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Purpose: Schizophrenia is a severe, chronic condition accounting for disproportionate healthcare utilization. Antipsychotics can 
reduce relapse rates, but the characteristics of schizophrenia may hinder medication adherence. A phase 3b open-label clinical trial 
used aripiprazole tablets with sensor (AS; includes pills with ingestible event-marker, wearable sensor patches and smartphone 
application) in adults with schizophrenia. This post hoc analysis explored how healthcare providers’ (HCPs) usage of a dashboard that 
provided medication ingestion information impacted treatment decisions and clinical assessments.
Patients and Methods: Participants used AS for 3–6 months. HCPs were instructed to check the dashboard regularly, identify 
features used, and report impact on treatment decisions. After stratifying HCPs by frequency of dashboard checks and resulting 
treatment decisions, changes from baseline were calculated for Positive and Negative Syndrome Scale (PANSS), Clinical Global 
Impression (CGI)–Severity of Illness and CGI-Improvement (CGI-I), and Personal and Social Performance (PSP), and compared using 
Mann–Whitney U-tests and rank-biserial correlation coefficient (r) effect sizes.
Results: To ensure sufficient opportunity for AS engagement, 113 participants who completed ≥3 months on study were analyzed. HCPs most 
often accessed dashboard data regarding medication ingestion and missed doses. HCPs recommended adherence counseling and participant 
education most often. Participants whose HCPs used the dashboard more and recommended adherence counseling and participant education 
(n=61) improved significantly more than participants with less dashboard-active HCPs (n=49) in CGI-I mean score (2.9 versus 3.4 [p=0.004]), 
total PANSS (mean change: −9.2 versus −3.1 [p=0.0002]), PANSS positive subscale (−3.2 versus −1.5 [p=0.003]), PANSS general subscale 
(−4.3 versus −1.2 [p=0.02]), and Marder factor for negative symptoms (−1.9 versus 0.0 [p=0.03]). Most HCPs found the dashboard easy to use 
(74%) and helpful for improving conversations with participants about their treatment plan and progress (78%).
Conclusion: This provider dashboard may facilitate discussions with patients about regular medication-taking, which can improve 
patient outcomes.
Keywords: digital medicine system, clinical decision-making, clinical decision support, patient–provider communication, schizophrenia

Plain Language Summary
Patients with schizophrenia often do not take their medication regularly. If a patient’s prescribed medication is not helping their 
symptoms, it can be hard for doctors to know why. Is the medication not working or is it not being taken correctly? Technology may 
help answer this question.

In this study, participants chose to take tablets of aripiprazole (an antipsychotic used to treat schizophrenia) containing a sensor that 
sends a signal when the pill has been taken. The signal was picked up by a patch on the participant’s skin, which sent this information 
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to a smartphone app (for participants) and an online dashboard (for doctors). Doctors used this information to see if study participants 
were taking their medication regularly.

This study used surveys completed by doctors to answer the following question: Did the dashboard provide useful information that 
helped doctors determine the best treatment plan for study participants? Participants were divided into 2 groups: those whose doctors 
used the dashboard often and adjusted treatment and those whose doctors did not use the dashboard this way.

When doctors used the dashboard frequently and recommended that study participants get counseling on taking their medication or 
other education, participants’ schizophrenia symptoms improved more than participants whose doctors checked the dashboard less 
frequently or who did not make the same treatment suggestions.

Information from the dashboard helped doctors talk to study participants with schizophrenia about their illness and helped doctors 
decide the best treatment plan.

Introduction
The global prevalence of schizophrenia has been increasing, from 13.1 million in 1990 to nearly 21 million in 2016.1 In 
the United States (US), 0.3–1.6% of the population is diagnosed with schizophrenia,2–4 depending on the criteria used.5 

Yet despite the relatively low rate of occurrence, care of patients with schizophrenia accounts for 2.5% of total annual 
healthcare costs, due to greater use of inpatient treatment and more frequent emergency department visits in nonadherent 
patients2 and a higher inpatient admission rate for patients with schizophrenia.6 A recent meta-analysis of 34 studies 
found the standardized mortality rate of people with schizophrenia to be 3.08 (95% confidence interval [CI], 2.88–3.31),7 

with the increased mortality impacted by heightened risk of suicide and medical comorbidities.3,8

