-Episode Psychosis OR
Early-Episode Psychosis. Additionally, reference lists of
identified studies were hand searched.

The search criteria were limited to studies published in the
English language, restricting publication dates from January
2000 to March 2019 as there were no SMS text messaging
intervention studies published before the year 2000.

Review Process
Studies were independently reviewed by title, abstract, or
full-text using a Web-based blinded review platform named
Covidence, which allows the reviewers to log-in independently
to conduct their review and tracks conflicts to be resolved.
Conflicts were resolved first by the 2 primary reviewers, authors
JD and JC, and then by a third reviewer, GF, if necessary. Only
full-length empirical studies were reviewed; conference abstracts
and commentaries were excluded given their limited descriptions
of methodologies and inability to be adequately appraised.

Data Extracted
We extracted sample sizes, and demographic characteristics
including age and gender, and diagnoses. Methods were also
extracted, including the study design, intervention type, primary
and secondary outcome variables, and statistical plan. To better
understand the significance of the results, effect sizes were also
extracted from studies with randomized controlled trial (RCT)
and quasi-experimental designs and converted into a comparable
measure of effect size, Cohen d. Finally, results reported in each
study were extracted, including primary and secondary results
(including P values, if available) as well as any other findings
of interest to the topic of the review.

Quality Appraisal
As studies were included regardless of the study design, 3
checklists from the Joanna Briggs toolkit were used: RCTs,
quasi-experimental designs, and qualitative studies [41]. This
toolkit is an open-access, widely used appraisal tool for
systematic reviews accessible through the citation provided.
Using the checklist that corresponded to the study type, studies
received 1 point per criterion met. Points were tallied and
converted to a percentage based on the total number of criteria
outlaid on the checklist used for easy comparison across study
designs. However, results were compared and contrasted based
on the matching outcome variable and study design.

Results

The original searches of databases yielded 234 studies (Figure
1). The removal of duplicates, as well as a review of titles and
abstracts, led to the exclusion of 188 studies. A subsequent
full-text review of the remaining 46 articles led to the exclusion
of an additional 31 articles, resulting in 15 studies meeting the
criteria for inclusion in this review: 8 RCTs, 1
quasi-experimental design, and 6 qualitative studies.
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Figure 1. Flow chart of search results.

Study Characteristics
As outlined in Table 1, studies were conducted in a range of
countries, although most were Western, developed countries
from Europe and North America, with 1 study each from
Nigeria, China, and India. They were published from 2010 to
2018, with steady publication rates throughout. Most studies
included patients with a diagnosis of schizophrenia spectrum
disorders, aged 18 years and older, with 1 study focusing on a
younger population, aged 18 to 29 years. Sample sizes ranged

from 17 to 1139 with some studies based on the same sample
but reporting on different outcomes (eg, studies by Ben-Zeev
[42] and Aschbrenner et al [43]; and studies by Kauppi et al
[44], Kannisto et al [45], and Välimäki et al [46]). RCTs tended
to examine the effects of SMS text messaging reminders on
medication adherence and/or clinic attendance paired with
secondary outcomes related to symptom severity and
functioning. Qualitative studies examined the feasibility and
acceptability of SMS text messaging interventions.

Table 1. Characteristics of the studies included.

Male:FemaleAge (years), range (mean)Values, nDiagnosis/populationCountryYearReferences

1:218-65 (38.3)1139aPsychosisFinland2017Välimäki et al [46]

1:118-65 (38.6)562aPsychosisFinland2015Kauppi et al [44]

1:118-65 (39.7)403aPsychosisFinland2015Kannisto et al [45]

2:118-65 (39.6)340SZbSpain2012Montes et al [47]

1:135-60 (45)237SZChina2017Xu [48]

1:118-65 (37.9)132Bipolar I disorderIndia2018Menon et al [49]

1:221-68 (48.7)30SZ and SZAcUnited States2014Beebe et al [50]

1:118-64 (33.7)192PsychosisNigeria2017Thomas et al [51]

4:1NRd (28)62SZ spectrumNetherlands2010Pijnenborg et al [52]

1:1NR (42.14)75SZ spectrumUnited Kingdom2018Kravarti et al [53]

2:118 (48)55SZ and SZAUnited States2012Granholm et al [54]

2:118 (40.5)28fSZ, SZA, and SUeUnited States2014Ben-Zeev et al [42]

NR18 (NR)17fSZ, SZA, and SUUnited States2016Aschbrenner et al [43]

3:118-35 (25.6)67Early psychosisCanada2015Lal et al [55]

1:118-67 (NR)85Antipsychotic useUnited Kingdom2014Bogart et al [56]

aIndicates a shared sample.
bSZ: schizophrenia.
cSZA: schizoaffective disorder.
dNR: not reported.
eSU: substance use.
fIndicates a shared sample.
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Appraisal of Study Quality
Studies included in this review were of a reasonable quality
(range 31%-85%); however, no study met all of the criteria laid
out in the Joanna Briggs frameworks. Individual study ratings
are included in Table 2. RCTs received a range of scores from
31% to 85%, with sample sizes between 28 and 1119
participants. Common unmet criteria in RCTs were blinding
expectations, as none of the included trials were double-blinded
and many failed to use a concealed assignment. Additionally,
some trials were underpowered for their results. In the
quasi-experimental study, there was no control group used,
causing multiple criteria to be unmet. Qualitative designs tended
to satisfy a higher proportion of the quality criteria, receiving
scores from 40% to 80% with sample sizes ranging from 17 to
562. These studies often lacked information around experimenter
bias and sampling methods and an adequate representation of
the population. Of note, feasibility studies do not fit smoothly
within the qualitative study category and, therefore, appraisal
was limited in this domain. Despite these methodological
limitations, these studies provide adequate assessments of and
insights into a variety of outcomes related to SMS text
messaging, clinical engagement, and the consideration of SMS
text messaging implementations.

The quality of outcomes within the included studies was fair,
although heterogeneous. The included studies showed
inconsistent methods of measurement across medication
adherence, often relying on self-report, and the calculation of
attendance rates was unclear. Other considerations included
small sample sizes as 4 of the experimental studies had samples
under 100, and only 1 trial had insufficient power to detect a
significant difference [50]. The resulting effect sizes were also
variable, ranging from moderate to high. Additionally, the
intervention design was inconsistent from the type of SMS text
messaging (ie, one-way vs two-way messaging) to the
frequency, length, and content of the messages themselves.
Only 2 of the included studies were designed to include a
follow-up period, both examining participants’ adherence up
to 3 months postintervention [47,49]. Taken together, this
amount of variance makes it difficult to assess the overall
success of the included interventions; however, no clear patterns
emerge to suggest that sample size, message type, or effect size
varies in response to any methodological factors in these trials.
Individual study intervention details are outlined in Table 2 and
procedures are outlined in Table 3.

A summary of the main results has been provided in Multimedia
Appendix 1.
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Table 2. SMS text messaging intervention details of the studies included that performed a trial.

One- vs
two-way
messaging

Automated vs
Manual

Delivery
platform

CompensationFollow-
up?

LengthFrequency of
SMS text
messaging

Reminder
type

Study settingReferences

One-waySemiautomatedWeb plat-
form

NRbNo1 year2 to 12 mes-
sages per
month based
on the partic-
ipant

SMS text
messaging

Inpatient dischargeVälimäki et
al [46], Kan-
nisto et al
[45], Kauppi

et al [44]a

One-wayAutomatedWeb plat-
form

NRYes, 3
months
post

3
months

DailySMS text
messaging

Outpatient/CommunityMontes et al
[47]

Two-waySemiautomatedWeb plat-
form

Points per re-
sponse in ex-
change for hy-
giene items

No6
months

Up to 2 mes-
sages per
day based on
the partici-
pant

SMS text
messaging
to the pa-
tient/lay
health sup-
port person

Rural communityXu [48]

One-wayManual (study
principal investi-
gator)

Cell
phone

NRYes, 3
months
post

3
months

2 messages
per week

SMSOutpatientMenon et al
[49]

Two-wayManual (mental
health nurse)

Cell
phone

US $10 per
monthly as-
sessment

No3
months

DailySMS text
messaging
and a call

CommunityBeebe et al
[50]

One-wayAutomatedWeb plat-
form

NRNo5 days5 and 3 days
before the
appointment

SMS text
messaging

OutpatientThomas et al
[51]

One-wayNRWeb plat-
form

NRNo7 weeks1 message
per week

SMS text
messaging

OutpatientPijnenborg
[52]

One-wayAutomatedWeb plat-
form

Not paidNo6
months

7 days and 1
day before
the appoint-
ment

SMS text
messaging

CommunityKravariti
[53]

Two-wayAutomatedWeb plat-
form

US $35 for in-
person assess-
ments, US $20
for text mes-
sage-based as-
sessments

No3
months

12 messages
per day

SMS text
messaging

OutpatientGranholm et
al [54]

Two-wayManual (social
worker)

Cell
phone

Reimbursed
up to EUR 30
per month

No12
weeks

Up to 3 mes-
sages per
day based on
the prefer-
ence

SMS text
messaging
vs calls

CommunityBeen-Zeev
et al [42],
Aschbrenner

et al [43]a

aIndicates a shared sample.
bNR: not reported.
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Table 3. Methodological characteristics of the study design and methods in the included studies.

Quality rat-
ing (%)

AnalysisSecondary out-
comes

MeasurementPrimary outcomeEngagement
target

Study designReferences

Studies based on intervention trials

62ORe and risk
ratio

Admission type,
quality of life,
and user satis-
faction

Chart reviewNumber of Hospital-
izations

MedAddRCTb 1:1

(TAUc)

Välimäki [46]a

69Stepwise lin-
ear regression

Symptoms, in-
sight, quality of
life, and treat-
ment attitude

Self-reportMedAdMedAdRCT 1:1 (TAU)Montes et al [47]

85Generalized
estimating
equation

Symptoms and
functioning

Pill count and
scripts

MedAd and Ap-
pAttd

MedAd and Ap-

pAttdg
RCT 1:1 (WCf)Xu [48]

77Repeated mea-
sures ANO-

VAh

Symptoms and
quality of life

Self-reportMedAdMedAd and
treatment atti-
tude

RCT 1:1 (WC)Menon et al [49]

54ANOVASymptomsPill countMedAdMedAdRCT 1:1:1i

(NC)

Beebe et al [50]

69ORDuration of un-
treated psy-

Attendance di-
chotomous vari-
able (Yes or No)

Initial AppAttdInitial AppAttdRCT 1:1 (TAU)Thomas et al [51]

chosis and
symptoms

31Multiple lin-
ear regression

Role function-
ing, symptoms,
cognition, and

Number of ap-
pointments attend-
ed

Number of goals at-
tained (including
AppAttd)

AppAttdRCT 1:1 (WC)Pijnenborg et al
[52]

treatment atti-
tude

62Proportions
(%), OR

N/AjNumber of ap-
pointments At-
tended

AppAttdAppAttdRCT 1:1 (TAU)Kravariti et al
[53]

55HGLMkRole function-
ing and cogni-
tion

Ambulatory mon-
itoring

MedAd, symptoms,
and socialization

MedAdQuasi-Experi-
mental (NCon)

Granholm et al
[54]

Studies based on feasibility trials

80Proportions
(%) and paired
t test

User feedbackSelf-reportUser engagementTxAllFeasibilityBen-Zeev et al

[42]a

70Thematic
analysis

N/AThematic coding
of SMS text mes-
sages

User interestReminder inter-
est

QualitativeAschbrenner et al

[43]a

80Proportions
(%)

N/ASurveyUser interestPreferred plat-
form

FeasibilityLal et al [55]

40Proportions
(%) and step-

N/ASelf-reportUser feedbackMedAdFeasibility (sur-
vey)

Bogart et al [56]

wise multilin-
ear regression

60Proportions
(%)

Preferred tim-
ing

Patient message
selection

Preferred topicMedAd and Ap-
pAttd

FeasibilityKauppi et al [44]a

62Proportions
(%)

Preferred topic
and platform

SurveyUser feedbackMedAdFeasibilityKannisto et al

[45]a

aIndicates a shared sample.
bRCT: randomized controlled trial.
cTAU: treatment as usual.
dMedAd: medication adherence.
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eOR: odds ratio.
fWC: waitlist control.
gAppAttd: appointment adherence.
hANOVA: analysis of variance.
iGroup allocation for this study is daily SMS text messaging only, weekly phone calls only, and a combined group (daily SMS text messaging and
weekly phone calls).
jN/A: not applicable.
kHGLM: Hierarchical General Linear Modelling.

Primary Outcome: Clinical Engagement

Medication Adherence
In total, 6 of the 8 experimental studies were aimed specifically
at improvement of medication adherence, with most studies
reporting moderate improvements [49-52]; 2 studies reported
on the effect of SMS text messaging medication reminders on
participatns attitude toward medication, which showed
significant improvement over the course of the intervention
[47,48]; 2 other studies reported on a follow-up period and
found evidence of potential maintenance effects 3 months after
the cessation of the SMS text messaging intervention [47,49];
and 1 study did not report positive findings using hospitalization
rates as a function of medication adherence as their primary
outcome [46].

In total, 3 studies reported a nonsignificant positive change in
the overall group that was significant in subgroups. Specifically,
efficacy was influenced by baseline adherence and participants'
type of living environment such that those with low baseline
adherence [48], or those living independently [54], showed
significant improvement while individuals with high baseline
adherence [48] or those living with a support person [48,54]
showed stable and unchanged adherence rates. Additionally, 1
study even included support persons in the design of the SMS
text messaging intervention to receive back up SMS text
messaging reminders in the event that participants did not
respond [48]. This study shows a positive change in adherence,
although, unfortunately, it is not clear how much involvement
was required from the individual in the support role [48].

An effectiveness trial compared weekly phone calls with a
mental health nurse to daily SMS text messaging medication
reminders and a combination group [50]. This study found that
phone and SMS text messaging reminders showed the most
improvement, followed by the phone only group, then SMS text
messaging only [50]. This suggests that adherence also may be
boosted with the addition of weekly clinician calls. Participants
who were prescribed depot medications were included in this
study and were unevenly distributed among the treatment groups
(phone+SMS text messaging= 3; SMS text messaging only= 5;
and phone only=7), which may bias adherence rates favorably
for the phone only group [50].

One of the qualitative studies described underlying reasons for
nonadherence. Patients reported that a large proportion (49%)
of missed doses were purposeful, rather than owing to
forgetfulness (35%) [56]. The most common reasons for
intentionally skipping doses were as follows: side effects,
attenuated symptoms, and thinking a lower dose would be more

beneficial [56]. Negative attitudes toward medication,
insufficient information about medication, and being male led
to a 3 to 4 times greater likelihood of reporting purposely
skipping doses of medication [56].

Appointment Attendance and Therapeutic Rapport
In total, 3 studies examined the efficacy of SMS text messaging
reminders to improve appointment attendance. Studies
demonstrated that SMS text messaging interventions are
successful in increasing clinic attendance. SMS text messaging
reminders increased the likelihood of attending initial
appointments [51] and general attendance during the course of
the intervention [52,53]. Studies comparing patient-reported
rapport ratings of their usual clinical care teams, and their
research-based SMS text messaging interventionist found that,
typically, the SMS text messaging interventionist was rated
more favorably [42,48]. This is interesting given the difference
in modality of the relationship, one based in-person and the
other purely electronic and text based.

Secondary Outcome: Feasibility

Practical Considerations
In total, 5 studies, including both feasibility designs and
experimental designs, examined aspects of feasibility, usability,
and user satisfaction as outlined in Figure 2. Studies reported
a good endorsement of interest (59%) [56], wanting to continue
using the intervention (47%-64%) [42,45,52], moderate-to-high
ratings of effectiveness (41%-87%) [42,52], satisfaction
(70%-90%) [42,45,48,52], and ease of use (80%-98%)
[42,45,56]; only a small proportion endorsed harm associated
with the intervention (13%) [45]. Sources of harm included
participants finding the SMS text messaging reminder to be
disruptive to sleep or work, or annoying [45]. Additionally, 2
studies reported on mobile phone ownership, which was high,
ranging from 82% to 94% [55,56]. Other practical considerations
include legal implications (eg, privacy and personal health
information), work load, and cost-effectiveness. One study
reported on cost, which estimated the total cost of the texting
intervention from a technological and staff perspective but did
not analyze how the intervention changed the overall cost in
the clinic or if it was cost-efficient [46]. Another study
highlighted concerns and considerations around privacy and
risks associated with loss, theft, or disposal of mobile phones
containing health information, recommending organizations to
perform a detailed risk analysis of network security and
processes for ensuring informed consent; however, no specific
recommendations were made, and privacy was not surveyed or
examined in the trial design [42].
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Figure 2. Feasibility data collected from included studies.

Engagement With the SMS Text Messaging Intervention
The success of the interventions depended largely on the
patients’ level of participation and response. In all, 3 studies
divided their samples using a participation threshold
differentiating who tended to respond to SMS text messages
and who did not [47,52,54]. The subgroup that tended not to
respond to messages showed several demographic and baseline
clinical differences. This group was younger, consisted of males,
not working or in school, and younger at first contact with
treatment [45] and were on polar ends of the clinical and
functional spectrum [47,52,54]. In a minority of patients,
inpatient hospitalization was reported as a barrier to answering
SMS text messages as access to mobile devices is sometimes
limited [42]. In the group that did tend to respond to SMS text
messages, response rates were high, ranging from 85% to 87%
[42,54] regardless of the message topic [54].

Generally, study attrition rates were low, ranging from 0% to
20% (see Table 2). Barriers to using SMS text messaging
reported by participants included the following: 22% reported
no interest in using such platforms in care, 20% reported lack
of time, and 30% reported no barriers; only 7.5% reported lack
of device (cell phone) as a barrier [55]. Limitations in
understanding engagement with SMS text messaging are
centered around the inability to confirm whether or not patients
actually received the SMS text messaging reminder in the
absence of a response; thus, one-way SMS text messaging
cannot assess SMS text messaging participation at all outside
of a participant’s report; two-way messaging is still not
definitive, as patients may see and not respond to the reminders,
leading to reliance on the self-report as well.

User Preferences
Studies exploring participant preferences examined themes and
topics of interest, as well as the frequency and timing of
messages. Themes of interest to patients included messages
about the following: mental health symptoms, treatment and
management (eg, medication and appointments), lifestyle
behaviors (eg, exercise, diet, and sleep), social relationships
and leisure activity, motivation and goal setting, and independent

living [43]. Another study examining personalized SMS text
messaging reminders found the most requested reminders were
for medication, appointments, and physical health (eg, exercise
and diet) [44]. A survey study found that patients were interested
in learning about a variety of psychoeducational topics including
medication and side effects via digital platforms such as SMS
text messaging [55].

Kauppi et al [44] examined trends in operational preferences,
reporting that the preferred average number of texts per month
was 10, with a preference for delivery early in the week (eg,
Monday or Tuesday) and in the morning (eg, between 6 AM
and noon). However, preferences differed according to a number
of demographic factors such as age, gender, marital status, living
situation, and age at first contact with treatment.

Discussion

Overall findings support the use of SMS text messaging as a
means to enhance engagement in treatment-seeking individuals
with psychosis. All but one study demonstrated that an SMS
text messaging intervention was associated with improved
clinical engagement. Moreover, all studies found that no
significant harm was associated with SMS text messaging
interventions. Similarly, feasibility findings suggest overall
patient endorsement for the use of SMS text messaging in the
treatment of psychosis.

Medication
Using SMS text messaging for medication reminders appears
to have a significant positive effect on both attitudes about
medication [47] and medication adherence [47,50,54], with the
potential to have lasting effects [49]. However, there are many
caveats to these findings. First, findings, although positive and
significant, had moderate effect sizes based on small samples,
with some trials reporting nonsignificant changes or significant
changes for only the subgroups of the study sample. Second,
most studies did not investigate effects after the termination of
the intervention, highlighting a need for additional longitudinal
follow-up studies.
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It is also important to acknowledge that medication reminders
only address involuntary nonadherence (ie, motivation,
forgetfulness, and understanding) and do not directly address
voluntary nonadherence (ie, lack of willingness) [57] except
potentially indirectly through participants' attitude toward
medication. As a cautionary note, this should be considered
when evaluating medication reminders as different causes of
nonadherence may require different approaches. Furthermore,
results indicate SMS text messaging reminders to be most
efficacious for patients in a midrange of symptom severity and
functioning [47,52,54].

The study that did not find SMS text messaging reminders to
have a significant impact on medication adherence used hospital
admission rates as the primary outcome [46]. Despite reductions
in hospital admissions being one goal of treatment, decreases
in hospitalization rates as an indicator of improved medication
adherence may be too far removed from the adherence process
and may not be an appropriate indicator of the efficacy of SMS
text messaging reminders.

The results shown here are similar to those across other areas
of health care such that many show positive trends toward
improved treatment adherence, with mixed results with regard
to significance. For example, some studies find a positive
nonsignificant trend toward improved medication adherence in
postsurgery populations [58] and individuals with diabetes [33].
Other studies report strong findings in areas such as HIV
antiretroviral treatment [32] and general health populations [59].
In contrast, some studies have found no effect of SMS text
messaging reminders on populations such as patients with
tuberculosis [60].

Some of the aforementioned studies [33,58] as well as many in
this review used one-way messaging, which may explain some
of the nonsignificant findings. A meta-analysis examining
one-way versus two-way SMS text messages as medication
reminders found that two-way messaging can increase oral
medication adherence in a breadth of medical conditions by
23%, whereas one-way messaging shows little or no effect [61].
In this review, 6 interventions used one-way SMS text
messaging reminders, yet only 2 studies found nonsignificant
changes in either attendance or medication adherence; thus,
one-way reminders may still be effective in psychosis
populations.

Attendance
Regarding clinic attendance, SMS text messaging reminders
were also found to increase the likelihood of attending
appointments [51,52]. The target population in the study by
Thomas et al [51] was patients who had not yet had contact with
psychosis services, yet the use of SMS text messaging reminders
increased the likelihood of clinic attendance two-fold at initial
appointments. Similar findings are reported for initial attendance
at treatment start in substance use literature [62]. This is notable
considering the high rates of disengagement and dropout for
patients in early stages of accessing care [14] and, therefore,
represent a population at elevated risk of not receiving treatment.

Findings in this review replicate previous positive findings on
attendance within various health conditions and settings,

including primary care, mental health care, and dental care,
where reminders improve attendance and decrease the
probability of missed appointments [63-65]. Taken together,
the positive effects of SMS text messaging on clinic attendance
may have the potential for annual national cost-savings in the
millions [66], and large health insurance providers have begun
to consider reimbursement for use of digital aids [31].

Therapeutic Rapport
Therapeutic rapport may also be enriched by the addition of
SMS text messaging as patients in 1 included study reported
improved therapeutic rapport with SMS text messaging
interventionists compared with their clinical teams [42]. This
may be due to factors relating to perceived availability of the
mobile interventionist compared with the clinical team [42], as
the mobile interventionist is able to reply to questions and
problems in real time and communicate with patients daily. This
is an important finding given that therapeutic rapport is
important for sustained engagement [14,15].

Feasibility
Feasibility outcomes were assessed by both RCTs and
qualitative studies, providing important insights for future
implementation. All studies examining user outcomes found
SMS text messaging to be feasible, safe, and acceptable, gaining
the majority endorsement in each sample [42,44,54-56]. These
findings help assuage popular concerns around the feasibility
of SMS text messaging interventions as cell phone ownership
[55,56] and response rates were high [42,54], most were familiar
with SMS text messaging or found it easy to learn and use
[49,52,56], and only 1 patient reported increased paranoia
around usage of mobile phones [56].

In comparison with other mobile strategies such as mobile apps,
SMS text messaging studies reported slightly higher
response/usage rates (83%-87%) than mobile app studies
(69%-86%) in this population [29], although attrition rates were
similar [29]. In a direct comparison of SMS text messaging and
mobile apps for daily symptom monitoring, authors noted that
the set up used for apps is a more involved process and may
affect participation rate; however, the user platform in apps was
preferred over SMS text messaging by participants [67].

A clear advantage of SMS text messaging over mobile apps is
cell phone versus smartphone ownership, and concerns around
the exclusion of economically disadvantaged populations, such
as those reliant on government financial support. Cell phone
ownership steadily decreases with income and is significantly
lower among individuals with severe mental illness (SMI).
Ownership among earners of an annual income under US
$30,000 per year is 84% and 81% for those with psychosis, yet
ownership among the lowest earners drops to 50% and 35%,
respectively [29]. Cell phone ownership among SMI populations
has been reported at 93% in the United States, yet only 50% to
60% owned smartphones [68,69], and 67.9% in Israel [70]. In
developing and newly developed countries such as India,
however, smartphone ownership is still only present in a
minority (22.7%) of mental health populations [71]. Importantly,
trends in smartphone ownership, although still below cell phone
ownership rates as of 2018, have been steadily increasing for
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years in the general population [72] as well as populations with
psychosis [29] and will likely become more ubiquitous as
younger populations grow in this digital age.

Strengths and Limitations
A strength of this review is that we took a comprehensive
perspective to engagement and provided an inclusive review of
clinical engagement in populations with psychosis [14].
However, an even more comprehensive examination of
technologically aided engagement could have been created by
including other platforms that use mobile devices, such as
mobile apps, as a helpful comparison group. This would help
further elucidate patient preferences and effectiveness to
ascertain information on which platform is best suited for
implementation in the treatment of psychosis. Another limitation
of this review may be the design itself, as a review is limited to
data extracted from the published articles of the included studies,
without attempts to contact corresponding authors of the
included studies to obtain further information. In addition, this
review was designed and registered as a qualitative review rather
than a meta-analysis, although we acknowledge that a
meta-analysis may have provided some more quantitative
insights into the use of SMS text messaging to boost engagement
in the treatment of psychosis; the meta-analysis itself would be
limited given the small number of published studies and the
significant heterogeneity in methods, primary outcomes, and
durations of interventions..

Limited conclusions can be drawn from included studies owing
to the scarcity of effectiveness trials and novelty of digital
strategies in the treatment of psychosis. Additionally, many
current trials are pilot studies that are time-limited with small
sample sizes using convenience sampling and, in some cases,
with underpowered analyses. Another limitation is that no study
examined impacts on clinician workflow or cost-effectiveness
or privacy considerations beyond educating participants on
privacy risks. Furthermore, there are no standard measurements
for clinical engagement or any of its domains, making results
too heterogeneous to be accurately compared.

Future Directions
The central theme drawn from the presented studies is that
individuals with psychosis prefer a person-centered approach,
with a personal feel, and that this approach tends to be more
effective. Suggestions for future trials using SMS text messaging
include the involvement of participants in co-design, employing
two-way messaging to engage participants in a conversation
and allowing for personal choice and autonomy within the
intervention, namely personal choice over content, timing, and

frequency. This is especially important given the considerable
heterogeneity in psychosis spectrum disorders and the flexibility
of SMS text messaging to afford opportunities for individualized
treatment approaches. Moreover, digital tools have the potential
to increase patient autonomy and independence by extending
care outside the clinic and putting it literally in patients’ hands.

Given the heterogeneity of clinical presentation and treatment,
it should also be considered that not all patients with psychosis
are prescribed medication, so standalone medication reminders
would not be universally helpful. Other subgroups requiring
additional planning include individuals with physical disabilities,
low literacy levels, severe cognitive impairments, developmental
delays, experiencing homelessness, or share a cell phone with
others [42]. Another key area of consideration is safety
protocols. Despite a study’s report that several urgent issues
had to be escalated to the primary care team resulting in
expedited prescription fills, home visits, and safety assessments
[43], none of the included studies reference precautions or
procedures relating to safety. Such issues underscore the
importance of developing safety protocols for digital tools.

