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Abstract

Background: mHealth interventions that use mobile phones as instruments for illness management are gaining popularity.
Research examining mobile phone based mHealth programs for people with psychosis has shown that these approaches are
feasible, acceptable, and clinically promising. However, most mHealth initiatives involving people with schizophrenia have
spanned periods ranging from a few days to several weeks and have typically involved participants who were clinically stable.

Objective: Our aim was to evaluate the viability of extended mHealth interventions for people with schizophrenia-spectrum
disorders following hospital discharge. Specifically, we set out to examine the following: (1) Can individual s be engaged with a
mobile phoneintervention program during this high-risk period?, (2) Are age, gender, racial background, or hospitalization history
associated with their engagement or persistencein using amobile phoneintervention over time?, and (3) Does engagement differ
by characteristics of the mHealth intervention itself (ie, pre-programmed vs on-demand functions)?

Methods: We examined mHealth intervention use and demographic and clinical predictors of engagement in 342 individuals
with schizophrenia-spectrum disorders who were given the FOCUS mobile phone intervention as part of a technol ogy-assisted
relapse prevention program during the 6-month high-risk period following hospitalization.

Results: On average, participants engaged with FOCUS for 82% of the weeks they had the mobile phone. People who used
FOCUS more often continued using it over longer periods: 44% used the intervention over 5-6 months, on average 4.3 days a
week. Gender, race, age, and number of past psychiatric hospitalizations were associ ated with engagement. Females used FOCUS
on average 0.4 more days aweek than males. White participants engaged on average 0.7 days more aweek than African-Americans
and responded to prompts on 0.7 days more a week than Hispanic participants. Younger participants (age 18-29) had 0.4 fewer
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days of on-demand use aweek than individuals who were 30-45 years old and 0.5 fewer days aweek than older participants (age
46-60). Participants with fewer past hospitalizations (1-6) engaged on average 0.2 more days a week than those with seven or
more. mHealth program functions were associated with engagement. Participants responded to prompts more often than they
self-initiated on-demand tools, but both FOCUS functions were used regularly. Both types of intervention use declined over time
(on-demand use had a steeper decline). Although mHealth use declined, the majority of individuals used both on-demand and
system-prompted functions regularly throughout their participation. Therefore, neither function is extraneous.

Conclusions: The findings demonstrated that individuals with schizophrenia-spectrum disorders can actively engage with a
clinically supported mobile phoneintervention for up to 6 monthsfollowing hospital discharge. mHealth may be useful in reaching
aclinical population that is typically difficult to engage during high-risk periods.

(JMIR Ment Health 2016;3(3):€34) doi: 10.2196/mental.6348
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Introduction

Patients, practitioners, and policy makers are increasingly
enthusi asti c about the use of mHealth approachesthat can bring
much needed resources (eg, information, assessment, and
treatment) to people with chronic illnesses [1-3]. A recent
meta-analysis of 12 studies conducted in the United States,
Canada, United Kingdom, and Indiafound that across countries
the magjority of people with schizophrenia-spectrum disorders
own mobile phones, and many are interested in using them as
tools to support the management of their iliness [4]. Research
examining mobile phone based mHealth programs for people
with psychosis has shown that these approaches are feasible,
acceptable, and clinically promising [5-10]. However, most
mHealth initiatives involving people with schizophrenia have
spanned periods ranging from afew days to several weeks and
have typically involved participants who were clinically stable.

Schizophrenia has a prolonged and dynamic course typically
consisting of periods of relative stability or remission
interspersed with phases of symptomatic exacerbation that can
last several months [11,12]. The months following hospital
discharge are a particularly vulnerable period during which
individualsare at increased risk for rel apse and rehospitalization
[13]. Whether people with schizophrenia are willing and able
to engage in mHealth interventions during this high-risk period
is unclear. On one hand, mHeadth approaches are less
constrained by clinic hours, location, or clinician availability
and are therefore more flexible and accessible. On the other,
mHealth programs require autonomous use and are limited in
their personalization and adaptation capacities [14,15].
Conseguently, patients might find mHealth interventions to be
too effortful, formulaic, or repetitive and disengage.

With the current study, we set out to evaluate the viability of
extended mHedth interventions for people with
schizophrenia-spectrum disordersfollowing hospital discharge.
Specifically, we asked the following questions. (1) Can
individuals be engaged with a mobile phone intervention
program during this high-risk period?, (2) Are age, gender,
racial background, and psychiatric hospitalization history
associated with their engagement or persistence in using a
mobile phoneintervention over time?, and (3) Does engagement
differ by characteristics of the mHealth intervention itself (ie,
pre-programmed vs on-demand functions)? To address these
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guestions, we examined mHeath intervention use and
demographic and clinical predictors of engagement in 342
individuals who were given amobile phone intervention for up
to 6 months as part of a comprehensive technology-assisted
relapse prevention program for people with psychosisfollowing
hospital discharge[16].

