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Abstract

Background—Serious mental illness is one of the leading causes of disability worldwide.
Emerging mobile health (mHealth) and eHealth interventions may afford opportunities for
reaching this at-risk group.

Aim—To review the evidence on using emerging mHealth and eHealth technologies among
people with serious mental illness.

Methods—We searched MEDLINE, PsychINFO, CINAHL, Scopus, Cochrane Central, and
Web of Science through July 2014. Only studies reporting outcomes for mHealth or eHealth
interventions, defined as remotely delivered using mobile, online, or other devices, targeting
people with schizophrenia, schizoaffective disorder, or bipolar disorder, were included.

Results—Forty-six studies spanning 12 countries were included. Interventions were grouped
into four categories: 1) illness self-management and relapse prevention; 2) promoting adherence to
medications and/or treatment; 3) psychoeducation, supporting recovery, and promoting health and
wellness; and 4) symptom monitoring. The interventions were consistently found to be highly
feasible and acceptable, though clinical outcomes were variable but offered insight regarding
potential effectiveness.

Conclusions—Our findings confirm the feasibility and acceptability of emerging mHealth
and eHealth interventions among people with serious mental illness; however, it is not possible to
draw conclusions regarding effectiveness. Further rigorous investigation is warranted to establish
effectiveness and cost benefit in this population.
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Introduction

Serious mental illness (SMI), including schizophrenia, schizoaffective disorder, and bipolar
disorder, is one of the leading causes of disability worldwide (Kessler et al., 2009).
Compared to the general population, people with SMI are disproportionately affected by
comorbid medical conditions, increased cardiovascular risk, poor health behaviors, and
socioeconomic concerns such as homelessness, unemployment, and poverty, contributing to
significantly reduced life expectancy (Druss et al., 2011). People with SMI also experience
functional impairment, social isolation, and negative symptoms such as anxiety, depression,
low motivation, and cognitive impairment (Kessler et al., 2003). These symptoms affect their
ability to engage in illness self-management or access community resources (Fagiolini &
Goracci, 2009), and contribute to increased risk of suicide (Pompili et al., 2008) and
elevated rates of hospital admissions and acute care use (Simone et al., 2013). These
concerns are further exacerbated because people with SMI often receive inadequate and
highly variable health care (Druss et al., 2002), and face barriers to preventive and routine
services (Dickerson et al., 2003). Innovative approaches for illness self-management,
treatment, and symptom monitoring are urgently needed to address the poor health and
medical care experienced by people with SMI.

The use of technology such as telepsychiatry, telephone support services, or
videoconferencing between patients and mental health providers has been used to address
gaps in mental health services and improve patient outcomes (Hailey et al., 2008; Hilty et
al., 2013). However, these approaches are limited by the necessary involvement of costly
providers for direct telephone consultation. They also do little to address daily lifestyle
behaviors that are more likely to be improved through continuous monitoring, self-help and
skill building, and symptom management over time (Bauer & Moessner, 2012). In contrast,
emerging mobile health (mHealth) and eHealth interventions, including mobile, online, and
other remote devices such as monitoring systems or wearable technologies, have the
advantage of reaching at-risk individuals at any time or place without relying on costly
mental health providers, and they may afford opportunities for reaching people with SMI.

There remains uncertainty about whether emerging mHealth and eHealth interventions are
suitable for reaching individuals with SMI. For instance, concerns have been raised about
the usability and acceptability of web-based or mobile applications given the cognitive
limitations and social challenges faced by many people with SMI. Web-based platforms for
the general public are believed to have poor usability among persons with SMI (Rotondi et
al., 2013), as evidenced by difficulties experienced by this patient population when
navigating smoking cessation websites (Brunette et al., 2012). To address concerns related to
usability, many technology-based interventions are specifically developed for people with
SMI by incorporating simple visual interfaces, using familiar phrasing and content presented
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at a low reading level, and avoiding tasks requiring abstract reasoning (Ben-Zeev, Kaiser, et
al., 2013).

Socioeconomic disadvantages are also a barrier to using emerging technology interventions.
Until recently, Internet use among people with SMI has been low, (Borzekowski et al.,
2009); however, increasing availability and use of mobile devices and online services has
been observed in this population group. A survey of low-income individuals with SMI found
that over 70% owned cellphones, of which one third used their devices to access the Internet
(Ben-Zeev, Davis, et al., 2013). Also, evidence suggests that individuals with SMI are more
likely to share personal views through blogging, build friendships on social media (Gowen et
al., 2012), and use the Internet for accessing health information (Berger et al., 2005) than
people without mental illness.