Finally, due to the potential increase in patient autonomy and
independence, SMS text messaging–augmented care could lead
to a decreased dependence on clinical staff, allowing clinicians
more flexibility to manage caseloads and potentially leading to
positive financial and economic outcomes while simultaneously
allowing for better, more personalized care. Future studies
should, therefore, report on the cost-effectiveness of the
interventions as well as impact on workflow to assess how
readily SMS text messaging can be implemented.

Conclusions
In sum, this review demonstrates the potential of SMS text
messaging to be used as an adjunct platform to support clinical
treatment as a means of improved engagement. These findings
show that SMS text messaging is extremely well tolerated, safe,
and accepted among individuals with psychosis, testifying to
its potential to not only improve engagement in care but also
to extend care beyond the clinic. To this end, SMS text
messaging stands to offer a pragmatic solution to boost clinical
engagement and provide an alternative avenue to access
treatment. To this end, a more thorough examination of practical
considerations, consistent measures for engagement factors,
and rigorous examinations of its outcomes (eg, medication blood
plasma levels or electronic medication caps compared with
self-reporting) are required to adequately assess its efficacy,
cost-effectiveness, and readiness for implementation.
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Abstract

Background: Peer support is recognized globally as an essential recovery service for people with mental health conditions.
With the influx of digital mental health services changing the way mental health care is delivered, peer supporters are increasingly
using technology to deliver peer support. In light of these technological advances, there is a need to review and synthesize the
emergent evidence for peer-supported digital health interventions for adults with mental health conditions.

Objective: The aim of this study was to identify and review the evidence of digital peer support interventions for people with
a lived experience of a serious mental illness.

Methods: This systematic review was conducted using Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) procedures. The PubMed, Embase, Web of Science, Cochrane Central, CINAHL, and PsycINFO databases were
searched for peer-reviewed articles published between 1946 and December 2018 that examined digital peer support interventions
for people with a lived experience of a serious mental illness. Additional articles were found by searching the reference lists from
the 27 articles that met the inclusion criteria and a Google Scholar search in June 2019. Participants, interventions, comparisons,
outcomes, and study design (PICOS) criteria were used to assess study eligibility. Two authors independently screened titles and
abstracts, and reviewed all full-text articles meeting the inclusion criteria. Discrepancies were discussed and resolved. All included
studies were assessed for methodological quality using the Methodological Quality Rating Scale.

Results: A total of 30 studies (11 randomized controlled trials, 2 quasiexperimental, 15 pre-post designs, and 2 qualitative
studies) were included that reported on 24 interventions. Most of the studies demonstrated feasibility, acceptability, and preliminary
effectiveness of peer-to-peer networks, peer-delivered interventions supported with technology, and use of asynchronous and
synchronous technologies.

Conclusions: Digital peer support interventions appear to be feasible and acceptable, with strong potential for clinical effectiveness.
However, the field is in the early stages of development and requires well-powered efficacy and clinical effectiveness trials.

Trial Registration: PROSPERO CRD42020139037; https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=
139037
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Introduction

Background
Peer support is recognized globally as an essential recovery
service for people with mental health conditions [1]. Peer
support services are recovery and wellness support services
provided by an individual with a lived experience of recovery
from a mental health condition [2]. Peer support is broadly
defined as “giving and receiving help founded on key principles
of respect, shared responsibility, and mutual agreement of what
is helpful” [3], and such services have proven to be instrumental
in augmenting traditional mental health treatment [3], thereby
providing effective recovery services to people with mental
health conditions [4,5]. In particular, peer support services have
contributed to increases in patient engagement, positive medical
outcomes, patient activation, and greater use of self-management
techniques [4,5]. In the largest randomized controlled trial of a
peer-led, self-management intervention conducted to date, the
researchers found improved physical health and mental
health-related quality of life among individuals with serious
mental illness and comorbid medical conditions [6]. With the
influx of digital mental health services changing the way mental
health care is delivered, peer supporters are increasingly using
technology to deliver peer support [7].

Digital Peer Support Mental Health Interventions
Traditionally, peer support has been provided as an in-person
intervention in multiple service settings such as inpatient and
outpatient psychiatric units [3]. More recently, peer support is
increasingly being offered through digital technologies, known
as digital peer support. Digital peer support is defined as live
or automated peer support services delivered through technology
media such as peer-to-peer networks on social media,
peer-delivered interventions supported by smartphone apps,
and asynchronous and synchronous technologies; asynchronous
technology facilitates communication between peer support
specialists and service users without the need for communication
to happen in real time [8]. Through these mobile and online
technologies, adoption of digital peer support is expanding the
reach of peer support services [8], increasing the impact of peer
support without additional in-person sessions [9], and engaging
service users in digital mental health [10]. Peers are also
co-producing empirically supported digital peer support services
[11]. For example, peers working in equal partnership with
academic researchers developed [11] and tested a
smartphone-based medical and psychiatric self-management
intervention for people with mental health conditions, which
contributed to statistically significant improvements in
psychiatric self-management [9,12]. In addition, improvements
were observed in self-efficacy for managing chronic health
conditions, hope, quality of life, medical self-management skills,
and empowerment [9,12]. Given these advances, there is a need
to review and synthesize the emerging evidence for digital peer
support interventions for adults with mental health conditions.

Our objectives were (1) to expand on prior reviews that focused
on peer support services that did not include technology [4,5]
or that focused on peer support using technology but only for
people with psychosis [13] and (2) to conduct a systematic
literature review to assess the feasibility, acceptability, and
potential effectiveness of digital peer support interventions for
adults with serious mental illnesses. We examined the effect of
interventions on both biomedical and psychosocial outcomes.
In addition, we examined the extent to which researchers
engaged service users in the development of the identified digital
peer support interventions.

Methods

Search Strategy
We followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) procedures [14]. Our
search strategy protocol was published to the PROSPERO
International prospective register of systematic reviews
(Registration number: CRD42020139037). To identify early
peer-reviewed articles reporting on digital peer support
interventions, we included the following available high-quality
electronic reference databases beginning in 1946 until December
2018: PubMed, Embase, Web of Science, Cochrane Central,
CINAHL (Cumulative Index to Nursing and Allied Health),
and PsycINFO. Each search term was entered as a keyword and
assigned the corresponding Medical Subject Heading term (see
Multimedia Appendix 1 for the full list of search terms). To
identify articles not included in our original search, we reviewed
the reference lists of published studies that met the inclusion
criteria along with prior systematic reviews, and in June 2019,
we searched Google Scholar using different combinations of
the search terms.

Study Selection Criteria
Studies were evaluated by the first two authors (KF and JN)
who independently screened titles and abstracts. We piloted our
title and abstract review protocol on 15 references to ensure
100% concordance/agreement between reviewers before
reviewing the entire set of titles and abstracts. These authors
independently reviewed all full-text articles meeting the
inclusion criteria. Any discrepancies were discussed and
resolved. According to the PRISMA guidelines [14], we used
the participants, interventions, comparisons, outcomes, and
study design (PICOS) criteria [15] to assess study eligibility:

• Participants: Individuals aged≥18 years with either a
diagnosis of schizophrenia spectrum disorder (schizophrenia
or schizoaffective disorder) or bipolar disorder.

• Intervention: Digital peer support interventions, including
peer-delivered interventions, peer augmented interventions,
and peer-to-peer social media interventions.

• Comparisons: Studies did not need to have a comparison
condition. Interventions could have been delivered at any
location such as participants’ homes, primary care setting,
federally qualified health centers, outpatient facilities,
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inpatient facilities, community mental health centers,
community settings, or could have been delivered via
remote or mobile technology.

• Outcomes: The primary outcomes of interest included those
related to feasibility, acceptability, and effectiveness (ie,
biomedical and psychosocial outcomes).

• Study design: We included randomized controlled trials,
pre-post designs with an experimental or a
quasi-experimental comparison condition, qualitative
studies, and secondary data analyses if outcomes were
relevant to the feasibility, acceptability, and effectiveness
of digital peer support interventions. Research protocols,
letters to the editor, review articles, pharmacological studies,
theoretical articles, and articles that were not peer-reviewed
were excluded from this systematic review.

Data Extraction
Relevant data from included studies were extracted in duplicate
by two reviewers (KF and JN) using a standardized data
collection tool. Prior to data extraction, the two reviewers piloted
the data collection tool on five included articles to identify and
reconcile inconsistent findings or unintended omission of data.
A third reviewer (JB) approved the final set of data, decided on
any of the remaining data discrepancies, and extracted study
characteristics. Extracted study characteristics included study
design, sample size and attrition, participant sociodemographic
and clinical characteristics, length of study, description of
comparison or control group, physical location of intervention
(eg, community mental health centers, Veterans Affairs), a
description of the intervention, and outcomes.

In addition to the characteristics listed above, we extracted
information regarding the extent to which service users were
engaged and participated in the development of intervention
components. As no benchmark of participant engagement has
been consistently defined in the scientific literature, participation
rates were divided to present the spread of data. Participation
rates were categorized as high engagement (75% or more
engaged throughout the intervention), medium engagement
(74% to 50% engage throughout the intervention), and low
engagement (49% or less engage throughout the intervention).
In the event that percentages were not reported or could not be
determined, the authors classified studies based on the

information provided (eg, study reported statistically significant
levels of engagement).

Studies were further categorized by service delivery type,
including peer-to-peer networks, peer-delivered interventions
supported by technology, and synchronous and asynchronous
technologies.

Methodological Quality Assessment
All included studies were assessed for methodological quality
using the Methodological Quality Rating Scale (MQRS) [16],
which assesses 12 methodological attributes of quality and has
been used in other systematic reviews [17-19]. Cumulative
scores range from 0 (poor quality) to 17 (high quality); studies
that receive a cumulative score of at least 14 are considered to
be high-quality studies [16]. Two authors (JB and CB)
independently completed the MQRS for studies that met the
inclusion criteria. Discrepancies in MQRS ratings were
addressed and resolved by the first two authors (KF and JN).

Results

Included Studies
The search strategy identified 8030 articles, including 2125
duplicates. Of the total 5915 titles and abstracts reviewed, 5876
did not meet the inclusion criteria. The full texts of the
remaining 39 articles were assessed, and 12 did not meet the
inclusion criteria. None of the non–English language articles
met the inclusion criteria. Additional articles were found by
searching the reference lists of the 27 articles that met the
inclusion criteria and conducting a Google Scholar search in
June 2019, resulting in an additional 3 included articles. Overall,
30 articles describing 24 interventions met the inclusion criteria
and were included in this review (see Figure 1).

As indicated above, included interventions were categorized by
the service delivery type by one author (KF). Overall, 14 studies
examined peer-to-peer networks, 11 studies examined
peer-delivered interventions supported with technology, 2
studies examined peer-supported interventions using
synchronous technology, and 3 studies examined peer-supported
interventions using asynchronous technology.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of studies included in the review.

Peer-to-Peer Networks
Informal peer support, also known as a “peer-to-peer network”
or commonly referred to in the medical community as a
“patient-facilitated network,” is defined as support given
between people with similar life experiences [8]. For example,
informal peer support can naturally occur among people in a
one-on-one discussion, in a group, or digitally. Informal peer
support does not require education or training; rather, people
with similar lived experiences define these interactions (see
Multimedia Appendix 2). Below, we describe identified studies
that were categorized as either stand-alone peer-to-peer networks
or peer-to-peer networks combined with evidence-based
practices.

Peer-to-Peer Networks
We found one study, a randomized controlled trial, that
implemented a peer-to-peer network using a peer support listserv
(unmoderated, unstructured, anonymous) and a peer support
bulletin board [20]. Although this study was feasible and

acceptable, the researchers found no differences between the
experimental and control groups on any of the outcomes of
interest, including quality of life, empowerment, social support,
or psychiatric symptoms.

Peer-to-Peer Networks Combined With Evidence-Based
Practices
We found 13 studies that implemented a peer-to-peer network
in combination with evidence-based practices [21-31]. These
studies included pre-post studies [25-30] and not fully powered
randomized controlled trials [21,31] that were designed to
address self-management [31], social cognition training [28],
weight management [25,26,29,30], motivational enhancement
[24], psychoeducation [22,23], or parenting skills training
[21,32]. Peer support was facilitated through Facebook [24-26],
Google Docs [33], internet-based bulletin boards [20,27], listserv
[20,32], or smartphone apps [24,28]. Three studies combined
peer-to-peer networks with fitness trackers to promote
self-monitoring of physical activity and exercise [25,30].
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Overall, these studies appeared feasible. However, attrition rates
varied widely. Among the studies that reported attrition, the
attrition rates of in-person studies ranged from 0% to 78%
[24-28]. Among studies that reported attrition in the technology
portion of the study, the attrition rates remained relatively
constant: one study using Facebook reported 24% attrition [30]
and studies using internet-based bulletin boards reported 0%-5%
attrition [22,27].

Participants in studies of interventions consisting of peer-to-peer
networks combined with evidence-based practice interventions
reported statistically significant improvements in psychiatric
symptoms (ie, fewer positive symptoms [22,23] and fewer
depression symptoms [24,27]), self-management and biometric
outcomes (ie, self-efficacy, weight loss, decreased body mass
index [25], clinically significant improvements in cardiovascular
fitness [25,26]), person-reported outcomes (ie, improved patient
satisfaction [24,26]), service utilization (ie, decreased hospital
admissions and hospital length of stay [29]), knowledge (ie,
significant increase in knowledge about schizophrenia [22,23]),
parenting (ie, improved skills and satisfaction [21,32]), and
psychosocial processes (ie, reduced maladaptive social
cognitions [28] and improved motivation [24]).

Peer-Delivered Interventions Supported With
Technology

Overview
We found 11 studies that implemented peer-delivered
interventions supported with technology [9,34-43]. These studies
included 1 qualitative study [40], 5 pre-post studies
[9,34,36,42,43], 3 quasiexperimental studies [35,38,39], and 2
randomized controlled trials [37,41] that aimed to address
integrated medical and psychiatric self-management [9], shared
decision making [34,43], cognitive enhancement therapy [41],
physical well-being [38,39], and weight management [42].
Peer-delivered services were delivered through smartphone apps
[38,43], in-person and augmented by a smartphone app [9,40],
in-person and augmented by text messaging and a fitness tracker
[42], or via a web-based platform with a peer [34,41] (see
Multimedia Appendix 3).

Overall, these studies seem to also be feasible, with the
exception of one study [43], in which the mode of delivery (ie,
smartphone app) was deemed not feasible. However, attrition
rates varied greatly, ranging from 0% to 77%
[9,34,35,38,39,41,42].

There was a wide variety of reported outcomes in the
peer-delivered interventions supported with technology. Below,
we present the statistically significant outcomes, qualitative
outcomes, and null results.

Statistically Significant Outcomes
Participants who completed the peer-delivered interventions
supported with technology experienced statistically significant
benefits in shared decision–making reports [34,37], health care
utilization (ie, improvement in engagement in mental health
outpatient services [35] and provider perceptions of consumer
involvement [37]), self-management (ie, improved medication
adherence [35] and psychiatric self-management [9]),

person-reported outcomes (ie, improvement in recovery,
self-reported psychiatric symptoms [36], lower medication side
effects [37]), and patient experience (ie, better relationship and
communication between users and doctors [37]). In addition,
in one study, the presence of a peer support specialist was
associated with better cognitive performance among participants
with a lived experience of a serious mental illness completing
computerized neurocognitive remediation training sessions [41].

Qualitative Outcomes
Service users and providers reported finding the app in one
study useful for supporting people in recovery via its ability to
provide an overview of the intervention and set a treatment
agenda, while promoting a connection with peer support
specialists [40]. Two studies found technological obstacles to
the use of technology defined as frustration with technical
malfunctions in the app [40,43].

Null Results
Some studies found modest improvements (not statistically
significant) in hope, empowerment, social support, quality of
life [9], self-reported physical health status [38], and weight
loss [42]. Some studies did not find changes in outcomes as
related to walking, self-reported global health quality, mental
health quality, health control, mental health control, stages of
change for exercise [38], self-reported treatment involvement,
hope, self-reported patient activation and autonomy preferences
[36], patient activation, patient satisfaction, psychiatric distress,
global assessment of functioning, drug-induced extrapyramidal
symptoms, medication adherence, and quality of life [37]. One
study reported low levels of patient satisfaction with an app
[39].

Asynchronous and Synchronous Technologies

Synchronous Technologies
As shown in Multimedia Appendix 4, we found 2 articles that
reported on a fully powered randomized controlled trial using
synchronous technologies [44,45]. In these studies, peer support
was facilitated through the telephone [45] combined with
internet-based modules accessible at Veteran Affairs clinic
kiosks. Overall, the intervention appeared feasible; however,
only 86/276 (31.2%) of enrolled participants completed the
intervention [44,45]. Participants who attended at least one
session of the intervention, whose weight was in the obese range,
and who completed synchronous technology components
reported statistically significant benefits [45]. An intent-to-treat
analysis of all participants found that the synchronous
technology intervention increased physical activity [44].

Asynchronous Technologies
Multimedia Appendix 4 also summarizes the studies related to
asynchronous technologies. We found 3 studies that
implemented asynchronous technologies [46-48], including an
exploratory qualitative study [48], a pre-post study [46], and a
fully powered randomized controlled trial [44,47]. Peer support
was facilitated through (1) peer-led videos in combination with
a website to be used on a tablet by mental health workers to
structure discussions about personal recovery [44,46], (2)
peer-written emails and peer-led videos on recovery in
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combination with a noninteractive online psychoeducation
program [47], and (3) an interactive website including videos
of people with lived experience of mental illness discussing
their recovery [46,48]. These interventions aimed at personal
recovery [46] and psychiatric self-management [47,48]. Overall,
these interventions were feasible, with reports of 80% to 100%
engagement [46,47].

Participants who completed the asynchronous technology
interventions reported statistically significant benefits in
personal recovery [46]. Qualitative findings showed that
participants felt “inspired,” “knowing I’m not alone,” and
“believing recovery is possible” [48]. One study compared two
versions of a peer-supported intervention with a
nonpeer-supported psychoeducational text-based website: one
consisting of an online psychoeducational program augmented
by video testimony and advice from peers, and another
consisting of that same program supplemented with
email-delivered peer coaching and support [47]. No significant
differences were found in any measures of psychiatric
symptomatology, anxiety, perceived control over the illness,
perceived stigma, functioning, patient satisfaction, or health
locus of control [47].

Community Engagement and Participation
More than half of the studies (16/30, 53%) included community
engagement in intervention development
[9,22-24,27,31,34-36,38-40,43,46-48]. Four studies used
consultative methods of community engagement in intervention
development (ie, advice, video content, and information via
focus groups) [27,38,47], four studies used active community
engagement (ie, co-design as equal partners between scientists
and community members) [31,36,46,48], two studies used active
and consultative methods [34,35], three studies used a
combination of consultative and user-centered designs (ie, focus
groups, task analysis, and usability testing) [22-24], two studies
used active and user-centered designs (ie, co-design as equal
partners between scientists and community members, task
analysis, and usability testing) [9], and one study only used a
user-centered design [40]. One study did not incorporate any
community engagement in intervention development [43]. The
remaining studies did not report any community engagement
techniques.

Four studies did not report participant engagement in the
intervention [25,29,32,40]. In addition, 14 studies were classified
as high engagement [9,21,23,24,26,28,31,34-36,38,46,48,49],
7 studies were classified as medium engagement
[26,27,30,43-47], and 5 studies were classified as low
engagement [20,22,37,39,41]. Among studies that reported high
engagement and an intervention development description
[23,24,31,34,35,38,47,48], 3 studies included a real-world
effectiveness assessment (not efficacy). Of those, studies with
the highest level of engagement employed active methods
[31,36] or a combination of active and consultative methods
[34,35] (see Multimedia Appendix 5).

Methodological Quality Assessment
Methodological quality was evaluated using an adapted version
of the MQRS [16]. MQRS total scores ranged from 2 to 12,

with a mean score of 7.5 (SD 2.55) and a median score of 8; six
studies had a score10, indicating high methodological quality
(see Multimedia Appendix 6). Four studies had a score4,
indicating low methodological quality. Many of these studies
did not report detailed information about methodology (eg,
information about control, follow up, dropout, data analysis).
Characteristics associated with methodological quality included
use of a manualized intervention design (k=9, 69%), provision
of sufficient information for replication (k=11, 85%), and
inclusion of baseline characteristics (k=10, 77%).

Discussion

Principal Findings
There is growing evidence that digital peer support interventions
can improve the lives of people with serious mental illness. This
systematic review identified 30 studies that reported on 24
digital peer support interventions. Most of the studies established
support for the feasibility, acceptability, and preliminary
effectiveness of the interventions with regard to enhancing
participants’ functioning, reducing symptoms, and improving
program utilization. Peer-delivered and technology-supported
interventions demonstrated the most promising evidence for
both self-reported biomedical and psychosocial outcomes.
Attrition rates varied greatly through all digital peer support
platforms. Studies with the highest level of digital health
engagement employed active community engagement methods
or a combination of active and consultative community
engagement methods to develop digital peer support
interventions.

The evidence base for digital peer support interventions is
predominantly built on single-site trials that included small
samples and varying follow-up lengths, which greatly restricted
the external validity of these interventions in real-world settings.
Digital peer support interventions experience the same issues
that are common in the field of digital mental health; thus,
well-powered and methodologically rigorous studies are needed
to confirm the effect of digital peer support interventions.
Billions of dollars are being invested in digital innovation;
however, many digital innovations are developed by businesses
with profit-making interests, not public health interests. These
publicly available digital innovations are marketed without
adequate evidence of their effectiveness [50]. Academic and
peer support specialists partnering with businesses to rigorously
and scientifically appraise digital peer support interventions
may lead to the next innovations in peer support as well as
digital innovations more broadly.

Peer-delivered and technology-supported interventions
demonstrated the most promising evidence for biomedical and
psychosocial outcomes. Peer-to-peer networks combined with
evidence-based practices predominately included biomedical
outcome measures and found positive changes such as
reductions in psychiatric symptoms [22,27], maladaptive social
cognitions [28], and body weight [25]. In contrast,
peer-delivered interventions supported with technology found
positive changes in both biomedical and psychosocial outcomes
such as hope, empowerment, social support, quality of life (no
statistically significant improvement) [9,38], recovery [36],
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medication adherence [35], psychiatric self-management [9],
and neurocognitive remediation (statistically significant
improvement) [41]. Although the goals of peer support are not
typically the same goals as those of traditional clinical services
[51], psychosocial outcomes important to service users such as
“hope” may act as an important mechanism of health related to
biomedical outcomes [52]. Thus, it may be methodologically
appropriate to include both biomedical and psychosocial
outcomes in order to advance the field of mental health.

Attrition rates varied greatly through all digital peer support
platforms. High rates of attrition before achieving intervention
effects is a constant challenge in digital psychiatry [53]. Peer
support has been noted as a human factor in digital health
engagement that facilitates engagement differently than a
clinician-patient relationship [10]. For instance, Dr. Fortuna’s
model of reciprocal accountability indicates that peers promote
autonomy, flexible expectations, shared lived experience, and
bonding within digital interventions. In contrast, Mohr’s model
of supportive accountability purports that clinicians foster a
therapeutic alliance, positive perceptions of providers’expertise,
and high expectations that the service user has to justify their
action or inaction [54]. A prior review found that the addition
of technology-mediated peer support might potentially enhance
participant engagement and adherence to mental health
interventions [13]. However, the varied attrition rates observed
in our review suggest more research needs to be done regarding
peer support as a human factor in engagement.

Few of the identified studies employed active participation
methods such as community-engaged research; rather, the
majority of studies employed less involved, consultative
methods such as focus groups or requested feedback, or did not
report if the community was involved in digital health
development. Studies with methodologically appropriate sample
sizes to determine effectiveness (ie, outside of a controlled
clinical environment or usability testing facilities) that reported
the highest level of engagement used active methods such as
co-design of the digital programs with peer support specialists
as equal partners [31,36] or a combination of active and
consultative methods [34,35] (ie, feedback). Applying more
participatory research techniques such as community-based
participatory research or the Academic-Peer Support Specialists
Partnership [11] may facilitate intervention engagement as
co-designed interventions become more relevant to the
community’s specific needs [8]. Use of co-design and
participatory techniques may also improve the generalizability
of digital mental health interventions, as many existing programs
are often tailored to the needs of individuals who will use them
rather than for the broader population of individuals who may
benefit [55].

Studies included in this systematic review used a wide range
of definitions for peer support. A measurement of fidelity for

peer support is in early stages of development [56]; however,
to date, a fidelity measure of peer support does not exist, despite
a national call for such a measure [57]. As such, it is not known
what mechanisms of peer support have a positive or negative
impact on biomedical and psychosocial outcomes. Potentially,
the variation in peer-delivered interventions supported with
technology produces such different results because peer support
is currently delivered in widely differing ways. This is
potentially in contrast to the other interventions that included
asynchronous and synchronous technologies, as the technology
was used to guide fidelity. There are multiple models of peer
support that are based on different theories, principles, and
practices, and they include separate training and statewide
Medicaid accreditation procedures. For peer support to become
widely recognized as an essential services delivery practice and
to ensure quality delivery of peer-based services across diverse
settings, a measurement of fidelity is needed.

Limitations
We acknowledge several limitations of this study. First, we
recognize the lack of longitudinal outcomes identified in the
included studies, which did not allow us to assess the impact
of digital peer services over time. Further research is needed to
determine how to sustain improvements in health, especially as
people with serious mental illness may need community-based
support to augment traditional outpatient clinical support and
prevent premature intervention attrition. It would also be
important to determine whether the addition of peer services
can further contribute to sustained outcomes for people with a
lived experience of a serious mental illness using digital
interventions. Second, we cannot reliably differentiate which
specific aspects of peer support or other health intervention
components contributed to positive changes in biomedical and
psychosocial outcomes. This highlights an important area of
future research focused on examining the specific peer
intervention components or peer service–delivery strategies that
produce the best outcomes.

Conclusion
This is the first study to systematically examine digital peer
support interventions for people with serious mental illness. It
is feasible for peers to use multiple technology modalities to
facilitate the delivery of peer support and other evidence-based
practices in health care. Similar to other fields in psychiatry,
digital health engagement remains an issue. As peer support is
an essential recovery service for people with mental health
conditions globally [1], this systematic review found that the
science of digital peer support is advancing. Advancement of
the field requires additional proof-of-concept studies and an
examination of digital peer services delivery strategies in
combination with high levels of community engagement, as
well as further evidence of intervention effectiveness across
high, middle, and low-income countries.
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Abstract

Background: Autism spectrum disorder (ASD) is a developmental disorder characterized by deficits in social communication
and interaction, and restricted and repetitive behaviors and interests. The incidence of ASD has increased in recent years; it is
now estimated that approximately 1 in 40 children in the United States are affected. Due in part to increasing prevalence, access
to treatment has become constrained. Hope lies in mobile solutions that provide therapy through artificial intelligence (AI)
approaches, including facial and emotion detection AI models developed by mainstream cloud providers, available directly to
consumers. However, these solutions may not be sufficiently trained for use in pediatric populations.

Objective: Emotion classifiers available off-the-shelf to the general public through Microsoft, Amazon, Google, and Sighthound
are well-suited to the pediatric population, and could be used for developing mobile therapies targeting aspects of social
communication and interaction, perhaps accelerating innovation in this space. This study aimed to test these classifiers directly
with image data from children with parent-reported ASD recruited through crowdsourcing.