Methods

Procedures

The study was approved by the ingtitutional review boards of
the coordinating center, the participating sites, and the
Committee for Protection of Human Subjects at Dartmouth
College. Participants were drawn from a multisite Health
Technology Program (HTP) implementation project that was
conducted in partnership with 10 community mental health
centers and outpatient clinicsin eight US states between 2012
and 2015. HTPisdescribed in detail elsewhere[16,17]. Briefly,
the program offered individuals with psychotic disorders the
opportunity to engage in a technology-assisted relapse
prevention program for up to 6 months. As part of HTP, patients
were offered an Android smartphone with the FOCUS [5,18]
illness self-management program installed. Initially, a case
manager introduced the mHealth intervention to patients and
explained how to use the phone functions (eg, call, text, charge
the battery) and FOCUS program (eg, respond to clinical
assessment measures using the touchscreen, select on-demand
tools). Once individuals demonstrated their proficiency, the
case manager engaged them in ashared decision-making process
to identify the three most relevant treatment targets from five
possible FOCUS modules: medication adherence, mood
regulation, sleep, social functioning, and coping with auditory
hallucinations. Once treatment targets were selected, they were
input into the mobile phone and patients could use FOCUS
independently. Participants could call or meet with their case
managersfor technical support and troubleshooting. The FOCUS
system prompted patients to engage in a brief
assessment/intervention up to three times daily, focusing on
their assigned treatment targets. In addition to pre-scheduled
prompts, participants could access the treatment content for all
five modules without restriction as part of the FOCUS
on-demand functions. The mobile phone transmitted participant
use datato aremote server regularly. Once data were uploaded,
case managers at the different individual sites could view their
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assigned participants FOCUS activity via a secure online
dashboard. HTP case managers met with participantsfor relapse
prevention planning regularly, and data from the dashboard
were availableto inform these meetings. Brunette et al describe
in detail the development of the Relapse Prevention Plan in
which FOCUS was embedded [16].

Participants

Individuals were €ligible to participate in HTP if they were
diagnosed with a psychotic disorder, were 18-60 years old, and
had been discharged from psychiatric hospitalization within the
past 60 days. The HTP sample consisted of 368 individuals.
Four individuals were offered the FOCUS intervention but
declined. Two individuals received a mobile phone but lost or
sold it before the FOCUS program was activated and so did not
generate mHealth use data. One individual was not offered
FOCUS because his living environment did not permit the use
of amobile phone. Five individualsdropped out of HTP shortly
after their baseline assessment and did not receive a mobile
phone. Ancther 14 individuals provided fewer than 7 days of
mobile phone dataand were not included in the analyses because
weekly engagement measures could not be cal culated for them.
Our final mHealth user sample consists of 342 individuals.
These participants had a mean age of 35 years (SD 11). The
sample was 62.3% (213/342) male, 50.0% (171/342) white,
25.1% (86/342) African-American, 10.8% (37/342) Hispanic,
and 14.0% (48/342) were Asian, American Indian, Native
Hawaiian, or more than one race. The majority (75.7%,
259/342)were single.

M easures

Psychiatric diagnoses were based on medical records at the
community mental health center or outpatient clinic wherethey
received care and were confirmed by investigators at each site.
Demographic information was collected during a baseline
interview. Participants FOCUS use “events’ were logged
automatically by the mobile phone and transmitted to a study
server when the device had connectivity. Four engagement
outcomeswere cal culated for each individual: Days of mHealth
Use represents the number of days a participant used any
FOCUS function during the week. Days Responding to Prompts
represents the number of days a participant responded to
system-initiated prompts during the week. Days of On-Demand
Use representsthe number of daysaparticipant initiated FOCUS
use during the week. Average Daily On-Demand Use tallied
how often within a day individuals sef-initiated FOCUS
functions. In initia descriptive tables, weekly engagement
measures were summarized at theindividual level for theentire
time they participated in the study. Weekly measures were then
characterized over timein longitudinal analyses.