A growing number of studies have explored the feasibility and potential effectiveness of
mobile and web-delivered interventions among people with psychotic disorders as
highlighted in recent reviews of emerging technologies for delivering treatment (Alvarez-
Jimenez et al., 2014) and supporting illness self-management (van der Krieke et al., 2014). It
is not clear from the current evidence whether these technologies are equally feasible across
SMI diagnoses. In addition, many prior review articles have included telehealth interventions
involving direct interaction with mental health providers through telepsychiatry,
videoconferencing, or other technology-assisted communication tools (Hilty et al., 2013), or
they have included articles published only within a limited time frame (Lal & Adair, 2014).

Our objective was to expand on prior reviews of the literature and assess the feasibility and
acceptability of remotely delivered mHealth and eHealth interventions targeting a sample of
participants that is more representative diagnostically of people with SMI served in public
sector mental health settings, which includes diagnoses of schizophrenia, schizoaffective
disorder, and bipolar disorder. In the current review we explored the use of remotely
delivered mHealth and eHealth interventions among individuals with SMI for broad
application, including symptom monitoring and assessment, promoting illness self-
management, delivering psychoeducation, and supporting positive health behavior change.

METHODS
Search Strategy

We searched the following databases through July 2014: MEDLINE, PsychINFO, CINAHL,
Scopus, Cochrane Central, and Web of Science. We used the terms schizophrenia, psychotic
disorder, psychosis, bipolar disorder, mood disorder, bipolar, schizoaffective, severe mental
illness, and serious mental illness. These terms were combined with telemetry, telemedicine,
telepsychiatry, telehealth, telecare, telemental health, ehealth, mhealth, mobile health,
mobile, mobile technology, mobile phone, smartphone, cellular phone, cellphone, text
messaging, text message, SMS, internet health, internet, online, social media, website, web-
based, web browser, remote consultation, remote sensing, artificial intelligence, game
theory, user-computer interface, computer simulation, speech recognition software,
computer-assisted therapy, wireless technology, and remote sensing technology. Each term
was entered as a key word and corresponding medical subject heading (MeSH) term. No
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language limits were applied. We screened reference lists of included studies for additional
relevant articles and searched Google Scholar using the same terms to identify relevant
articles missed in our initial database search.

Study Selection Criteria

We only considered studies for inclusion that had participants with a serious mental illness,
defined in this review as schizophrenia, schizoaffective disorder, psychosis, or bipolar
disorder. Participant diagnoses were reported in the study methods, and could include self-
reported diagnosis to include studies that used web-based recruitment strategies. Studies had
a minimum of 10 participants. Studies must have evaluated a mHealth or eHealth
technology-based intervention delivered remotely, which included remote monitoring, online
interventions such as forums or Internet support groups, mobile phone-based interventions
such as smartphone applications, personal digital assistants (PDA), or short message service
(SMS) interventions, and other remotely delivered devices for monitoring or tracking health
related outcomes.

Interventions were also user-led and not dependent entirely on clinician delivery. Clinician-
led interventions were excluded because we were interested in the feasibility and
acceptability of remote interventions that do not rely on costly providers. Therefore we
excluded telepsychiatry interventions (e.g., consultation over the phone, videoconference),
face-to-face interventions delivered in clinical or research settings, in-person interventions
delivered by mental health providers, or interventions supervised by a clinician or researcher.
All study designs were included, but reporting of outcomes was necessary. Outcomes were
broadly defined and ranged from feasibility, acceptability, safety, and usability, to efficacy
and effectiveness. Design studies, research protocols, theoretical articles, and discussion
articles were also excluded.

Data Extraction and Analysis

Results

We extracted the following characteristics from included studies: country of origin, study
design, sample size, sample diagnoses, study duration, intervention description, and main
outcomes. Interventions were grouped according to their primary purpose. Four broad
categories were created: 1) illness self-management and relapse prevention; 2) promoting
adherence to medications and/or treatment; 3) delivering psychoeducation, supporting
recovery, and promoting health and wellness; and 4) symptom monitoring. The lead author
reviewed all of the abstracts and screened the full-text articles. Then, all authors reviewed
the reasons for study exclusion and the findings from included studies independently and as
a group to ensure that all inclusion criteria were met and to summarize the evidence and to
reach consensus on a list of key findings to inform future research targeting people with
SML.

