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Abstract

Background: An important period in the care of patients with schizophrenia-spectrum disorders
is when they transition from inpatient to outpatient services and are at increased risk for relapse
and rehospitalization. Thus, we developed and examined the initial feasibility, acceptability, and
clinical effects of an mHealth transitions of care intervention (Mobile After-Care Support; MACS)
in an open trial.

Methods: Ten adults with schizophrenia-spectrum disorders were recruited during their index
psychiatric hospitalization and enrolled prior to discharge. Measures of feasibility, acceptability,
and MACS targets were administered at baseline and a 1-month follow-up. Drawing on skills from
Cognitive Behavioral Therapy for Psychosis (CBTp), MACS delivered brief assessments of
clinically relevant variables, followed by just-in-time interventions for patients starting
immediately post-discharge.

Results: Individuals completed about one session per day on average as expected. Overall,
measures of MACS usability and satisfaction were positive. T-test analyses showed that
dysfunctional coping strategies significantly decreased from baseline to 1-month follow-up.
Results also revealed statistically significant reductions in psychiatric symptoms over 1-month
follow-up.

Conclusions: This study demonstrates the feasibility and acceptability of MACS, a new app-
based intervention targeting transitions of care for patients with psychosis. The field is turning to
the use of mobile technology as a means of augmenting service delivery and providing real-time
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assessment and intervention for patients at risk. MACS is a promising adjunctive intervention that
warrants further testing in a randomized controlled trial.

Keywords

mobile technology; psychiatric hospitalization; psychosis; schizophrenia; treatment adherence;
cognitive behavior therapy for psychosis

1. Introduction

The global burden of schizophrenia-spectrum disorders is substantial, with estimated
treatment costs exceeding $100 billion per year (1, 2). Indeed, psychosis is among the top 25
causes of disability worldwide (3). Schizophrenia-spectrum disorders are associated with
significant functional impairments and high rates of relapse (4-6), often making treatment
complicated and costly. These challenges are particularly salient when individuals with
psychosis transition from inpatient to outpatient care. Compared with more stable
outpatients, individuals with psychosis post-hospitalization often have more cognitive
impairments, problems with treatment connection/engagement, housing insecurity,
medication side effects, and suicidality (7). Recent psychiatric hospitalization predicts
treatment nonadherence (8-10), and the transition from inpatient to outpatient services is
associated with increased stress and premature treatment drop out (7, 11). Despite the post-
discharge period being a time of elevated risk, clinical settings often lack feasible and
effective services to support patients’ return to the community. Moreover, there is no gold
standard intervention and delivery method that would be recommended to support treatment
adherence and effective coping among these individuals post-discharge, suggesting the need
for further research in this area.

1.1 Cognitive Behavioral Therapy for Psychosis (CBTp)

To date, adherence interventions for psychosis have produced promising, albeit mixed
results (12—-14). The most fruitful approaches have drawn on cognitive behavioral therapy
for psychosis (CBTp) (13-15). CBTp teaches self-coping with illness by fostering active,
planned, and effective problem solving to alleviate distress and improve functioning (16).
Another key focus of CBTp is to support treatment engagement and medication/appointment
adherence, which are essential to the management of schizophrenia (17). In addition to
research showing that CBTp leads to decreased symptoms and improved functioning beyond
medications alone (18), studies show that CBTp is effective at improving coping with illness
(19). However, more work is needed to determine how to best deliver these interventions,
particularly to help patients during the post-hospitalization period.

1.2 Digital mental health services for adults with psychosis

One promising pathway to efficiently support patients with psychosis as they return to the
community following hospitalization might be through the delivery of CBTp interventions
using digital mental health or mobile health (mHealth) services. mHealth, often rooted in
ecological momentary assessment and intervention (20-22), refers to technology-based
service protocols that can improve patients’ functioning and/or reduce symptoms (23). As
shown in recent systematic reviews (24, 25), there is a growing body of research into digital
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mental health services for patients with psychosis, including studies supporting their
feasibility, acceptability, and efficacy.