Methods: We used a mobile game called Guess What? that challenges a child to act out a series of prompts displayed on the
screen of the smartphone held on the forehead of his or her care provider. The game is intended to be a fun and engaging way
for the child and parent to interact socially, for example, the parent attempting to guess what emotion the child is acting out (eg,
surprised, scared, or disgusted). During a 90-second game session, as many as 50 prompts are shown while the child acts, and
the video records the actions and expressions of the child. Due in part to the fun nature of the game, it is a viable way to remotely
engage pediatric populations, including the autism population through crowdsourcing. We recruited 21 children with ASD to
play the game and gathered 2602 emotive frames following their game sessions. These data were used to evaluate the accuracy
and performance of four state-of-the-art facial emotion classifiers to develop an understanding of the feasibility of these platforms
for pediatric research.

Results: All classifiers performed poorly for every evaluated emotion except happy. None of the classifiers correctly labeled
over 60.18% (1566/2602) of the evaluated frames. Moreover, none of the classifiers correctly identified more than 11% (6/51)
of the angry frames and 14% (10/69) of the disgust frames.

Conclusions: The findings suggest that commercial emotion classifiers may be insufficiently trained for use in digital approaches
to autism treatment and treatment tracking. Secure, privacy-preserving methods to increase labeled training data are needed to
boost the models’ performance before they can be used in AI-enabled approaches to social therapy of the kind that is common
in autism treatments.
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Introduction

Background
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by stereotyped and repetitive behaviors
and interests as well as deficits in social interaction and
communication [1]. In addition, autistic children struggle with
facial affect and may express themselves in ways that do not
closely resemble those of their peers [2-4]. The incidence of
ASD has increased in recent years; it is now estimated that
approximately 1 in 40 children in the United States is affected
by this condition [5]. Although autism has no cure, there is
strong evidence that suggests early intervention can improve
speech and communication skills [6].

Common approaches to autism therapy include applied behavior
analysis (ABA) and the early start Denver model (ESDM). In
ABA therapy, the intervention is customized by a trained
behavioral analyst to specifically suit the learner’s skills and
deficits [7]. The basis of this program is a series of structured
activities that emphasize the development of transferable skills
to the real world. Similarly, naturalistic developmental
behavioral interventions such as ESDM support the development
of core social skills through interactions with a licensed
behavioral therapist while emphasizing joint activities and
interpersonal exchange [8]. Both treatment types have been
shown to be safe and effective, with their greatest impact
potential occurring during early intervention at younger ages
[9-11].

Despite significant progress in understanding this condition in
recent years, imbalances in coverage and barriers to diagnosis
and treatment remain. In developing countries, studies have
noted a lack of trained health professionals, inconsistent
treatments, and an unclear pathway from diagnosis to
intervention [12-14]. Within the United States, research has
shown that children in rural areas receive diagnoses
approximately 5 months later than children living in cities [15].
Moreover, it has been observed that children from families near
the poverty line receive diagnoses almost a full year later than
those from higher-income families. Data-driven approaches
have estimated that over 80% of US counties contain no
diagnostic autism resources [16]. Even months of delayed access
to therapy can limit the effectiveness of subsequent behavioral
interventions [15]. Alternative solutions that can ameliorate

some of these challenges could be derived from digital and
mobile tools. For example, we developed a wearable system
using Google Glass that leverages emotion classification
algorithms to recognize the facial emotion of a child’s
conversation partner for real-time feedback and social support
and showed treatment efficacy in a randomized clinical trial
[17-25].

Various cloud-based emotion classifiers may help the value and
reach of mobile tools and solutions. These include four
commercially available systems: Microsoft Azure Emotion
application programming interface (API) [26], Amazon
Rekognition [27], Google Cloud Vision [28], and Sighthound
[29]. Whereas most implementations of these emotion
recognition APIs are proprietary, these algorithms are typically
trained using large facial emotion datasets such as the
Cohn-Kanade database [30] and Belfast-Induced Natural
Emotion Database [31], which have few examples of children.
Due to this bias in labeled examples, it is possible that these
models do not generalize well to the pediatric population,
including children with developmental delays such as autism,
which is evaluated in this study. This study puts the disparity
to test. To do so, we use our mobile game Guess What? [32-35].
This game (native to Android [36] and iOS [37] platforms)
fosters engagement between the child and their social partner,
such as a parent, through charades-like games while building a
database of facial image data enriched for a range of emotions
exhibited by the child during the game sessions.

The primary contributions of this study are as follows:

1. We present a mobile charades game, Guess What?, to
crowdsource emotive video from its players. This
framework has utility both as a mechanism for the
evaluation of existing emotion classifiers and for the
development of novel systems that appropriately generalize
to the population of interest.

2. We present a study in which 2602 emotive frames are
derived from 21 children with a parent-reported diagnosis
of autism using data from the Guess What mobile game
collected in a variety of heterogeneous environments.

3. The data were used to evaluate the accuracy and
performance of several state-of-the-art classifiers using the
workflow shown in Figure 1, to develop an understanding
of the feasibility of using these APIs in future mobile
therapy approaches.
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Figure 1. A mobile charades game played between caregiver and child is used to crowdsource emotive video, subsampled and categorized by both
manual raters and automatic classifiers. Frames from these videos form the basis of our dataset to evaluate several emotion classifiers.

Related Work
To the best of our knowledge, this is the first work to date that
benchmarks public emotion recognition APIs on children with
developmental delays. However, a number of interesting apps
have been proposed in recent years, which employ vision-based
tools or affective computing solutions as an aid for children
with autism. The emergence of these approaches motivates a
careful investigation of the feasibility of commercial emotion
classification algorithms for the pediatric population.

Motivated by the fact that children with autism can experience
cognitive or emotional overload, which may compromise their
communication skills and learning experience, Picard et al [38]
provided an overview of technological advances for sensing
autonomic nervous system activation in real-time, including
wearable electrodermal activity sensors. A more general
overview of the role of affective computing in autism is provided
by Kalioby et al [39], with the motivating examples of using
technology to help individuals better navigate the socioemotional
landscape of their daily lives. Among the enumerated devices
include those developed at the Massachusetts Institute of
Technology media laboratory, such as expression glasses that
discriminate between several emotions, skin
conductance-sensing gloves for stress detection, and a
pressure-sensitive mouse to infer affective state from how
individuals interact with the device. Devices made by industry
include the SenseWear Pro2 armband, which includes a variety
of wearable sensors that can be repurposed for stress and
productivity detection, smart gloves that can detect breathing
rate and blood pressure, and wireless heart-rate monitors that
can be analyzed in the context of environmental stressors [40].

Prior research conducted by us has demonstrated the efficacy
of mobile video phenotyping approaches for children with ASD
in general [41-47] and via the use of emotion classifiers
integrated with the Google Glass platform to provide real-time
behavioral support to children with ASD [17-25]. In addition,
other studies have confirmed the usability, acceptance, and
overall positive impact on families of Google Glass–based
systems that use emotion recognition technology to aid
social-emotional communication and interaction for autistic
children [48,49]. In addition to these efforts, a variety of other
smart-glass devices have been proposed. For example, the
SenseGlass [50] is among the earliest works that propose
leveraging the Google Glass platform to capture and process
real-time affective information using a variety of sensors. The
authors proposed apps, including the development of
affect-based user interfaces, and empowering wearers toward
behavioral change through emotion management interventions.

Glass-based affect recognition that predates the Google Glass
platform has also been proposed. Scheirer et al [51] used
piezoelectric sensors to detect expressions such as confusion
and interest, which were detected with an accuracy of 74%. A
more recent work proposes a device called Empathy Glasses
[52] in which users can see, hear, and feel from the perspective
of another individual. The system consists of wearable hardware
to transmit the wearers’gaze and facial expression and a remote
interface where visual feedback is provided, and data are viewed.

The research for smart-glass–based interventions is further
supported by other technological systems that have been
developed and examined within the context of developmental
delays, including the use of augmented reality for object
discrimination training [53], assistive robotics for therapy
[54-56], and mobile assistive technologies for real-time social
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skill learning [57]. Furthermore, the use of computer vision and
gamified systems to both detect and teach emotions continues
to progress. A computational approach to detect facial
expressions optimized for mobile platforms was proposed [58],
which demonstrated an accuracy of 95% from a 6-class set of
expressions. Leo et al [59] proposed a computational approach
to assess the ability of children with ASD to produce facial
expressions using computer vision, validated by three expert
raters. Their findings demonstrated the feasibility of a
human-in-the-loop computer vision system for analyzing facial
data from children with ASD. Similar to this study, which
utilizes Guess What?, a charades-style mobile game to collect
emotional face data, Park and colleagues proposed six game
design methods for the development of game-driven frameworks
in teaching emotions to children with ASD, of which include:
observation, understanding, mimicking, and generalization, and
supports the use of game play to produce data of value to
computer vision approaches for children with autism [60].

Although not all of the aforementioned research studies employ
emotion recognition models directly, they are indicative of a
general transition from traditional health care practices to
modern mobile and digital solutions that leverage recent
advances in computer vision, augmented reality, robotics, and
artificial intelligence [61]. Thus, the trend motivates our
investigation of the efficacy of state-of-the-art vision models
on populations with developmental delay.

Methods

Overview
In this section, we describe the architecture of Guess What?
followed by a description of the methods employed to obtain
test data and processing the frames therein to evaluate the
performance of several major emotion classifiers. Although
dozens of APIs are available, we limit our analysis to some of
the most popular systems from major providers of cloud services
as a fair representation of the state-of-the-art in publicly
available emotion recognition APIs. The systems evaluated in

this work were Microsoft Azure Emotion API (Azure) [26],
Amazon AWS Rekognition (AWS) [27], Google Cloud Vision
API (Google) [28], and Sighthound (SH) [29].

System Architecture
The evaluation of the state-of-the-art in public emotion
classification APIs on children with ASD requires a dataset
derived from subjects from the relevant population group with
a fair amount of consistency in its format and structure.
Moreover, as data are limited, it is critical that the video contains
a high density of emotive frames to simplify the manual
annotation process when establishing a ground truth. Therefore,
we have developed and launched an educational mobile game
on the Google Play Store [34] and iOS App Store [35], Guess
What?, from which we derive emotive video.

In this game, parents hold the phone such that the front camera
and screen are facing outward toward the child. When the game
session begins, the child is shown a prompt that the caregiver
must guess based on the child’s gestures and facial expressions.
After a correct guess is acknowledged, the parent tilts the phone
forward, indicating that a point should be awarded. At this time,
another prompt is shown. If the one holding the phone cannot
make a guess, he/she will tilt the phone backward to skip the
frame and automatically proceed to the next. This process
repeats until the 90-second game session has elapsed. Meta
information is generated for each game session that indicates
the times at which various prompts are shown and when the
correct guesses occur.

Although a number of varied prompts are available, the two
that are most germane to facial affect recognition and emotion
recognition are emojis and faces, as shown in Figures 2 and 3,
respectively. After the game session is complete, caregivers can
elect to share their files and associated metadata to an institution
review board-approved secure Amazon S3 bucket that is fully
compliant with the Stanford University’s high-risk application
security standards. A more detailed discussion of the mechanics
and applications of Guess What? is described in [29-32].

Figure 2. Prompts from the emoji category are caricatures, but many are still associated with the classic Ekman universal emotions.
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Figure 3. Prompts from the faces category are derived from real photos of children over a solid background.

The structure of a video is shown in Figure 4. Each uploaded
video yields n video frames, delineated by k boundary points,
B1-Bk, where each boundary point represents the time at which
a new prompt is shown to the user. To obtain frames associated
with a particular emotion, one should first identify the boundary
point associated with that emotion through the game meta
information, i. Having identified this boundary point, frames
between Bi and Bi+1 can be associated with this prompt.

However, two additional factors remain. It typically takes some
time, α, for the child to react after the prompt is shown.
Moreover, there is often a time period, β, between the child’s
acknowledgment of the parents’ guess and phone tilt by the
parent, during which time the child may adopt a neutral facial
expression. Therefore, the frames of interest are those that lie
between Bi+α and Bi+1−β.

Figure 4. The structure of a single video is characterized by its boundary points, which identify the times at which various prompts were shown to the
child.

The proposed system is centered on two key aims. First, this
mechanism facilitates the acquisition of structured emotive
videos from children in a manner that challenges their ability
to express facial emotion. Whereas other forms of video capture
could be employed, a gamified system encourages repeated use
and has the potential to contain a much higher density of emotive
frames than a typical home video structured around nongaming
activities. As manual annotation is employed as a ground truth
for evaluating emotion classification, a high concentration of
emotive frames within a short time period is essential to the
simplification and reduction of the burden associated with this
process. A second aim is to potentially facilitate the aggregation
of labeled emotive videos from children using a crowdsourcing
mechanism. This can be used to augment existing datasets with
labeled images or create new ones for the development of novel
deep-learning-based emotion classifiers that can potentially
overcome the limitations of existing methods.

Data Acquisition
A total of 46 videos from 21 subjects were analyzed in this
study. These data were collected over 1 year. Ten videos were

collected in a laboratory environment from six subjects with
ASD who played several games in a single session administered
by a member of the research staff. An additional 36 videos were
acquired through crowdsourcing from 15 remote participants.
Diagnosis of any form of developmental disorder was provided
by the caregiver through self-report during the registration
process, along with demographic information (gender, age,
ethnicity). The collected information included diagnoses of
autistic disorder (autism), ASD, Asperger's syndrome, pervasive
developmental disorder (not otherwise specified), childhood
disintegrative disorder, no diagnosis, no diagnosis but
suspicious, and social communication (pragmatic) disorder.
Additionally, a free-text field was available for parents to specify
additional conditions. The videos were evaluated by a clinical
professional using the Diagnostic and Statistical Manual of
Mental Disorders-V criteria before inclusion [1]. Caregivers of
all children who participated in the study selected the autism
spectrum disorder option.

The format of a Guess What? gameplay session generally
enforces a structure on the derived video: the device is held in
landscape mode, the child’s face is contained within the frame,
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and the distance between the child and camera is typically
between 2 and 10 feet. Nevertheless, these videos were carefully
screened by members of the research staff to ensure the
reliability and quality of the data therein; videos that did not
include children, were corrupt, filmed under poor lighting
conditions, or did not include plausible demographic information
were excluded from the analysis. The average age of the
participating children was 7.3 (1.76) years. Due to the small
sample size and nonuniform incidence of autism between
genders [62], 18 of the 21 participants were male. Although
participants explored a variety of game mechanics, all analyzed
videos were derived from the two categories most useful for
the study of facial affect: faces and emojis. After each game
session, the videos were automatically uploaded to an Amazon
S3 bucket through an Android background process.

Data Processing
Most emotion classification APIs charge users per an http
request, rendering the processing of every frame in a video
prohibitive in terms of both time and cost. To simplify our
evaluation, we subsampled each video at a rate of two frames
per second. These frames formed the basis of our experiments.
To obtain ground truth, two raters manually assigned an emotion
label to each frame based on the seven Ekman universal
emotions [63], with the addition of a neutral label. Some frames

were discarded when there was no face, or the quality was too
poor to make an assessment. A classifier’s performance on a
frame was evaluated only under the conditions that the frame
was valid (of sufficient quality), and the two manual raters
agreed on the emotion label associated with the frame. Frames
were considered of insufficient quality if: (1) the frame was too
blurry to discern, (2) the child was not in the frame, (3) the
image or video was corrupt, or (4) there were multiple
individuals within the frame.

From a total of 5418 reviewed frames, 718 were discarded due
to a lack of agreement between the manual raters. An additional
2123 frames were discarded because at least one rater assigned
the not applicable (N/A) label, indicating that the frame was of
insufficient quality. This was due to a variety of factors but
generally caused by motion artifacts or the child leaving the
frame due to the phone being tilted in acknowledgment of a
correct guess. The total number of analyzed frames was 2602
divided between the categories shown in Table 1.

As shown, most frames were neutral, with a preponderance of
happy frames in the nonneutral category. Owing to the limited
number of scared and confused frames, this emotion was omitted
from our analysis. We also merged the contempt and anger
categories due to their similarity of affect and streamline
analysis.

Table 1. The distribution of frames per category (N=2602).

Frames, nEmotion

1393Neutral

1209Emotive

864Happy

60Sad

165Surprised

69Disgusted

51Angry

As not all emotion classifiers represented their outputs in a
consistent format, some further simplifications were made in
our analysis. First, it was necessary to make minor corrections
to the format of the outputted data. For example, happy and
happiness were considered identical. In the case of AWS, the
confused class was ignored, as many other classifiers did not
support it. Moreover, calm was renamed neutral. As AWS,
Azure, and Sighthound returned probabilities rather than a single
label, a frame in which no emotion class was associated with a
probability of over 70% was considered a failure. For Google
Vision, classification confidence was associated with a
categorical label rather than a percentage. In this case, frames
did not receive an emotion classification as likely or very likely
were considered failures. It is also worth noting that this
platform, unlike all the others, does not contain disgust or
neutral classes. The final emotions evaluated in this study were
happy, sad, surprise, anger, disgust, and neutral, with the latter
two omitted for Google Cloud Vision.

As real-time use is an important aspect of mobile therapies and
aids, we evaluated the performance of each classifier by
calculating the number of seconds required to process each
90-second video subsampled to one frame per second. This
evaluation was performed on a Wi-Fi network tested with an
average download speed of 51 Mbps and an average upload
speed of 62.5 Mbps. For each classifier, this experiment was
repeated 10 times to obtain the average amount of time required
to process the subsampled video.

Results

Overview
In this section, we present the results of our evaluation of Guess
What? as well as the performance of the evaluated classifiers:
Microsoft Azure Emotion API (Azure) [26], AWS [27], Google
Cloud Vision API (Google) [28], and SH [29]. Abbreviations
for emotions described within this section can be found in
Textbox 1.
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Textbox 1. Abbreviations for emotions.

HP: Happy

CF: Confused

N/A: Not applicable

SC: Scared

SP: Surprised

DG: Disgusted

AG: Angry

Classifier Accuracy

Comparison With Ground Truth (Classifiers)
Table 2 shows the performance of each classifier calculated by
the percentage of correctly identified frames compared with the
ground truth for categories neutral, emotive, and all. A neutral

frame is one in which the face is recognized, and the neutral
label is assigned high confidence. Any other frame within the
categories of happy, sad, surprised, disgusted, and angry, are
considered emotive frames. A more detailed breakdown of
performance by emotion is shown in Table 3. Note that as
before, Google’s API does not support the neutral and disgust
categories.

Table 2. Percentage of frames correctly identified by classifier: Azure (Azure Cognitive Services), AWS (Amazon Web Services), SH (Sighthound),
and Google (Google Cloud Vision). These results only include frames in which there was a face, and the two manual raters agreed on the class. Google
Vision API does not support the neutral label.

Frame typeClassifier

All (n=2602), n (%)Neutral (n=1393), n (%)Emotive (n=1209), n (%)

1542 (59.26)744 (53.40)798 (66.00)Azure

1508 (57.95)679 (48.74)829 (68.56)AWSa

N/AN/Ab785 (64.92)Google

1566 (60.18)902 (64.75)664 (54.92)Sighthound

aAWS: Amazon AWS Rekognition.
bN/A: not applicable.

Table 3. Percentage of frames correctly identified by emotion type by each classifier: Azure (Azure Cognitive Services), AWS (Amazon Web Services),
SH (Sighthound), and Google (Google Cloud Vision). These results only include frames in which there was a face, and the two manual raters agreed
on the class. Note: Google Vision API does not support the neutral or disgust labels.

Frame typeClassifier

Angry (n=51), n (%)Disgusted (n=69),
n (%)

Surprised (n=165),
n (%)

Sad (n=60), n (%)Happy (n=864), n (%)Neutral (n=1394), n (%)

3 (5)4 (5)94 (56.9)19 (31)709 (82.0)679 (48.74)AWS

6 (11)10 (14)90 (54.5)13 (21)545 (63.0)902 (64.75)Sighthound

3 (5)0 (0)80 (48.4)20 (33)695 (80.4)744 (53.41)Azure

6 (11)N/A93 (56.3)10 (16)676 (78.2)N/AaGoogle

aN/A: not applicable.

Interrater Reliability (Classifiers)
The Cohen kappa statistic is a measure of interrater reliability
that factors in the percentage of agreement due to chance; an
important consideration when the possible classes are few in
number. Figure 5 shows the agreement between every pair of
classifiers based on their Cohen kappa score calculated based
on every evaluated frame, in which a score of 1 indicates perfect

agreement. The results reflect low agreement between most
combinations of classifiers. This is particularly true for the lack
of agreement between Google and Sighthound, with a Cohen
kappa score of 0.2. This is likely because of differences in how
the classifiers are tuned for precision and recall; Sighthound
correctly identified more neutral frames than the others, but
performance was lower for the most predominant emotive label:
happy.
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Figure 5. The Cohen’s Kappa Score is a measure of agreement between two raters, and was calculated for all four evaluated classifiers: Azure (Azure
Cognitive Services), AWS (Amazon Web Services), SH (Sighthound), and Google (Google Cloud Vision). Results indicate weak agreement between
all pairs of classifiers.

Interrater Reliability (Human Raters)
The Cohen kappa coefficient for agreement between the two
manual raters was 0.74, which was higher than any combination
of automatic classifiers evaluated in this study. Although this
indicates substantial agreement, it is worth exploring the
characteristics of frames in which there was disagreement

between the two raters. The full confusion matrix can be seen
in Figure 6, which shows the distribution of all frames evaluated
by the raters. The results indicate that most discrepancies were
between happy and neutral. These discrepancies were likely
subtle differences in how the raters perceived a happy face due
to the inherent subjectivity of this process. A lack of agreement
can also be seen between the disgust-anger categories.

Figure 6. The distribution of frames between the two human raters for each emotion: HP (Happy), SD (Sad), AG (Angry), DG (Disgust), NT (Neutral),
and SC (Scared).

Classifier Speed
Wearable and mobile solutions for autism generally require
efficient classification performance to provide real-time

feedback to users. In some cases, this may be environmental
feedback, as in the Autism Glass [17-25], which uses the
outward-facing camera of Google Glass to read the emotions
of those around the child and provide real-time social queues.
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In the case of Guess What? the phone’s front camera is used to
read the expression of the child, which can be analyzed to
determine if the facial expression matches the prompt displayed
at that time.

To determine if real-time classification performance is feasible
with computation offloaded implementations of emotion
classifiers, we measured the amount of time required to process
a 90-second video recorded at 30 frames per second and

subsampled to one frame per second, yielding a total of 90
frames. For each classifier, this experiment was repeated 10
times to obtain the average number of seconds required to
process the subsampled video. Table 4 shows the speed of the
API-based classifiers used in this study. The values shown in
this table represent the amount of time necessary to send each
frame to the Web service via an http post request and receive
an http response with the emotion label. These frames were
processed sequentially, with no overlap between http requests.

Table 4. Speed of the evaluated classifiers.

Time (seconds)Classifier

28.6Azure

90.6AWS

55.9Google

41.1Sighthound

The findings indicated that the fastest classifier was Azure,
processing all 90 frames in a total of 28.6 seconds. Using Azure
with a fast internet connection, it may be possible to obtain semi
real-time emotion classification performance, a time of 28.6
seconds corresponds to 3.14 frames per second, which is within
the bounds of what could be considered real time. The slowest
classifier was AWS, which processed these 90 frames in 90.6
seconds. This corresponds to a frame rate of 0.99 frames per
second. In summary, real-time or semi–real-time performance
is possible with Web-based emotion classifiers on fast Wi-Fi
internet connections. For cellular connections or apps that
require frame rates beyond three frames per second, these
approaches may be insufficient.

Discussion

Classifier Performance
Results indicate that Google and AWS produced the highest
percentage of correctly classified emotive frames, whereas
Sighthound produced the highest percentage of correctly
identified neutral frames. Google’s API did not provide a neutral
label and, therefore, could not be evaluated. The best system in
terms of overall classification accuracy was Sighthound by a
small margin, with 60.18% (1566/2602) of the frames correctly
identified. Further results indicate that none of the classifiers
performed well for any category besides happy, which was the
emotion most represented in the dataset, as shown in Table 1.
In addition, there appears to be a systematic bias toward high
recall and low precision for the happy category: those classifiers
that identified most of the happy frames performed worse for
those in the neutral category.

In summary, the data suggest that although a frame with a smile
will be correctly identified in most cases, the ability of the
evaluated classifiers to identify other expressions for children
with ASD is dubious and presents an obstacle in the design of
emotion-based mobile and wearable outcome measures,
screening tools, and therapies.

Analysis of Frames
Figure 7 shows six frames from one study participant,
reproduced with permission from the child’s parents. The top
of each frame lists the gold-standard annotation in which both
raters agreed on a suitable label for the frame. The bottom of
each frame enumerates the labels assigned from each classifier
in order: Amazon Rekognition, Sighthound, Azure Cognitive
Services, and Google Cloud Vision AI. It should be noted that,
as before, these labels are normalized for comparison because
each classifier outputs data in a particular format. For example,
N/A from one classifier could be compared with a blank field
in another, whereas some such as Google Cloud explicitly state
Not Sure; for our purposes, all three of these scenarios were
labeled as N/A during analysis.

Frame A shows a frame that was labeled as neutral by the raters,
although each classifier provided a different label: confused,
disgusted, happy, and N/A. This is an example of a
false-positive, detecting an emotion in a neutral frame. A similar
example is shown in frame F; most classifiers failed to identify
the neutral label. Such false positives are particularly
problematic as the neutral label is the most prevalent, as shown
in Table 1.

In contrast, frames B and C are examples in which the labels
assigned by each classifier matched the labels assigned by the
manual raters; all classifiers correctly identified the happy label.
As shown in Table 1, happy was the most common nonneutral
emotion by a considerable margin, and most classifiers
performed quite well in this category; AWS, Azure, and
Sighthound all correctly identified between 78.2% (676/864)
and 82.0% (709/864) of these frames, although at the expense
of increased false-positives such as those shown in frames A
and F. An example of a happy frame that was identified as such
by the human raters but incorrectly by most classifiers is frame
D. It is possible that the child’s hands covering part of her face
contribute to this error, as the frame is otherwise quite similar
to frame B. Finally, frame E is an example of a frame that was
processed by the classifiers but not included in our experimental
results because the human raters flagged the frame as insufficient
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due to motion artifacts. In this case, all four classifiers correctly determined that the frame could not be processed.

Figure 7. A comparison of the performance of each classifier on a set of frames highlights scenarios that may lead to discrepancies in the classifier
outputs for various emotions: HP (Happy), CF (Confused), DG (Disgust), N/A (Not Applicable), AG (Angry), SC (Scared). Ground truth manual labels
are shown on top, with labels derived from each classifier on the bottom.

Limitations
There are several limitations associated with this study, which
will be addressed in future work. First, we analyzed only a
subset of existing emotion classifiers, emphasizing those from
providers of major cloud services. Future efforts will extend
this evaluation to include those that are less prolific and require
paid licenses. A second limitation is the use of parent-reported
diagnoses, which may not always be factual. A third limitation
is that although we ruled out some comorbid conditions, we did
not rule out all comorbid conditions, including
Attention-Deficit/Hyperactivity Disorder, which has been shown
to impact emotional processing and function in children [64].
A fourth limitation stems from the lack of neurotypical children.
Finally, the dataset we used included an unequal distribution
of frames across emotion categories. In the future, we will
investigate ways to gather equal numbers of frames, and if this
distribution may be related to social deficits associated with
autism, or increased prevalence of happy and neutral due to the
inherent nature of gameplay. Although our results support the
conclusion that the commercial emotion classifiers tested here

are not yet at a level needed for use with autistic children, it
remains unclear how these models will perform with a larger,
more diverse, and stratified sample.

