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There is currently growing interest in using mobile phones
to support the treatment of psychotic disorders, such as
schizophrenia. However, the widespread implementa-
tion of these interventions will ultimately depend upon
patients’ access to mobile devices and their willingness to
engage with mobile health (“mHealth”). Thus, we con-
ducted a systematic review and meta-analysis to assess
mobile phone ownership and interest in mHealth among
patients with psychosis. An electronic search of Ovid
MEDLINE, Embase, PsycINFO, CENTRAL, AMED,
Health Technology Assessment Database, and Health
Management Information Consortium Database was con-
ducted, using search terms synonymous with mobile phones
and psychotic disorders. The initial literature search yielded
2572 results. Fifteen studies matched eligibility criteria,
reporting data from 12 independent samples of psychiat-
ric patients (n = 3227). Data pertaining to mobile phone
ownership, usage, and opinions on mHealth among patients
with psychotic disorders were extracted from these studies,
and meta-analytic techniques were applied. The overall
mobile phone ownership rate was 66.4% (95% CI = 54.1%—
77.6%). However, we found strong statistical evidence that
mobile phone ownership has been significantly increasing
since 2007, and the rate among patients surveyed in the last
2 years was 81.4% (n = 454). Furthermore, in surveys of
mHealth acceptability, the majority of patients responded
in favor of using mobile phones to enhance contact with
services and support self-management. Considering the
increasing availability of mobile phones and the broad
acceptability of mHealth among patients, there is now
a need to develop and evaluate mHealth interventions to
enhance healthcare services for people with psychosis.
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Introduction

Over recent decades, there has been a growing interest
in examining the feasibility and effectiveness of using
mobile phones to support medical care (“mHealth”). In
addition to traditional phone calls and Short Message
Service (SMS) messaging on older models, the widespread
availability of wireless internet has paved the way for new
forms of portable technology, such as smartphones, which
can provide instant internet access across a variety of
locations. Additionally, software applications (“apps”) for
these devices can be developed to perform a wide variety
of functions and are readily available for any device owner.

Mobile and smartphones have broad scoping clinical
applications, from promoting attendance at healthcare
appointments and medication adherence'? to communi-
cating test results® and monitoring patient symptoms in
real time.** There is also a burgeoning literature exam-
ining the efficacy of health interventions delivered via
mobile phones for a wide range of outcomes, from smok-
ing cessation® and monitoring and treating mood dis-
orders’ to managing chronic physical health conditions
such as asthma and diabetes.®’

The potential for applying mobile technologies within
the assessment and treatment of schizophrenia has been
recognized since early studies of hand-held electronic
dairies to record symptoms, and text-messaging sys-
tems to engage patients with treatment.!® In recent years,
mobile phones and smartphones have proven increasingly
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feasible for improving medication adherence,!' detecting
warning signs of relapse,'”> monitoring trends in psy-
chiatric symptoms,'? and promoting self-management
of mental health.'* This technology can also be used to
obtain instantaneous feedback, allowing for early detec-
tion of symptoms and relapse, greater patient engage-
ment in healthcare, and more timely responses to changes
in functioning.'> However, the extent to which patient
engagement with these interventions impacts on clinical
outcomes has yet to be established.

As the growth in demand for mental healthcare exceeds
the resources available to many national services, budget
pressures will require more cost-effective and innovative
methods of healthcare delivery.!® A shortage of trained
clinicians means that many people who could benefit from
evidence-based mental health interventions do not have
access to these services.'*!” Policy documents such as “No
health without mental health”'® in the United Kingdom
recommends the use of information and communication
technology to improve service delivery.!® Smartphone
technology in particular has the potential to significantly
improve mental healthcare, through extending the reach
of services and providing adjunctive support to existing
psychosocial interventions.

However, the potential benefits of mobile phones for
mental healthcare are ultimately dependent upon levels of
technology access and engagement among service users.
Previous research of “digital divides” across demographic
groups indicate that people with schizophrenia would be
less likely to possess mobile phones and smartphones
than the general population, since unemployment, poor
education, and chronic medical conditions are all associ-
ated with reduced access to technology."”?! Furthermore,
although the popularity of using mobile phones to moni-
tor and manage health has increased among the general
population,?*?* previous research has expressed concerns
that certain characteristics of psychotic disorders (such
as paranoia, cognitive deficits, and social withdrawal)
may present barriers towards wide scale use of mHealth
in this population.?*?