Overview of Analyses

The goal of longitudinal analyses was to estimate engagement
over the course of the study. Participants, however, received
the smartphone intervention for differing amounts of time and
consequently had differing amounts of engagement data.
Engagement datawere missing for monthswithout mobile phone
data. Missing data may be a product of participants
discontinuing FOCUS use prior to the end of the 6-month
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relapse prevention program or because they enrolled in HTP
with less than 6 months left before the end of the project (these
participants were informed that they may receive less than the
full “dose” of theintervention when enrolling). For participants
who dropped out prematurely, it is particularly important to
take into account the relationship between available data and
engagement. If aparticipant was|ess engaged with the mHesalth
intervention, they would be expected to be more likely to
discontinue using it altogether. Therefore, modeling of
engagement must assume missing data is informative on the
engagement outcome values. Jointly modeling the longitudinal
outcomes and the duration of available data allows an unbiased
estimate of the association between predictors and the
longitudinal outcome while appropriately accounting for missing
data. In analysesincluding all participants (even those with less
than 6 months of data), the results presented are from joint
models. These models fit a longitudinal mixed-effects model
for each engagement outcome simultaneously with a Cox
proportional hazard model of duration of available data
Subgroup model samong only those parti cipantswith 5-6 months
of available datawere performed viamixed-effects models. All
longitudinal models included linear time terms, and quadratic
time terms were retained if significant. To assess the effect of
demographic factors and engagement, fixed effects were added
to the time-trend models for each of the demographic factors
of interest. Due to significant associations between age and
gender (younger individuals were more likely to be male) and
age and race (older individuals were more likely to be white),
models for each demographic factor were fit separately. All
longitudinal models include random individual-level intercept
and slope termsto account for the correl ation of outcomes over
time within individuals.

Results

The majority of participants were able to use the mobile phone
and FOCUS program safely and without difficulty. One
participant reported getting paranoid about the mobile phone
and breaking it. Another participant reported only using it on
“arplane mode” to avoid being tracked. Three participants
deleted the FOCUS program from the phone. Another 21
participants reported their mobile phone lost or stolen over the
course of their participation and requested areplacement device.
One participant accidentally downloaded malware that rendered
the phone inoperative and it needed to be replaced. At least two
devices were pawned by participants.

Table 1 summarizes participant demographics and engagement
rates. Participants included in this analysis had a study mobile
phonefor varying timeframes ranging from 8 to 183 days (mean
126 days, SD 52). Most participants (73.6%, 252/342) used the
intervention for 3-6 months. On average, participants used the
FOCUS program for 82% of the weeks they had the device. On
average, participants had 9.5 (SD 7.4) meetings with HTP case
managers in which they engaged in FOCU S-related topics (eg,
device set-up and training, treatment target selection, technical
troubleshooting, modification of prompting schedules,
encouragement to use FOCUS strategiesin the context of daily
life).
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Table 1. Individual demographic and engagement outcomes.

Ben-Zeev et d

Demographic and study variables Values
Gender, n (%)

Female 129 (37.7)
Male 213 (62.3)
Age, n (%)

18-29 138 (40.3)
30-45 135 (39.5)
46-60 69 (20.2)
Race, n (%)

White 171 (50.0)
African-American 86 (25.1)
Hispanic 37(10.8)
Other (Asian, American Indian/Alaskan Native, Native Hawaiian, or more than one race) 48 (14.0)
Marital status, n (%)

Married 23(6.7)
Widowed/Divorced 57 (16.7)
Single/Never married 259 (75.7)
Months of mHealth use, n (%)

<1 26 (7.6)
1+ 28(8.2)
2+ 36 (10.5)
3+ 36 (10.5)
4+ 65 (19.0)
5+ 151 (44.2)
Number of previous psychiatric hospitalizations, n (%)

1-6 186 (55.2)
7+ 151 (44.8)
Engagement measures, mean (SD)

Days of mHealth Use per week 35(1.9)
Days Responding to Prompts per week 2.9(2.0)
Days of On-Demand Use per week 1.8(1.4)
Daily On-Demand Use 1.2(1.8)
Percentage of weeks used 82% (21%)
Percentage of weeks responding to prompts 72% (28%)
Percentage of weeks using on-demand functions 62% (28%)

Individuals who used FOCUS for 5-6 months of the relapse
prevention program (44%) had higher average engagement
throughout their participation than those who used FOCUS for
lesstime. Their Days of mHealth Use were mean 4.3 (SD 1.8)
per week; Days Responding to Prompts: mean 3.8 (SD 2.0) per
week; Days of On-Demand Use: mean 1.9 (SD 1.5) per week;
and Daily On-Demand Use: mean 1.3 (SD 1.8). In the Cox
proportional hazard portion of the joint models, there was a
significant association between level of engagement and
likelihood of discontinuing use, with higher levels of
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engagement associated with lower risk of discontinuation.
Greater number of psychiatric hospitalizations was also
significantly associated with likelihood of discontinuing use,
with a discontinuation hazard ratio of 1.4 (95% CI 1.1-1.8;
P=.004) for 7+ hospitaizations compared to fewer
hospitalizations.