While antipsychotics are the foundation of treatment for patients with schizophrenia,9 many patients have a suboptimal 
response to these treatments,10 particularly patients experiencing primary negative symptoms.11 Achieving optimal pharma
cotherapy for patients with schizophrenia is difficult12 and is further complicated by medication nonadherence,13,14 which is 
a common challenge in this patient population.15 In a 2020 meta-analysis of 9 studies, 56% of 2643 patients with schizo
phrenia were nonadherent to their medications.16 Side effects of medication, disease characteristics (eg, impaired cognition, 
symptoms such as delusions or depression), negative patient attitudes, lack of insight, perceived stigma, and low-quality 
relationships with healthcare providers (HCPs) or therapists can contribute to nonadherence.13,16,17 Nonadherence to 
antipsychotics is linked to symptom relapse, poorer quality of life, increased healthcare expenditures, resistance to subsequent 
treatment, greater use of emergency services, and psychiatric rehospitalization.13,16,18,19 In a study of 63 patients who 
discontinued their antipsychotic medication following first-episode psychosis, 57% relapsed within 12 months, with 
a median time to relapse of 8 months.20 Of the patients who relapsed, 52.8% were admitted to the hospital.20 Therefore, 
once patients with schizophrenia are discharged from the hospital, their need for continued care remains high.21

Patients with schizophrenia need continuous integrated healthcare to prevent relapse and early mortality.22 

Conceptually, continuity of care is defined as a trust-based longitudinal relationship in which a patient’s HCP or care 
team maintains contact to monitor the patient’s progress, improve communication, and enable shared decision- 
making.23–25 Continuity of care is associated with lower healthcare costs, reduced acute treatment events,22 fewer 
hospital admissions,26 and reduced risk of death.27 In a US nationwide survey, patients with schizophrenia or schizoaf
fective disorder who had >1 change to their key HCP or psychiatrist in the past 12 months were less likely to be satisfied 
with their treatment, feel that they had been helped by services, or know how to access help in times of crisis, compared 
with patients who did not experience changes.28 Among participants with serious mental illness (SMI), lack of continuity 
with providers was cited by both participants and their providers as a reason underlying participants’ decision to 
disengage from treatment and services.29

However, achieving continuity of care in patients with schizophrenia and other SMIs is difficult. There is a national 
shortage of mental health providers, with a median of 1 provider per 380 individuals across the US.30 Patients often have 
trouble accessing a provider; a survey conducted by the National Council on Behavioral Health found that 38% of the 
patients had to wait ≥1 week for an appointment with a mental health provider.31 Once patients are able to schedule a visit 
with their provider, the process of actually getting mental healthcare is impaired by travel time to reach the appointment, 
costs, short visit lengths, lack of communication between the patient and provider, and insufficient access to relevant 
information for the patient and provider.31–33 Individuals generally overestimate their medication adherence when they self- 
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report, due to the impact of recall or reporting bias;34 in patients with schizophrenia, accurate self-reporting of when they take 
their medication can be further challenged by active psychotic symptoms or lack of insight.35,36

Digital technologies can help deliver healthcare and advance research in patients with SMIs, including 
schizophrenia.37,38 Moreover, digital technologies may improve continuity of care by enabling providers to stay in 
contact with their patients.39 Among those self-identifying as having schizophrenia, schizoaffective disorder, or 
a schizophrenia spectrum disorder, 90% reported having access to >1 personal computer, public computer, phone 
(smartphone, mobile, or landline), and tablet; 36% reported using web-based technology often or very often to cope 
with their schizophrenia.40 For HCPs caring for patients with SMI, technology-assisted care tools can aid clinical 
supervision, extend HCP availability, increase the accuracy of some health information (eg, medication ingestion), tailor 
services to individual patients, and direct focus to patients most in need of intensive services.41,42 Digital technologies 
may help providers address challenges with medication adherence, such as using objective ingestion data to determine 
adherence35,43 or informing and potentially adjusting medication regimens in treatment-nonresponsive patients.35,44 For 
example, a 2021 study of a digital antipsychotic medication reported 63.4% of study days with good sensor patch 
coverage, detected 56.4% of ingestible event-markers, generated an adherence metric of 86.6%, and was considered 
satisfactory and helpful by a majority of patients with SMI.45