Conclusions
In this feasibility study, we evaluated the performance of four
emotion recognition classifiers on children with ASD: Google
Cloud Vision, Amazon Rekognition, Microsoft Azure Emotion
API, and Sighthound. The average percentage of correctly
identified emotive and neutral frames for all classifiers combined
was 63.60% (769/1209) and 55.63% (775/1393), respectively,
varying greatly between classifiers based on how their sensitivity
and specificity were tuned. The results also demonstrated that
while most classifiers were able to consistently identify happy
frames, the performance for sad, disgust, and anger was poor:
no classifier identified more than one-third of the frames from
either of these categories. We conclude that the performance of
the evaluated classifiers is not yet at the level for use in mobile
and/or wearable therapy solutions for autistic children,
necessitating the development of larger training datasets from
these populations to develop more domain-specific models.
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Abstract

Background: Face-to-face individual cognitive behavioral therapy (CBT) and internet-based CBT (ICBT) without
videoconferencing are known to have long-term effectiveness for obsessive-compulsive disorder (OCD), panic disorder (PD),
and social anxiety disorder (SAD). However, videoconference-delivered CBT (VCBT) has not been investigated regarding its
long-term effectiveness and cost-effectiveness.

Objective: The purpose of this study was to investigate the long-term effectiveness and cost-effectiveness of VCBT for patients
with OCD, PD, or SAD in Japan via a 1-year follow-up to our previous 16-week single-arm study.

Methods: Written informed consent was obtained from 25 of 29 eligible patients with OCD, PD, and SAD who had completed
VCBT in our clinical trial. Participants were assessed at baseline, end of treatment, and at the follow-up end points of 3, 6, and
12 months. Outcomes were the Yale-Brown Obsessive-Compulsive Scale (Y-BOCS), Panic Disorder Severity Scale (PDSS),
Liebowitz Social Anxiety Scale (LSAS), Patient Health Questionnaire–9 (PHQ-9), General Anxiety Disorder–7 (GAD-7), and
EuroQol-5D-5L (EQ-5D-5L). To analyze long-term effectiveness, we used mixed-model analysis of variance. To analyze
cost-effectiveness, we employed relevant public data and derived data on VCBT implementation costs from Japanese national
health insurance data.

Results: Four males and 21 females with an average age of 35.1 (SD 8.6) years participated in the 1-year follow-up study.
Principal diagnoses were OCD (n=10), PD (n=7), and SAD (n=8). The change at 12 months on the Y-BOCS was −4.1 (F1=4.45,
P=.04), the change in PDSS was −4.4 (F1=6.83, P=.001), and the change in LSAS was −30.9 (F1=6.73, P=.01). The change in
the PHQ-9 at 12 months was −2.7 (F1=7.72, P=.007), and the change in the GAD-7 was −3.0 (F1=7.09, P=.009). QALY at 12
months was 0.7469 (SE 0.0353, 95% Cl 0.6728-0.821), and the change was a significant increase of 0.0379 (P=.01). Total costs
to provide the VCBT were ¥60,800 to ¥81,960 per patient. The set threshold was ¥189,500 ($1723, €1579, and £1354) calculated
based on willingness to pay in Japan.

Conclusions: VCBT was a cost-effective way to effectively treat Japanese patients with OCD, PD, or SAD.
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Trial Registration: University Hospital Medical Information Network Clinical Trials Registry UMIN000026609;
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000030495

(JMIR Ment Health 2020;7(4):e17157)   doi:10.2196/17157
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behavioral therapy; obsessive-compulsive disorder; panic disorder; social anxiety disorder

Introduction

Background
Obsessive-compulsive disorder (OCD), panic disorder (PD),
and social anxiety disorder (SAD) are mental health illnesses
that create severe obstacles for patients in their daily lives [1].
The long-term effectiveness of treatment is worth evaluating,
because OCD, PD, and SAD often recur even after improvement
following treatment [2-4]. In particular, it is important to guide
effective health care policy in countries such as Japan, which
have instituted universal public health care insurance systems
[5], to optimize limited resources and maintain medical services
in consideration of cost-effectiveness.

Telepsychiatry can be delivered to established therapy patients
in developed countries where there is wide availability of
information and communication devices and internet use is high.
Within telepsychiatry, videoconference-delivered cognitive
behavioral therapy (VCBT) has proved promising, with the
potential to improve the accessibility of specialized care to
patients with OCD, PD, and SAD [6]. Even with simple Web
cameras, the internet, and information and communication
equipment, psychiatrists can significantly improve symptoms
by properly examining patients with mental illness, delivering
psychological education, and dispensing medication [7].
Multiple clinical trials have reported significant reductions in
symptoms of depression, OCD, PD, and SAD as a result of
VCBT [6,8,9]. However, we know little about the long-lasting
(12 or more months) effectiveness and cost-effectiveness of
VCBT, despite its proven short-term effectiveness [4,9,10].

VCBT requires a videoconferencing system, thereby making it
more expensive compared with face-to-face cognitive behavioral
therapy (CBT). For facilities that provide health care services,
VCBT is a little more expensive than traditional CBT. However,
for patients, VCBT is less burdensome than face-to-face CBT,
as there are no travel costs or time costs associated with hospital
visits. VCBT puts the burden of cost on the facility; thus, it is
particularly important to assess whether its adoption is a
worthwhile approach from the perspective of efficient health
care policy.

Objectives of the Study
This study’s main objectives were to assess the long-term
effectiveness of VCBT for patients with OCD, PD, or SAD and
estimate its cost-effectiveness in Japan.

Methods

Study Design
In this study, we included data from our previous clinical trials
and follow-ups [6]. We obtained written consent from
participants in two stages. First, we obtained participants’
written consent forms to research feasibility of VCBT at
face-to-face screening before the intervention. Second, those
who consented to participate in the follow-up study were
requested to resend signed consent forms provided to the
researchers. The questionnaires on symptomology were sent by
mail or the data collected telephonically at 3, 6, 8, and 12 months
after the end of VCBT. These data were used in this study.

In March 2018, the Cognitive Behavioral Therapy Center at
Chiba University Hospital implemented a prospective
observational study involving all patients who participated in
VCBT (reference number: G28038, UMIN000026609) [6]. The
study was registered with University Hospital Medical
Information Network Clinical Trials Registry
[UMIN000026609]. In a follow-up study after the intervention,
the institutional review board of Chiba University approved the
study protocol (No. 3048).

Participants and Eligibility Criteria in the Clinical
Trial
All participants had received face-to-face treatment from the
attending physician (psychiatrist) during a previous clinical trial
period [6]. VCBT was provided in addition to ongoing
face-to-face treatment including pharmacotherapy. Inclusion
criteria for our previous clinical trial included informed consent
to participate in the study; having a primary diagnosis of OCD,
PD, or SAD based on the Mini-International Neuropsychiatric
Interview [11,12]; being aged between 19 and 65 years; and
having access to the internet at home [6].

Outcomes

Symptomatology
The following Japanese version of three scales were used to
assess the severity of the three disorders. The Yale-Brown
Obsessive-Compulsive Scale (Y-BOCS) was used to measure
OCD by identifying the patient’ contents of obsessions and
compulsions on the symptom checklist and assessing their
severity in 4 stages using responses to 10 items on the symptom
severity scale [13,14]. The Panic Disorder Severity Scale
(PDSS) was used when PD was the principal diagnosis [15,16].
PDSS is a 7-item questionnaire on frequency of panic attacks,
extent of subjective distress, impact on daily life, and so on,
with response options ranging from 0 to 4 in severity. The
Liebowitz Social Anxiety Scale (LSAS) was used for
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participants whose principal diagnosis was SAD [17,18]. LSAS
is a 24-item questionnaire intended to evaluate the extent of
anxiety and avoidance in social situations where social anxiety
is noticeable (eg, public speaking, talking to strangers).

We also assessed depression and general anxiety associated
using responses to the Patient Health Questionnaire–9 (PHQ-9)
and Generalized Anxiety Disorder 7 (GAD-7). PHQ-9 has 9
questions related to depression status set [19,20], and GAD-7
is a 7-question instrument about general anxiety [21]. We
evaluated the quality-adjusted life year (QALY) calculation in
the EuroQol 5-Dimension 5-Level (EQ-5D-5L) instrument to
assess the cost-effectiveness of the VCBT as a health care
technology [22]. The EQ-5D-5L questions determine quality
of life [22,23]. Health status is determined in five dimensions:
degree of movement, personal management, normal activity,
pain/discomfort, and anxiety/hiding.

Criteria Used to Define Therapeutic Response and
Remission
To calculate responsiveness to VCBT treatment and remission
rates after the VCBT, we used criteria employed by previous
studies regarding the severity rating scales of the three disorders
(Y-BOCS, PDSS, and LSAS). Regarding OCD, treatment
response was defined as a 35% or greater reduction in the total
Y-BOCS score, and remission was defined as a 12-month
Y-BOCS≤14 [24]. Regarding PD, treatment response was
defined as a 40% or greater reduction in total PDSS score, and
remission was defined as a 12-month PDSS≤ 7 [25]. For SAD,
treatment response was defined as a 31% or greater reduction
in total LSAS score, and remission was defined as a 12-month
LSAS≤35 [17].

Sources for Cost-Effectiveness
We calculated the total VCBT cost using the sum of the costs
of implementing the intervention: (1) health care costs
(¥3500-¥4800 × 16 sessions) and (2) costs of videoconferencing
(license fee ¥1490 per month × 4 months in Webex (Cisco),
¥300 × 16 sessions in curon (MICIN, Inc) [26,27]. Note that in
Japan, the cost of CBT in health care settings differs depending
on whether it is performed by a doctor or jointly performed by
a doctor and a nurse [28]. The cost-effectiveness threshold of
the VCBT intervention was based on the willingness-to-pay
(WTP) figure determined in a previous study (¥5 million) [29].

We did not assume that hardware would have to be newly
purchased in order to access VCBT. This was because, as
reported by the Ministry of Internal Affairs and Communications
in 2017, ownership of information communication equipment
in Japan was at 94.8% for mobile devices in general and 72.5%
for PCs and because the penetration rate of information and
communication equipment and the internet was at more than
80.9% for all households [30].

Statistical Analyses
Statistical analysis and reporting were performed in accord with
the CONSORT-EHEALTH guidelines [31]. All statistical
analyses were described in the statistical analysis plan, which
was fixed before the database lock. All efficacy analyses were
primarily based on the entire analytical dataset. Summary

statistics were generated on all baseline variables with
frequencies and proportions calculated on categorical data and
means and standard deviations calculated on continuous
variables.

The main analysis compared the baseline assessment scores
with those obtained at the 12-month posttreatment follow-up.
The differences were estimated using mixed-model analysis of
variance (ANOVA) on all patients displaying symptoms in each
scale (Y-BOCS, PDSS, LSAS, PHQ-9, and GAD-7), taking
into account missing values, individual variance, and multiple
measurement points.

Analysis of secondary outcomes was performed in an identical
fashion to that of the primary analysis. To analyze
cost-effectiveness using the EQ-5D-5L, QALY scores were
estimated via area-under-the-curve analysis, which involved
summing the areas of the distribution shapes for utility scores
over the study period [22]. We calculated QALY summary
statistics using the EQ-5D-5L data during the follow-up period
complemented by multivariate imputation by chained equations
(MICE) and last observation carried forward (LOCF). MICE
was used as a guide for 100 completions [32].

The amount of change in QALY was calculated from the
difference between QALY and the actually observed utility
value assuming no change from the utility value of EQ-5D-5L
at baseline. We calculated a summary statistic for the change
in QALY and performed a paired t test. The method for
calculating the change in QALY was as follows: QALY change
amount = (baseline and end of treatment, 3 months, 6 months,
8 months, or area under the curve connecting the utility values
including 12 months) – (effective value at each time point is
baseline utility value and area under the curve assuming no
change).

Cost-effectiveness of the VCBT was analyzed as follows. The
additional consumption of health care resources was divided
by the benefits (such as QALY) gained from the health care
intervention to calculate an incremental cost-effectiveness ratio
(ICER). When the ICER, such as cost per QALY, was less than
a predetermined threshold, the intervention was considered
cost-effective [33]. These thresholds were: (1) £20,000-£30,000
per QALY at the UK National Institute for Health and Care
Excellence (NICE) [34], (2) $62,000 in the United States, and
(3) ¥5 million in Japan [29]. The formulae used to calculate
cost-effectiveness of VCBT, cost of VCBT, and WTP were as
follows:

• Cost-effectiveness of VCBT = WTP − cost of VCBT
• Cost of VCBT = (videoconference system costs) +

traditional CBT costs
• WTP = increased QALYs × threshold in Japan (¥5 million)

Calculated cost-effectiveness greater than one indicated that
VCBT was a cost-effective intervention. WTP was calculated
by multiplying the increase in QALY between baseline and
12-month follow-up after VCBT using the Japanese
cost-effectiveness threshold (¥5 million). Incremental
cost-effectiveness ratio per QALY was calculated by dividing
the increase in QALY between baseline and 12-month follow-up
after VCBT using total cost of VCBT.
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Results

Participants
The sample comprised 4 males and 21 females, aged 20 to 54

years (mean 35.1 [SD 8.6] years) with 12 to 18 years of
education (mean 14.72 [SD 1.90] years). Except for their
principal diagnoses, participants’ demographic and diagnostic
data are described in Table 1, and the sampling procedure is
illustrated in Figure 1.

Table 1. Participant clinical and demographic characteristics.

SADc (n=8)PDb (n=7)OCDa (n=10)Overall (n=25)Characteristics

30.9 (9.4)36.1 (9.3)37.7 (6.9)35.1 (8.6)Age in years, mean (SD)

6 (75)7 (100)8 (80)21 (84)Gender (female), n (%)

6 (75)5 (71)3 (12)14 (56)Employed, n (%)

1 (13)3 (43)5 (50)9 (36)Pharmacotherapy (yes), n (%)

Comorbidity, n (%)

2 (24)0 (0)1 (10)3 (12)Depression

0 (0)0 (0)2 (20)2 (11)Panic/agoraphobia

0 (0)0 (0)1 (10)1 (4)PTSDd

1 (13)0 (0)0 (0)1 (4)Alcohol dependence

aOCD: obsessive-compulsive disorder.
bPD: panic disorder.
cSAD: social anxiety disorder.
dPTSD: posttraumatic stress disorder.
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Figure 1. Participant flow.

Long-Term Effectiveness
Mixed-model ANOVA results regarding the long-term
effectiveness of VCBT showed statistically significant
improvement in participant symptoms (Table 2 and Figure 2).
Changes in total mean scores between baseline and 12-month

assessment were –4.1 on the Y-BOCS (F1=4.45, P=.04), –4.4
on the PDSS (F1=6.83, P=.01), and –30.9 on the LSAS
(F1=6.73, P=.01). Changes in the total PHQ-9 (depression) and
GAD-7 (general anxiety) scores between baseline and 12-month
follow-up assessment were –2.7 on the PHQ-9 (F1=7.72,
P=.007) and –3.0 on the GAD-7 (F1= 7.09, P=.009).
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Table 2. Mixed-model analysis of variance results on changes in participant symptomology.

P valueMin-maxaScore mean (SD)nCharacteristics

.04———Y-BOCSb

—15 (36)23.3 (6.5)10Baseline

—2 (34)17.1 (9.9)10Posttreatment

—9 (32)19.4 (7.5)103-month

—7 (32)18.6 (8.1)106-month

—8 (29)19.2 (8.4)1012-month

.01———PDSSc

—5 (16)8.9 (3.8)7Baseline

—0 (19)5.3 (6.7)7Posttreatment

—2 (13)5.4 (4.9)73-month

—0 (16)4.5(6.1)66-month

—0 (10)4.5 (3.6)612-month

.01———LSASd

—53 (132)96.6 (27.3)8Baseline

—21 (128)57.4 (34.7)8Posttreatment

—20 (112)62.6 (34.4)83-month

—7 (85)57.3 (31.9)66-month

—10 (118)65.7 (43.8)712-month

.007———PHQ-9e

—0 (23)8.8 (6.2)25Baseline

—0 (22)6.8 (7.0)25Posttreatment

—0 (24)7.2 (5.8)253-month

—0 (19)6.6 (6.1)226-month

—0 (20)6.1 (5.7)2312-month

.009———GAD-7f

—0 (20)8.8 (5.3)25Baseline

—0 (16)5.5 (5.1)25Posttreatment

—0 (19)7.2 (4.6)253-month

—0 (21)6.3 (5.0)256-month

—0 (14)5.8 (4.5)2312-month

amin-max: minimum to maximum.
bY-BOCS: Yale-Brown Obsessive-Compulsive Scale.
cPDSS: Panic Disorder Severity Scale.
dLSAS: Livobitz Social Anxiety Scale.
ePHQ-9: Patient Health Questionnaire–9.
fGAD-7: Generalized Anxiety Disorder–7.
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Figure 2. Participants’ changes in symptomology.

To investigate the predictive effects that symptoms of patients’
depression at pretreatment may have had on the treatment
response change posttreatment, multiple regression analyses in
simultaneous forced entry were performed. The treatment
response percentage change was set as a dependent variable in
multiple regression analyses. We set depressive symptoms due
to PHQ-9 as independent variables. The treatment response
percentage change was calculated by dividing the total baseline
score with the score difference between baseline and 12-month.
The treatment response percentage change in this study was the
decline in baseline Y-BOCS, PDSS, or LSAS score.

The degree of change (in percentages) in the treatment response
was analyzed as a continuous variable. Statistical analysis was

performed using SPSS Statistics version 24.00 (IBM Corp).
Multiple regression analysis showed that the effects of
depression on therapeutic response rates were not significant

across the data (β=–1.74, adjusted R2=.13, SE 25.29, P=.053,
VIF (variance inflation factor)=1.00), OCD (β=–1.60, adjusted

R2=.24, SE 19.46, P=.16), PD (β=–0.41, adjusted R2=.25, SE

38.82, P=.96), and SAD (β=–0.73, adjusted R2=.18, SE 24.02,
P=.77).

Therapeutic Response and Remission Rates
At the 12-month follow-up assessment, treatment response rate
was 32% (8/25) and remission rate was 40% (10/25; Table 3).
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Table 3. Participant response and remission rates at each follow-up end point.

SADc (n=8), n (%)PDb (n=7), n (%)OCDa (n=10), n (%)Overall (n=25), n (%)Characteristics

Response

4 (50)4 (57)4 (40)12 (48)Posttreatment

3 (38)5 (71)2 (20)10 (40)3-month

3 (38)3 (43)2 (20)8 (32)6-month

4 (50)2 (29)2 (20)8 (32)12-month

Remission

2 (25)6 (86)4 (40)12 (48)Posttreatment

2 (25)5 (71)4 (40)11 (44)3-month

2 (25)5 (71)3 (30)10 (40)6-month

2 (25)5 (71)3 (30)10 (40)12-month

aOCD: obsessive-compulsive disorder.
bPD: panic disorder.
cSAD: social anxiety disorder.

Cost-Effectiveness
Table 4 shows the EQ-5D-5L index for each end point. The
1-year converted QALY score from baseline to 12 months
posttreatment was 0.7469 (SE 0.0353, 95% CI 0.6728-0.821),
and the change between baseline and 12-month follow-up
assessment was 0.0379 (SE 0.01; Table 5). Figure 3 shows the
QALY calculated from the EQ-5D-5L between baseline and
12-month follow-up assessment. There was a significant increase
of 0.038 (95% CI 0.0085-0.0674, P=.02) in complete cases.

The results on the data supplemented with missing values are
shown in Table 6. The WTP threshold was ¥189,500 because
the 0.0379 score in the QALYs increased after the intervention.
The health care costs including the VCBT accounted for the
CBT health care costs (¥56,000-¥76,000), and annual licensing
fees per patient for the videoconferencing system (¥4800-¥5960)
was ¥60,800 to ¥81,960 (Table 7). Thus, we concluded that the
VCBT was a cost-effective intervention because VCBT costs
were below the threshold set for the cost-effectiveness analysis.

Table 4. EuroQol 5-Dimension 5-Level index each end point.

SESDMeannCharacteristics

Complete case

—0.140.720625Baseline

—0.200.767725Posttreatment

—0.170.7350253-month

—0.240.7207226-month

—0.150.7760208-month

—0.150.75032312-month

LOCFa

—0.230.7342256-month

—0.150.7669258-month

—0.150.75302512-month

MICEb

0.05—0.7075256-month

0.03—0.7651258-month

0.03—0.75642512-month

aLOCF: last observation carried forward.
bMICE: multivariate imputation by chained equations.
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Table 5. Paired t test results on change of quality-adjusted life years at 12 months after baseline.

P value95% CISEMeannCharacteristics

.020.0085-0.06740.010.037919Complete cases

.130.0067-0.04950.010.021425LOCFa

.190.0093-0.04660.010.018725MICEb

aLOCF: last observation carried forward.
bMICE: multivariate imputation by chained equations.

Figure 3. The quality-adjusted life years (QALYs) observed at follow-up and QALY in complete cases. Note: Estimated QALYs was calculated in
terms of effective value without videoconference-delivered cognitive behavioral therapy at each time point as a baseline, with the area under the curve
assuming no change. Increased QALY was calculated as the difference between the measured utility value and the estimated QALY.

Table 6. Quality-adjusted life years at 12 months after videoconference-delivered cognitive behavioral therapy.

95% CISEMeannCharacteristics

0.6728-0.82100.040.746919Complete cases

0.6839-0.80010.030.742025LOCFa

0.7565-0.91210.040.834325MICEb

aLOCF: last observation carried forward.
bMICE: multivariate imputation by chained equations.
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Table 7. Results of a cost-utility analysis.

ValueCharacteristics

Cost for each service per patient (¥)

¥56,000CBTa by a nurse

¥76,000CBT by a medical doctor

¥5960Videoconferencing in Webex

¥4800Videoconferencing in Curon

¥60,800-¥81,960Total cost

QALYb

0.7469Complete case

0.742LOCFc

0.8343MICEd

Incremental benefit, QALY gain

0.0379Complete case

0.0214LOCF

0.0187MICE

Incremental cost-effectiveness ratio per QALY

¥1,604,222 to ¥2,162,533Complete case

¥2,841,122 to ¥3,829,907LOCF

¥3,251,337 to ¥4,382,888MICE

Willingness to pay = ¥5 million per QALY

¥189,500Complete case

¥107,000LOCF

¥93,500MICE

aCBT: cognitive behavioral therapy.
bQALY: quality adjusted life year.
cLOCF: last observation carried forward.
dMICE: multivariate imputation by chained equations.

Discussion

Principal Findings
We investigated the long-term effectiveness and
cost-effectiveness of VCBT in 25 patients with OCD, PD, or
SAD in a 12-month observational study. The principal
symptomology of OCD, PD, and SAD significantly decreased
and the QALY significantly improved. The therapeutic response
rate was 32% (8/25) and remission rate was 40% (10/25) at the
12-month postintervention follow-up assessment. The total cost
of providing VCBT was ¥60,800 to ¥81,960 per patient; in
contrast, the threshold using WTP was ¥189,500. Therefore,
our results suggested that VCBT was a cost-effective
intervention for this sample of patients with OCD, PD, or SAD
in Japan.

Long-Term Effectiveness of Videoconference-Delivered
Cognitive Behavioral Therapy
In a previous study on VCBT provided to 10 adult OCD patients,
2 patient scores were below the Y-BOCS cutoff (<14) after

treatment, but just one patient was below the cutoff 3 months
later [10]. There was a trend toward increased OCD symptoms
at 3 months’ postintervention [10]. A randomized controlled
trial (RCT) of VCBT provided to OCD patients aged 7 to 16
years indicated that continued improvement was observed in
the symptoms until 3 months after treatment [35]. In that study
[35], one of the two patients who evidenced remission before
and after the treatment was still in remission 6 months’
postintervention, whereas the other patient presented worse
symptoms. This study provides observational results from the
end point of the VCBT for 12 months, which extends the
findings of previous research. In other words, as the amount of
time after the intervention increased, OCD symptoms apparently
increased and the proportion of remissions apparently decreased
from 40% (4/10) immediately after VCBT to 30% (3/10) at 3
months later and 20% (2/10) at the 6-month and 12-month
follow-up assessments. The results of this study are consistent
with previous studies that the remission rate decreases with time
[7,30]. When patient symptoms increase, they might access a
self-help program or attend regular support sessions to help
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prevent symptom relapse [36]. In a survey of adolescents with
OCD, satisfaction with support sessions was universal [37].

In a study that provided VCBT to 11 adult PD patients, 82%
(9/11) had improved symptoms after the intervention and 91%
(10/11) had improved symptoms after 6 months and no panic
attacks [38]. This study extended the examination of the
long-term efficacy of VCBT in patients with PD to 12 months
and found that it was effective for 85% (6/7) after treatment,
and it held steady at 71% (5/7) after 3, 6, and 12 months.
However, although VCBT has demonstrated its long-term
efficacy, there is some indication that panic symptoms might
relapse over time [25].

In a study of VCBT in 24 adult patients with SAD, 54% (13/24)
experienced remission after treatment, and symptoms that had
decreased were maintained at that lower level 6 months later
[39]. Our results were similar to that study in that the patients
who achieved remission after VCBT seemed to continue in
remission for 6 or 12 months (both 2/8, 25%). The same two
patients exhibited remission at any point during the 12 months.
We gradually lost contact during the observation period with 2
of the 4 patients who had exhibited remission after the VCBT.
Therefore, when interpreting the long-term symptom-improving
effects, it might be important to consider the course of remission
rather than the overall remission rate during the study period.

Cost-Effectiveness of Videoconference-Delivered
Cognitive Behavioral Therapy
Several studies have reported that internet-delivered cognitive
behavioral therapy (ICBT) provided to patients with depression
saved on direct medical costs more than providing just the usual
care [40,41]. In an RCT conducted in Spain [41], providing
ICBT to patients with depression was more cost-effective than
12 months of treatment restricted to usual care: €6381 for
therapist-guided ICBT and €11,390 for nonguided ICBT. On
the other hand, an RCT of ICBT aimed at preventing recurrent
depression found that the average cost after 24 months was not
significantly different between the ICBT group ($8298) and the
usual care group ($7296) [42]. A study of face-to-face CBT in
469 participants with depression suggested that the incremental
cost-effectiveness ratio was £5374 per QALY gain [43], below
the threshold £20,000 to £30,000 at NICE [34]. That study’s
result was consistent with our result: ¥1,604,222 to ¥2,162,533
per QALY gain (£11,459 to £15,447; calculated as ¥100=£140),
below the threshold of ¥5 million in Japan [29]. Hence, CBT
for depression and anxiety disorders was cost-effective whether
it was face-to-face or internet intervention, with or without
videoconferencing.

This study provides the world’s first empirical knowledge about
the cost-effectiveness of VCBT. VCBT costs totaled ¥60,800
to ¥81,960, which was far below the ¥189,500 threshold based
on WTP calculated using the QALY. In other words, under the
Japanese insurance system in 2018 [28], VCBT was a
cost-effective treatment approach. We determined that ¥100
was approximately $110, €120, and £140. The VCBT costs
were then determined to be $553 to $745, €507 to €683, and
£434 to £585 and the threshold of WTP was $1723, €1579,
£1354.