In this review, we evaluate current and future possibili-
ties for mHealth in psychotic disorders, through examin-
ing the rate of mobile phone adoption among patients.
We also quantify patients’ endorsement of various possi-
ble mHealth services in order to inform the development
of future interventions.

Methods

Search Strategy and Selection Criteria

An electronic database search of Ovid MEDLINE,
Embase, PsycINFO, the Cochrane Central Register
of Controlled Trials (CENTRAL), Allied and
Complementary Medicine Database (AMED), Health
Technology Assessment Database, and the Health
Management Information Consortium database was
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conducted on June 23, 2015 using the following key-
word search terms: “mhealth” or “information tech*” or
“smartphone” or “mobile” or “text messag*” or “sms”
AND “psychosis” or “psychotic” or “schiz*” or “psy-
chiat*” or “severe mental” or “serious mental”. The
reference lists of retrieved articles were searched. In addi-
tion, a basic search of Google Scholar and the Journal
of Medical Internet Research (JMIR) was conducted in
an effort to identify any additional relevant publications.

Only original, peer-reviewed, and English-language
research articles were included in the review. We aimed to
include all studies which reported rates of mobile phone
ownership among people being treated for a psychotic
disorder (schizophrenia/schizoaffective disorder, non-
affective psychotic disorders, or bipolar with psychotic
features). Studies which included a broad spectrum of
psychiatric disorders were only included if >66% of the
sample had a clinically diagnosed psychotic disorder, as
specified above. Data from studies in which <66% of the
sample had a psychotic disorder were only used if mobile
phone ownership specifically among the patients with a
psychotic disorder could be accurately determined and
extracted. Intervention studies reporting baseline rates of
mobile phone ownership among patients with psychosis
also eligible for inclusion.

Data Extraction and Analysis

Two reviewers (J.F. and J.C.) screened the articles inde-
pendently to assess eligibility. Any disagreements were
resolved through discussion until agreement was reached.
A systematic tool was developed to extract and quantify
the following from each study: (1) Study characteristics:
sample size, sample demographics, location, data collec-
tion period, healthcare setting, and breakdown of clini-
cal diagnoses and (2) Opportunities for mHealth: mobile
phone ownership, current usage, surveyed interest in
mHealth among patients, and factors associated with
mobile phone ownership/usage.

Data from individual studies were pooled using the
proportion meta-analysis in StatsDirect 2.7.% We applied
a random-effects model using the DerSimonian-Laird?*’
method in order to account for between-study variance
when determining study weights and the SE of the over-
all estimate. Between-study variance was assessed with
Cochran’s Q and quantified as I, which represents the
degree of variance caused by between-study heterogene-
ity rather than chance. We examined the potential degree
of publication bias using Egger’s test for small-study bias
and visual inspection of funnel-plots of the association
between proportion estimate and SE.

Primary analyses of phone ownership, usage, and inter-
est in mHealth services were restricted to patients with
psychotic disorders. This included only the studies for
which the full sample had a psychotic disorder, or those
for which exact rates of mobile phone ownership among
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subsamples with psychotic disorders could be determined.
To examine changes in mobile phone ownership over time,
we calculated the midpoint of data collection for each
study (ie, the date between the start and end of data col-
lection) and determined how this was related to the num-
ber of mobile phone owners, and number of nonowners,
found in the study. The statistical software R v. 3.1.2 was
used to run a generalized linear model (GLM) with quasi-
binomial error structure (to allow for overdispersion) and
logit link, setting mobile phone ownership as the response
and mid-date of data collection as the predictor.

Results

The database search returned 2572 results. This was
reduced to 1776 following the removal of duplicates.
A further 1711 articles were excluded at the title-abstract
stage. Sixty-five-full text articles were retrieved, of which
55 were excluded for containing no relevant data (N = 33),
being a review or conference abstract (N = 11), having an
ineligible sample (N = 8), or being unavailable in English
(N = 3). This left 10 publications which were eligible for
inclusion. A further 5 articles were identified from basic
searches of Google Scholar and JMIR. The full study
selection process is shown in figure 1.