A recent, phase 3b, mirror-image, open-label, single-arm clinical trial compared outcomes for patients with schizophrenia 
who had a history of psychiatric hospitalization when they used standard-of-care (SOC) oral antipsychotics versus when they 
used ABILIFY MYCITE® (aripiprazole tablets with sensor [AS]).46 AS consists of aripiprazole tablets embedded with an 
ingestible event-marker sensor, wearable sensor patches and a smartphone application, and is indicated for the treatment of 
adults with schizophrenia or bipolar I disorder, and as adjunct treatment for adults with major depressive disorder.47 In the AS 
system, clinicians can review patient medication ingestion data via a web-based dashboard, and patients can access their data 
via the smartphone application.47 In the primary analysis of this mirror-image study, comparison of discordant pairs revealed 
that after participants with schizophrenia initiated AS in the prospective period, no participants were hospitalized who had 
not been previously hospitalized in the retrospective period when they took SOC oral antipsychotics, whereas significantly 
more participants were hospitalized while taking SOC in the retrospective period and were not rehospitalized after initiating 
AS (9.7% of participants at 3-month comparison and 19.8% at 6-month comparison).46 While digital tools seem poised to 
improve some aspects of patient–provider relationships, little is known about how clinicians engage with these tools or how 
these providers apply the information provided.

The aim of this post hoc analysis was to explore how HCPs’ dashboard usage impacted treatment decisions and 
clinical outcome assessments in participants with schizophrenia. To understand whether participants whose HCPs used 
the dashboard frequently had improved outcomes compared with participants whose HCPs accessed the dashboard less 
often, we evaluated the frequency with which HCPs accessed AS dashboards, features used most often, and resulting 
treatment recommendations, and how these usage patterns impacted longitudinal clinical assessments.

Materials and Methods
Study Design
This was a post hoc analysis of clinical data prospectively collected from a phase 3b mirror-image, open-label trial evaluating 
AS (NCT03892889). The full study methods have been previously described.46 Briefly, eligible adults were aged 18–65 
years, had been diagnosed with schizophrenia per the Diagnostic and Statistical Manual of Mental Disorders, fifth edition, 
had a Positive and Negative Syndrome Scale (PANSS) score48 between 60 and 90, and had ≥1 inpatient psychiatric 
hospitalization(s) in the past 4 years. Participants had been prescribed oral SOC antipsychotics for at least the previous 6 
months and then were switched to AS for at least 3 months and up to 6 months based on investigator feedback and participant 
preference. After participants switched to AS, HCPs were instructed to check the dashboard at least every 2 weeks and to 
complete a dashboard review survey each time they used the dashboard to identify which dashboard features they had used 
and how these impacted their resulting treatment decisions for participants.
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Definition of HCP Groups for Comparison
“High dashboard use” providers (HDUPs) were defined as those who checked the dashboard at least every 3 weeks and, 
if their patient recorded ingestions on <80% of study days, recommended adherence counseling and participant 
education. The threshold of checking the dashboard at least every 3 weeks was specified post hoc to identify which 
HCPs were looking at the dashboard between monthly study site visits with participants. HCPs who did not meet the 
above criteria were considered “low dashboard use” providers (LDUPs). This analysis consisted of two groups of 
participants: the modified intent-to-treat (mITT) population included participants who completed ≥3 months of AS use or 
took ≥80% of their study medication during the first 3 months of the primary study, while the population who 
discontinued early (D/C) included participants who discontinued prior to 3 months of AS use. Clinical assessments 
were collected in the mITT population at baseline and at each participant’s last study visit, which occurred between 3 and 
6 months after study initiation; clinical assessments included the Positive and Negative Syndrome Scale (PANSS),48 

Clinical Global Impression–Severity of Illness (CGI-S) and CGI-Improvement (CGI-I),49 and Personal and Social 
Performance (PSP) scales.50 HCPs completed the Physician Utility Survey at study termination.

Statistical Analyses
Mann–Whitney U-tests and rank-biserial correlation coefficient (r) effect sizes were used to determine whether the 
change from baseline to assessment at last visit in clinical assessments and mean scores for the Physician Utility Survey 
differed between participants with HDUPs and participants with LDUPs. Python Programming Language (version 3.8) 
was used for these analyses, with the pingouin package and significance criteria of p≤0.05.