Limitations and Future Research
This study has some limitations. First, there was no statistical
control over the relationship between VCBT and
pharmacological therapy during our previous trial and this
follow-up study. Studies have suggested that combining
therapeutic approaches with drug therapy is particularly effective
in panic disorder prognoses [44]. Future studies should include
a controlled design that accounts for drug therapy and
combination therapy. Second, we did not account for the effects
of support provided to the participants during the observation
period after the VCBT. Patients who continue to use
antidepressants after remission were known to have a lower
recurrence rate than those who discontinued prematurely [45].
Third, there was no usual care group to contrast with the VCBT
group as a control in the cost-effectiveness analysis. We
examined the cost-effectiveness of VCBT based on a white
paper on the health care costs of patients with anxiety disorders
in Japan [28], and, therefore, future research should employ
actual observations and data. Fourth, during some observation
periods (eg, 6 months or 12 months posttreatment), we lacked
data on participants who exhibited significant symptom
improvements immediately after treatment. Therefore, the results
should be interpreted with caution. Fifth, a small sample size
was used in this study, and there was no comparison group.
Future studies should use a large sample and employ RCTs.
Sixth, participants recruited in this study tended to be living in
their own local areas far from our hospital without having
face-to-face CBT, and they had relatively long duration of
untreated illness before CBT. In future, VCBT cost-effectiveness
studies for patients at the early onset stage of the disorders in
primary care settings will be required.

Conclusion
Our results suggest that VCBT for patients with OCD, PD, and
SAD was effective in improving symptoms over 12 months and
was a cost-effective approach in Japan.
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Abstract

Background: Persistent psychosocial stress is endemic in the modern workplace, including among midcareer high school
(secondary comprehensive) teachers in England. Understanding contextual influences on teachers' self-management of stress
along with their use of digital health technologies could provide important insights into creating more usable and accessible stress
support interventions.

Objective: The aim of this study was to investigate the constraints on stress management and prevention among teachers in the
school environment and how this shapes the use of digitally enabled stress management tools.

Methods: Semistructured interviews were conducted with 14 teachers from southern England. The interviews were analyzed
using thematic analysis.

Results: Teachers were unanimous in their recognition of workplace stress, describing physical (such as isolation and scheduling)
and cultural (such as stigma and individualism) aspects in the workplace context, which influence their ability to manage stress.
A total of 12 participants engaged with technology to self-manage their physical or psychological well-being, with more than
half of the participants using consumer wearables, but Web-based or smartphone apps were rarely accessed in school. However,
digital well-being interventions recommended by school leaders could potentially be trusted and adopted.

Conclusions: The findings from this study bring together both the important cultural and physical contextual constraints on the
ability of midcareer high school teachers to manage workplace stress. This study highlights correlates of stress and offers initial
insight into how digital health interventions are currently being used to help with stress, both within and outside high schools.
The findings add another step toward designing tailored digital stress support for teachers.

(JMIR Ment Health 2020;7(4):e15416)   doi:10.2196/15416
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Introduction

Background
Teaching is one of the most stressful professions. Surveys have
shown teaching to be in the top 6 (out of 26) professions that
report the worst scores for physical health, psychological
well-being, and job satisfaction [1]. Excessive, chronic stress
is acknowledged as a condition of mental or emotional strain
or tension, which can have psychological, behavioral, and
physiological effects [2]. “Teacher stress” was first specifically
described by Kyriacou [3] as “a response syndrome of negative
effects (such as anger or depression) resulting from the general
teacher’s job”. Teachers’ experiences of stress at work have
received extensive coverage in the literature [4-8], with stress
sources recently summarized as the following: (1) teaching
unmotivated students, (2) maintaining discipline, (3) time
pressures and workload, (4) coping with change, (5) being
evaluated by others, (6) dealings with colleagues, (7)
self‐esteem and status, (8) administration and management,
(9) role conflict and ambiguity, and (10) poor working
conditions [9]. Some of these sources reflect contextual factors
that are intrinsic to the job and shape the method of teaching
(eg, classroom setting, timetabling, and instructing), which have
also been referred to as the school climate [10,11]. Stress coping
strategies have been categorized as physiological (eg, relaxation,
meditation, and aerobic activity), situational (eg, changing
personal reaction or altering work environment), or cognitive
(eg, controlling emotions, problem solving, or time
management) [12]. Cognitive strategies have been shown to be
used more than situational strategies [13,14], but physiological
interventions, including mindfulness, have been growing in
popularity [8,15,16].

Stress management has often been analyzed at the level of
intervention. Stress interventions for teachers have been
categorized by the level of mediation: (1) organizational, focused
on the organization’s culture; (2) organization-individual
interface, including building workplace relations; or (3)
individual, where people are taught practices to manage stress
[17]. The following fourth intervention categorization has
subsequently been added: classroom level, influencing student
functioning and behavior [18]. Studies to date indicate that
organizational health interventions have the most potential to
reduce general teachers’work-related stress [19]. Yet, this seems
to have only been verified in the US primary (elementary) school
system, not in other countries (eg, England) and never in high
schools. In addition, although some organizational contextual
factors such as school leadership, workplace culture, and teacher
autonomy have been identified as playing a critical role in
managing stress, it is noted that they are in the purview of
schools and employing bodies and not under the control of an
individual’s authority or management [20].

A systematic review of studies on the effectiveness of taught
interventions aimed at reducing general teacher burnout (ie,
stress-induced work absence) found that in the 11 out of 23
controlled studies which included high school–level educators,
cognitive behavioral therapy (CBT), mindfulness, and social
support were the interventions that showed an effect, albeit

small [21]. The lack of tailoring of these interventions to
teachers’ work and context is suggested as the reason for the
effect size being small, as tailored interventions showed more
positive results. Tailoring included reflecting classroom
situations and teacher-student relationships [22-24]. Many
approaches to well-being, described as whole school do not
include the staff’s own well-being [25-27], but there is an
established literature on the link between teachers’ well-being
and work-related outcomes [28-30], which some schools are
beginning to recognize [31,32].

Technology has enabled stress reduction techniques to become
digitized with digital health interventions (DHIs), generally
known as electronic health (eHealth), and arguably more
accessible, self-administered, and connected [33]. There is a
growing body of studies detailing DHI use in the workplace. A
meta-analysis of 21 randomized controlled trials (RCTs) on
psychological interventions in the workplace utilizing
Web-based programs (of which 3 used mobile apps) has shown
improvements in employees’well-being and work effectiveness
[34]. In another review of 23 eHealth RCTs, improvements
have been seen in mental health and stress symptoms [35],
although it was observed that similar to nondigital approaches,
the best outcomes depend on providing the right type of
intervention to the correct target population. Interestingly,
introducing activity tracking or tools (eg, exercise videos,
Nintendo Wii) intended to increase exercise levels among nurses
did not result in lifestyle behavior change, but it did serve as a
stress reliever [36]. Wearable devices have received little
attention in the workplace so far. One study on activity with a
small sample found that among office workers, wearable
feedback did not affect sitting time and that there were issues
with accuracy, battery life, and real-time feedback [37]. Another
study with office workers found that on applying machine
learning to the collected heart and activity data, it was possible
to automate a degree of mood recognition, including stress, and
therefore make some objective predictions, which posited that
this could enable the employer to change the work environment
accordingly [38]. However, the accuracy of wearables in stress
detection in real-world situations remains as issue, as does the
lack of agreement on a standard stress measurement method
[39,40]. Only one tailored eHealth stress reduction study by
Ebert et al in Germany [41] appears to have been conducted in
education: an internet-based Problem Solving Therapy (PST, a
form of CBT) adapted for teachers. Averaging 19 years of
teaching experience, participants had elevated symptoms of
depression. The PST resulted in a reduction in their perceived
stress but it is unclear whether the study resulted in any
systematic implementation. In the literature, there is little
evidence of the adoption of DHIs for teachers’ stress
management in schools.

Teachers in the middle of their careers are at stages three and
four in Huberman’s widely accepted 5 stages of the teacher
career development model. This includes those with 7 to 30
years of practice with roles including coordinators, heads of
department, and in personal development [42]. They are more
likely to be under pressure because of the demands both in and
outside the job [43], but as survivors of the early years, they
should also have management strategies in place [44]. A 2012

JMIR Ment Health 2020 | vol. 7 | iss. 4 |e15416 | p.105http://mental.jmir.org/2020/4/e15416/
(page number not for citation purposes)

Manning et alJMIR MENTAL HEALTH

XSL•FO
RenderX

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


German study of nearly 2000 teachers found that midcareer
teachers have more tasks and invest more effort than colleagues
who are at the beginning or end of their careers [45]. Therefore,
the combination of pressure, adaption, and effort seen in senior
teachers means it is appropriate to focus the investigation on
their stress management, particularly in schools where there is
already an acknowledgment of the philosophies of workplace
health [46]. Tailoring technology to real-world situations and
teachers’ existing behavior needs to be understood if we intend
to align digital support in a meaningful way [34,35]. The
literature on teacher stress is extensive but not conclusive.

Objectives
There are gaps in understanding how the educational context
influences the strategies that midcareer high school teachers are
actually able to use to manage stress. Similarly, we do not know
to what extent teachers have already adopted technology as a
stress intervention or prevention tool and what the opportunities
are for expansion.

A more nuanced understanding of these teachers’ real-world
situation is required if we are to facilitate techniques for the
reduction of stress, whether at the individual or organizational
level. How does the school organizational context constrain
individual teachers’ stress management strategies? Therefore,
the aims of this study were to engage with midcareer high school
(secondary comprehensive) teachers to understand (1) how
workplace context influences stress management and (2) how
this affects the current use of digital health technology, to
ascertain the potential for technology support for stress
reduction.

Methods

Study Design
The methodological orientation of this study was experiential
qualitative research [47]. Exploring and understanding
participants’ strategies in their everyday work context was
desired so that these data might inform a future qualitative
inquiry into the potential for integrating technological support
for stress reduction among senior teachers.

Teacher Recruitment
The initial selection of participants was purposive so that the
target population of high school teachers in midcareer roles was
secured. The inclusion criteria were to be a high school teacher
in a management position, eg, in the senior leadership team,
head of department or head of house, or a teacher who had
previously held a senior role. Willingness to talk about stress
was specified in the information sheet. No prior individual
training in stress interventions was stipulated, but their school
had to have demonstrated an awareness of the importance of
well-being, such as through having a school lead on well-being.
Staff from 5 different schools in the midlands, London, and
southern England, who met the inclusion criteria, were recruited
using the researcher’s networks (with the head teacher’s
permission sought for 2 on-site sets of interviews). None of the
participants had previously met the researcher. All volunteers
were sent a comprehensive information sheet and consent form
to read when they had indicated that they were willing to be

interviewed. The consent and information forms specified the
purpose of the interview, the interviewer’s department and
university, and that the interviews would contribute to a study
being undertaken as part of a PhD.

School-facilitated interviews were requested to take place during
the school day to not cause teaching staff the inconvenience of
having to stay on after hours. However, several staff members
volunteered to be interviewed on a Friday afternoon after classes
had finished. A printout of the information document was also
given to participants at the start of the interview to ensure they
had a physical copy to take away. This included information
on where they could obtain free and confidential advice should
they have felt in need of support after the interview had finished.
This research was approved by the University College London
(UCL) Research Ethics Committee approval ID number:
UCLIC/1718/013/Staff Marshall/Manning.

Interview Script Development
The interview guide was informed by the literature on stress in
the school workplace as well as previous Education Support
Partnership stress questionnaires [48] and Health and Safety
Executive research [49,50]. The interview took a semistructured
qualitative approach with questions devised to understand (1)
how workplace context influences stress management and (2)
how this affects the current use of digital health technology, to
ascertain the potential for technology support for stress
reduction.

The interview had been pilot tested with 2 teachers
independently, an assistant head and a head of department from
2 separate schools. The data from these interviews were only
used to refine the interview schedule and not used in the
thematic analysis. The whole interview schedule is presented
in Multimedia Appendix 1. For the purposes of this paper, the
focus was on the influence of the workplace context and insights
into the use of digital health tools. None of the interviews were
terminated prematurely or repeated. They were timed to last for
30 min, with the shortest interview lasting 22 min and the
longest interview lasting 43 min.

Data Analysis
All interviews were transcribed verbatim and analyzed using
inductive thematic analysis. NVivo version 12 (QSR
International Ltd) was used for the organization and
development of codes and categories, and SimpleMind (version
1.22) was used for the mapping of relationships and themes by
the researcher (JM). Transcripts were not returned to participants
for comments or corrections (1) as the researcher did not want
to add a time burden on the participant, (2) as the evidence is
that it adds little to the accuracy of the transcript [51], and (3)
to retain the responses as precisely as they had been provided
at the time of the interview, when the interviewee had had the
protected time and the safe space to respond spontaneously. No
personal names or identifying remarks or subjects mentioned
in the audio recordings were written in the transcripts.
Participant quotations were used to illustrate the themes, but in
line with assurances of anonymity given to interviewees, and
no personal identifiers were used. Transcribed interviews were
checked against the audio recordings for accuracy before the
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data were subject to thematic analysis, guided by Braun and
Clarke’s [47] 6-step framework, with frequent returning to the
data to sense check as we progressed through the framework.
Codes were shared with the coauthors (AB, JC, and PM), and
a codebook was generated. JM was aware that the thematic
analysis and interpretation were influenced by previous
experience and assumptions, reflexivity, subjectivity, bias, and
emotion. Therefore, in line with Braun and Clarke’s advice, a
self-reflexive approach was taken throughout the research,
including creating a rolling memo of reflections from the time
of the interviews until the end of the study. These notes were
shared with the coauthors during the stages of thematic analysis.

Results

A total of 14 participants, 10 women and 4 men, with 9 to 34
years of experience as a teacher, completed the interview.

Overview of Findings
Teachers were unanimous in both their recognition of workplace
stress and their sincere commitment to teaching. Participants
revealed the physical and cultural workplace context to be one
of relentless all-direction exposure, multifaceted delivery
objectives, and fear of peer opinion and one in which their
well-being was less important to policy makers and school heads
than that of students. They described the constraining effects
of the school context, which significantly affected teachers’
ability to look after their well-being. Stress management
strategies, except for mindfulness in one school, were self-taught
and included immediate real-time or deferred in-school
practices, management practices external to the workplace as
well as cumulative learning approaches designed to build coping
strategies. Many teachers experienced burnout before finding
successful stress self-management strategies, which included
changing schools.

The pace of work meant that real-time use of health apps by
teachers was rare. Outside of school, apps were used for
symptom control (eg, insomnia), sometimes automatically
(embedded usage that had become second nature, such as diary
app entries) and frequently for relaxation and the creation of
sustainable habits (such as mindfulness). Wearables were
accessed by some teachers in the workplace and often used for
quantification, occasionally for prompts (eg, to move or to
exercise) or rewards, but wearers’enthusiasm was rarely shared
with colleagues.

There was evidence of a shifting organizational culture with the
introduction of the concept of teachers’ well-being, and most
staff members were both very positive about their school
leadership and potentially open to leadership recommendations
of supportive technology.

The findings reflect 2 overarching themes of understanding how
the education workplace context constrains stress
self-management and teachers’use of digital health technology.
Duration of teaching experience is shown in years after transcript
quotes alongside the participant’s (P) number and sex (M or F).

Organizing Theme A: Educational Practice Constrains
Teachers’ Well-Being and Self-Management of Stress

Theme 1: Contextual Constraints on the Use of
Technology for Stress Self-Management
Teachers described a context of work that demanded constant
exposure on the front line, with their activity simultaneously
driven by timetables and interrupted from all directions, which
was nonstop in nature.

Theme 1.1: Relentless and Often Simultaneous Demands
Dominate the Day

The relentless nature of the teacher’s role was illustrated by
descriptions of not only delivering back-to-back lessons to class
audience of up to 30 (or more) students, all with differing needs
and abilities, but also having to manage junior staff members
or act on their requests and respond to changeable situations.
Not having any time to themselves during the day was frequently
mentioned:

So as well as being a teacher I'm also head of house.
So I've got the additional responsibility of that... it’s
unpredictable (in) nature because you’ve got no idea
what's going to happen but then obviously the time
constraints of when someone has an issue and you're
teaching full day it’s the time you then have to
actually deal with that situation. [Quote 1, P9, F, 9
years]

I don’t think a lot of people who aren’t in teaching
totally get the fact. Oh, you get all these holidays and
stuff. It’s like, you try teaching. You try presenting to
groups of kids for five hours a day. And then getting
bombarded with things that you can’t just not switch
off from. [Quote 2, P4, F, 16 years]

Theme 1.2: Social and Physical Exposure of the Teacher’s
Role

The nonstop visibility of the job was an additional issue, with
analogies made to acting and becoming talked out, having had
to present and talk to people all day:

I mean I think that is one of the most exhausting things
about teaching is that you are performing a role,
constantly...And even if you are incredibly stressed,
you have to perform a role anyway. And the
responsibility and accountability on your shoulders
combined with the fact that you are acting most of
the day is exhausting. [Quote 3, P4, F, 16 years]

There was a tangible sense of the social and physical
environment dominating their sense of agency and their dignity,
with no opportunity for privacy, compromising their ability to
self-manage the frequent stressors.

Theme 2: Organizational Culture Influences
Self-Management of Stress
Participants went on to describe organizational and cultural
reasons for the lack of opportunity to manage stress. The school
social environment was described as one in which many teachers
still feared admitting the need for help, and for some, this had
been exacerbated by the perception that student welfare was
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promoted over workforce well-being because of government
policy.

Theme 2.1: Stigma of Not Coping Deters Help Seeking

Numerous fears were expressed on how help seeking would be
perceived, with concerns including loss of job or demotion,
negative peer opinion, and sense of failure. This sometimes
extended to the staff not sharing helpful digital tools with peers
despite occasionally recommending them to students:

No, [I haven’t recommended Mindshift to colleagues].
I think we're quite secretive by nature. I think it's such
a stigma. As teachers I think we've all got a character
trait that we like to do well and I think if you admit
you're stressed it's like admitting you're failing.
[Quote 4, P10, F, 22 years]

I say it’s for research purposes, but actually it’s for
me as well that I access these things. I use Pacifica.
[Quote 5, P12, F, 32 years]

Many participants’ concerns reflected a fear of peer perception
that they might not be coping well, highlighting a culture where
weaknesses were seen as having their origin in the individual
rather than in the system.

Theme 2.2: Teachers’ Well-Being Secondary to Student
Well-Being

Added to this fear of an unsympathetic social culture was the
inference, from recent national policy, that the focus was solely
on prioritizing student well-being, as well as the growing
emphasis in the education sector on teachers meeting the mental
health needs of students with little provision for their own:

You’ve really got to look after yourself because
nobody else is going to look after you here. They're
not because they can't...nobody’s got time to look
after their staff. [Quote 6, P7, F, 16 years]

So you’ve got stressed teachers trying to un-stress
children which doesn’t make much sense. [Quote 7,
P9, F, 9 years]

Despite the rhetoric on well-being, the message that it is “ok to
not be ok” reported by a few participants has not yet been
normalized.

Theme 3: Feeling Isolated in School, but Indications
That School Culture is Changing
Sometimes participants spoke about feeling isolated, but this
was often implied through descriptions of trying to manage
stressful times on their own. Others, notably within the smaller
setting of subject departments, had been very upfront about
struggles and had shared simple advice with colleagues, such
as walking more slowly between lessons, or had already
suggested technology solutions to stressful scenarios.

Theme 3.1: Individual Scenarios of Isolation

Sometimes, teachers described scenarios where stress had been
overwhelming and the early warning symptoms of insomnia or
nervous tics were ignored. These participants were frequently
conscious of work dominating their lives, but in their isolation,
they saw the ability to cope as an individual responsibility.
Subsequently, their well-being suffered with occasionally

devastating consequences such as nervous or marriage
breakdown:

I went down to my staff base. I moved myself away
from the door so nobody could look in, went to one
of the last compartments, and I cried and I cried and
I cried. There's nobody you can go to. When you're
in this environment there's nobody. There's nobody
to be able to download to. There's nobody to say are
you alright. You're just completely by yourself. So the
feeling of isolation...and actually...quite powerless to
do things. [Quote 8, P7, F, 16 years]

I used to bring three bottles of water to school and I
could tell if I’d had a bad day because...I’ve had a
sip out of each when I got home and I didn’t need to
go to the loo. And there’d have been no space. [Quote
9, P10, F, 22 years]

Theme 3.2: Tackling Isolation Within a Local Culture

Descriptions of subject departments were usually very warm,
with heads of department describing camaraderie among
colleagues, which led to a more supportive culture:

Yes, I'm known for emailing [my department] and
saying use this app, I find it really useful. And I did
some work looking at reducing workload and marking
and being really sort of honest with staff and saying
I'm really struggling with this. I struggle with
workload and I want to try and make it better. So I
share quite a lot. [Quote 10, P6, F, 20 years]

I set up a support programme for [my colleague],
based on my experience. What would really suit you?
What are you happy to do? In terms of the aspects
that I could control, I came to an agreement and a
balance with her, just making sure to check up on
her. [Quote 11, P14, F, 15 years]

A majority of participants believed that the wider leadership
sincerely wanted to support staff well-being, some referencing
an annual staff well-being survey as well as some responses
that had been acted upon.

Theme 3.3: Raising the Profile of Teacher Well-Being

All the staff members interviewed were or had been in a position
of leadership themselves, and some were involved in their
schools’ plans to raise the profile and provision of well-being
for the staff. Participants were wary about gimmicks; some had
noticed mental health posters appearing in their school but
without an accompanying narrative. However, the suggestion
that leadership could proactively recommend solutions raised
genuine interest:

My job at the minute in terms of staff wellbeing and
staff development is partly because there are changes
that I wish to make because I've been here for a long
time...I've listened to people, I've got a sense of what
people say and wish to do and actually avoiding
helplessness, this is something I can actually do and
make that happen. [Quote 12, P11, F, 22 years]

No, I would love (the Senior Leadership Team to
recommend a wearable that is really good for
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managing stress). I like stuff like that. No, that is fine.
[Quote 13, P3, F, 28 years]

Despite expressions of a constricting culture in which stress
management was seen as an individual and not an institutional
responsibility, there was still a strong sense of trust in the
leadership. Most of the staff members had worked at more than
one school, and many had changed schools to find a culture in
which they felt more supported or valued.

Organizing Theme B: Some Digital Stress Technologies
Can Be Used and Could Be Expanded

Theme 4: Stress Reduction Technologies Are Considered
Useful by Teachers
Across the participants interviewed, 12 out of 14 participants
already used digital tools for stress management or well-being,
with 17 apps, 5 different brands of wearables, and 1 desktop
program named.

Theme 4.1: Both the Form of Technology and Physical
Workspace Influence Its Use

Smartphones were taken to school by teachers, but time, signal,
and privacy constraints meant that phones remained in the
teacher’s bag or coat pocket; just one teacher accessed a calming
app in the privacy of her office during the day, and another
accessed the Headspace app via her iPad. Over half of those
interviewed used wearable technology (eg, Fitbit and smart
watch) and real-time data to manage their stress and well-being:

I used [Headspace] when I was in the bath last
night...just focusing on breathing and meditation. And
I did it the previous night in bed, I just did like five
minutes and even just after five minutes I felt quite
relaxed and I thought wow, I should just do five
minutes a day because it's nothing really...I think if I
didn't have that app I wouldn't do it and it now sends
me reminders. [Quote 14, P2, M, 17 years]

Anyway, back to the Fitbit. I just love all the features
of it. It’s got relax as well. Sometimes if I wake up in
the middle of the night, I put the relax on. Quick,
two-minute session to find a bit of calm. [Quote 15,
P3, F, 28 years]

Theme 4.2: Teachers Are Open to Schools Promoting
Destressing Technologies

When asked about their response to the school leadership
promoting a digital health innovation for well-being,
interviewees voiced near unanimous enthusiasm and a belief
that this would only happen if due diligence had been already
done to conclude that such a tool was tried and trusted. They
might not feel it was for them, but it could be for a colleague:

I'd look at that [stress app]. I'd look at anything
because it doesn’t have to help me does it? It becomes
part of a toolkit of stuff that you signpost to
people...This is stuff I'm prepared to recommend.
Actually this becomes our provision. This becomes
what we do. [Quote 16, P11, F, 22 years]

Theme 5: Sequelae of Stress Targeted by a Technology
Intervention Informs Potential Choices
In terms of meeting their own needs, teachers managed stress
using strategies that included the setting of boundaries, focusing
on holistic well-being, keeping a diary, or intentional reflection
on experiences. Sequelae of stress, such as elevated heart rate,
shallow breathing, or racing thoughts, were often the target of
conscious self-management strategies, including via digital
health tools. Mindfulness was the most frequently cited stress
reduction technique, both with and without digital support.
Those who had wearable technology all expressed an interest
in observing their patterns of behavior and activity, although
they did not always welcome the attendants’ prompts. One
interviewee had collated data from the wearable to successfully
demonstrate to a line manager the need to change her schedule
because of the potential exacerbation of a health condition.
Many wearers did not share their data or advocate for their
wearable despite liking the personal feedback. However, they
did appreciate the data captured by technology tools, which was
frequently mentioned as valuable and confirmatory.

Theme 5.1: Monitoring Behavior or Mood Patterns to Aid
Reflection

The data gathered were used to aid reflection on reactions or
responses to stress, and participants expressed the value of
seeing patterns of behavior through tracking and mapping:

So it’s about patterns...My wonderful days. It's a diary
[app]. And I am supposed to write down every day
what I am feeling but it tends to be just what I have
done that day whether it's longer or shorter or...I can
look back at last year. You can see how far you've
come - oh my goodness that was how I was feeling
this time last year! [Quote 17, P1, M, 34 years]

The only thing I’ve started, and I’m wearing it at the
moment, is a heart rate monitor. That’s more for when
I exercise, but I’ve been conscious that it comes up
with a sleep pattern. Every morning, it’s less than the
desired amount of sleep achieved, poor quality of
sleep. So, it’s really interesting to see that, on a
regular basis, I’m not getting the right amount of
sleep. [Quote 18, P13, M, 11 years]

Theme 5.2: Use of Technology to Directly Self-Manage Stress
Sequelae

Participants used apps to access stress management techniques
at home, such as dealing with anxiety or relaxing through
mindfulness or meditation. Wearables were able to afford
real-time intervention or information, such as helping them get
back to sleep at night or bringing down their heart rate through
managed breathing during a class in school:

And again, often if I feel myself getting a bit stressed
[in class] I will look at my Fitbit and if I can see that
my heartrate is above 80, which for me is very high,
again, I will either do a breathing exercise or I'll just
do something to change what I've got myself into and
then just check again in a few minutes. [Quote 19,
P6, F, 20 years]
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Currently, I like Insight Timer. I like it because I can
adapt it to whatever I'm doing...At the end of the
day...if I’m wound up about something, there is [a
programme I can chose for example] for resentment
or anxiety. It’s very, very adaptable. [Quote 20, P10,
F, 22 years]

Theme 5.3: Use of Technology for More Holistic Self-Care

Some teachers described indirect ways of reducing stress,
managing their time better to impact workload or build
self-efficacy. An example of this was seen through the use of
the research tool TeacherTapp. This app has been designed to
capture data from teachers at the end of their working day by
asking them 3 research questions. By taking part, teachers
themselves can review the findings and read associated articles:

It [TeacherTapp]) also links each day to some kind
of educational research...and it also tells me how long
it takes to read...it kind of makes me feel more
professional and that kind of feeds into the stress and
the workload thing doesn’t it. So although it's not a
wellbeing tool I think it does work as one. [Quote 21,
P6, F, 20 years]

Discussion

Principal Findings
This study used a qualitative approach across several real-world
settings to develop an understanding of the contextual influences
on English midcareer high school teachers’ self-management
of workplace stress and of their use of digital health tools for
well-being. Consequently, we explored each in the following
sections.