The level of engagement with the mobile phone intervention
declined over time (see Figure 1). The joint model results
including all participants showed a curvilinear decline from an
average of 3.9 uses in the first week to 1.9 uses in week 24.
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Days Responding to Prompts declined linearly and Days of
On-Demand Use declined more steeply initially followed by a
leveling off of use. Mean Days Responding to Prompts in the
first week was 3.1 and in week 24 was 1.6. Mean Days of
On-Demand Usewas also 3.1 in thefirst week and 1.4 in week
24. Daily On-Demand Use also declined steeply initialy
followed by aleveling off in the later weeks (1.4 inweek 1 and
0.6 week 24).

If the analysis is restricted to only those participants who
continued using FOCUS for 6 months, the declines in Days of
mHealth Use and Days Responding to Prompts do not appear
to be as steep. In this subset, engagement in week 24 remained
high with a mean of 3.8 Days of mHealth Use, 3.5 Days
Responding to Prompts, 1.5 Days of On-Demand Use, and 1.1
Daily On-Demand Use. Both prompted and on-demand features
continued to be used throughout the study (see Figure 2).

Gender, race, age, and number of psychiatric hospitalizations
were all found to be significantly associated with engagement
outcomes (see Table 2). Females were significantly more
engaged as measured by Days of mHeath Use, Days
Responding to Prompts, and Daily On-Demand Use. On average,
females used FOCUS on 0.42 days more per week than males
and responded to prompts on 0.18 days more than males. On
average, females al so used on-demand features 1.61 times more
per day than males. No significant association was seen between
gender and Days of On-Demand Use.

Table 2. Joint longitudinal model results for engagement over time.

Ben-Zeev et d

White participants were the most engaged. They had
significantly more Days of mHealth Use (0.69 more per week),
Days Responding to Prompts (0.72 more per week), and Days
of On-Demand Use (0.17 more per week) than
African-American participants. White participants had
significantly more Days Responding to Prompts (0.74 more per
week) and Days of On-Demand Use (0.33 more per week) but
less Daily On-Demand Use (1.32 less uses per day) than
Hispanic participants.

Participants were categorized into three age groups: 18-29,
30-45, and 46-60. Participants aged 30-45 were significantly
more engaged than younger participants (18-29 years) when
considering Days of On-Demand Use (0.42 days more weekly)
and Daily On-Demand Use (0.16 uses more per day). Older
participants (46-60) were significantly more engaged in Days
of On-Demand Use (0.48 days more weekly) and Daily
On-Demand Use (1.78 uses more per day) when compared to
those 18-29. However, they were significantly less engaged in
Days Responding to Prompts (0.41 days fewer).

Participants with 7 or more psychiatric hospitalizations were
significantly less engaged than those with fewer hospitalizations
when considering Days of mHealth Use (0.2 days fewer per
week), but no difference was seen in Days Responding to
Prompts, Days of On-Demand Use, or Daily On-Demand Use.

Days of mHealth use
Parameter estimate P

Days responding to prompts
Parameter estimate P

Days of on-demand use Daily on-demand use

Parameter estimate P Parameter estimate P

Intercept 4.04 (0.10) <.001 3.13(0.072)
Study week -0.14 (0.014) <001  -0.062 (0.007)
Study week 2 0.0021 (0.0006)  <.001
Malevsfemale -0.42 (0.14) <01 -0.18 (0.076)
Race
African-American -0.69 (0.13) <.001 -0.72 (0.09)
vswhite
Hispanic vswhite  -0.29 (0.23) 22 -0.74 (0.14)
Other vs white -0.46 (0.54) .39 -0.95(0.13)
Age
30-45vs18-29  0.34(0.18) .06 -0.10 (0.15)
46-60vs18-29  -0.27 (0.16) .097 -0.41(0.18)
Previous hospitalizations
1-6vs 7+ 0.21(0.10) <.05 -0.026 (0.084)

<001  3.34(0.085) <001  1.59(0.11) <001
<001  -0.24(0.011) <001  -0.19(0.014) <001
0.0067 (0.0004) <001  0.0063(0.0005)  <.001
<05  -0.11(0.076) 15 -1.61 (0.066) <001
<001  -0.17(0.082) <05  0.023(0.068) 73
<001  -0.33(0.079) <001  1.32(0.11) <001
<001  -0.099 (0.094) 29 -0.064 (0.12) 58
51 0.42 (0.076) <001  0.16 (0.067) <05
<05  0.48(0.093) <001  1.78(0.11) <001
76 -0.063 (0.076) A1 -0.013 (0.066) 84
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Figure 1. Model-based estimates of mHealth engagement over time.
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Discussion

Principal Findings

To our knowledge, this study reports on the largest and longest
implementation of an mHealth program for people with
schizophrenia-spectrum disorders to date and is the first to
systematically examine predictors of mobile phoneintervention
engagement among individuals who were recently discharged
from a psychiatric hospitalization [19]. Our findings suggest
that most participants (74%) were willing and able to use the
FOCUS program successfully during this high-risk period for
3-6 months, which refutes the oft-stated concern that people
with schizophreniawho are not clinically stable cannot engage
in mHealth interventions successfully. On average, participants
engaged with the mHealth program every other day. On days

http://mental .jmir.org/2016/3/e34/
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they engaged, they used on-demand (self-initiated) tools more
than once a day.