Results
Patient Characteristics
A total of 277 participants enrolled in the study, with a mean baseline PANSS score of 71.5. Of the full study population, 
88.1% had taken aripiprazole in the past (though were not necessarily taking it at the study start); additional medications 
taken prior to study start have been described previously.46 There were 113 participants included in the mITT population 
and 164 participants in the D/C population who discontinued prior to 3 months in the study. The primary study reached 
interim analysis criteria, showing a benefit to participants from the intervention, and was stopped early for efficacy. 
Within the post hoc analysis group, 34/164 participants (21%) were discontinued by the sponsor for this reason. 
Participant demographics are shown in Table 1.

Table 1 Participant Demographics

Parameter mITT Population (n=113) D/C Population (n=164)

Mean age, y (SD) 45.6 (12.8) 43.2 (12.0)

Sex, n (%)
Male 69 (61.1) 113 (68.9)

Female 44 (38.9) 51 (31.1)

Race, n (%)

White 39 (34.5) 59 (36.0)

Black 67 (59.3) 100 (61.0)
American Indian/Alaska Native 3 (2.7) 1 (0.6)

Asian 2 (1.8) 3 (1.8)

Other 2 (1.8) 1 (0.6)

Ethnicity, n (%)

Hispanic or Latino 22 (19.5) 30 (18.3)
Not Hispanic or Latino 89 (78.8) 134 (81.7)

Unknown 2 (1.8) 0 (0)

Abbreviations: D/C, discontinued; mITT, modified intent-to-treat; SD, standard deviation; y, years.
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Frequency of Dashboard Usage
An example dashboard readout for fictional study participants is depicted in Figure S1. The dashboard included data on 
the participant’s ingestion record, mood, step counts, and rest amount and quality. HCPs demonstrated a high overall 
frequency of AS dashboard use (Figure 1). In the mITT population, 95/113 (84.1%) participants’ HCPs checked the 
dashboard at least once every 3 weeks. Among the D/C population, 117/164 (71.3%) participants’ HCPs checked the 
dashboard at least once every 3 weeks.

Dashboard Features Used by HCPs
Information on pill ingestion and missed-dose alerts were the most common dashboard features HCPs reported using in 
both groups; as shown in Figure 2A, fewer of the D/C population’s HCPs used these features compared with mITT 
participants’ HCPs (pill ingestion feature: D/C, 77%; mITT, 97%). Participant-reported rest was the dashboard feature 
used least by HCPs (mITT, 35%; D/C, 20%).

Treatment Recommendations Resulting from Dashboard Usage
In the mITT population, most participants’ HCPs recommended participant education (69%) and adherence 
counseling (68%), while 37% of HCPs opted to make medication changes (Figure 2B). Referral to a specialist 
was the least common change to a treatment plan, made by 2% of HCPs. Few HCPs (8%) reported making no 
changes to their participants’ treatment plan. Among the D/C population’s HCPs, adherence counseling and 
participant education were the most common treatment recommendations (37% and 34%, respectively), with 
32% of HCPs opting to make a medication change (Figure 2B). Referral to a specialist was recommended least 
often, with 3% of D/C participants’ HCPs opting for this change to the treatment plan. One-quarter of D/C 
participants’ HCPs reported making no changes to the treatment plan, though this may have been impacted by 
participants’ early discontinuation.

Change from Baseline in Clinical Assessments
Clinical assessments were only analyzed for participants in the mITT population who completed ≥3 months of 
treatment to ensure sufficient duration of time for participants to gain familiarity with AS and for HCPs to make 
substantial use of the dashboard. As shown in Figure 3A and Table 2, participants with HDUPs (n=61) demonstrated 
significantly greater improvements from baseline in CGI-I (p=0.004), total PANSS (p=0.0002), PANSS general 