Educational Practice Constrains Teachers’Well-Being
and Self-Management of Stress
The findings from the data analysis formed a detailed narrative
of how self-management of workplace stress by senior teachers
is subject to constraining contextual and organizational factors.
Although the concept of constraints has often been cited in
teaching literature [52], with workload the most cited cause of
stress [53,54], details of how contextual constraints affect staff
well-being or how interventions can help with stress [13] are
sparse. The first of these constraints identified by participants
was of relentless demands, which have been described elsewhere
[55,56]. Yet, when combined with a second constraint of lack
of privacy—the ability to withdraw from the front line or
absence of self-care time known as local privacy—this absence
of refuge results in inhibition, stifling of expression, or no
opportunity to destress [57]. Some schools no longer provided
a staff room for teachers to retreat to, yet we know from
Maslach’s [58] work that stress leading to burnout is most
frequent among those whose work involves intense ongoing
involvement with other people, such as doctors and teachers.

Stigma of help seeking was a third constraining factor. This
related to teachers’ fear of being perceived to be of inferior
ability if they ask for help [56], as well as the stigma that
continues to exist around seeking mental health support. There
was a notable exception described by one participant who had

a mental illness diagnosis and experienced excellent support
and understanding from both the school leadership and students.
However, the findings indicate that the cultural normalization
of well-being support has not been achieved.

It was more often seen as ironic that the recent national policy’s
emphasis on mental health in schools was almost exclusively
aimed at students and not the education workforce [59], despite
evidence of teachers’concerns that if their own emotional needs
are neglected they cannot meet those of the students [31,60].
These confidentiality and peer concerns mirror the opinion of
health care professionals [61,62], and anonymity is still cited
in research as a strong benefit to online mental health support
forums [63]. Using Web-based, evidence-based therapy or
psychoeducation has also been shown to reduce negative
perceptions of mental illness, so there is potentially a double
beneficial effect with treatment and attitude [64-66]. These
factors of intensity, exposure, and apparent sidelining need to
inform stress support technology design and implementation
for teachers. They should also inform education policy leaders’
planning for whole-school mental health initiatives.

“Feeling lonely in a crowded room” was how one teacher
described one symptom of burnout, and it was poignant how
symptoms such as isolation, dehydration, hunger, and insomnia
were frequently described alongside the assumption that it was
purely down to the individual to manage the causes and
manifestations of stress. This individualized responsibility can
place a profound burden on a teacher as such an approach fails
to acknowledge the complexity of the origins of stress [65].
Aspirations of the school leadership to raise the profile of
teacher well-being could be harnessed through an organizational
approach to address these common causes. The trust expressed
in the leadership, despite the understanding that the leadership’s
hands are sometimes tied by external factors such as imposed
student number increases and testing, appears to be a valuable
opportunity to acknowledge and consider interventions that
could ameliorate stress indicators at an organizational level.

Some Digital Stress Technologies Can Be Used and
Could Be Expanded
Our second organizing theme extends previous research on the
use of health technology for workplace well-being. Smartphones
(and hence real-time health apps) were rarely accessed during
the working day by teachers. Among the 23 mental eHealth
(Web-based) at-work studies reviewed by Stratton [35] in 2017,
only 3 studies seemed to utilize mobile apps, indicating that
smartphones were used in a small minority of studies. Just one
eHealth study was conducted among teachers, using a
Web-based program. No mention was made of when the
program was accessed during the day or whether it was possible
to access the program via an app [41]. This study’s findings do
not rule out teachers’stress management being assisted through
an app, but we can for the first time infer that apps would not
be suitable for just-in-time stress relief, certainly not in the
presently constructed school context.

However, the participants were nearly unanimous in their
willingness to give a particular stress-relieving or prevention
technology a try should the school ever promote such a
technology. This could partly be a reflection of the high rate of
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participant use of well-being technology, which was already
present in our sample (12 out of 14 participants), but it was also
a clear expression of their trust in the school leadership. Most
participants believed that the school leadership would only
endorse a stress-relieving technology that could be valuable and
reliable. This could reflect the fact that the staff members
worked at schools that acknowledged staff well-being or that
the staff members had chosen to work in a school where they
felt valued, which engendered their trust in the leadership.

Current use of technology by teachers demonstrated the potential
for combining self-management of stress and organizational
promotion of well-being. However, the proportion of teachers
who did (12/14, 86%) cannot be extrapolated to the whole
population as they self-selected for the interview and were not
a random sample. Of Nunes’ description of 5 modus operandi
(MO) of technology for self-care, 2 of the 5 were found to be
individually oriented: (1) fostering reflection and (2) suggesting
treatment. The 3 other MO’s were communal: (3) sharing care
activity, (4) enhancing collaboration, and (5) peer-to-peer
support [67]. This study showed how these MO have been used
in the education workplace providing valuable indicators both
for potential support tools and delivery of an organizational
intervention.

Among participants, methods that fostered reflection, MO (1),
were the most widely used both with and without technology.
In fact, 2 participants revealed how technology had become
embedded, realizing during the interview that it was their apps
that aided reflection. Of the 12 participants who reported using
technology to support their well-being, 8 participants reported
having a wearable band or watch. The real-time feedback and
actionable insights of the wearables (2) were felt to be useful
and empowering, enabling positive decisions to be taken to
manage stress indicators. These included undertaking a breathing
exercise to lower an elevated heart rate or planning more
exercise. Feedback on and insight into sleep quality were
mentioned by several people as provoking a change in behavior.
These examples correlate with the approach of empowerment
through meaningful data, facilitating participants to make
changes in a way that also respects their autonomy as described
by Tengland [68]. This author makes the important point that
empowerment can be seen as ethically preferable to behavior
change, as the latter is often concealed from the users, whereas
empowerment directly informs and assists individuals, enabling
better choices to be made consciously by them. Given the value
placed on trust in the leadership by teachers, any
organizationally directed intervention would have to be
empowering and transparent.

Most teachers did not promote their wearable to colleagues, but
2 participants did mention enjoying comparing activity with
other teachers as per the peer-to-peer MO (5) noted above. A
recent systematic review of workplace studies utilizing mobile
health, including wearable interventions to promote physical
activity, has shown reasonable evidence for workplace eHealth
in a workplace context as “a feasible, acceptable and effective
tool” [37]. This study’s findings reveal the contextual value
placed on wearables by some teachers and suggest an
acceptability of this modality.

Many of the apps used facilitated immediate therapeutic access,
most commonly to mindfulness, breathing, or meditative tools,
combining Nunes’ (1) and (2) MO descriptions. Only one
teacher claimed to use Web-based CBT, but some of the apps
mentioned by the staff used CBT principles. The staff also
engaged with both mindfulness and social support (eg, fit2teach)
technologies. All 3 strategies aligned with the evidence for stress
reduction efficacy among teachers [21], and these show
self-management choices that could be of value to other senior
teachers. Only the Web-based CBT resulted from a professional
referral. One participant described how using the TeacherTapp
app, which has been designed for education research [69], not
only enhanced collaboration (the communal aspect of
collaboration from Nunes’description of MO (4) of technology
for self-care) but also made her feel more professional, providing
an indirect boost to her well-being. This participant also noted
how forums on social media enabled peer-to-peer support. This
was for professional sharing rather than direct stress
management, but it still had a positive effect in terms of reducing
the workload.

Most tools were adopted serendipitously, discovered through
advertising, friends and family, or social media, or just
occasionally through peer recommendation. Both the inclination
of the staff and availability of technology suggest opportunities
for technology-enhanced stress self-management that both
reflect current strategies and could possibly work around the
described constraints.

The UK government’s 2017 Farmer-Stevenson report included
recommending public sector employers to “Ensure provision
of tailored in-house mental health support and signposting to
clinical help” [70]. It is hoped that the findings of this study
will go some way to enabling that tailored support.

Strengths and Limitations
This was a small-scale study, and the participant sample cannot
be claimed to be representative of all midcareer high school
teachers. In particular, as the sample was self-selecting, it is
likely that there were a higher proportion of staff members who
had experienced crises and time out of teaching than the average
population. Beyond the confirmation of the school’s recognition
of staff well-being, this study did not investigate the influence
of the school’s organizational or leadership attitude on how
teachers managed their stress. The participants knew in advance
that they were going to be asked about their use of health
technology; therefore, although 2 participants did not use any,
the proportion of those who did cannot be generalized to the
whole teaching population. In addition, this study was limited
by a lack of ethnic or racial diversity.

All the staff members were interviewed during term time after
at least five weeks back at school after the summer holidays. It
was intentional that participants were interviewed while in the
thick of school activity, and all of them were very much
immersed in the demands of school life. Owing to their busy
schedules, we are immensely grateful to the participants who
gave their time, courageously talked about stressful situations,
and who without exception demonstrated commitment and
determination. Their pride in their students was tangible.
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As a former clinician, JM was trained to look for symptoms and
think diagnostically. Inevitably, although this can aid insight,
it could mean a more medical bias to the analysis. However,
the coauthors were from nonclinical backgrounds, and all the
findings were reviewed with them.

Conclusions
The aim of this study was to elicit the details of the contextual
influences on midcareer high school teachers’ management of
stress. This study’s findings are consistent with previous
research among education and health care professionals on how
context shapes their stress management. Distinctively, we
described both the cultural and physical contextual reasons,
including endless demands, lack of local privacy, stigma,
inferiority, and individualism, which are constraining teachers’

workplace stress management. This study also indicated
important signs or correlates of stress for teachers, including
dehydration, feelings of isolation, and insomnia.

This research has provided distinct insights into how DHIs are
being used for stress management and noted that mobile apps
have the most potential for stress support outside the workplace,
although wearable technologies can provide easy access to data
within the workplace.

The important directions indicated for future teacher studies are
to explore contextual changes to improve stress management,
examine the correlates of stress that could be addressed by
technology support, identify how and why stress symptoms can
be helped using digital tools, and determine how such tools can
be designed to provide enhanced, tailored support.
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Abstract

Background: Loneliness has become a public health problem described as an epidemic, and it has been argued that digital
behavior such as social media posting affects loneliness.

Objective: The aim of this study is to expand knowledge of the determinants of loneliness by investigating online postings in
a social media forum devoted to loneliness. Specifically, this study aims to analyze the temporal trends in loneliness and their
associations with topics of interest, especially with those related to mental health determinants.

Methods: We collected a total of 19,668 postings from 11,054 users in the loneliness forum on Reddit. We asked seven
crowdsourced workers to imagine themselves as writing 1 of 236 randomly chosen posts and to answer the short-form UCLA
Loneliness Scale. After showing that these postings could provide an assessment of loneliness, we built a predictive model for
loneliness scores based on the posts’ text and applied it to all collected postings. We then analyzed trends in loneliness postings
over time and their correlations with other topics of interest related to mental health determinants.

Results: We found that crowdsourced workers can estimate loneliness (interclass correlation=0.19) and that predictive models
are correlated with reported loneliness scores (Pearson r=0.38). Our results show that increases in loneliness are strongly associated
with postings to a suicidality-related forum (hazard ratio 1.19) and to forums associated with other detrimental behaviors such
as depression and illicit drug use. Clustering demonstrates that people who are lonely come from diverse demographics and from
a variety of interests.

Conclusions: The results demonstrate that it is possible for unrelated individuals to assess people’s social media postings for
loneliness. Moreover, our findings show the multidimensional nature of online loneliness and its correlated behaviors. Our study
shows the advantages of studying a hard-to-reach population through social media and suggests new directions for future studies.

(JMIR Ment Health 2020;7(4):e17188)   doi:10.2196/17188

KEYWORDS

loneliness; text postings; behavior online; social media; computer-based analysis; online self-disclosure

Introduction

Loneliness has become a public health problem described as an
epidemic in modern society [1]. Recent research has produced
evidence of the widespread nature of the condition and of the
long-term impact of loneliness on health [2]. Loneliness poses
risks to emotional and social health and to physical well-being.
More than half (55%) of lonely people were more likely to be

of poor health [3]. The prevalence of suicide ideation has been
found to increase with the degree of loneliness [4,5].

Loneliness is defined as a subjective and emotional experience
of unpleasant response to a lack of satisfactory companionship
[6]. It appears across all age groups. More than a quarter of UK
adults report sometimes being lonely, and 6% of them report
being lonely all or most of the time [7]. In the 2002 Health and
Retirement Survey, 19.3% of US adults older than 65 years
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reported feeling lonely for much of the previous week [8]. A
2018 study of adults [9] found that those 18-22 years of age had
the highest average loneliness score, 48.3%, of all the
generations surveyed, followed by those 23-27 years of age
with an average score of 45.3%. The lowest loneliness scores
were among the oldest adults, those ≥72 years of age, with an
average score of 38.6%.

Loneliness has been increasing in modern society [10], and
there are concerns that using new online technologies and social
media is contributing to rising loneliness. Previous investigations
of the relationships between loneliness and media use suggested
that lonely people do attempt to compensate by watching
television, listening to radio, reading magazines, or going to
movies [11]. However, it remains unclear whether social media
provides the same relief from loneliness as these more traditional
media.

Some studies suggest that loneliness can predict internet
addiction [12] and problematic use of the internet [13], assuming
that loneliness is an important determinant of social media use
[14,15]. Dittmann [16] noted that loneliness appeared higher
among participants who not only spent a lot of time online (more
than 40 hours per week), but also preferred online interactions
instead of face-to-face interactions or telephone
communications. The heaviest internet users were more likely
to demonstrate shyness, loneliness, and dissociation [17].

Loneliness has been found to be a positive predictor of Facebook
addiction, standard Facebook use, and Facebook entertainment
[18]. Passive social media use has also been found to be
positively related to user’s depressive symptoms [19]; social
anxiety [20]; increased loneliness, envy, and shame [21]; and
lower life satisfaction [22]. Lou et al [23] found that there was
no significant difference in loneliness between those who create
social media content and those who consume it—both creation
and consumption were significantly related to loneliness.
Błachnio et al [24] also found that people who had a compulsion
to use their phone during contact with other people more often
used Facebook in an excessive way and felt lonelier and scored
lower on self-esteem and satisfaction with life.

Some researchers have cautioned against internet use since it
creates loneliness, but others have identified its beneficial effects
on social capital [25], well-being [26], and loneliness [27].

When confronted with excessive life stress, users may use social
media as a means of stress relief or as a stress-coping strategy
to escape from reality and to compensate for unsatisfactory
social interactions [28]. A study of first-year students revealed
that social media users seek out friends to dismiss the stress that
is associated with poor adjustment [29]. Thus, social media
could be used to satisfy users’ need for psychological escape
when confronted with real-life problems or challenging
situations, especially to reduce emotional stress.

Pittman [30] found that individuals who used social media more
were less likely to report being lonely. Gardner, Pickett, and
Knowles [31] identified “social snacking behaviors” (such as
looking at photos or rereading old emails) as symbolic social
behaviors that can alleviate loneliness by serving as a reminder
of existing social bonds. Clark et al [32] found that, although

adolescents might be more socially (physically) isolated today,
they also see less of a need for physical relationships than in
the past. Previous generations grew up satisfying the need for
social connection through physical relationships, but adolescents
today appear to be more comfortable satisfying that need through
digitally mediated activities [30].

As reviewed above, a large body of studies has been devoted
to the increasing use of the internet, social media, and
smartphones, and their effects on loneliness levels. Because of
the diverse and even contradictory research results, such as
those described above, there is a need to keep exploring the
effects of digital behavior on loneliness, as these seem to have
quite diverse relationships with measures of psychological
well-being. Activity on social networks has been studied as a
window to people’s behavior in the physical world, especially
related to health and medicine [33]. For example, De Choudhury
et al [34] studied transitions from discussion of depression to
those of suicidal ideation on Reddit, a popular social network.
Furthermore, postings on social networks have been correlated
with depression [35,36]. Other work investigated tracking
people’s experiences of adverse drug reactions using Twitter
data [37]. Furthermore, Yom-Tov et al [38] demonstrated how
physical and mental characteristics of people with anorexia
could be tracked in online social networks through their postings
and self-reported characteristics (both physical and mental).
More generally, it has been suggested that digital traces can
enrich and enhance psychological research [39] by providing
data from people in their natural environment.

Discussions in online networks and online communities were
also studied as a window to medical decision making. As such,
several works [39,40] investigated an online forum for
considerations of parents related to vaccinations. Similarly,
Huber et al [41] examined discussion threads regarding
treatment choices in a group for patients with prostate cancer.

The aim of this study is to expand the knowledge on the
determinants and trends of loneliness via online postings in a
social media forum. We provide an analysis of social media
postings written by users who self-identify as lonely. Posting
in a social media forum is understood here as an attempt to
initiate social interaction online, and it is an integral and ongoing
part of social media behavior. Thus, we first investigated
whether loneliness can be assessed by an unrelated person that
reads a post. Then, we studied the temporal trends of loneliness
levels and their correlations with loneliness-related interest
topics to understand the trajectory of posting behavior. We
showed that loneliness, as expressed in social media postings,
can be assessed by unrelated individuals. We developed an
automated algorithm that can assess loneliness given the text
of a posting and validated this algorithm both by comparing it
to human-generated scores and by showing consistency in the
scores of the same individuals. This enabled us to use the model
to score a large number of postings on loneliness and to propose
the following hypotheses.

• Hypothesis 1: Temporal trends in loneliness scores are
associated with future topics of interest, including serious
mental health outcomes and suicide.
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• Hypothesis 2: A decrease in loneliness scores is associated
with lower probability of suicide postings, compared to
increasing or even constant scores.

Methods

Participants and Procedure
This study was an internet-based field experiment. To test our
hypotheses, we chose data from the social network Reddit
(reddit.com). Reddit is a social news aggregation, web content
rating, and discussion website. Posts are organized by subject
into user-created boards called “subreddits”, which cover a
variety of topics including news, science, movies, video games,
music, books, fitness, image-sharing, and loneliness. As of
March 2019, Reddit had 542 million monthly visitors (234
million unique users) and was ranked as the sixth most visited
website in the United States and 21st in the world, according
to Alexa Internet, with 53.9% of its user base coming from the
United States, followed by the United Kingdom at 8.2%, and
Canada at 6.3% [42].

Reddit has all the main features of discussion forums in that
users post their own personal messages and photos. Like other
major blog sites, anyone can visit other users’ forums to read
and post messages with simple clicks. Thus, everybody can post
their personal messages knowing that others can easily access
those messages. Each user is identified by a username, which
can be (and often is) anonymous.

We extracted all postings made to the Reddit discussion board
on loneliness (r/lonely) between January 1, 2015, and December
31, 2018 (4 years). We further extracted all posts on other
subreddits made during these dates by people who posted on
the loneliness discussion board. Posts made by people who
subsequently deleted their account were removed from analysis.

On July 2014, a user posted a link to the long-form University
of California, Los Angeles (UCLA) loneliness questionnaire
and asked users to report their scores. A total of 40 users
reported their scores, and, of those, 23 posted messages to
r/lonely or to r/ForeverAlone (a similar subreddit). The
long-form UCLA questionnaire is closely correlated with the
UCLA Loneliness Scale (ULS-6) questionnaire used in our
work (see Measures) [43]. We extracted these postings and
reported the validity of our models by comparing self-reported
scores to estimated scores, as described in the Measures sections.

Measures
We asked 7 crowdsourcing workers on Mechanical Turk to
label a random sample of 236 posts (made by 230 users) from
the loneliness discussion board. Workers were shown a post,
asked to imagine how they would feel had they wrote this post,
and then answer the short-form ULS-6 to measure respondents’
loneliness [44]. The ULS-6 is a widely used tool [45] for
gauging the loneliness of respondents. It includes six statements
that people are asked to rate their agreement with. The total
score is the aggregate of the agreement scores.

We then averaged the scores given by the workers for each
question and calculated the loneliness score for each user. High
scores indicate a higher degree of loneliness. Score reliability

was estimated using interclass correlation and Krippendorff’s
alpha [46].

Using the 236 labeled posts, we built a predictive model for
loneliness scores given the text of a question. All words, word
pairs, and word triplets that appeared in 5 or more postings and
fewer than 50% of postings were used as attributes for predicting
loneliness scores. Additionally, we extracted sentiment attributes
from the NLTK [47] package. This package provides an estimate
of the positive, negative, neutral, and composite valence of
sentiment.

The two feature families (phrases and sentiment) were modeled
using a random forest with 50 trees. We noted that other models,
including regression trees and linear models, achieved worst
performance.

The random forest model was then applied to all postings from
the loneliness forum, and further analysis (ie, stratifying posts
according to predicted loneliness scores) was conducted.

All analysis was conducted using Matlab 2019a. This work was
approved by the Institutional Review Board of the Technion –
Israel Institute of Technology.

Results

A total of 19,668 postings from 11,054 users were found on the
loneliness forum on Reddit. A further 406,714 postings were
found to have been made by these users on other Reddit forums.
Of the latter, 20.71% (84,249/406,714) were made after the first
post in the loneliness forum and 79.23% (322,246/406,714)
before it.

We first analyzed the reliability of unrelated individuals in
estimating loneliness. Interclass correlation among
crowdsourcing workers across the short-form ULS-6 was, on
average, 0.19 (SD 0.03). Krippendorff’s alpha was, on average,
0.19 (SD 0.03). This agreement is sufficient to allow a rough
estimate of loneliness to be assessed by these workers. This
lends support to our assumption.

The predictive model was trained separately for each of the
ULS-6 statements using leave-one-out error estimation. The
Pearson correlation between the total predicted score and the
score estimated using crowdsourcing was 0.36 (P<.001). The
use of phrases (word, word pairs, and triplets) alone reached a
Pearson correlation of 0.21 (P=.001), and the use of sentiment
attributes reached 0.34 (P<.001).

To estimate the validity of our models, we compared
self-reported loneliness scores that were available for 23 users
with the scores estimated by applying the models to their
postings, as described in the Methods section. The score for
users who posted more than once was taken as the maximum
score across posts. The Spearman correlation between the
estimated and reported loneliness scores was 0.48 (P=.02). Thus,
our model represents moderate validity.

All collected posts in the loneliness forum were then scored
using the model. Approximately 20.35% (2250/11,054) of users
made more than one post in the loneliness forum. The correlation
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between the loneliness scores of the same user at different times
is Spearman ρ=0.22 (P<.001).

Since both annotator agreement and classification accuracy
were not high, we stratified users into five percentile bands,
from people whose posts received an average predicted score
in the low 20% of the scores, up to the top 20%.

We analyzed the trends in loneliness postings over time for 356
users who had five or more postings in the loneliness forum.
First, their predicted loneliness scores were interpolated using
linear interpolation from the first time they posted and for a
period of 316 days, which represents the 50th percentile of the
time span between the first and last posting among these users.
These interpolated scores were normalized by removing the

value of the first predicted score for each user and then clustered
using k-means into 5 clusters, where each user was represented
by their predicted loneliness score on each day.

Figure 1 shows the centroids of the 5 clusters as well as the
percentage of users in each cluster who asked a question in the
suicide watch forum (Multimedia Appendix 1 shows the figure
with error bars). The average time between a posting to the
loneliness forum and to the suicide watch forum was 215 days
(SD 251). The partition is nonrandom (chi-square goodness of
fit test, P<.001). As the figure shows, a decrease in loneliness
scores is associated with a lower likelihood of suicide postings,
compared to increasing or even constant scores. This lends
support to our second hypothesis.

Figure 1. Centroids of users clustered over time by predicted loneliness scores and the percentages of users in each cluster who made posts in the
suicide watch forum.

Notably, users who had a large increase in their loneliness were
somewhat less likely to post on the suicide watch forum.
However, in contrast to other clusters, all the users in this cluster
posted in the suicide watch forum prior to their first post in the
loneliness forum.

We noted that people with constant scores (the central cluster)
also had high transition rates to r/SuicideWatch. We hypothesize
that users with constant loneliness scores still suffer from
emotional vulnerability that can affect their transition to suicidal
ideation, see also [34].

We further noted that, in general, loneliness scores stabilized
after around 100 days. We hypothesize that, after an initial
period (reflected by beginning to post on r/lonely), people’s
loneliness scores stabilize and do not change significantly during
the observation window.

To model the relationship between postings to the loneliness
forum and future posting to the suicide watch forum, we
examined users who made 2 or more posts to the loneliness

forum and modeled future postings to the suicide watch forum
using a Cox proportional-hazard model. The independent
variables to this model were the current predicted loneliness
score and the change in loneliness score. We included only cases
where the time between postings on the loneliness forum was
within 180 days.

Table 1 shows the model parameters for this analysis. We note
that the time of day and day of the week were not statistically
significantly associated with posting to the suicide forum. As
the table shows, a lower current score is strongly associated
with future postings to the suicide watch forum, as is a recent
increase in loneliness scores. This provides support to our first
hypothesis.

We modeled postings to the 50 most popular Reddit forums
(excluding r/SuicideWatch analyzed above) among people who
posted to the loneliness forum using the same methodology as
above. Table 2 shows the model parameters for those forums
where one or both variables were statistically significant at
P<.05 using the Bonferroni correction.
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Table 1. Cox proportional-hazard model for future postings on the suicide watch forum. N=6751.

P valueSEExp (B)Attribute

.010.1020.775Current score

.020.0791.195Change in score

Table 2. Cox proportional-hazard model for future postings on different forums among the 50 most popular forums among people who posted in the
loneliness foruma.

TopicsExp (B)Forum

P valueChange in scoresP valueCurrent score

Depression<.0010.84<.0011.36r/depression

Illicit drugs.0080.80<.0011.44r/Drugs

aOnly forums where at least one variable was statistically significant (P<.05 with Bonferroni correction) are shown. The description column of topics
is taken from the official description of the subreddit, or from the authors’ understanding of this subreddit, if no official description exists.

We selected users who posted to the loneliness forum and to at
least 10 or more other forums. We then analyzed posts made
by these users to forums that had postings by at least 50 of these
users and not more than 50% of them. Users were represented
by the number of posts to each forum and clustered using
nonnegative matrix factorization with 10 clusters.

Table 3 shows the most important forums in each cluster,
according to the strength of the latent factor. Labels for the
clusters are generalizations proposed by the authors.

Interestingly, the likelihood of users in each of the clusters to
post in subreddits related to the future behaviors shown in Table
2 varies significantly, as shown in Figure 2.

As the figure shows, people in cluster 8 were most likely to post
about drugs. Together with people in cluster 10, they were also
the most likely to post in the suicide watch subreddit. People
in cluster 7 were the most likely to post in the depression
subreddit. People in cluster 5 were low in all these behaviors.
Thus, we deduce that people who post in the loneliness forum
have diverse interests and backgrounds, and these behaviors are
further associated to significantly varying degrees with interest
in serious mental conditions.
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Table 3. Most important forums in each cluster, according to the strength of the latent factors identified by nonnegative matrix factorization. Cluster
titles are suggested by the authors.