Our initial database search yielded over 9,000 articles after removal of duplicates, of which
796 were relevant and a careful review of the abstracts was necessary. Of the 175 full-text
articles screened, 43 were included and 3 additional articles were retrieved through
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searching reference lists and Google Scholar. Figure 1 illustrates the database search results,
abstract screening, reasons for study exclusion, and final study selection.

The final 46 studies described 38 unique interventions or replication studies of previously
described interventions, spanning 12 countries (Australia, Austria, Canada, Czech Republic,
Denmark, Japan, Netherlands, Niger, Slovakia, Spain, United Kingdom, and United States).
Of the different interventions, 45% targeted individuals with schizophrenia, schizoaffective
disorder, or psychosis, 31% targeted individuals with bipolar disorder, and 24% targeted
either individuals with schizophrenia spectrum disorders or bipolar disorder. Mobile
interventions using smartphones, SMS, or PDAs were most common (50%), followed by
non-mobile web delivered services (32%), as highlighted in Figure 2. We made the
distinction between mobile versus non-mobile web-based interventions, because mobile
platforms could be used to deliver online programs. The different interventions ranged in
duration from 1 week to 1 year, though feasibility and acceptability did not appear to differ
according to study duration.

The methodological quality of included studies varied considerably, as evidenced by the
range of study designs, differing analytic approaches such as intent-to-treat or as-treated
analyses, and small samples sizes. We decided that all studies, even those of poorer
methodological quality, offer important insights into broadly understanding the feasibility
and acceptability of mHealth and eHealth interventions for SMI, and for informing future
research. Therefore, all studies that met the inclusion criteria were included in synthesizing
and interpreting the findings and were arranged into four broad categories as depicted in
Tables 1-4 (studies are organized alphabetically by study author in each table).

1) lliness self-management and relapse prevention

Eleven studies focused on illness self-management and relapse prevention (see Table 1).
Among these were 4 modified versions of the Health Buddy automated home messaging
device delivered across diverse mental health settings (Godleski et al., 2012; Kasckow et al.,
2011; Pratt et al., 2013; Pratt et al., 2014), 3 separate evaluations of the Information
Technology Aided Relapse Prevention Programme in Schizophrenia (ITAREPS) (Komatsu
et al., 2013; Spaniel et al., 2012; Spaniel, Vohlidka, Hrdlicka, et al., 2008; Spaniel, Vohlidka,
Kozeny, et al., 2008), and a trial of an online platform for self-managing bipolar disorder
(Todd et al., 2014). Measures of feasibility and acceptability included frequency of
intervention use over time, response rates, study retention, proportion of devices that were
returned undamaged, and participant reported usability (see Table 1). Important clinical
outcomes were also reported. For example, the Health Buddy automated home messaging
device appeared to decrease hospital admissions and emergency room visits (Godleski et al.,
2012; Pratt et al., 2014), while reductions in mental health severity were observed in studies
of mabile interventions targeting symptom management in schizophrenia (Ben-Zeev et al.,
2014; Granholm et al., 2012).

2) Promoting adherence to medications and/or treatment

Eight studies were aimed at promoting adherence to medications and/or treatment (see Table
2). Four of these studies described SMS interventions for providing automated text message
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reminders to take medications or to attend appointments with mental health providers
(Beebe et al., 2014; Maiga, 2011; Montes et al., 2012; Sims et al., 2012). These SMS studies
did not emphasize feasibility outcomes, and instead reported improvement in adherence or
attendance outcomes, which may reflect the established use of SMS as a strategy for
promoting adherence. One study (published in French) described a SMS appointment
reminder intervention targeting individuals with psychosis seen at the national hospital in
Niamey, Niger (Maiga, 2011). This intervention resulted in better attendance compared to
the control group, and was the only study from a low-income country. Of the 4 remaining
studies, two used electronic medication bottle caps that record each bottle opening to
monitor medication adherence (Acosta et al., 2009; Frangou et al., 2005), one involved
ingestible digital tablets tracked using a wearable sensor (Kane et al., 2013), and one was a
PDA delivered intervention for improving treatment adherence in bipolar disorder (Wenze et
al., 2014). In these studies, feasibility and acceptability were measured through qualitative
interviews with patients and health professionals, study completion and adherence rates, and
frequency of intervention use (see Table 2).