Individuals' continued use of the intervention over time was
associated with their level of day-to-day engagement; people
who engaged with the mHealth program more often used it for
more months. This point is worth noting because active users
undoubtedly encountered the same intervention content
repeatedly; it is informative to see that more frequent program
use did not lead to participant disengagement, but the contrary.
Intervention program, patient, or provider characteristics may
have contributed to these results; FOCUS intervention modules
consist of brief skills training, practical exercises, and
encouragement to use illness management techniques.
Participants may have viewed FOCUS as a coaching or
“booster” tool that had continued value even after their initial
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exposure to the content. Participants who were more engaged
may have also had greater capacity to apply FOCUS strategies
in their daily lives and reap the rewards, thus creating a
reinforcing effect that would sustain their engagement. Finally,
HTP case managerswere charged with supporting their assigned
participants’ use of the FOCUS intervention. There may have
been some variability in how diligent they were in reviewing
their patients mHealth use data via the dashboard and/or how
active they were in encouraging daily and continuous use.

Several demographic and clinical variableswere associated with
engagement. Female participants were significantly more
engaged and used the mHealth program on average one half-day
more aweek than males. White participants were more engaged
and on average used the mHealth intervention almost one day
more weekly than African-American participants and athird of
a day more than Hispanic participants. Younger participants
(age 18-29) were less engaged than older participants.
Individual swith more severe psychopathology (asindicated by
number of previous psychiatric hospitalizations) were less
engaged than those with less severe psychopathology. Links
between lower engagement in mental health treatment, male
gender, minority background, younger age, and level of
psychopathology have been found in the context of
person-delivered care for people with schizophrenia [20]. Our
data suggest that these patterns may apply to mHealth
interventions as well. Despite having comparatively lower
engagement, most younger participants, most male partici pants,
most participants from minority backgrounds, and most
participants with seven or more past hospitalizations typically
used the FOCUS program multiple days a week over several
months. While the mHealth intervention approach used in the
study appears to be viable for these subgroups, attempting to
optimize their engagement by devel oping adapted versionsthat
can be tailored to subgroup needs may be warranted.

mHealth program functions were associated with engagement.
Participants were exposed to FOCUS intervention content more
often asaresult of responding to system-initiated prompts than
after initiating on-demand resources. Both types of intervention
use declined over time (on-demand use had a steeper decline).
This decline in use may be linked with patients feeling more
capable of managing their illness and/or less likely to relapse
(perhaps in part due to internalizing and practicing FOCUS
self-management suggestions). Although mHesalth use declined,
the vast majority of individuals used both on-demand and
system-prompted  functions regularly throughout their
participation, that is, neither function is extraneous. Thus,
enabling both optionsin mHealth interventions for peoplewith
psychosis is recommended.

Limitations

The study had severa limitations. First, participants were
provided with a fully functional mobile phone and data plan,
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which limits generalizability. While there was no contingent
reinforcement or monetary incentiveto usethe FOCUS program,
participants did gain access to other mobile phone resources
(eg, Internet, games, texting) that might have indirectly
influenced their FOCUS use. For example, a participant may
have been more apt to notice and respond to FOCUS prompts
if they took place when already using the phone to listen to
music. We provided study participants with an Android
smartphone to ensure the mHealth program worked reliably;
the FOCUS system is a research tool that was not compatible
with al commercial smartphone operating systems at the time
of the study (eg, iOS, Windows). We also wanted to provide
training, technical support, and troubleshooting solutions that
would apply to al users. In the future, mHealth system that are
compatiblewith arange of smartphone systems can be deployed,
and clinical technology specialists who are embedded in health
care systems may be able to provide technical and
troubleshooting support to people using awide array of devices
[21]. Second, whilewe made every effort to document anomalies
and unexpected events over the course of the study, there were
likely technical (eg, prompting or data transmission failures,
operating system updates that disabled the FOCUS program),
and logistical barriers (eg, staff delaysin replacing lost devices,
delaysin phones shipping to astudy site) that went unidentified
and unrecorded. In circumstances when these events hampered
participants’ ability to use the mHealth intervention or resulted
in unlogged use, engagement may have been underestimated.
Finally, the power to make inferences about specific racia
(especially Hispanic and “other”) or age groups is limited due
to sample size and any relationships examined here should be
confirmed in larger studies.