Figure 1 Frequency of participants’ HCPs’ dashboard usage. 
Abbreviations: D/C, discontinued; HCPs, healthcare providers; mITT, modified intent-to-treat; wks, weeks.
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subscale (p=0.02), and PANSS positive subscale (p=0.003) compared with participants with LDUPs (n=52). The 
effect size of changes in scores from baseline between participants with HDUPs versus LDUPs in CGI-I (r=0.30), 
PANSS positive subscale (r=0.33), and total PANSS (r=0.40) were considered medium,51 while the effect size of 
changes in scores from baseline in PANSS general subscale (r=0.26) and PANSS negative subscale (r=0.20) were 
considered small (Table 2).51 Participants with HDUPs were slightly older compared with participants with LDUPs 
(mean age, 48 years versus 42 years) and had slightly higher total PANSS scores at baseline (74 versus 69; 
p=0.002). Age was not significantly correlated with changes in any of the clinical scales. Differences between 
participants’ scores with HDUPs versus LDUPs for PANSS negative subscale, CGI-S, and PSP scales were not 
statistically significant. Marder factors corresponding to hostility/excitement and negative symptoms demonstrated 
significantly greater improvement from baseline in participants with HDUPs compared with participants with 

Figure 2 Dashboard features used by HCPs and resulting treatment decisions. 
Notes: (A) Dashboard features accessed by HCPs; (B) Treatment change recommendations made by HCPs. aHCPs could report using multiple types of data from the 
dashboard. bExamples of medication changes included change of dose or switching to a long-acting injectable medication formulation, non-AS aripiprazole, or another 
antipsychotic. cLifestyle changes included changes to rest, diet, or other aspects of participants’ lifestyle. dThe percentage of participants whose HCPs made the indicated 
treatment change recommendations at least once during the trial. HCPs could make multiple treatment decisions. 
Abbreviations: D/C, discontinued; HCPs, healthcare providers; mITT, modified intent-to-treat.
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LDUPs (Figure 3B and Table 2). The effect size of the change from baseline for hostility/excitement (r=0.31) was 
considered medium between participants with HDUPs versus LDUPs, while the effect size for negative symptoms 
(r=0.24) was considered small.51

Perceived Usefulness of the AS System
Based on responses to the Physician Utility Survey shown in Figure 4 and in Tables S1 and S2, both HDUPs and 
LDUPs found the dashboard somewhat easy, easy, or extremely easy to use (cumulative percentages between 
groups: 89.8% and 66.7%, respectively [comparison of mean between groups: p=0.0008; r=0.37]). Most HCPs 
found the overall AS system somewhat easy, easy, or extremely easy to use, with a total of 84.8% of HDUPs and 
60.0% of LDUPs responding in this manner (p=0.002; r=0.37) (Figure 4). A total of 61.0% of HDUPs reported that 
their patients found AS somewhat easy, easy, or extremely easy to use, while 44.4% of LDUPs reported the same; 
conversely, 32.2% of HDUPs reported that their patients found using AS somewhat difficult, difficult, or extremely 
difficult compared with 33.3% of LDUPs (p=0.28; r=0.12). Notably, most HDUPs (total of 79.7%) and LDUPs 

Figure 3 Participant scores on clinical outcome measures in the mITT population. 
Notes: (A) Scores on clinical assessment scales (see a); (B) Change in scores from baseline on Marder factors. *p<0.05; **p<0.01; ***p<0.001. Number of participants 
who completed each assessment: CGI-S, CGI-I, PANSS total/PANSS subscales/Marder factors: N=110 (participants with HDUPs, n=61; participants with LDUPs, n=49); 
PSP: N=99 (HDUPs, n=55; LDUPs, n=44). aScores represent change from baseline, with the exception of CGI-I, which was used to assess improvement from baseline. 
Abbreviations: Δ, change from baseline; CGI-I, Clinical Global Impression–Improvement scale; CGI-S, Clinical Global Impression–Severity of Illness scale; HCPs, healthcare 
providers; HDUPs, high dashboard use providers; LDUPs, low dashboard use providers; mITT, modified intent-to-treat; NS, not significant; PANSS, Positive and Negative 
Syndrome Scale; PSP, Personal and Social Performance scale.
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(total of 66.7%) felt that the AS system was at least somewhat helpful in improving conversations with study 
participants about their treatment plan and progress. A total of 81.4% of HDUPs and 77.8% of LDUPs found AS to 
be helpful in engaging participants in self-management of their condition.