3) Psychoeducation, supporting recovery, and promoting health and wellness

Fourteen studies described 11 different interventions for psychoeducation, supporting
recovery, or promoting health and wellness (see Table 3). Many of these interventions were
web-based and involved education, developing coping skills, and providing social support.
For example, two online education interventions focused on developing parenting skills for
parents with SMI (Jones et al., 2014; Kaplan et al., 2014), while four online interventions
included a peer component such as peer-to-peer online social networking (Alvarez-Jimenez
etal., 2013; Gleeson et al., 2014), peer support (Kaplan et al., 2011), or peer coaching
(Simon et al., 2011). One study focused on promoting physical activity using wearable
activity tracking devices linked to smartphones (Naslund et al., 2015). Feasibility and
acceptability were measured by the frequency of intervention use, attrition rates from the
intervention groups, and whether there were concerns related to privacy with using the
devices (see Table 3). Few studies included clinical or health outcomes other than measures
of illness symptoms (Rotondi et al., 2010; Rotondi et al., 2005), depression (Alvarez-
Jimenez et al., 2013; Baikie et al., 2012; Proudfoot et al., 2012), distress (Kaplan et al.,
2011), quality of life (Poole et al., 2012; Smith et al., 2011), or ability to reach goals
(Pijnenborg et al., 2010), likely reflecting that the data collection was conducted online in
several of these studies and was limited to self-report.

4) Symptom monitoring

Thirteen studies describing 9 interventions focused on symptom monitoring (see Table 4).
Seven interventions were delivered using smartphones or other mobile platforms. Many
interventions relied on automated prompting of participants to report symptoms at specific
times during the day including mood, psychological state, or positive and negative affect
(Ainsworth et al., 2013; Ben-Zeev et al., 2012; Bopp et al., 2010; Depp et al., 2012;
Faurholt-Jepsen et al., 2014; Palmier-Claus et al., 2012; Palmier-Claus, Ainsworth, et al.,
2013; Palmier-Claus, Rogers, et al., 2013; Palmier-Claus et al., 2014), except for one
smartphone program designed to continuously collect data on movement, location, physical
activity, and social interactions in combination with question prompts (Grinerbl et al.,
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2012). There was one computer-based intervention for recording mood and measures of
medications, sleep, life events, menstrual data, and weight (Bauer et al., 2004), and one
online intervention for daily rating of mood, anxiety, and depression (Lieberman et al., 2010;
Lieberman et al., 2011). These studies focused primarily on determining feasibility and
acceptability, as measured by the frequency participants reported symptoms or responded to
automated prompts, number of data points collected, participant reported feedback, as well
as reliability and compliance of using remote symptom monitoring compared to clinician or
paper-and-pencil ratings (see Table 4).

Discussion

This review included 46 studies of remotely delivered mHealth and eHealth interventions
targeting people with SMI. The interventions were grouped into four categories based on
their primary purpose: 1) iliness self-management and relapse prevention; 2) promoting
adherence to medications and/or treatment; 3) psychoeducation, supporting recovery, and
promoting health and wellness; and 4) symptom monitoring. The interventions were
delivered across mobile and non-mobile web-based platforms, home-based systems, and
other remote tracking devices. Feasibility and acceptability outcomes mainly included
frequency of intervention use over time, study retention, response rates, and participant
reported feedback and usability. Other feasibility outcomes included the proportion of
devices returned undamaged, concerns related to privacy, and intervention reliability as
compared to traditional approaches. Studies of newer technologies, such as smartphones,
remote tracking devices, or wearable technologies, were more likely to emphasize feasibility
outcomes when compared to established interventions such as SMS reminders or home-
based monitoring systems. However, across all studies there was a consistent and strong
finding that these emerging technologies are both highly feasible and acceptable for use
among people with SMI.

Clinical outcomes were heterogeneous, ranging from self-reported symptoms, quality of life,
perceived social support, and distress, to measures of service use and emergency department
visits. Several studies achieved positive findings, highlighting that remotely delivered
interventions are potentially effective for people with SMI. However, it is not possible to
draw conclusions from this review about the effectiveness of these interventions, because of
the varying sample sizes, range of study designs, and different outcomes reported. More
rigorous research is necessary to confirm effectiveness. It is also important to note the rapid
progression of research in this field, given that 11 of the 46 included studies (24%) were
published since 2014.