A total of 15 different articles were eligible for inclu-
sion,!'%?+2838 reporting data from 12 unique samples of

Records identified through
database searching (n = 2572)

h 4

Records after duplicated removed

psychiatric patients (n = 3227). Details of included
studies are available in supplementary table 1. Six were
conducted in the United States,'®?®3? 3 in the United
Kingdom,****3% 2 in Canada,*3* and 1 in India.®®
Across all 3227 psychiatric patients within these
studies, the mean age was 43.3 years (median = 40.3,
range = 25.6-51.8). The majority were male (61.1%)
and psychiatric outpatients (92%). Where race or eth-
nicity was specified, 42.5% were White, while 57.5%
were identified as belonging to a minority within their
respective countries. Eight studies (n = 2581) reported
employment and/or income; 74.7% of participants
were categorized as unemployed or having <$10000
annual income.

In order to explore mHealth feasibility specifically in
psychosis, all meta-analyses were performed within a
subgroup of 2129 participants, of whom 97% had a con-
firmed psychotic disorder (75% schizophrenia/schizoaf-
fective disorder). This subsample was obtained by only
including study data for which: (1) it could be confirmed
that the entire (or vast majority) of the sample had a
diagnosed psychotic disorder (N = 8, n = 868) or (2) own-
ership rates specifically among those with psychotic dis-
orders were reported separately (N = 4, n = 1261). For
2 studies,*>* phone ownership within the psychosis sub-
sample was determined from original data retrieved from
the corresponding authors.

Records excluded in title and abstract

(n=1776)

A 4

Full-text articles assessed for
eligibility

h A

stage {n=1711)

Full-text articles excluded (n = 55):
Unavailable in English (n =3}
Conference abstract only (n = 6)

h 4

{n=65)

A 4

Articles eligible for review "

eHealth intervention only (n= 15}
Ineligible population {n = 8}
Review article (n=5)

Mo phone ownership data (n=18)

Articles identified through other

{n=15)

¥

Independent studies
[n=12)

sources (n=5)

Fig. 1. PRISMA* Flow diagram of systematic search and study selection.

450


http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv132/-/DC1

Mobile Phone Ownership and Usage in Psychosis

Proportional meta-analytic techniques were applied. As
can be seen in figure 2, the overall rate of mobile phone
ownership among people with psychosis was 66.4% (95%
CI = 54.1%-77.6%). There was significant heterogeneity
between studies (Cochran’s Q = 320.758498, df = 11, P <
.0001, 2 = 96.6% [95% CI = 95.7%—97.2%)]). However,
there was no indication of publication bias found by either
visual inspection of funnel plot asymmetry or Eggers test
(bias = 1.547216 [95% CI = =7.6 to 10.7), P = .713).

Time of data collection was reported in 7 stud-
ies?83033:3638 and was retrieved from the corresponding
author for 4 more.?*33235 The GLM showed that mobile
phone ownership has increased over time (figure 3), as
there was a statistically significant, positive relationship
between mid-date of data collection and mobile phone
ownership (¢ = 3.019, P = .0145, coefficient = .001, which
is equivalent to an estimate of a 3% increase in the OR
of owing a cell phone with every month). The same was
found when considering start or end date of data col-
lection (supplementary figure 1A and 1B). Due to the
increases in mobile phone ownership over time, a sensi-
tivity analysis was conducted on data collected from 2013
to present (N = 4, n = 454). Across patients with psycho-
sis surveyed within the last 2 years, 81.4% owned a mobile
phone (95% CI = 75.8%-86.3%).