In terms of acceptability, qualitative feedback has shown that community-based patients with
psychosis endorse the benefits of integrating mobile technology into clinical care, including
improving patient-provider communication, as well as presenting an opportunity to trigger
early intervention (26). Moreover, studies show that people with schizophrenia largely
accept and can successfully complete mobile device-based assessment, with compliance
rates typically comparable to those of nonclinical populations (27-33). Further, moderately
high engagement (44%) with mHealth services has been observed for up to 6 months in a
sample of individuals with psychosis (34).

mHealth interventions using CBTp principles for individuals with psychosis also show
promising efficacy. For example, in a pilot trial of a text messaging-based intervention for
community-dwelling adults with psychosis, results showed that the digital intervention lead
to improved medication adherence, increased social interactions, and reduced severity of
auditory hallucinations (28). Another study showed that text messaging helped individuals
with psychosis to achieve their goals, such as attending outpatient treatment appointments or
completing activities of daily living (35). In a study of community-based individuals, a
smartphone-based intervention resulted in reductions in depression, general
psychopathology, and psychotic symptoms (36). Most recently, a study that blended brief
mobile intervention and face-to-face coping-focused therapy showed improved coping and
reduced severity of auditory hallucinations (37).

In sum, data show that mental health interventions delivered through mobile devices are
feasible and acceptable to patients with psychosis. Moreover, studies show that these
interventions can produce significant reductions in symptoms and improve treatment
adherence. However, most studies used relatively stable, community-based samples with
psychosis. One study (34) focused on recently hospitalized individuals, but inclusion criteria
were quite broad, allowing for hospital discharge to have occurred within the past 60 days,
and patients were not transitioned directly from inpatient to outpatient care. Thus, the field is
lacking systematic research focused on patients recruited during an index hospitalization and
followed immediately post-discharge. This is an ideal period to leverage digital technology
to deliver CBTp-based care, given that we know that these patients are at increased risk for
treatment nonadherence and drop out, continued functional impairment, and the re-
emergence of significant psychopathology shortly after they leave the hospital.

1.3 Rationale for the present study

The current study was a treatment development project to create a new mHealth intervention
for patients with psychosis during the transition from inpatient to outpatient care. Thus, our
aim was to examine the initial feasibility, acceptability, and possible effects of the newly
developed mobile intervention (Mobile After-Care Support; “MACS”) for patients with
psychosis post-hospitalization. MACS was developed as an application (“app”) to be used
on participants’ smartphones. Using CBTp-based strategies, the app was designed to
monitor patients’ treatment adherence and symptoms and to intervene by providing brief,
just-in-time interventions to support treatment adherence and participants’ use of healthy
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coping skills to manage their illness. We explored if MACS would be feasible, measured by
participants’” familiarity with and ability to use mobile devices, willingness to participate and
remain in the study, and successful navigation of problems or issues encountered when using
MACS. We also examined MACS’s acceptability, characterized by app engagement rates,
ratings of usability and satisfaction, and qualitative feedback about patients’ experiences.
Lastly, we examined directional changes in MACS’s intervention targets and outcomes to
determine initial target engagement for testing in a future randomized controlled trial.

2. Material and methods

2.1

Participants

Ten adults with schizophrenia-spectrum disorders participated in this study. Inclusion
criteria were: (a) currently hospitalized (inpatient psychiatric facility); (b) diagnosed with
DSM5 criteria for schizophrenia or schizoaffective disorder based on the Structured Clinical
Interview for DSM-5 (SCID-5; [38]); (c) 18 years or older; (d) prescribed oral antipsychotic
medication upon discharge; and (e) able to speak and read English (materials written at a 5th
grade reading level). Exclusion criteria were: (a) alcohol/drug use disorders at moderate or
severe level based on SCID (mild substance use disorders were permitted); (b) planned
discharge to supervised living setting or participation in formal outpatient adherence
programs in which patients did not control their mediation administration (e.g., medication
packaging); or (c) pregnant or had a medical condition contraindicating use of antipsychotic
medications (e.g., dementia as indicated by patients’ medical charts). See Table 1 for
summary of demographic and clinical characteristics of the sample.

2.2 Procedures

Recruitment occurred during participants’ index inpatient admission at a private, acute-care
psychiatric hospital in the northeast region of the U.S. The study was approved by the
Institutional Review Board of the hospital. Electronic medical records for newly admitted
patients were screened after obtaining a Protected Health Information waiver for this
purpose. Participants completed a baseline assessment prior to hospital discharge to confirm
eligibility and were then asked to complete a 1-month follow-up. Additional follow-ups
were conducted for pilot purposes, but not examined here as 1-month was considered the
target period for MACS treatment.