Conclusions

As interest in mHealth for mental health treatment grows
[22-25], it isimportant to eval uate which approaches are viable
for different clinical populations (and when) and to gain a better
understanding of the variables that may facilitate or hinder
patient engagement with these novel interventions. This study
provides evidence that individual s with schizophrenia-spectrum
disorders can actively engage with aclinically supported mobile
phone intervention for up to 6 months following hospital
discharge; that gender, race, age, and history of psychiatric
hospitalization were associated with their level of engagement;
and that system-initiated mHealth functionsled to proportionally
more exposure to treatment content than on-demand tools, but
that both were used regularly. Taken together, our findings
indicate that the FOCUS mobile phone program may be auseful
method to reach a clinical population that is typically difficult
to engage in clinic-based services during high-risk periods.
Future work should examine whether the use of FOCUS and
other mHealth interventions can lead to clinically meaningful
outcomes such as reduction in relapses.

The project described was made possible by Grant Number 1C1CM S331052-01-00 from the Department of Health and Human
Services, Centers for Medicare & Medicaid Services. Its contents are solely the responsibility of the authors and have not been
approved by the Department of Health and Human Services, Centers for Medicare & Medicaid Services.

http://mental .jmir.org/2016/3/e34/

JMIR Ment Health 2016 | vol. 3 |iss. 3| e34 | p. 7
(page number not for citation purposes)


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

JMIR MENTAL HEALTH Ben-Zeev et a

Conflictsof Interest

» DB-Z has an intervention content licensing agreement with Pear Therapeutics.

» MB receives research support from Alkermes.

* DR has been a consultant or received grants from Asubio, Bristol-Myers Squibb, Janssen, Otsuka, and Shire.

» EA has received research support from AssurEx, Avanir, Janssen, Novartis, Otsuka, Pfizer, Pine Rest Foundation, Priority
Health, Network180, and Vanguard Research Group and serves on an advisory panel for the Vanguard Research Group.

* DM has received honoraria from Otsuka.

* PM isastockholder in Pfizer.

» NShas served on advisory boardsfor Allergan, Alkermes, Forum (formerly EnVivo), Roche, and Sunovion and receivesresearch
support from Otskua.

» JK has been a consultant for or has received honoraria from Alkermes, Eli Lilly, EnVivo Pharmaceuticals (Forum), Forest,
Genentech, H. Lundbeck, Intracellular Therapeutics, Janssen Pharmaceuticals, Johnson and Johnson, Otsuka, Reviva, Roche,
Sunovion, and Tevaand is a shareholder in Med-Avante, Inc., LB Pharmaceuticals, and Vanguard Research Group.

References

1. KayM, SantosJ, Takane M. mHealth: New horizonsfor health through mobile technologies. In: World Health Organization.
Genevas WHO,; 2011:66-71.

2. Steinhubl SR, Muse ED, Topol EJ. Can mobile health technol ogies transform health care? JAMA 2013 Dec
11;310(22):2395-2396. [doi: 10.1001/jama.2013.281078] [Medline: 24158428]

3. Akter S, Ray P. mHedlth - an Ultimate Platform to Serve the Unserved. Yearb Med Inform 2010:94-100. [Medline: 20938579]

4.  Firth J, Cotter J, Torous J, Bucci S, Firth JA, Yung AR. Mabile Phone Ownership and Endorsement of “mHealth” Among
People With Psychosis: A Meta-analysis of Cross-sectiona Studies. Schizophr Bull 2015 Sep 22:-. [doi:
10.1093/schbul/sbv132] [Medline: 26400871]

5.  Ben-Zeev D, Brenner CJ, Begale M, Duffecy J, Mohr DC, Mueser KT. Feasibility, acceptability, and preliminary efficacy
of asmartphone intervention for schizophrenia. Schizophr Bull 2014 Nov;40(6):1244-1253. [doi: 10.1093/schbul/sbu033]
[Medline: 24609454]

6. Ben-Zeev D, Wang R, Abdullah S, Brian R, Scherer E, Mistler L, et al. Maobile behavioral sensing in outpatients and
inpatients with schizophrenia. Psychiatr Serv 2016 May May Jan 2016;67(5):558-561. [doi: 10.1176/appi.ps.201500130]
[Medline: 26695497]

7.  Granholm E, Ben-Zeev D, Link PC, Bradshaw KR, Holden JL. Mobile Assessment and Treatment for Schizophrenia
(MATS): apilot trial of an interactive text-messaging intervention for medication adherence, socialization, and auditory
hallucinations. Schizophr Bull 2012 May;38(3):414-425 [FREE Full text] [doi: 10.1093/schbul/sbr155] [Medline: 22080492]