Device Type and Usage

Across 5 studies (n = 443) that examined type of mobile
device, smartphones were owned by 35.4% of people

Study name (date)
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with psychosis (95% CI = 12.3%-63.0%). Reports of
mobile usage were aggregated and showed that 56.5%
(95% CI = 39.5%-72.8%) of people with psychosis who
owned phones used their device on a daily basis (N = 5,
n = §90).

o
S o
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= People with Psychosis

10

[ I I I I I I I 1
2007 2008 2009 2010 2011 2012 2013 2014 2015

Year

Fig. 3. The increase in mobile phone ownership over time. Blue
points show individual studies, and point size represents sample
size (square-rooted for scale). Blue line shows the fit of the GLM
(see “Methods” section) and blue shading shows the SE. Grey
line shows ownership among the general population in the United
States.*

Proportion estimates (95% Cl)

Ben-Zeev et al (2013) B 0.63 (0.60, 0.66)
Ben-Zeev et al (2014) —— B 0s88(0.72,097)
Bogart et al (2014) —B— 0.82 (0.73, 0.90)
Borzekowski et al (2009) —B— 0.34 (0.25, 0.44)
Depp et al (2015) e 0.27 (0.21, 0.34)
Forchuk et al (2013) —— 0.37 (0.31, 0.43)
Jain et al (2015) - 0.82 (0.76, 0.87)
Lal et al (2015) —— 088078095
Miller et al (2015) —— 0.73 (0.61, 0.82)
Palmier-Claus et al (2012) R 0.79 (0.58, 0.93)
Sanghara et al (2010) —— 0.55 (0.45, 0.65)
Torous et al (2014) e 0.83 (0.74, 0.90)
Overall — <0 0.66 (0.54, 0.78)
T T T LA S A A ™
0.0 0.2 0.4 0.8 1.0

Proportion of mobile phone owners

Fig. 2. Proportional meta-analysis of mobile phone ownership among patients with psychosis. The forest plot shows the mobile phone
ownership rates among eligible samples (see “Methods” section) in each study, including each study’s proportion estimate (Box points)
and the 95% CI (horizontal lines). The diamond shows the overall ownership rate estimated from a random-effects model.
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Interest in mHealth

Opinions on specific mHealth services were surveyed in
7 studies, across a total of 1172 patients with psychotic
disorders. The proportion of favorable responses for
the most popular mHealth services was: 60.2% of ser-
vice users in favor of using mobile phones for tracking/
monitoring their mental health (95% CI = 42.6%-76.5%,
N =3, n=251), 56.1% for receiving information about
physical or mental health (95% CI = 33.4%—77.5%, N =4,
n = 944), 55.5% for appointment/medication reminders
via text (95% CI= 35.8%-74.3%, N = 5, n = 968), and
51.1% for facilitating patient contact with health profes-
sionals (95% CI = 36.4%—65.6%, N = 5, n = 989).

Predictors of Mobile Ownership and Usage

Relationships between patient characteristics and
mobile phone ownership/usage were reported in 6 stud-
ies. The only variables examined across multiple studies
were: diagnosis, age, ethnicity, education, and income.
Findings in each these areas were synthesized and are
presented below.

Three studies considered clinical characteristics in
relationship to mobile phone ownership. Ben-Zeev
et al® found that ownership was 23% lower among
patients with schizophrenia/schizoaffective disorder
than those with mood disorders. Similarly, Sanghara
et al* found 23% lower ownership rates among patients
with “psychotic disorders” (primarily schizophrenia/
schizoaffective disorder) than those with other psychi-
atric diagnoses. One study further exploring predictors
of ownership in patients with schizophrenia/schizoaf-
fective disorder®® found that those with more severe
functional disability were less likely to have owned a
mobile phone.

The relationship between age and mobile phone own-
ership among psychiatric patients was examined in 4
studies,?*?%3%32 gl of which found younger patients were
significantly more likely to own mobile phones. Due to
the consistency of these findings, a post-hoc analysis was
conducted to examine the relationship between age and
ownership at the studylevel. However, mobile phone own-
ership across studies was not predicted by mean sample
age (1t = —1.41, P = .193, coefficient = .065; supplemen-
tary figure 1C). Additionally, 2 studies which investigated
the association between age and text-messaging found no
significant relationship of age with either use of texting’!
or interest in receiving SMS medication reminders.*

Two studies examined relationships with education.
Although “level of education” (eg, high school vs college
graduate) did have a significant association with phone
ownership,”® “total years in education” did not.® Level
of income also had a significant impact, as those with
annual incomes of >$10000% were 33% more likely to
own a mobile phone than those without. However, inter-
est in receiving mHealth services was equally high among
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both employed and unemployed participants.”® Three
studies examined ethnicity and mobile phone ownership/
usage in the United Kingdom?* and the United States.*"3!
However, none of these studies found a significant
association.