Follow-ups occurred in person whenever possible, but some (h=6) were conducted remotely
for participants’ convenience. Research assistants were trained to initial interrater reliability
(kappa > .80) on the interview-administered measures, with periodic checks to prevent
against “drift.” Participants were compensated $30 for each assessment (baseline and 1-
month). The MACS app was either downloaded onto the participant’s smartphone or if
needed, a study device was provided with the app pre-loaded (n=4; 40%). All participants
practiced responding to MACS app sessions to familiarize themselves with the program and
troubleshoot technical problems prior to discharge.
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2.3 Mobile After-care Support (MACS) app

The MACS app was programmed using an established mobile software service
(ilumivu.com), which provided a secure, HIPAA-compliant application (Android or Apple
IOS compatible). The protocol consisted of 3 randomly scheduled prompts during daytime
hours (9am — 9pm). Additionally, users could initiate a MACS session “on demand.” Each
session was designed to take 5-10 minutes to complete. Sessions began with brief
assessments about coping, substance use, symptoms, treatment adherence, behavioral
activation, and quality of life. Based on responses to these initial questions, participants were
then prompted with individualized intervention skills. After obtaining releases of
information from the individual, research reports, containing summarized MACS data, were
sent to participants’ outpatient providers at baseline, two weeks later, and at the conclusion
of the 1-month period. These reports explained that the individual was participating in the
MACS study and summarized app-collected data related to symptoms endorsed.

Because MACS was designed as a mobile self-management intervention, we chose to focus
on techniques that taught participants active coping strategies to manage illness-related
distress and to foster adherence to medications and treatment appointments, given the key
role these factors play in preventing relapse and enhancing long-term recovery. Primarily,
MACS was constructed from common components adapted from CBTp studies, including
those testing mobile interventions to improve self-coping and adherence behaviors (27, 28).
Any reported treatment nonadherence during the initial mobile assessment was prioritized as
a topic in need of intervention via MACS. Participants were asked to choose from a variety
of possible reasons for nonadherence. If the reported reason was primarily logistical (e.g.,
ran out of pills), participants were instructed to contact their provider at the community
clinic to address the problem. This information was also conveyed to providers through the
periodic reports so that the community clinic could reach out to participants to address
adherence issues. If nonadherence was attributed to medication concerns (e.g., does not
believe medications help), MACS used CBTp techniques that encouraged participants to
communicate concerns to providers, reminded them of costs vs. benefits of medication in
terms of symptom management, and taught them to engage in other brief problem-solving
strategies delivered through the app (39). If appointment nonattendance was reported,
similar problem-solving strategies were suggested. The MACS app also provided interactive
exercises designed to teach participants coping skill using CBTp exercises (e.g., “Is there
another explanation for what is going on right now? Let’s explore some examples.” or “Try
doing what you want despite what the voices say. Let’s practice how to do this now.”). Other
domains that MACS targeted through CBTp interventions included: lack of social
engagement/support, negative affect, low life satisfaction, and substance abuse.

2.4 Measures of feasibility and acceptability

We examined feasibility by assessing participants’ mobile device use and connectivity using
a study-designed phone usage questionnaire. Participants’ need for additional MACS
training or trouble-shooting during use of the app was cataloged to further quantify
feasibility. In an exit interview at the 1-month follow-up, we asked participants about
positive and negative aspects of using the app and how it affected them. Lastly, the following
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self-report measures were used to further assess feasibility and acceptability at the 1-month
follow-up:

Client Satisfaction Questionnnaire-8 (CSQ-8; [40]).—The CSQ-8 is an 8-item
reliable and valid measure designed to assess individuals’ satisfaction with services or an
intervention. Higher scores indicated greater satisfaction. The CSQ-8 consistently shows
high reliability (e.g., a =.93; (41).

System Usability Scale (SUS; [42]).—Initially developed to examine usability of
products or services, the SUS is a reliable and valid 10-item self-report that was
administered to specifically examine the usability of the MACS app. Example items
included, “I would imagine that most people would learn to use this app very quickly.” In a
study using a large collection of data and usability ratings (43), the SUS showed good
reliability (o = .85).