8.  Pamier-Claus JE, Ainsworth J, Machin M, Barrowclough C, Dunn G, BarkusE, et a. The feasibility and validity of
ambulatory self-report of psychotic symptoms using a smartphone software application. BMC Psychiatry 2012;12:172
[EREE Full text] [doi: 10.1186/1471-244X-12-172] [Medline: 23075387]

9.  Pijnenborg GHM, Withaar FK, Brouwer WH, Timmerman ME, van den Bosch RJ, Evans JJ. The efficacy of SMS text
messages to compensate for the effects of cognitive impairments in schizophrenia. Br J Clin Psychol 2010 Jun;49(Pt
2):259-274. [doi: 10.1348/014466509X467828] [Medline: 19735607]

10. Kannisto KA, Adams CE, Koivunen M, Katgjisto J, Valimaki M. Feedback on SM S reminders to encourage adherence
among patients taking antipsychotic medication: across-sectional survey nested within arandomised trial. BMJ Open 2015
Nov 2015;5(11):a [doi: 10.1136/bmjopen-2015-008574] [Medline: 26553830]

11. WiersmaD, Nienhuis FJ, Slooff CJ, Giel R. Natural course of schizophrenic disorders: a 15-year followup of a Dutch
incidence cohort. Schizophr Bull 1998;24(1):75-85 [FREE Full text] [Medline: 9502547]

12.  Harrow M, Grossman LS, Jobe TH, Herbener ES. Do patientswith schizophreniaever show periods of recovery? A 15-year
multi-follow-up study. Schizophr Bull 2005 Jul;31(3):723-734 [FREE Full text] [doi: 10.1093/schbul/shi026] [Medline:
16020553]

13. Weiden P, Glazer W. Assessment and treatment selection for “revolving door” inpatients with schizophrenia. Psychiatr Q
1997,68(4):377-392. [Medline: 9355136]

14. Norcross JC, Wampold BE. What works for whom: Tailoring psychotherapy to the person. J Clin Psychol Feb 2010 Nov
24,67(2):127-132. [doi: 10.1002/jclp.20764] [Medline: 21108312]

15. Repper J. Adjusting the focus of mental health nursing: Incorporating service users' experiences of recovery. Journal of
Mental Health 2009 Jul 06;9(6):575-587. [doi: 10.1080/jmh.9.6.575.587]

16. Brunette MF, Rotondi A, Ben-Zeev D, Gottlieb JD, Mueser KT, Robinson DG, et a. Coordinated technology-delivered
treatment to prevent re-hospitalization in schizophrenia: A novel model of care. Psychiatr Serv 2016;67(4):-. [doi:
10.1176/appi.ps.201500257] [Medline: 26725297]

17. Baumel A, Correll CU, Hauser M, Brunette M, Rotondi A, Ben-Zeev D, et a. Health Technology Intervention After
Hospitalization for Schizophrenia: Service Utilization and User Satisfaction. Psychiatr Serv 2016 Jun 1:appips201500317.
[doi: 10.1176/appi.ps.201500317] [Medline: 27247171]

http://mental .jmir.org/2016/3/e34/ JMIR Ment Health 2016 | vol. 3 |iss. 3| €34 | p. 8
(page number not for citation purposes)


http://dx.doi.org/10.1001/jama.2013.281078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24158428&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20938579&dopt=Abstract
http://dx.doi.org/10.1093/schbul/sbv132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26400871&dopt=Abstract
http://dx.doi.org/10.1093/schbul/sbu033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24609454&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.201500130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26695497&dopt=Abstract
http://schizophreniabulletin.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22080492
http://dx.doi.org/10.1093/schbul/sbr155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22080492&dopt=Abstract
http://www.biomedcentral.com/1471-244X/12/172
http://dx.doi.org/10.1186/1471-244X-12-172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23075387&dopt=Abstract
http://dx.doi.org/10.1348/014466509X467828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19735607&dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2015-008574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26553830&dopt=Abstract
http://schizophreniabulletin.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=9502547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9502547&dopt=Abstract
http://schizophreniabulletin.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=16020553
http://dx.doi.org/10.1093/schbul/sbi026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16020553&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9355136&dopt=Abstract
http://dx.doi.org/10.1002/jclp.20764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21108312&dopt=Abstract
http://dx.doi.org/10.1080/jmh.9.6.575.587
http://dx.doi.org/10.1176/appi.ps.201500257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26725297&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.201500317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27247171&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MENTAL HEALTH Ben-Zeev et a

18.

19.

20.

21.

22.

23.

24,

25.