Discussion

Mobile Device Ownership Among People With
Psychosis

This study used proportional meta-analyses across
12 independent samples to examine the feasibility of
mHealth for psychosis. Overall, 66.4% of 2129 peo-
ple with psychotic disorders (mostly schizophrenia or
schizoaffective disorder) surveyed between 2007 and 2015
owned a mobile phone (figure 2). However, ownership
rates have been increasing substantially, and significantly,
over time (figure 3). Sensitivity analyses indicated that
mobile phone ownership among people with psychosis is
now around 81.4%, which is not dissimilar to the 90%
observed in the general population.®

Previous research has raised the possibility that the
feasibility of mHealth may be compromised in psychotic
disorders, as a result of symptoms, cognitive dysfunction,
or social isolation reducing technology adoption.*?
Although some barriers will still exist, our findings
largely dispel these particular concerns of availability and
access. As shown in figure 3, the previously large divide
between people with psychosis and the general popula-
tion has closed substantially since 2007. Any remaining
discrepancies are likely accounted for by economic fac-
tors, since the vast majority of our sample (75%) was
unemployed or earning under $10000 perannum. Across
2 studies which explored barriers towards mHealth for
people with psychosis, the most commonly cited issue
was indeed affordability.”®* Indeed, the most recent data
from the United States shows that only 84% of people
earning under $30000 perannum own a mobile phone,*
vs the 81.4% observed in people with psychosis surveyed
within the last 2 years.

In contrast, smartphone ownership among people
with psychosis was found to be only 35%. However, this
was slightly higher in studies conducted in the United
Kingdom, United States, or Canada, averaging 49%.
Whereas smartphone ownership in these populations
is currently around 63%,*4 this drops to 50% among
the lowest earners, indicating that reduced smartphone
adoption among people with psychosis is again attribut-
able to economic factors. Nonetheless, it may still be pre-
mature to roll out large scale “app-based” interventions
for schizophrenia, since less than half of patients would
currently be able to access these services. This would
particularly exclude older patients with more severe func-
tional impairments, who are less likely to own and use
mobile technologies.?*** Furthermore, financial barriers
towards device ownership may also impact on patients’
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ability to afford the necessary data plans for fully engag-
ing with smartphone interventions.

However, we can predict that smartphone ownership
will continue to increase among people with psychosis, on
the basis of the aforementioned trends in regular mobile
phone ownership, and also observations in the general
population. For instance, the greatest growth in smart-
phone adoption in recent years has been observed among
disadvantaged groups, with ownership among the lowest
earners in the United States more than doubling since
2011.2%% Additionally, relatively high levels of smart-
phone ownership (of around 68%) are already observed
among younger patients, in earlier stages of psychotic
disorders.***” Along with presenting immediate opportu-
nities for early intervention services, this also suggests it
would be astute to begin developing and testing applica-
tions now, so that scalable interventions are ready by the
time widespread adoption has occurred.

Opinions of mHealth Services Among People With
Psychosis

While the majority of patients responded in favor of the
mHealth services surveyed, endorsement for each option
was far from unanimous. However, the single study which
reported overall interest in mHealth among people with
serious mental illness found that 81% of phone owners
were interested in at least one of the options presented.?®
Therefore, offering a range of mobile interventions to all
service users, for them to choose which areas of health-
care they feel most willing to engage with via their mobile
phones, could be the most accessible route towards imple-
menting mHealth in the treatment of psychotic disorders.

Of all the mHealth options surveyed, the most popular
was mobile tracking and/or monitoring of health status.
Around 60% of people with psychosis agreed that this
is something they would use. Novel smartphone applica-
tions for symptom monitoring in psychosis are in devel-
opment and have proved highly feasible in pilot studies.*
Furthermore, patients may find smartphone monitoring
easier than text-message monitoring and have higher
adherence to app-based interventions.’ However, it
should be considered that even for this most popular
option, 40% of patients did not feel this is something they
would engage with at this point.