Table 2 Clinical Outcome Assessments by Participants’ HCPs’ Dashboard Usage

Parameter ∆ Scores from BL in Participants 
with HDUPs, Mean

∆ Scores from BL in Participants 
with LDUPs, Mean

Correlation 
Coefficient (r)b

p valuec

CGI-Ia 2.9 3.4 0.30 0.004

CGI-S −0.54 −0.41 0.10 0.30

PANSS
Total −9.2 −3.1 0.40 0.0002

General subscale −4.3 −1.2 0.26 0.02

Negative subscale −1.7 −0.3 0.20 0.08
Positive subscale −3.2 −1.5 0.33 0.003

Marder factors
Anxiety/depression −1.9 −0.8 0.10 0.38

Disorganized thought −1.2 −0.4 0.18 0.10

Hostility/excitement −1.4 0.0 0.31 0.005
Negative symptoms −1.9 0.0 0.24 0.03

Positive symptoms −2.7 −1.9 0.14 0.20

PSP 4.8 4.1 0.12 0.31

Notes: Number of participants who completed each assessment: CGI-S, CGI-I, PANSS total/PANSS subscales/Marder factors: N=110 (participants with HDUPs, n=61; 
participants with LDUPs, n=49); PSP: N=99 (HDUPs, n=55; LDUPs, n=44). aCGI-I represents improvement in response to treatment, so this assessment was not performed at 
baseline. bEffect size between participants with HDUPs versus participants with LDUPs in the mITT population was determined using rank-biserial correlation coefficients (r). 
Correlation coefficients ranging from 0.10 to 0.29 are considered small, while correlation coefficients ranging from 0.30 to 0.49 are considered medium.51 cGroups of 
participants with HDUPs were compared with participants with LDUPs using Mann–Whitney U-tests. 
Abbreviations: BL, baseline; CGI-I, Clinical Global Impression–Improvement scale; CGI-S, Clinical Global Impression–Severity of Illness scale; ∆, change in; HCPs, 
healthcare providers; HDUPs, high dashboard use providers; LDUPs, low dashboard use providers; mITT, modified intent-to-treat; PANSS, Positive and Negative Syndrome 
Scale; PSP, Personal and Social Performance scale.

HCP response (%)

HDUPs

LDUPs

HDUPs

HDUPs

LDUPs

LDUPs

0

Extremely
difficult

Extremely
easy

Somewhat
difficult

Somewhat
easyNeutralDifficult Easy

25 50 75 100

Overall, how easy or difficult
was it for you (the HCP)
to use the AS systema?

Response color key

How easy or difficult was
it for you (the HCP) to use
the AS dashboard?

Overall, how easy or difficult
was it for your patient to use
the AS systema?

p=0.002
r=0.35

p=0.28
r=0.12

p=0.0008
r=0.37

Figure 4 Comparison of select paraphrased utility and satisfaction results from HCPs in the Physician Utility Survey. 
Notes: p values were calculated using the Mann–Whitney U-test. p<0.05 indicates that the difference in mean response scores between HDUPs (n=59) and LDUPs (n=45) 
was statistically significant. Effect size (r) was calculated using the rank-biserial correlation. See the Tables S1 and S2) for the full survey results and means comparisons. aThe 
AS system includes the dashboard for HCPs, the smartphone app for participants, aripiprazole tablets with embedded sensor, and a wearable sensor patch. 
Abbreviations: AS, aripiprazole tablets with sensor; HCPs, healthcare providers; HDUPs, high dashboard use providers; LDUPs, low dashboard use providers.
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Discussion
This post hoc analysis focused on usage patterns of the HCP dashboard feature of the AS system, which was accessed by 
HCPs caring for outpatients with schizophrenia who had a history of psychiatric hospitalization. Dashboard usage was 
high among HCPs regardless of whether participants completed 3 months on AS or discontinued early, with 84% and 
71% of the participants’ HCPs checking the dashboard at least every 3 weeks, respectively. HCPs for participants in the 
D/C population were slightly more likely to report checking the dashboard less than once every 4 weeks or never, though 
this may be because of minimal time on study due to participant discontinuation. The features of the AS dashboard 
accessed most frequently by both the mITT and D/C group HCPs were the ingestion information and missed-dose alerts. 
These data helped inform HCP treatment decisions, with approximately two-thirds of participants’ HCPs in the mITT 
population recommending adherence counseling (68%) and/or participant education (69%). In the D/C population, 
notably fewer participants’ HCPs opted to recommend adherence counseling (37%) or participant education (34%), 
though this may again be due to shorter time on the AS system for these participants. HCPs were similarly likely to 
recommend a medication change (32%) among D/C participants. Participants with HCPs who used the AS dashboard 
frequently (ie, checked the dashboard at least every 3 weeks and recommended adherence counseling/patient education) 
saw greater improvements from baseline in clinical assessments compared with participants with HCPs who used the 
dashboard less often. These included improvements in PANSS total, PANSS general subscale, and PANSS positive 
subscale scores; Marder factors corresponding to hostility/excitement and negative symptoms; and CGI-I. Most HCPs 
found the dashboard and overall AS system easy to use, though HDUPs rated the system higher in usability than did 
LDUPs (Table S1). Most study participants found AS to be helpful in improving communication with their healthcare 
team. Overall, HCPs caring for patients with schizophrenia found that the AS dashboard provided useful information and 
aided communication relative to participants’ care plan.