Our findings provide further evidence that emerging remote technologies can be used to
reach and engage this high-risk population as reflected through high rates of adherence and
use of the different interventions. Strong support for feasibility and acceptability of remote
technologies is important given the serious health concerns facing people with SMI and the
urgent need to identify new strategies for promoting illness self-management, engagement in
services, self-monitoring, and skill building. Not surprisingly, nearly all included studies
were from high income countries, though one study reported positive findings from a SMS
appointment reminder intervention in Western Africa (Maiga, 2011). This study leveraged
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the rapid increase in mobile phone use occurring in many countries in Africa (Zurovac et al.,
2013), and offers important early evidence that mobile technologies may play an important
role in improving mental health care in low-resource settings (Brian & Ben-Zeev, 2014).

A strength of our review was the inclusion of a diagnostically heterogeneous sample of
people with SMI, including schizophrenia, schizoaffective disorder, and bipolar disorder.
Importantly, we did not observe differences in feasibility and acceptability between SMI
diagnoses, suggesting that emerging mHealth and eHealth interventions are applicable to the
diverse patient populations seen in public sector mental health settings. Additionally, we
only included remotely delivered mHealth and eHealth interventions, either through mobile,
online, or other devices, thereby making a clear distinction from interventions that involve
direct and costly interaction with mental health providers through videoconferencing or
other forms of technology-assisted communication.

Several limitations should be considered. First, we cannot compare the effectiveness of
remotely delivered interventions with in-person or face-to-face services. Given that this is an
emerging field and that the outcomes were highly variable across studies, summarizing the
quantitative findings into a meta-analysis to determine effectiveness is not yet possible. We
did not evaluate the methodological quality of the included studies. We considered this
unnecessary because the large number of feasibility and pilot studies identified in our search
would have been considered of low methodological quality due to small samples sizes and
lack of control groups. Lastly, we did not formally search the grey literature, and it is
possible that there may be unpublished findings of remote technology interventions in
people with SMI.

Our review expands on prior literature reviews (Alvarez-Jimenez et al., 2014; van der Krieke
et al., 2014) by including a larger and broader number of studies that employed a more
diverse range of mHealth and eHealth interventions, but similar conclusions regarding
feasibility and acceptability were reached, offering further support for using these
technologies in people with SMI. It is also important to acknowledge limitations with
emerging technologies. Even with increasing affordability and availability of mobile devices
and other new technologies, cost remains a significant barrier to ownership and use among
many low-income people with SMI (Ben-Zeev, Davis, et al., 2013).

Greater use of the Internet and mobile phones has been observed among low-income and
disadvantaged groups, such as people with SMI, however significant gaps in use remain
when compared to the general population (Mclnnes et al., 2013). Furthermore, the success
of many of the remote interventions identified in our review relies on continuous and reliable
wireless connections to the Internet. While the actual devices can often be inexpensive, there
are significant expenses associated with continuing access to data services through monthly
plans, which limits access and use among low-income population groups (Viswanath et al.,
2012). As the evidence supporting mHealth and eHealth interventions for people with SMI
continues to advance, consideration of how the target population will be able to use and
access these services is crucial. For example, incentive or discount programs could help
address gaps in affordability (Viswanath et al., 2012), with the aim of widely disseminating
emerging technologies to at-risk individuals.
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An important implication from our findings is that researchers should move beyond simply
investigating whether emerging devices are feasible for use among people with SMI. It is
clear that people with SMI can use and are interested in using smartphones or services
delivered online, while evidence highlights that people with SMI use mobile devices, the
Internet, and social media websites (Ben-Zeev, Davis, et al., 2013; Naslund et al., 2014). If
adaptations are made to simplify web services or deliver appropriate content (Rotondi et al.,
2013), then feasibility and usability of mHealth and eHealth interventions does not appear to
be a concern in this population. Rather than focusing on usability or acceptability, future
research should be dedicated to exploring the effectiveness of remote technologies for
addressing complex health concerns among people with SMI through controlled studies with
sufficient statistical power. Formal cost analyses are also needed to determine potential
savings from using mHealth and eHealth interventions when compared to in-person or
existing telemental health services.

Our review contributes to this field by providing a comprehensive summary of mHealth and
eHealth interventions for targeting the high-risk group of people with SMI. Our review can
be summarized by three conclusions. First, these emerging technologies are feasible and
acceptable for use among people with SMI. Second, remotely delivered interventions appear
highly promising for reaching this at-risk group as indicated by preliminary findings of
effectiveness. Finally, further rigorous investigation is warranted to establish effectiveness
and economic benefit of emerging remote interventions in people with SMI.
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