Ben-Zeev D, Kaiser SM, Brenner CJ, Begale M, Duffecy J, Mohr DC. Development and usability testing of FOCUS: a
smartphone system for self-management of schizophrenia. Psychiatr Rehabil J 2013 Dec;36(4):289-296 [FREE Full text]
[doi: 10.1037/prj0000019] [Medline: 24015913]

Firth J, Torous J. Smartphone Apps for Schizophrenia: A Systematic Review. IMIR Mhealth Uhealth 2015;3(4):€102
[FREE Full text] [doi: 10.2196/mhealth.4930] [Medline: 26546039]

Kreyenbuhl J, Nossel IR, Dixon LB. Disengagement from mental health treatment among individuals with schizophrenia
and strategies for facilitating connectionsto care: areview of the literature. Schizophr Bull 2009 Jul;35(4):696-703 [FREE
Full text] [doi: 10.1093/schbul/sbp046] [Medline: 19491314]

Ben-Zeev D, Drake R, Marsch L. Clinical technology specialists. BMJ 2015;350:h945. [Medline: 25697164]

Marzano L, Bardill A, FieldsB, Herd K, Veale D, Grey N, et a. The application of mHealth to mental health: opportunities
and challenges. Lancet Psychiatry 2015 Oct;2(10):942-948. [doi: 10.1016/S2215-0366(15)00268-0] [Medline: 26462228]
Torous J, Baker J. Why Psychiatry Needs Data Science and Data Science Needs Psychiatry: Connecting With Technology.
JAMA Psychiatry 2016 Jan;73(1):3-4. [doi: 10.1001/jamapsychiatry.2015.2622] [Medline: 26676879]

Brian RM, Ben-Zeev D. Mobile health (mHealth) for mental health in Asia: objectives, strategies, and limitations. Asian
J Psychiatr 2014 Aug;10:96-100. [doi: 10.1016/].a)p.2014.04.006] [Medline: 25042960]

Treisman GJ, Jayaram G, Margolis RL, Pearlson GD, Schmidt CW, Mihelish GL, et al. Perspectives on the Use of eHealth
inthe Management of Patients With Schizophrenia. JNerv Ment Dis 2016 Jan 29:-. [doi: 10.1097/NM D.0000000000000471]
[Medline: 26828911]

Abbreviations

HTP: Heath Techology Program

Edited by J Torous; submitted 13.07.16; peer-reviewed by S Chan, J Torous, J Firth; accepted 21.07.16; published 27.07.16

Please cite as:

Ben-Zeev D, Scherer EA, Gottlieb JD, Rotondi AJ, Brunette MF, Achtyes ED, Mueser KT, Gingerich S, Brenner CJ, Begale M, Mohr
DC, Schooler N, Marcy P, Robinson DG, Kane JM

mHealth for Schizophrenia: Patient Engagement With a Mobile Phone Intervention Following Hospital Discharge

JMIR Ment Health 2016; 3(3):€34

URL: http://mental.jmir.org/2016/3/e34/

doi: 10.2196/mental .6348

PMID: 27465803

©Dror Ben-Zeev, Emily A. Scherer, Jennifer D Gottlieb, Armando J Rotondi, Mary F Brunette, Eric D Achtyes, Kim T Mueser,
Susan Gingerich, Christopher JBrenner, Mark Begale, David C. Mohr, Nina Schooler, Patricia Marcy, Delbert G Robinson, John
M Kane. Originally published in IMIR Mental Health (http://mental.jmir.org), 27.07.2016. Thisis an open-access articledistributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Mental Health,
is properly cited. The complete bibliographic information, alink to the original publication on http://mental .jmir.org/, as well as
this copyright and license information must be included.

http://mental .jmir.org/2016/3/e34/ JMIR Ment Health 2016 | vol. 3 |iss. 3| €34 | p. 9

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/24015913
http://dx.doi.org/10.1037/prj0000019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24015913&dopt=Abstract
http://mhealth.jmir.org/2015/4/e102/
http://dx.doi.org/10.2196/mhealth.4930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26546039&dopt=Abstract
http://schizophreniabulletin.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19491314
http://schizophreniabulletin.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19491314
http://dx.doi.org/10.1093/schbul/sbp046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19491314&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25697164&dopt=Abstract
http://dx.doi.org/10.1016/S2215-0366(15)00268-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26462228&dopt=Abstract
http://dx.doi.org/10.1001/jamapsychiatry.2015.2622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26676879&dopt=Abstract
http://dx.doi.org/10.1016/j.ajp.2014.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25042960&dopt=Abstract
http://dx.doi.org/10.1097/NMD.0000000000000471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26828911&dopt=Abstract
http://mental.jmir.org/2016/3/e34/
http://dx.doi.org/10.2196/mental.6348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27465803&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