The most commonly surveyed mHealth options were
(1) text-message reminders for appointments or medica-
tions and (2) enhancing patient-to-service contact using
mobile phones. Both of these were widely acceptable,
with the majority of service users responding in favor.
A key benefit of text-message reminders and mobile
phone-contact is that they are both possible without
smartphone devices, and thus will be immediately acces-
sible to the large majority of patients. Previous studies
which have implemented these simple interventions have
found they can reduce service costs, increase treatment
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adherence, and improve clinical outcomes in psycho-
sis.!341 Such interventions may confer maximum ben-
efits when applied in an adjunctive manner to support the
delivery of pharmacological and psychological treatment
programs.* Due to the current penetration of regular
mobile devices, and the clear benefits for both healthcare
services and their patients, services should now consider
offering these as standard in the treatment of psychosis.
Our findings further indicate that the majority of peo-
ple with psychosis are interested in not only monitoring,
but also improving their health via mobile phones, since
another well-received option was using mobile devices
for health information. Although possible through regu-
lar devices, smartphone technology also broadens the
horizons for novel interventions in this area. Feasibility
studies have found that smartphone applications which
provide personalized health information and self-man-
agement tools to psychiatric outpatients can improve
health status, independence, and clinical outcomes.!%#?
Along with enhancing psychiatric care, smartphone
applications could also provide novel methods for tack-
ling the physical health inequalities associated with psy-
chotic disorders.* The popularity of fitness apps in the
general population is growing faster than any other app
category,”* with around one-third of smartphone own-
ers use such apps on a regular basis.?>?* Since physical
exercise can be an effective complimentary therapy for
many symptoms of psychotic disorders,* future research
should aim to develop suitable fitness apps for people
with psychosis. Indeed, feasibility trials of using smart-
phone apps to support healthy lifestyles for people with
serious mental illness have showed initial success.* Most
recently, remote monitoring devices and wearable sensors
which monitor exercise, heart rate, and even sleep have
been integrated with smartphone app interfaces to pro-
vide real-time feedback and personalized activity recom-
mendations for people with mental health problems.*”#

Limitations and Future Directions

One limitation of this review is the broad diagnostic inclu-
sion criteria of “psychotic illness” or “psychosis”. This
was used to maximize external validity of the findings but
may reduce the accuracy of phone ownership estimations
for any specific diagnostic group. Three studies which
examined the relationship between clinical variables and
mobile phones collectively indicated that illness severity
is negatively associated with ownership and usage.??%3
However, although a range of nonaffective and affective
psychoses were present within the sample, 75% of the
included subjects did have schizophrenia/schizoaffective
disorder. An additional limitation is that while most of
these patients did feel they would use mHealth services,
we cannot necessary expect that these broadly positive
attitudes will translate directly into adherent behaviors,
due to the attitude-behavior gap.*
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A major challenge is introducing new mHealth ser-
vices into routine mental healthcare. Currently, commu-
nity mental health services are often unable to provide
sufficient access to psychosocial interventions for psy-
chosis, with treatments such as cognitive behavioral
therapy available to only 10% of patients or less, due to
resource constraits.'®'” Thus, community-based treat-
ment for psychosis could be enhanced through providing
a range of mHealth interventions, which can be broadly
disseminated across any number of patients, in order to
provide adjunctive support within existing treatment pro-
grams.'**! These digital solutions to mental healthcare
may prove particularly valuable in regions of the world
where there is a scarcity of traditional resources or poor
access to services.”!

While early results of mHealth interventions in psycho-
sis appear promising, a number of important practical
and ethical issues have also been highlighted, such as data
protection, privacy, safety, and security, to ensure public
and patient trust in new technologies.!>>% Furthermore,
many interventions have been developed without signifi-
cant service user or clinician involvement, and clinical
efficacy is largely unknown. Future research should aim
to build the currently limited evidence base, in order to
develop accessible, user-led mHealth services which are
capable of enhancing and expanding the provision of
care for people with psychosis.
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Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org
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