SubredditsCluster (Title)

Cluster 1 (Depression) • r/depression
• r/depressed
• r/misanthropy
• r/disability
• r/selfharm

Cluster 2 (Leisure) • r/funny
• r/weddingplanning
• r/pics
• r/Atlanta
• r/gifs

Cluster 3 (Other) • r/3amjokes
• r/NoStupidQuestions
• r/satanism
• r/findareddit
• r/Lightbulb

Cluster 4 (Gaming) • r/leagueoflegends
• r/summonerschool
• r/TeamRedditTeams
• r/LeagueConnect
• r/formula1

Cluster 5 (Music) • r/shittyideas
• r/PipeTobacco
• r/Showerthoughts
• r/Blink182
• r/ToolBand

Cluster 6 (Young males) • r/ForeverAlone
• r/virgin
• r/NEET
• r/AnxietyDepression
• r/Fuckthealtright

Cluster 7 (Multimedia) • r/GifSound
• r/Supernatural
• r/HFY
• r/dvdcollection
• r/FlashTV

Cluster 8 (Teens) • r/teenagers
• r/SonicTheHedgehog
• r/nukedmemes
• r/fakealbumcovers
• r/nin

Cluster 9 (Gaming) • r/Warthunder
• r/hoi4
• r/pumparum
• r/shittydarksouls
• r/darksouls3

Cluster 10 (Illicit drugs) • r/opiates
• r/Stims
• r/OpiatesRecovery
• r/benzodiazepines
• r/trees
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Figure 2. Percentage of people in each of the clusters shown in Table 2 who posted in specific subreddits. The partitions are statistically significant
(chi-square test) only for r/Drugs (P=.049).

Discussion

The aim of this study is to expand the knowledge on the
determinants of loneliness via online postings in a social media
forum. To the best of our knowledge, this is the first study to
examine such relations on a large scale and with this
methodology approach.

We found that there is a correlation between the total predicted
loneliness score and the score estimated by crowdsourcing
workers, as we assumed. The posted text can be read and
assessed for its loneliness level to an acceptable degree by
others, as if they were in the post writer’s shoes. This is in lieu
of a self-reported assessment by the post writers themselves,
which is impossible to obtain in an anonymous social network.
This is particularly important considering the subjective,
dynamic, and ubiquitous features and bias of loneliness online
and offline that could impact how people assess their own levels
of loneliness.

Having demonstrated that loneliness-related postings can be
assessed, we further demonstrated that an automated algorithm
could assess loneliness given the text of a posting. We validated
this algorithm both by comparing it to human-generated scores
and by showing consistency in the scores of the same
individuals. Additionally, for a small sample of users who
provided an assessment of their scores in unrelated postings,
good correlation was attained with predicted scores,
demonstrating validity of the text-based estimator. This enabled
us to use the model to score a large number of postings on
loneliness and stratify users by their interests, analyzing a total

of 19,668 postings from 11,054 users in the loneliness forum
of Reddit.

Our results provide several interesting observations into the
correlates of loneliness. First, loneliness in the context of online
posting behavior is not a single-faceted phenomenon. Although
our data was collected from a single subreddit, it has a trajectory
that can be followed via posting behavior. Thus, people who
posted on this forum could be clustered by their interests
according to other subreddits where they were active, and these
were correlated with specific outcomes. This clustering
suggested different population characteristics, all who are lonely,
and new variables to further explore the digital behavior of
lonely people.

This study also confirmed that temporal trends in loneliness
scores are associated with future topics of interest, including
suicide. Our results show that changes in the degree of loneliness
are strongly associated with suicidality (hazard ratio 1.19) and
with other detrimental behaviors such as depression and illicit
drug use. We confirmed that a decrease in loneliness scores is
associated with a lower likelihood of suicide postings, compared
to increasing or even constant scores.

We noted that the clustering seems to imply that a rise in
loneliness scores is associated with a higher likelihood of posting
activity on the suicide subreddit. However, whereas the Cox
model measures short-term change, the clustering shows the
long-term trend. Thus, we posit that long-term increase in
loneliness as well as short-term reduction in loneliness are both
associated with suicide ideation. We attribute the latter to the
cathartic effect, whereby the ideation to suicide may cause a
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reduction in negative emotions such as anxiety and, perhaps,
loneliness.

This study has certain limitations that could be considered in
future studies. First, we verified the validity of our measure of
loneliness, obtained using crowdsourcing, through internal
agreement between labelers. Future work will directly assess
the ability of unrelated individuals to assess loneliness by
comparing their scores with those of the individual who created
the posting. Second, while crowdsourcing and the statistical
model enabled an assessment of loneliness scores, future work
will attempt to improve this assessment, either by using new
methods of language processing or by including other
information on users, such as demographics.

Another limitation of our study is in the use of a black box
model based on word combinations. This makes it difficult to
assess the reasons that a post is deemed to be associated with

high or low levels of loneliness. Such an understanding could
contribute to designing interventions, for example, responses
that could reduce levels of loneliness and increase windows of
opportunity between the first post on loneliness and the first
post on suicide. Further research in this area should include
gender, age, and other cultural variables, such as internet, social
media and smartphone addiction, comparison between posting
pictures and texts, and comparison between text posting in
forums and other online activities such as shopping and
information seeking. Another natural avenue for future work is
an intervention (either manual or automatic) in the forum to
reduce loneliness.

Despite these limitations, we believe that this research can
improve our understanding of the impact of the internet and
social media on social lives and the ubiquitous emotional
phenomenon of loneliness. Our model can be compared across
cultures.
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Abstract

Background: Despite the significant body of evidence on the efficacy and cost-effectiveness of internet interventions, the
implementation of such programs in Portugal is virtually non-existent. In addition, Portuguese psychologists’ use and their
attitudes towards such interventions is largely unknown.

Objective: The aim of this study was to explore Portuguese psychologists’ knowledge, training, use and attitudes towards
internet interventions; to investigate perceived advantages and limitations of such interventions; identify potential drivers and
barriers impacting implementation; and study potential factors associated to previous use and attitudes towards internet
interventions.

Methods: An online cross-sectional survey was developed by the authors and disseminated by the Portuguese Psychologists
Association to its members.

Results: A total of 1077 members of the Portuguese Psychologists Association responded to the questionnaire between November
2018 and February 2019. Of these, 37.2% (N=363) were familiar with internet interventions and 19.2% (N=188) considered
having the necessary training to work within the field. 29.6% (N=319) of participants reported to have used some form of digital
technology to deliver care in the past. Telephone (23.8%; N=256), e-mail (16.2%; N=175) and SMS (16.1%; N=173) services
were among the most adopted forms of digital technology, while guided (1.3%; N=14) and unguided (1.5%; N=16) internet
interventions were rarely used. Accessibility (79.9%; N=860), convenience (45.7%; N=492) and cost-effectiveness (45.5%;
N=490) were considered the most important advantages of internet interventions. Conversely, ethical concerns (40.7%; N=438),
client’s ICT illiteracy (43.2%; N=465) and negative attitudes towards internet interventions (37%; N=398) were identified as the
main limitations. An assessment of participants attitudes towards internet interventions revealed a slightly negative/neutral stance
(Median=46.21; SD=15.06) and revealed greater acceptability towards blended treatment interventions (62.9%; N=615) when

compared to standalone internet interventions (18.6%; N=181). Significant associations were found between knowledge (χ2
4=90.4;

P<.001), training (χ2
4=94.6; P<.001), attitudes (χ2

3=38.4; P<.001) and previous use of internet interventions and between

knowledge (χ2
12=109.7; P<.001), training (χ2

12=64.7; P<.001) and attitudes towards such interventions, with psychologists
reporting to be ignorant and not having adequate training in the field, being more likely to present more negative attitudes towards
these interventions and not having prior experience in its implementation.

Conclusions: This study revealed that most Portuguese psychologists are not familiar with and have no training or prior
experience using internet interventions and had a slightly negative/neutral attitude towards such interventions. There was greater
acceptability towards blended treatment interventions compared to standalone internet interventions. Lack of knowledge and
training were identified as the main barriers to overcome, underlining the need of promoting awareness and training initiatives
to ensure internet interventions successful implementation.
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Introduction

Background
Advances in digital technology are transforming the current
health care delivery paradigm, enabling health systems to
overcome physical and organizational barriers and creating an
opportunity to deliver accessible and convenient mental health
care services at a distance [1]. In recent years, the development
of internet interventions—self-help guided or unguided
interventions based on established psychotherapy models
operated via secure platforms or mobile apps that aim at
providing synchronous or asynchronous health and mental
health–related assistance—has generated significant evidence
of efficacy and cost effectiveness [2-9]. There are several
advantages associated with implementing internet interventions
[10-15]: (1) low-threshold accessibility and dissemination
potential, (2) high use flexibility and adaptability, (3)
standardized structure and integrated treatment monitoring, (4)
self-efficacy and patient empowerment promotion, (5) high
level of anonymity and privacy, and (6) low delivery costs.

Despite evidence of efficacy and potential usefulness,
implementation of internet interventions in clinical practice has
been peculiarly slow [16]. In Portugal, a country characterized
by a significant mental health treatment gap where treatment
median delay reaches 23 years for anxiety disorders [17],
internet interventions could represent an effective opportunity
to reach those in need. Yet such interventions are virtually
nonexistent. This fact may be related to potential barriers and
limitations of internet interventions such as the absence of an
adequate legal and regulatory framework for providing mental
health care via the internet, health care professional and patient
information and communication technologies (ICT) illiteracy,
possible technological problems, potential security breaches
associated with computerized systems, and health care provider
and patient attitudes toward internet interventions [13]. As
potential end users and prescribers of a variety of e-mental
health programs (eg, guided and unguided internet interventions,
apps, serious games), psychologists might play a crucial role
in the uptake and dissemination of internet interventions. Thus,
understanding attitudes toward such programs is key to identify
drivers and barriers to implementation and overcome limitations
to dissemination.

Prior Work
Previous studies have been performed to investigate psychologist
attitudes toward internet interventions and categorize drivers
and barriers to the adoption of such programs. Overall, findings
suggest that therapist attitudes range from neutral and cautiously
positive to generally positive [18], and several factors impact
adoption.

In a study performed by Mora and colleagues [19] querying
members of the New York State Psychological Association,

theoretical orientation was found to predict the use of
internet-based interventions. Dynamic and existential oriented
therapists were less likely to endorse internet interventions and
more likely to have negative attitudes toward them than
therapists from other theoretical stances such as cognitive
behavioral, cognitive, behavioral, and systems therapists, a
finding that has been corroborated in other studies [20-24].
Another study performed by Simms and colleagues [25],
focusing on Canadian mental health professional perceptions
of telemental health, found overall positive attitudes particularly
for clients in remote and rural locations and people with
disabilities, and factors predicting frequency of use of telemental
health were having performed previous training in the field,
working within mental health for longer, and considering
technology as easy to use. Corroborating these findings, a study
by Bruno et al [26] focusing on Australian health professional
attitudes reported that professionals with higher perceptions of
usefulness and ease of use of internet-supported psychological
interventions presented more positive attitudes toward using
such interventions than professionals with lower perceptions of
usefulness and ease of use. Moreover, the possibility of
encouraging clients to develop self-management skills and
reaching clients who might not otherwise engage in therapy
were considered the main benefits of internet-supported
psychological interventions by participants in this study. More
recently, Feijt et al [15], in a qualitative study involving Dutch
psychologists, found them to believe e-mental health brings
new treatment possibilities (eg, virtual reality and biofeedback)
and may accelerate the treatment process (mediated contact
in-between regular sessions may intensify treatment and allows
for the introduction of new therapeutic elements earlier in the
process), reinforcing intimacy in the therapeutic relationship.

Contrasting with these findings, a more guarded attitude was
identified in other studies, and major concerns related to security
and ethical and legal requirements have been reported as
important barriers to adoption [15,21,27-29]. Lack of clarity
and knowledge regarding ethical and regulatory requirements
emerged as important limitations in studies by Perle et al [21]
and Glueckauf et al [27], and a possible threat to confidentiality
and therapeutic boundaries posed by online communication was
identified by Evans et al [28]. A further concern expressed in
this study was that the therapeutic alliance could be negatively
affected due to missing nonverbal cues in communication. This
was also a finding in other studies [19,29].

Technical barriers such as connection challenges and disruptions
were also flagged as potential limitations of internet
interventions, and a major concern reported in several studies
[19,21,27] relates to handling emergencies and managing crisis
situations (eg, suicide ideation, child abuse) in the context of
online practice. In a study by Glueckauf et al [27], over half of
respondents reported inadequate skills in managing crisis
situations in this environment. In addition, Perle and colleagues
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[21] reported that adoption of telehealth depended on disorder
type and was rejected for disorders considered difficult to treat
even face-to-face, such as schizophrenia. Likewise, Vigerland
et al [22] found Swedish mental health professionals to be strong
supporters of computerized cognitive behavior therapy for
preventing and treating mild to moderate problems, but more
caution was reported regarding severe mental health problems.

Other important findings reported in previous research as
influencing therapist attitudes relate to demographic and
background factors (eg, age, gender, length of professional
career, personal experience in using modern technologies)
[19,21,30], practical concerns (eg, costs of setting up and
maintaining the necessary infrastructure) [15], fear of
replacement [31,32], social influence [33], skepticism about
feasibility of delivery within existing care services [32,34],
forces within the care system, design and usability [15], low
patient engagement, and difficulties in managing comorbidities
[32].

In Portugal, only one study addressed psychologist attitudes
toward electronic psychological interventions (EPI). In the
study, Neves et al [24] showed that Portuguese psychologists
reported moderately less favorable attitudes toward EPI.
Moreover, years of termination of vocational training and
cognitive behavioral and eclectic/integrative theoretical
orientations were predictors of positive attitudes toward EPI.
Nevertheless, a full report on the findings of this study is
unavailable for consultation, and gaps persist in our knowledge
regarding Portuguese psychologists’ use and attitudes toward
internet interventions, perceived advantages and limitations of
such interventions, drivers and barriers impacting
implementation, and factors associated to adoption of internet
interventions in the country.

Aim
In spite of the findings that psychologists’ attitudes toward
internet interventions appear to be positive, there are variations
between countries [34] and lack of consensus between studies
regarding factors influencing adoption. The aim of this study
was to explore Portuguese psychologists’ knowledge, training,
use and attitudes toward internet interventions; to investigate
perceived advantages and limitations of such interventions;
identify potential drivers and barriers impacting implementation;
and study potential factors associated to previous use and
attitudes toward internet interventions.

Methods

Study Design and Procedures
This study was conducted in the framework of the iNNOVBC
(A Guided Internet-Delivered Individually Tailored
ACT-Influenced Cognitive Behavioral Intervention to Improve
Psychosocial Outcomes in Breast Cancer Survivors) project
(ClinicalTrials.gov NCT03275727) [35] and approved by the
Portuguese Data Protection Committee (approval number:
10727/2017) and Portuguese Psychologists Association (Ordem
dos Psicólogos Portugueses, or OPP) ethical committee,
adopting an exploratory cross-sectional design. An anonymous
online self-report questionnaire located on the Web-based survey

platform LimeSurvey [36] was disseminated by OPP via email
to its members. As being registered with OPP is a requirement
to practice psychology in Portugal and email is the institutional
channel of communication with its members, the whole universe
of licensed psychologists was reached using this method.
Participants initially accessed an introduction to the study and
informed consent form, followed by a link providing access to
the questionnaire. No follow-up reminders were sent to
recipients of the questionnaire. The time frame of data collection
was November 2018 to February 2019. After conclusion of the
recruitment period, researchers exported data from LimeSurvey
[36] to SPSS Statistics version 24.0 (IBM Corp).

Survey Development and Design
Due to the scarcity of adequate instruments designed to evaluate
the outlined issues in the target population, the Attitudes Toward
Internet Interventions Survey (ATIIS) was developed. After a
comprehensive literature review was performed, most relevant
publications were identified and served as a basis for
development [20,21,26,34,37-40]. A preliminary version of this
self-report questionnaire was created, pilot-tested with 3
participants, and subsequently checked by researchers and
clinicians with some experience within the field of internet
interventions and OPP. Changes were made in line with
suggestions emerging from this process, and final item selection
was completed by the authors. Selection criteria were
redundancy, relevance of items, and face validity.

The final version of the survey comprised 38 items assessing 4
main categories: (1) information relating to frequency of use of
digital technology and internet interventions in practice (eg, use
and frequency of use of digital technology, provision and
prescription of internet interventions, contexts and purposes of
use); (2) knowledge and training within the internet interventions
field; (3) perceived advantages and limitations of internet
interventions and potential barriers and challenges impacting
implementation; and (4) attitudes toward internet interventions
(eg, related to efficacy and efficiency; privacy, security and
confidentiality; patient empowerment and increased
disinhibition; therapeutic processes and alliance; and blended,
complementary, and stand-alone interventions). The attitudes
section was composed of 21 items aimed at capturing cognitive,
affective, and behavioral predispositions of favor or disfavor
[41] toward internet interventions.

Demographic and background items were added to the
questionnaire to gather supplementary information (eg, age,
gender, educational and professional background, professional
experience, and theoretical orientation). The survey questions
were asked in the form of dichotomous and multiple choice
questions and in the form of 5-point (0=completely disagree to
5=completely agree) Likert scales. Since it was not expected
for participants to be familiar with the concept of internet
interventions, an explanation of the concept based on the
definition by Barak et al [42] was provided in the instructions
section of the questionnaire.

An assessment of the validity of the attitudes section of the
questionnaire resulted in 21 items clustering in two dimensions
labeled as positive attitudes and negative attitudes. Reliability
of the scale was also tested and considered excellent (α=.91).

JMIR Ment Health 2020 | vol. 7 | iss. 4 |e16817 | p.128https://mental.jmir.org/2020/4/e16817
(page number not for citation purposes)

Mendes-Santos et alJMIR MENTAL HEALTH

XSL•FO
RenderX

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


A detailed description of the psychometric properties assessment
process of this scale and its results can be found below. A copy
of the instrument is available in Multimedia Appendix 1.

Statistical Analysis
Statistical analyses were divided into 4 steps and conducted
using SPSS Statistics. First, descriptive statistics such as
frequency distributions, measures of variability, and measures
of central tendency were calculated to characterize the study
sample and determine its face validity. These statistics
encompassed demographic and background characteristics such
as, age, gender, educational and professional background,
professional experience (in years), and theoretical orientation.

Second, a psychometric properties evaluation process of ATIIS
took place, and an exploratory factor analysis (EFA) based on
the principal component analysis method using a varimax
rotation was conducted to determine the factor structure of the
questionnaire, perform scale purification, and determine the
questionnaire’s construct validity. The whole study sample
(1077) was used for this purpose. The Kaiser-Meyer-Olkin
(KMO) test and a Bartlett test of sphericity were calculated to
measure sampling adequacy (confirmed if KMO value greater
than .5) and appropriateness of the extracted factors (significant
at P<.05), respectively. The initial model hypothesized that
items would load on either a positive or a negative factor, and
items with factor loadings above .40 were considered acceptable
[43]. Scores on the negative items were reversed, and dimension
scores were weighted, summed, and rescaled on a 100-point
scale to simplify interpretation and obtain a continuous indicator
of attitude toward internet interventions. Higher scores indicated
a more positive attitude. The final version of ATIIS was then
subject to a reliability analysis based on the computation of
internal consistency (Cronbach alpha).

Following this process, results pertaining to frequency of use
of digital technology and internet interventions in daily practice,
provision and prescription of internet interventions, contexts
and purposes of use, perceived advantages and limitations of
internet interventions, and potential barriers and challenges
impacting implementation were analyzed. Although some of
the questionnaire items contained multiple response options for
which up to 3 response categories could be selected, only single
response options (eg, percentage of psychologists using chat
services) rather than combined response options (eg, percentage
of psychologists using chat services and videoconference) were
calculated in order to simplify the analysis.

Finally, psychologist attitudes toward internet interventions
were examined using descriptive statistics, and chi-square
analysis and post hoc tests were used to determine if
demographic (eg, sex and age) and background factors (eg,
academic background, work context, years of professional
experience, theoretical orientation), knowledge, training,
previous experience of use, recommendation, future use, and
attitudes toward internet interventions would be associated and
differed between participants holding extreme attitudes toward
internet interventions.

Results

Participants and Recruitment
The total sample comprised 1077 members of the OPP recruited
between November 2018 and February 2019. Considering the
number of psychologists registered as members at the time
(21,214, data provided by T Pereira, OPP’s head of cabinet),
response rate was 5.08%. Although we cannot determine the
representativeness of the sample (OPP’s members demographic
and background information is not available for consultation),
demographic characteristics are similar to those published in
the last census performed by OPP [44]. In this census, the mean
age of Portuguese psychologists was 38 years, and 84.2% were
female. On average, psychologists had 11 years of professional
experience, and the majority held a license and/or master’s
degree. Only 7% held a doctoral degree.

In our study sample, 91.6% (987/1077) of respondents were
female, and age ranged from 20 to 77 years (mean 38.21; SD
9.49 years). Most participants held a license and/or master’s
degree (722/1077, 67.0%), followed by postgraduate (273/1077,
25.3%), doctoral (75/1077, 7%), and bachelor’s degrees (7/1077,
0.6%). The majority of participants were active (986/1077,
91.6%) and worked primarily in private practice (270/1077,
25.1%), educational/research institutions (252/1077, 23.4%),
and charities/nonprofit organizations (208/1077, 19.3%). Only
6.3% (68/1077), 4.4% (47/1077), and 1.6% (17/1077) of
psychologists worked in the National Health Service (NHS) at
primary, secondary and tertiary care, respectively. As for the
length of time working within the field of psychology, the
sample was evenly distributed, with 12.6% (136/1077) of
professionals working for less than a year; 21.0% (226/1077)
practicing psychology from 2 to 5 years, 17.3% (186/1077)
working between 6 to 10 years in the field, 20.0% (215/1077)
practicing between 11 to 15 years, 15.4% (166/1077) working
from 16 to 20 years in this domain, and 13.7% (148/1077)
practicing psychology for more than 21 years. Cognitive
behavioral therapy was the most common theoretical orientation
(56.0%, 603/1077), with psychodynamic (14.8%, 159/1077)
and eclectic (13.5%, 145/1077) orientations being second and
third.

Attitudes Toward Internet Interventions Survey
Psychometric Properties Assessment
In order to test the psychometric properties of the attitudes
section of ATIIS, we explored its construct validity and
reliability.

Construct Validity
An EFA based on principal component analysis and using a
varimax rotation was conducted with the purpose of finding the
underlying latent factors of ATIIS and determining the
questionnaire’s construct validity. The whole study sample
(N=1077) was used in this analysis. A KMO=.93 confirmed the
sampling adequacy, and a Bartlett test of sphericity,

χ2
210=8003.39 (P<.001), indicated a possible statistically

significant interrelationship between variables and, therefore,
confirmed the factorial analysis validity to perform factor
reduction.
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The initial EFA resulted in 4 factors with eigenvalues above a
Kaiser criterion of 1. However, a scree plot analysis revealed
inflexions compatible with the retention of two factors. Due to
convergence with theory, two factors were retained for the final
EFA. The initial model hypothesized that items would load on
either a positive or a negative factor. Total variance explained
by these two factors was 44.10% (unrotated solution: factor one
36.2% and factor two 7.97% or rotated solution: factor one
22.40% and factor two 21.73%), and items clustering on these
two factors suggested that the questionnaire measures two
dimensions, labeled as positive attitudes (range of factor
loadings: .375-.712) and negative attitudes (range of factor
loadings: .459-.708). Items with factor loadings above r=.4 were
considered as acceptable [43]. Scores on the negative items
were reversed, and dimension scores were weighted, summed,
and rescaled on a 100-point scale to simplify interpretation and
obtain a continuous indicator of attitude toward internet
interventions. Higher scores indicated a more positive attitude.
A copy of the final questionnaire and item loading factors is
presented in Multimedia Appendix 1.

Reliability
ATIIS reliability was assessed via the computation of Cronbach
alpha. ATIIS total scale revealed excellent (α=.91) internal
consistency and its subscales, positive (.88) and negative (.82)
attitudes, showed good internal consistency [45].

Portuguese Psychologists Reported Knowledge About
Internet Interventions
An examination of collected data indicated that 37.2% (363/978)
of respondents were familiar with the concept of providing

psychological support via the internet. Nevertheless, a narrower
group reported knowing how these types of interventions work
(218/978, 22.3%), and only 19.2% (188/978) were considered
to have the necessary training to work in the field.

Frequency of Use of Digital Technology and Internet
Interventions in Daily Practice
Around 29.6% (319/1077) of participants reported that they use
or have used in the past some form of digital technology to
provide support in the context of their practice. Of nonusers
(758/1077, 70.4%), 61.7% (468/758) reported to be considering
using it in the future. Telephone (256/1077, 23.8%), email
(175/1077, 16.2%,) and short message service (SMS) or text
message (173/1077, 16.1%) services were among the most used
forms of digital technology, while chat services (66/1077, 6.1%)
and unguided (16/1077, 1.5%) and guided (14/1077, 1.3%)
internet interventions were much less used. However, 8.7%
(94/1077) reported using videoconference services. Digital
technology was mostly used by clinical and health psychologists
(269/319, 84.3%), followed by educational psychologists
(31/319, 9.7%). In most cases, digital technology was used as
a complement to face-to-face interventions (288/319, 90.3%)
rather than as a stand-alone interventions (31/319, 9.7%) for
the purpose of treating mental health disorders such as anxiety
or depression (205/319, 64.3%). Increasing accessibility to
information and psychological care was reported as the main
reason for using digital technology in practice by 54.5%
(174/319) of respondents whereas only 0.6% (2/319) used it for
research (see Table 1).

Table 1. Motivations for previous use of digital technology in psychological practice (n=319).

Value, n (%)Motivation

174 (54.5)Increasing accessibility to information and psychological care

3 (0.9)Lowering the costs of psychological interventions

61 (19.1)Increasing adherence to psychological interventions

41 (12.9)Monitoring treatment progress

26 (8.2)Facilitating follow-up care

5 (1.6)Managing crisis situations

5 (1.6)Improving career prospects

2 (0.6)Research

2 (0.6)Other

Almost a fifth (19.1%, 206/1077) reported that they recommend
or have recommended in the past to their clients accessing online
services or resources with the aim of improving their emotional
wellbeing and/or health status. Most frequently recommended
resources were websites providing information about mental
and/or somatic health (57.3%, 118/206), blogs, discussion
forums and social networks (38.3%, 79/206),
videoconference-delivered psychological interventions (29.1%,
60/206), and apps (28.2%, 58/206). On the other hand, online
support groups (21.8, 45/206) and guided (13.1%, 27/206) and
unguided (4.4%, 9/206) internet interventions were the least
recommended. Only a minority of respondents (3.7%, 39/1077)

provided or recommended internet interventions to their clients
in a regular basis.

Advantages and Limitations Associated With Internet
Interventions
Considering the potential advantages of internet interventions,
accessibility (860/1077, 79.9%), convenience (492/1077,
45.7%), and cost effectiveness (490/1077, 45.5%) of such
interventions were considered the most important advantages.
Conversely, ethical concerns (438/1077, 40.7%), client ICT
illiteracy (465/1077, 43.2%), and client negative attitudes toward
internet interventions (398/1077, 37.0%) were identified as the
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main limitations. Other advantages and limitations associated with internet interventions are presented in Table 2.

Table 2. Advantages and limitations associated with internet interventions (n=1077).

Value, n (%)Characteristic

Advantage

860 (79.9)Accessibility

492 (45.7)Convenience

490 (45.5)Economical (cost effectiveness and sustainability to health care systems)

206 (19.1)Reduced stigma associated with psychological support/confidentiality

164 (15.2)Privacy/anonymity

142 (13.2)Health equity

131 (12.2)Client empowerment

89 (8.3)Personalized health care

77 (7.1)None

43 (4)Scientific evidence

Limitations

465 (43.2)Client information and communications technologies illiteracy

438 (40.7)Ethical

398 (37.0)Client attitudes toward internet interventions

386 (35.8)Information systems security

271 (25.5)Cultural

259 (24.0)Therapist attitudes toward internet interventions

234 (21.7)Health care systems not ready for implementation

144 (13.4)Cost and accessibility to digital technology

96 (8.9)Therapist information and communications technologies illiteracy

82 (7.5)Other

50 (4.6)Political (decision makers not interested in implementation)

18 (1.7)Economical (cost effectiveness and sustainability to health care systems)

18 (1.7)None

When questioned about the possibility of internet interventions
presenting more disadvantages than advantages, only 24.5%
(239/1077) of participants refuted this claim.