The Usefulness, Satisfaction, and Ease of Use Questionnaire (USE; [44]).—The
USE is a 30-item self-report measure found to be reliable and valid for assessing products or
services. It examines four dimensions of usability related to the MACS app: (a) usefulness;
(b) ease of use; (c) ease of learning; and, (d) satisfaction. A recent analysis by Gao and
colleagues (45) showed very good reliability (a =.98).

2.5. Adherence, coping, functioning, and symptom measures.

At baseline and the 1-month follow-up, the following assessment measures were
administered:

Antipsychotic Medication Beliefs and Attitudes Scale (AMBAS; [46]).—The
AMBAS is a reliable and valid 12-item self-report that shows initial evidence of reliability
and validity. It assesses medication beliefs and attitudes, including factors related to shame
and stigma. Higher scores mean more positive medication beliefs.

Brief Adherence Rating Scale (BARS; [47]).—The BARS is an interviewer
administered measure assessing the percentage of antipsychotic medication doses taken vs.
prescribed over the past month. The BARS has shown good reliability (a =.92) when
administered to individuals with psychosis (47).

Brief Coping Orientation to Problems Experienced (Brief COPE; [48]).—The
Brief COPE is a 28-item self-report measure of various coping approaches, include
problematic or maladaptive approaches. In this study, we used the three subscales
constructed by Coolidge and colleagues (49): Emotion-focused coping strategies, Problem-
focused strategies, and Dysfunctional coping strategies. The Brief COPE shows good
internal consistency (48).

Brief Psychiatric Rating scale-18-item (BPRS; [50]).—The BPRS is an interviewer-
rated measure of overall psychiatric symptoms, including anxiety, depression, and psychosis.
It shows good validity for distinguishing symptoms associated with psychosis (51).
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World Health Organization Disability Assessment Schedule 2.0 (WHODAS;
[52]).—The WHODAS is a self-report measure of functional impairment. It probes for
impairment in activities of daily living, cognition, mobility, self-care, and socialization.
Higher scores indicate greater functional impairment. In a sample of adults with
schizophrenia, the WHODAS showed high internal consistency and validity (53).

2.6 Statistical analyses

All statistical analyses were conducted in SPSS. We calculated descriptive statistics for
measures of acceptability and feasibility. Bivariate correlational analyses were used to
examine baseline demographic and clinical variables associated with MACS engagement.
Within-subjects t-tests, as well as related effect sizes (Cohen’s d) and confidence intervals,
were used to compare baseline to 1-month time points regarding outcomes. Summaries of
exit interviews were compiled to illustrate pros and cons of MACS.

3. Results

3.1 Study recruitment and retention

See Figure 1 for CONSORT diagram depicting participant flow. Of the 15 patients
approached for the study, 10 (66.7%) agreed to participate in the study. All 10 of these
individuals completed the baseline assessment and were given the MACS app. Seven
participants (70%) completed all measures administered at the 1-month follow-up and one
additional participant partially completed 1-month measures. During the intervention, one
participant (10%) was rehospitalized.

3.2 Personal technology access/usage

At baseline, four participants (40%) did not own a smartphone (and were given a device to
use during the study) and six participants (60%) did. A majority of participants reported
using a mobile phone for =1 hour/day (n=7; 70%). Access to the internet and Wi-Fi were
similarly high (n=9; 90%), although very few participants had an e-mail address (n=2; 20%).

3.3 MACS feasibility and completion

Participants were instructed to contact MACS staff to troubleshoot technical difficulties.
Additionally, if non-usage of the app was observed for several days, study staff contacted the
participant to determine the reason for this and address any issues. Some participants
reported that the session did not show up correctly in the app and that the person was having
difficulty navigating through the app, likely due to lack of technology fluency. Most issues
were resolved quickly with minimal support.

A total of 275 MACS sessions were completed by participants. A majority of these sessions
were completed when the participant was at home (78.9%). One participant did not complete
any MACS sessions. Among the other nine participants, total engagement with the MACS
app reflected, on average, approximately one session per day (M=28.0 sessions, SD=28.6).
Incomplete (i.e., started, but not finished) MACS sessions were rare (M=2.6 sessions,
SD=5.2). In correlational analyses of baseline demographics and other clinical variables in
relation to MACS completion rates, results revealed that baseline BPRS score was
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significantly correlated with MACS completion rates, such that increased psychiatric
severity was associated with increased completion rates (r=.73, p=.025). Otherwise, none of
the these variables significantly correlated with MACS engagement (ps >.05).

3.4 MACS usability and acceptability ratings

Usability was measured with the CSQ-8, USE, and SUS measures at the conclusion of the 1-
month MACS period. Mean item ratings for the CSQ-8 were above the midpoint on the 4-
point scale (M=2.4, SD=0.2), suggesting overall positive satisfaction with MACS. Total SUS
scores were also positive, with mean ratings of 75.4 (SD=31.8). Scores >68 represent “above
average” usability (42). Overall USE ratings in each subscale trended to the positive range as
well. See Table 2 for a summary of participants’ satisfaction ratings.

Participants chose to engage with a wide variety of MACS-provided coping skill
interventions. The most commonly chosen MACS coping skills to focus on during the
sessions related to coping with emotions (30.7%) followed by behavioral activation (21.6%).
Coping skills related to psychotic symptoms also were particularly well-received. See Table
3 for summary of coping skills engagement and participants’ satisfaction with the chosen
skill.

At the conclusion of the 1-month MACS intervention, we conducted exit interviews to better
understand participants’ experiences using the app. Feedback was mixed, but mainly
positive. Most participants reported that they found the app “easy to use” and appreciated
how the app prompted them to “think about how I’m feeling by checking in.” Some
participants commented that the app had “too many sessions” and that the content could
sometimes be “not as personable as receiving coping advice in-person or by phone.”
Participants suggested that MACS could be improved by adding a wider array of coping
skills and providing further training or explanation about coping skills.

3.5 MACS targets and clinical outcomes

Reported antipsychotic medication nonadherence and outpatient treatment nonadherence
were minimal (4.7% and 3.3%, respectively). Only one participant noted having missed a
treatment appointment; otherwise, participants reported being 100% adherent to outpatient
appointments. T-test analyses comparing baseline to 1-month data showed that use of
dysfunctional coping strategies significantly decreased during the 1-month period using
MACS: t(7)=5.40, p=.002, ¢=1.45. Results also revealed a statistically significant reduction
in psychiatric symptoms, as measured by the BPRS: t(7)=6.46, p=.002, 0=2.13. Moreovetr,
analyses supported expectations for directional improvements in other MACS outcomes,
including improved functioning and increased positive medication beliefs, although these
results were statistically nonsignificant. See Table 4 for summary of results.

4. Discussion

This study demonstrates the feasibility and acceptability of MACS, a new mHealth app-
based intervention, designed to support treatment adherence and healthy coping among
adults with psychosis immediately following hospital discharge. Despite being approached
while hospitalized, a majority of patients agreed to participate in the study. The most highly
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rated coping skills offered by MACS were those related to managing symptoms of psychosis
and facilitating behavioral activation. In addition, the most frequently chosen copings skills
related to emotion regulation. This is likely reflective of the variety of symptoms individuals
with psychosis continue to experience at hospital discharge, even if they are less acutely ill.

Participant feedback was mostly positive as many noted the benefits of being prompted to
reflect on their symptoms and functioning, as well as in receiving brief CBTp-based support.
Some participants expressed a desire for MACS’s coping skills to be more varied and that
more support in using the coping skills would have been helpful. Otherwise, minimal
troubleshooting was needed in which staff helped participants navigate MACS technical
issues. Many of these problems were likely due to user error or low technology fluency,
rather than problems with the app per se.

MACS completion rates were generally good, with individuals completing at least one
session per day on average, which was the target rate for the study. Only one participant did
not complete any MACS sessions. Correlational analyses showed that baseline psychiatric
symptoms significantly predicted MACS session completion rates, with higher symptoms
leading to higher MACS engagement. This relationship makes sense from a clinical
perspective as individuals who might be acutely distressed could be more motivated to
engage with MACS, particularly if they found it helpful. Although participants were
prompted three times per day, responding to assessments and engaging in the interventions
at least once daily far surpasses the weekly frequency of assessment and care provided on a
typical outpatient schedule. Engagement with mHealth apps vary in this population, but
published studies tend to define adequate engagement as participants completing at least
20% of prompted sessions (33, 37, 54). MACS is designed to be an adjunct to outpatient
care, meaning that it will support other services, but should not fully replace more traditional
treatment modalities.