Barriers to Implementation of Internet Interventions
The main barriers to overcome in the implementation of internet
interventions were related to limitations on the conceptual
comprehension and implementation of self-help techniques by
clients (676/1077, 62.8%), therapist perceptions of insufficient

scientific evidence on the efficacy and cost effectiveness of
internet interventions (670/1077, 62.2%), limitations on the
adaptation of treatment protocols (665/1077, 61.7%), patient
ICT illiteracy (516/1077, 47.9%), and low adherence both from
patients (466/1077, 43.3%) and psychologists (437/1077, 40.6%)
toward such programs. Negative attitudes presented both by
clients (417/1077, 38.7%) and therapists (416/1077, 38.6%)
were also considered an important obstacle to overcome in the
implementation of internet interventions (see Table 3).
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Table 3. Barriers to implementation of internet interventions (n=1077).

Value, n (%)Characteristic

Faced by clients

676 (62.8)Ability to comprehend concepts and learn self-help techniques

516 (47.9)Client information and communications technologies illiteracy

466 (43.3)Low adherence

417 (38.7)Negative attitudes

362 (33.6)Scientific evidence (efficacy and cost effectiveness)

211 (19.6)Costs and access to digital technology and information technology infrastructures

28 (2.6)Time consumption

21 (1.9)None

Faced by therapists

670 (66.2)Scientific evidence (efficacy and cost effectiveness)

665 (61.7)Adaptation of treatment protocols to the digital environment

437 (40.6)Low adherence

416 (38.6)Negative attitudes

178 (16.5)Clinician information and communications technologies illiteracy

91 (8.4)Costs and access to digital technology and information technology infrastructures

38 (3.5)Time consumption

20 (1.9)None

Analysis of Portuguese Psychologist Attitudes Toward
Internet Interventions
The median score on the ATIIS scale was 46.21 (SD 15.06),
which corresponds to a slightly negative/neutral attitude toward
internet interventions. Factors contributing to this predisposition
relate to possible security (417/1077, 42.6%) and confidentiality
(494/1077, 50.5%) breaches when using internet interventions,
reported discomfort about dealing with sensitive information
online (466/1077, 47.7%), perceived inaccuracy of remote
psychological assessment processes (578/1077, 59.1%),
perceived unsuitability of internet interventions for crisis
management (473/1077, 48.4%), a disbelief on the possibility
of establishing therapeutic alliance via the internet (356/1077,
36.5%), and a generalized perception of face-to-face
interventions as being superior for client
education/self-management skills development (702/1077,
71.8%) and mental disorders treatment (699/1077, 71.6%)
compared with internet interventions. Absence of knowledge
about the efficacy (561/1077, 57.4%) and efficiency (443/1077,
45.3%) of internet interventions and its impact on patient
empowerment (461/1077, 47.2%) and a possible loss of control
of the therapeutic process by clinicians (372/1077, 38.1%) also
seem to influence this stance. Nevertheless, perceived
convenience (473/1077, 45.6%) of internet interventions,
encouragement of emotional expression in some cases
(360/1077, 36.8%), facilitation of the follow-up process
(440/1077, 45%), and the possibility of delivering blended
(615/978, 62.9%) and pharmacotherapy complementary
interventions (511/978, 52.2%) rather than stand-alone internet

interventions (181/978, 18.6%) seem to balance attitudes
regarding this matter.

Factors Associated With Previous Experience of Use
and Attitudes Toward Internet Interventions
Chi-square tests and post hoc analyses were performed to
examine possible associations between demographic factors
(sex, age), background factors (academic background, work
context, years of professional experience, theoretical
orientation), knowledge, training, recommendation, future use,
previous experience of use, and attitudes toward internet
interventions. Differences in responses between participants
with or without prior experience of use and holding extreme
attitudes toward these interventions were also evaluated.
Percentiles (assumed here as the percentage of scores that fall
below the scores of interest) were computed to categorize
participant attitudes and identify those who held extremely
negative (scores <Q1=36.03, 244; 25.1%) and extremely positive
(scores >Q3=53.49, 242; 24.9%) attitudes toward internet
interventions.

Chi-square analyses (see Table 4) revealed a significant
association between previous experience of use and age,
theoretical orientation, work context, years of professional
experience, knowledge, training, recommendation, and attitudes
toward internet interventions.

Considering age, psychologists aged between 41 and 60 years
were more likely to have used the telephone or internet to
provide psychological support in the past, while psychologists
aged 30 years and younger were less likely to have done it.
Similarly, psychologists with less than 5 years of professional
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experience were less likely to have already used such
interventions, whereas psychologists with more than 16 years
of professional experience were more likely to have used internet
interventions in the past. Work context also seems to impact
the use of internet interventions. Participants working at the
NHS and in private practice had a higher probability of using
the internet and telephone to provide care. Working at public
services, education/research facilities, and charities made it less
probable participants had adopted these interventions.

Regarding self-reported knowledge and training on internet
interventions, psychologists reporting moderate to high
knowledge and training were more likely to have prior
experience in implementing such programs than those whom
reported little to no knowledge about internet interventions.
Furthermore, having a psychodynamic theoretical orientation
impacted use positively, making it more likely that

psychodynamic psychologists had used internet interventions
in the past than expected. No significant associations were found
between other theoretical stances and internet intervention
adoption.

Extreme attitudes toward internet interventions seem, as well,
to have significantly impacted adoption. Psychologists
presenting more negative attitudes toward these interventions
were less likely to have prior experience using internet
interventions than expected and when compared with
psychologists holding more positive attitudes. Finally, prior
experience implementing internet interventions significantly
affected referrals and the possibility of psychologists
recommending such programs to their clients. Psychologists
with prior experience of use were more likely to recommend
internet interventions and online resources with the purpose of
improving their clients’ health status.
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Table 4. Factors associated to previous experience of use.

Chi-square testsPrevious experience of useaCharacteristic

Cramér V ΦcChi-squareP valueYesNo

.20χ2
4=42.4<.001Age in years (n=1077)

———47 (–4.4)207 (4.4)≤30

———121 (–1.4)323 (1.4)31-40

———95 (3.5)152 (–3.5)41-50

———52 (4.2)59 (–4.2)51-60

———4 (–1.1)17 (1.1)≥61

.16χ2
6=27.7<.001Theoretical orientation (n=1077)

———168 (–1.4)435 (1.4)Cognitive behavior therapy

———60 (2.4)99 (–2.4)Psychodynamic

———17 (1.6)25 (–1.6)Humanist

———52 (1.8)93 (–1.8)Eclectic

———5 (–1.5)24 (1.5)Systemic

———15 (–0.1)37 (0.1)Other

———2 (–3.9)45 (3.9)None

.22χ2
7=50.9<.001Work context (n=1077)

———50 (2.2)82 (–2.2)National Health Service

———119 (6.0)151 (–6.0)Private practice

———12 (–2.4)59 (2.4)Public services

———6 (–1.0)22 (1.0)Private companies

———6 (–0.9)21 (0.9)Rehabilitation services/prisons

———62 (–2.0)190 (2.0)Education/research institutions

———44 (–3.0)164 (3.0)Charities

———20 (–1.5)69 (1.5)Other

.21χ2
7=49.0<.001Professional experience in years (n=1077)

———14 (–5.3)122 (5.3)≤1

———54 (–2.1)172 (2.1)2-5

———57 (0.3)129 (–0.3)6-10

———64 (0.1)151 (–0.1)11-15

———70 (3.9)96 (–3.9)16-20

———60 (3.1)88 (–3.1)≥21

.30χ2
4=90.4<.001Self-reported knowledgea (n=978)

———15 (–6.1)145 (6.1)Completely disagree

———52 (–3.6)200 (3.6)Moderately disagree

———60 (0)143 (0)Neither agree nor disagree

———119 (5.1)172 (–5.1)Moderately agree

———43 (5.8)29 (–5.8)Completely agree

.31χ2
4=94.6<.001Self-reported trainingb (n=978)

———54 (–7.4)301 (7.4)Completely disagree

———78 (–0.1)188 (0.1)Moderately disagree
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Chi-square testsPrevious experience of useaCharacteristic

Cramér V ΦcChi-squareP valueYesNo

———54 (0.8)115 (–0.8)Neither agree nor disagree

———71 (6.2)65 (–6.2)Moderately agree

———32 (5.2)20 (–5.2)Completely agree

.19χ2
4=37.3<.001Recommendationc (n=1077)

———222 (–6.1)649 (6.1)No

———97 (6.1)109 (–6.1)Yes

.20χ2
3=38.4<.001Attitudes (n=972)

———54 (–2.9)190 (2.9)≤36.02

———60 (–2.0)185 (2.0)36.03-46.20

———64 (–1.2)177 (1.2)46.21-53.48

———109 (6.1)133 (–6.1)≥53.49

aAdjusted standardized residual frequencies appear in parentheses after observed group frequencies. Original wording: I am familiar with the concept
of providing psychological support via the internet. Rated on a 5-point scale: 1=completely disagree to 5=completely agree.
bOriginal wording: I believe to have the necessary training to provide psychological support via the internet. Rated on a 5-point scale: 1=completely
disagree to 5=completely agree.
cOriginal wording: Have you ever recommended the use of internet-based psychological support or other online resources in order to improve a client’s
health status?

The association of attitudes toward internet interventions with
demographic and background factors, knowledge, training,
recommendation, and future use was also assessed via chi-square
analyses (see Table 5). These tests revealed a significant
association between attitudes of respondents and self-reported
knowledge, self-reported training, previous experience of use,
recommendation, and future use of internet interventions. No
significant associations were found between attitudes of
respondents and demographic or background factors such as
age, theoretical orientation, or professional experience.

Findings in these analyses primarily reflect the fact that
psychologists without any knowledge, training, or previous
experience using internet interventions are more likely to present
more negative attitudes toward these interventions than

expected. Conversely, psychologists reporting moderate to high
knowledge, adequate training, and prior experience on the
implementation of internet interventions were more prone to
present favorable attitudes toward these interventions.

Additionally, participants having more positive attitudes toward
internet interventions had a higher probability of recommending
internet interventions and online resources to improve the health
status of their clients and considering using such interventions
in the future. Opposingly, participants presenting more negative
attitudes toward internet interventions were less likely to
recommend or contemplate using such interventions in the
future. No demographic or background factors were significantly
associated with attitudes toward internet interventions in this
study.
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Table 5. Factors associated with attitudes toward internet interventions.

Chi-square testsAttitudesCharacteristic

Cramér VChi-squareP value≥53.4946.21-53.4836.03-46.20≤36.02

.19χ2
12=109.74<.001Self-reported knowledgea (n=972)

20 (–4.0)32 (–1.5)45 (0.9)63 (4.6)Completely disagree

40 (–3.8)60 (–0.4)83 (3.3)68 (0.8)Moderately disagree

39 (–2.0)56 (1.1)50 (–0.1)56 (1.0)Neither agree nor dis-
agree

102 (4.9)81 (1.5)57 (–2.6)49 (–3.8)Moderately agree

41 (6.6)12 (–1.6)10 (–2.2)8 (–2.8)Completely agree

.15χ2
12=64.70<.001Self-reported trainingb (n=972)

55 (–5.1)86 (–0.2)103 (2.2)109 (3.1)Completely disagree

61 (–0.9)77 (1.8)64 (–0.5)64 (–0.5)Moderately disagree

41 (–0.1)41 (0)43 (0.2)41 (–0.1)Neither agree nor dis-
agree

62 (6.0)27 (–1.4)25 (–2.0)22 (–2.6)Moderately agree

23 (3.4)10 (–0.9)10 (–0.9)8 (–1.6)Completely agree

.21χ2
3=42.12<.001Recommendationc (n=972)

166 (–5.7)194 (–0.2)204 (1.1)223 (4.8)No

76 (5.7)47 (0.2)41 (–1.1)21 (–4.8)Yes

.42χ2
3=123.14<.001Future used (n=685)

20 (–6.1)44 (–4.2)65 (–0.1)132 (10.5)No

113 (6.1)133 (4.2)120 (1.0)58 (–10.5)Yes

aAdjusted standardized residual frequencies appear in parentheses after observed group frequencies. Original wording: I am familiar with the concept
of providing psychological support via the internet. Rated on a 5-point scale: 1=completely disagree to 5=completely agree.
bOriginal wording: I believe to have the necessary training to provide psychological support via the internet. Rated on a 5-point scale: 1=completely
disagree to 5=completely agree.
cOriginal wording: Have you ever recommended the use of internet-based psychological support or other online resources in order to improve a client’s
health status?
dOriginal wording: Do you expect to use the internet or the telephone to provide psychological support in the future?

Discussion

Principal Findings
The aim of this study was to explore Portuguese psychologist
knowledge, training, use, and attitudes toward internet
interventions, investigate perceived advantages and limitations
of such interventions, identify potential drivers and barriers
impacting implementation, and study potential factors associated
to use and attitudes toward internet interventions.

Results showed that most psychologists were not familiar with
internet interventions and had no prior experience using digital
technology in the provision of psychological support. Only a
minority reported having the necessary training to work in the
field. Nevertheless, more than half of nonusers contemplated
using it in the future, mainly as blended and pharmacotherapy
complementary interventions rather than stand-alone internet
interventions. From those who had prior experience
implementing such programs, the majority were clinical and
health psychologists who used telephone, email, and SMS

services as a complement to face-to-face interventions with the
purpose of increasing access to information and psychological
care when treating mental health disorders such as anxiety or
depression. Guided and unguided internet interventions were
rarely used in this context. These results are in line with previous
studies [15,34,46] that showed a higher acceptance of blended
interventions when compared with stand-alone internet
interventions but contrast with the reality of countries such as
Australia [26], the United Kingdom, and Sweden [34], where
the use of internet interventions is widely disseminated. As
conceptualized by Topooco et al [34], Portugal, in this domain,
may be included in the learners category, since the current
experience and practice of e-mental health in the country is very
limited.

Although accessibility, convenience, and cost effectiveness are
considered important advantages of internet interventions by
Portuguese psychologists, their attitudes toward such
interventions tend to range from slightly negative to neutral,
and a guarded stance is adopted when analyzing the topic.
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Similar findings were reported by Neves et al [24] in a study
assessing the impact of evidence-based practice on the attitudes
of Portuguese psychologists toward internet interventions.
Perceived barriers and limitations associated to internet
interventions implementation may contribute to this
predisposition and partly explain the low uptake of these
interventions in Portugal.

According to participants in this study, the main barriers to
overcome in the implementation of internet interventions were
related to limitations on the conceptual comprehension and
implementation of self-help techniques by clients, insufficient
scientific evidence on the efficacy and cost effectiveness of
internet interventions, and difficulties in the adaptation of
treatment protocols to the digital format. Although these may
be in fact challenges to overcome in some domains, the high
number of publications attesting to the efficacy and cost
effectiveness of internet interventions based on established
treatment protocols and promoting the use of self-help
techniques by clients [47-49] refutes these misconceptions.
Other important obstacles identified by psychologists
participating in this study pertained to patient ICT illiteracy and
low adherence. Considering that in 2018 [50], 79% of
Portuguese households had access to the internet, 75% of
residents in the country aged 16 to 74 years reported using the
internet in the previous year, mainly via smartphones, and 67%
and 80% used apps and authentication procedures, respectively,
ICT illiteracy may still be a barrier in some users over age 55
years and in extremely remote regions, but the necessary
conditions to implement internet interventions successfully in
Portugal are already in place.

As in previous studies [15,21,27-29], security, confidentiality,
and ethical concerns were other important obstacles identified
by participants in this research. On one hand, the fact that in
2018 alone several social media companies such as Facebook
and Google reported data breaches [51] compromising the
personal information of millions of users around the world may
contribute to an atmosphere of insecurity and suspicion toward
information systems security. On the other hand, the fact that
until May 2019, no guidelines for the practice of e-mental health
had been published by OPP [52] providing practical and
deontological orientation in this domain may have contributed
to psychologist reluctance in using information and
communication systems in their practice. As we have stated,
the provision of psychological services via digital technology
has idiosyncrasies and must comply with ethical and security
requirements similar to those used in online banking, which
may at the same time promote confidence and inhibit the use
of internet interventions, depending on psychologist ICT
literacy.

Another important aspect relating to the ethics and process of
delivering psychological support via the internet that
occasionally emerged in this research as potentially affecting
implementation pertains to the deleterious effect internet
interventions may have on psychological assessment, therapeutic
alliance, and crisis management. Like in previous publications
[19,28,53], we found that a significant proportion of Portuguese
psychologists perceive remote psychological assessment
processes as inaccurate, increasing the possibility of

misdiagnosis, and unsuitable for crisis management. As reported
by Vigerland et al [22] and Perle et al [21], internet intervention
adoption by psychologists may depend on disorder type and
tend to be rejected for more serious conditions, despite the
growing evidence attesting its efficacy in severe disorders
[54-56]. Moreover, a disbelief in the possibility of establishing
an adequate therapeutic alliance via the internet was reported
by approximately one-third of respondents in this study,
corroborating the findings of Sucala et al [53]. In that study,
clinicians reported less confidence in their skills to develop
alliance in e-therapy than in face-to-face therapy, mainly due
to anticipated difficulties in reading patient emotions and
conveying warmth and empathy in this environment. Although
research on this topic is scarce, recent studies suggest therapeutic
alliance in internet-based cognitive behavioral therapy is high
[57,58] and has the potential of enhancing engagement and
rapport in face-to-face psychotherapy when combined [59].

Last, negative attitudes presented both by patients and
psychologists toward internet interventions were other important
obstacles identified by participants in this research. The
assessment of their attitudes exhibited in the context of this
study confirmed this assertion. However, although only a few
studies focused on the acceptability of internet interventions,
the existing literature seems to point in the opposite direction
[39,60] and suggests individuals with depression hold more
positive attitudes toward such interventions than do
psychotherapists [23]. In Portugal, a study focusing on
Portuguese women’s acceptance of e-mental health tools during
the perinatal period reported good acceptance of internet
interventions by this group. Nevertheless, more research
focusing on different patient groups is necessary to adequately
characterize the attitudes of patients with mental health
disorders.

Regarding potential factors associated with Portuguese
psychologist use of internet interventions, a significant
association was found between previous experience of use and
age, years of professional experience, work context, theoretical
orientation, attitudes, knowledge, training, and recommendation
of internet interventions. Unexpectedly, digital native
psychologists (aged 30 years and younger) and psychologists
with less than 5 years of professional experience were less likely
to have used internet interventions in the past when compared
with their middle-aged (aged 41 to 60 years) and more
experienced colleagues (16 or more years), a finding that is not
justified by a delay entering the labor market, since most of our
sample was active and no significant differences were found
regarding work status between the different age groups.
Furthermore, considering that no significant associations were
found between age and attitudes toward internet interventions,
this finding might be justified by seasoned psychologists feeling
more in control of the therapeutic process and therefore more
lenient toward setting rules and more willing to use innovative
tools in their practice. Work context also seems to impact
internet intervention adoption. Psychologists working at the
NHS and in private practices were more likely to include digital
technology in the therapeutic process than psychologists working
at public services, education/research institutions, and charities.
The shortage of mental health professionals [61,62] working at
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a universal, general, and tendentiously free NHS as is the case
in Portugal may possibly burden the class and incentivize the
use of creative solutions for patients’ problems. As identified
in the research by Venkatesh et al [33], performance expectancy
(usefulness, effectiveness, enhancement of quality, diversity of
care, and increase in productivity) and facilitating conditions
seem to emerge as possible predictors of use. In private practice,
the nature of the psychotherapeutic relationship and possible
requests from long-term patients living in a globalized digital
world probably impose such solutions. This aspect may also
justify another surprising finding in this study. Contrasting with
previous research [22-24], theoretical orientation was not
significantly associated with attitudes toward internet
interventions, but dynamically oriented therapists were more
likely to have used internet interventions in the past than their
colleagues with other theoretical stances. Besides the fact that
psychodynamic interventions are typically longer and therefore
possibly more challenged by the necessity of including
alternative ways of communications in the process, the
nonprescriptive nature of psychodynamic psychotherapy may
turn dynamically oriented therapists less susceptible to fear of
replacement and consequently more open to include digital
communication tools in their practice. Although this study did
not pursue this line of inquiry, an analysis of participant attitudes
toward internet interventions revealed a significant association
between previous use and psychologist predisposition toward
such interventions, supporting the thesis that attitudes impact
adoption. In this study, psychologists presenting more negative
attitudes toward internet interventions were less likely to have
prior experience using internet interventions when compared
with psychologists holding more positive attitudes. Significant
associations were also identified between previous use and
attitudes toward internet interventions and self-reported
knowledge, self-reported training, recommendation, and future
use. Psychologists reporting ignorance on the subject and having
no training in internet interventions were more likely to present
more negative attitudes toward these interventions and have
less experience in their implementation. Conversely,
psychologists reporting moderate to high knowledge, adequate
training, and prior experience in the implementation of these
interventions were more prone to present favorable attitudes
toward internet interventions, which confirms the findings of
Whitfield and Williams [46] and Glueckauf et al [27] and
identifies lack of knowledge and training as major barriers to
overcome in this context. Naturally, psychologists with previous
implementation experience and more positive attitudes toward
internet interventions had a higher probability of recommending
internet interventions to their clients and contemplating their
use in the future.

Considering the prevalence of lifetime mental health disorders
in Portugal is above 30% [17], the Portuguese mental health
system is failing to comply with World Health Organization
recommendations of providing better access and more integrated
mental health care to the Portuguese population [63], and
Portuguese psychologist attitudes toward evidence-based internet
interventions are hindering implementation, mainly due to lack
of knowledge and training, immediate corrective actions must
be taken. Awareness and training initiatives should be promoted
by psychologist associations and universities as an effective

means of educating the class, changing professional and student
perceptions [25,64,65], and increasing the implementation of
ubiquitous strategies such as internet interventions to equitably
respond to the mental health care system challenges and
limitations. Additional research focusing on the Portuguese
e-mental health ecosystem and addressing most prevalent mental
health disorders in the country should inform and result from
this process.

Limitations and Future Work
Several limitations must be considered when interpreting our
findings. Despite ATIIS good psychometric properties, the fact
that the two selected factors—positive and negative
attitudes—only account for 44% of the variance explained
suggests further research is necessary to understand what other
factors might be attributable to psychologist attitudes toward
internet interventions. Second, ATIIS online dissemination and
the study sample self-selection might have introduced selection
bias, limiting the generalizability of the obtained results. ICT
illiterate psychologists as well as those presenting more negative
attitudes toward internet interventions might not have
participated in this study, lowering the response rate and biasing
its results. Nevertheless, the study sample may be considered
very large, and its demographic and background characteristics
are similar to those published on the last census performed by
OPP [44], indicating that participants in this study are probably
representative of the class. Moreover, findings in our research
are concordant with those reported by Neves et al [24],
supporting external validity. Third, the exploratory
cross-sectional design adopted in this investigation and the fact
that no theoretical framework was used to present a structured
representation of factors influencing adoption may also be
considered a limitation. Additional research adopting structured
frameworks and resourcing to mixed-methods research should
be performed in order to deeply explore adoption and attitude
predictors. To this end, a complementary study, adopting a
qualitative descriptive approach consisting of in-depth
semistructured interviews with Portuguese psychologists, is
being conducted by the research team. Finally, the fact that this
study targeted only psychologists and not other stakeholders in
the e-mental health ecosystem such as patients/service-users,
other health care providers, government bodies,
funding/insurance bodies, technical developers, and researchers
fails to present a comprehensive picture of the current status
and acceptability of e-mental health in Portugal. To address this
limitation, the research team is conducting a mixed-methods
research study to explore the attitudes of Portuguese breast
cancer patients toward internet interventions. In that study,
ATIIS was adapted to the target population, and its factor
structure will be examined. Future research should characterize
the attitudes of other e-mental health ecosystem stakeholders.

Conclusions
This study investigated the use and attitudes of Portuguese
psychologists toward internet interventions and provided insight
on the principal barriers hindering implementation in the
country. Most Portuguese psychologists were not familiar with
and had no training or prior experience using internet
interventions. A slightly negative/neutral attitude toward internet
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interventions was captured, indicating that Portuguese
psychologists are cautious toward these interventions and show
greater acceptability toward blended treatment interventions
compared with stand-alone internet interventions. Lack of
knowledge and training are likely the main barriers to overcome

for successful implementation and underline the need for
awareness and training initiatives focusing not only on internet
intervention efficacy and cost effectiveness but also on the
practical, relational, technological, ethical, and regulatory
requirements this treatment modality entails.
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This letter is in response to the article published by Torous et
al [1], which highlighted the potential of digital mental health
in improving the accessibility and quality of mental health
service provision during and beyond the coronavirus disease
(COVID-19) pandemic. We write from a UK perspective to add
to the North American lens of Torous et al. We contribute our
personal and multidisciplinary insights as members of a digital
health software team at a UK research University (PW and
CS-P), an innovation manager of a mental healthcare provider
in England (JS), a digital mental health research unit for young
people (PW and JJ), and directors of a digital mental health
Community Interest Company (PW and CS-P).

We agree that robust evaluation of mental health apps is
important, particularly when selecting an appropriate app during
emergency conditions. In the United Kingdom, a national Apps
Library provides a central point for accessing trusted apps. In
response to the COVID-19 pandemic, a dedicated list of useful
apps has been established by ORCHA (Organisation for the
Review of Care and Health Applications), an organization that
advises the National Health Service on the safety and efficacy
of health apps. Apps recommended on the national Apps Library
and by ORCHA have been through an independent review and
evaluation process and can guide health professionals and

patients to trusted apps to support mental health problems
including anxiety and depression. The evaluation process covers
data security, clinical evidence, and user experience. More
broadly, the NICE (National Institute for Health and Care
Excellence) recommends that digital health technologies define
a set of national UK evidence standards to guide development
and evaluation of digital mental health systems [2].

Informal feedback from clinicians implementing rapidly
introduced digital innovations within our mental health services
has emphasized the need for ongoing evaluation. We see value
in creating digital learning health systems [3] to support iterative
quality improvement and have aimed to do this across digital
innovation projects. Situating planned changes within the
NASSS (Nonadoption, Abandonment, and Challenges to the
Scale-Up, Spread, and Sustainability) framework [4] has helped
us assess how digital health innovations can be safely and
sustainably embedded in care pathways. We value digital
training for mental health professionals, a view reflected in the
recent UK Topol review consultation [5].

Like Torous et al, we are concerned about how digital
technologies may exacerbate health inequalities. However, our
experience during COVID-19 of moving a face-to-face young
people’s digital mental health research group to an online
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videoconference has highlighted how digital solutions can
overcome pre-existing (or previously invisible) barriers to
participation. Our online group meetings make the group more
accessible for certain members due to reduced travel, time
required, personal preferences, or specific mental health
conditions, which had made face-to-face group time difficult.

Similarly, when face-to-face contact is impossible for physical
distancing reasons during COVID-19, digital solutions that can
provide remote support fill a critical gap. We believe that a more
equitable distribution of digital resources and adequate digital
literacy provision will promote a healthier digital experience
for all.
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