Although this was a pilot study with a small sample, results suggested significant
improvements in certain aspects of coping with illness and overall psychiatric symptoms.
Adherence was high at baseline and remained high at follow-up. Inconsistent changes were
observed for the other measures; although sample size was small and confidence intervals
around effects were large. Overall, our findings extend prior mHealth work in psychosis
(e.g., 29, 55) by further demonstrating the feasibility, acceptability, and potential efficacy of
mHealth interventions in adults with psychosis. By initiating MACS at hospital discharge,
this study built on prior work by targeting a novel, yet high risk time period.

Limitations

This was a small sample, which might not be representative of other patients with psychosis.
Due to the longitudinal nature of the mHealth intervention, participants with relatively stable
housing at discharge and reliable access to telephone communications and transportation
were prioritized for recruitment. Furthermore, the study’s inclusion requirements of a
SCID-5 diagnosis of schizoaffective disorder or schizophrenia excluded patients who were
hospitalized with first psychotic episodes and those who were diagnosed with unspecified
psychosis or schizophreniform disorder. In addition, the measures of medication adherence
used were self-report and designed for oral medications only, and as a result, patients who
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were only prescribed long acting injectable antipsychotics were excluded from the study.
Finally, clinical improvements reported here cannot necessarily be attributed to the MACS
intervention because of the lack of a control group. Further testing is needed to examine
MACS in a randomized controlled design now that it has been shown to be feasible and
acceptable.

5. Conclusions

The present study is the first to our knowledge to specifically target treatment adherence and
coping among hospitalized individuals with psychosis immediately upon discharge, using an
mHealth approach. Currently available interventions for improving coping and medication/
appointment adherence in psychosis have been shown to be efficacious, but are not routinely
utilized in real-world clinical settings due to barriers related to feasibility, cost, and access.
The field is turning to the use of mobile technology as a means of augmenting service
delivery and providing real-time assessment and intervention in more efficient ways.
However, there are notable gaps in existing research. Digital health interventions are a
possible solution to these issues and they warrant further research.
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Figure 1.
MACS participant flow.
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Table 1.
Baseline demographic characteristics (n=10).
n (%) Mean (+ SD)

Age 44.4 (+13.9)
Gender (Female) 6 (60.0%)
Race

White 5 (50.0%)

African American/Black 2 (20.0%)

Multiple races 3(30.0%)
Ethnicity (Latinx) 1 (10.0%)
Single (never married) 5 (50.0%)
Education (years) 13.4 (x1.9)
Household income (< $40,000/yr.) 7 (87.5%)
Full- or part-time employment 4 (40.0%)

Physical and/or psychiatric disability 3(30.0%)

Retired 1 (10.0%)
Unemployed 2 (20.0%)
Primary Diagnosis
Schizophrenia 6 (60.0%)
Schizoaffective disorder (Bipolar) 3(30.0%)

Schizoaffective disorder (Depressive) 1 (10.0%)

Note: Missing income data: n=2.
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Table 2.

MACS app acceptability ratings (n=7).

Mean (+ SD)  Range

CSQ-8 (by item) 24(x02) 21-29
SUS (total score) 75.4 (£31.8) 15-100
USE - Ease of learning (by item) 5.0 (+2.5) 1-7
USE - Ease of use (by item) 4.8 (x£2.2) 1-6.8
USE - Satisfaction (by item) 4.4 (£1.9) 1-6.3
USE - Usefulness (by item) 3.8 (+1.6) 1-6

Note: CSQ-8= Client Satisfaction Questionnnaire-8; SUS= System Usability Scale; USE= The Usefulness, Satisfaction, and Ease of Use
Questionnaire.
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Table 3.

MACS app coping skills selected by participants at each session.

Coping skill n (%) Skill Satisfaction (Mean (+ SD))  Skill Satisfaction (Range)
Emotion management 74 (31.5%) 3.08 (+1.08) 1-5
Behavior activation 52 (22.1%) 3.64 (£1.04) 2-5
Quality of life enhancement 43 (18.3%) 3.34 (£1.08) 2-5
Psychosis management 40 (17.0%) 4.34 (¥1.13) 1-5
Social support enhancement 20 (8.5%) 3.60 (£0.75) 2-5
Substance use change 6 (2.6%) 3.33 (£1.34) 2-5
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