Successful treatment for schizophrenia focuses on three components: (1) patients adhering to a treatment regimen; (2) 
patients self-engaging in the management of their condition; and (3) developing effective therapeutic relationships 
between patients and their HCPs.52 Optimizing pharmacotherapy can be challenging for providers. If a patient is not 
achieving sufficient symptom relief, the HCP must determine if the treatment plan needs to be modified or if the patient is 
not taking their medication consistently.53 Accurately assessing adherence during outpatient care is challenging,53 as 
providers often overestimate adherence compared with pharmacy records, even among established patients.54 When the 
treatment team is unaware of patient nonadherence, they may conclude incorrectly that the medication is not working.13 

Likewise, some antipsychotics that require weeks or months to reach maximal efficacy can reduce adherence because the 
patient believes the therapy does not work.12,16 This may lead to unnecessary adjustments to the treatment regimen, such 
as increasing dosage, changing medications, or adding new medications.13 The AS system can provide this key 
information to inform a patient’s care plan; as an example, when providers had access to patient drug adherence 
information, they made more informed treatment decisions for nonadherent or poorly controlled patients compared 
with providers who did not have that information.55

Achieving maximal symptom relief is further complicated by how different types of patients’ symptoms 
respond to treatment. While antipsychotic medications are generally effective at reducing positive symptoms of 
psychosis, negative symptoms are considered insufficiently treated with current pharmacologic options.56 In our 
study, participants with HDUPs demonstrated greater improvements in CGI-I, PANSS, and multiple PANSS 
subscales compared with participants with LDUPs. To identify the impact of baseline PANSS scores on post
treatment change in PANSS scores, we further split groups of HDUPs and LDUPs into participants with baseline 
PANSS scores <75 (mild-to-moderate symptom severity, n=68; range, 60–74) and those with PANSS scores ≥75 
(moderate-to-severe symptom severity, n=45; range, 75–90).57 Among participants with LDUPs, those with less 
severe symptoms had a relatively small mean change from baseline compared with participants with more severe 
symptoms, who saw a comparatively large change from baseline (−1.5 versus −8.0). Among participants with 
HDUPs, there was less difference in mean change in PANSS scores from baseline based on symptom severity at 
study entry (−7.8 for mild-to-moderate symptoms versus −10.6 for moderate-to-severe symptoms). The difference 
in improvement for participants with mild-to-moderate symptoms was significantly different in those with LDUPs 
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versus HDUPs (−1.5 and −7.8, respectively [p=0.006]); in contrast, the improvement from baseline in participants 
with more severe symptoms did not significantly differ between LDUP and HDUP groups (−8.0 and −10.6, 
respectively [p=0.24]). There was a numerical improvement in participants with more severe symptoms in the 
HDUP group, but the small sample size was not sufficient to see statistical significance, warranting further 
analysis on a larger sample of participants. These findings parallel a recent meta-analysis of schizophrenia clinical 
trials, in which patients with higher baseline PANSS scores demonstrated greater improvement following 
treatment.58 Thus, while baseline PANSS clearly impacts changes in these clinical scales, the effect of HCP 
engagement is robust and may help mitigate the gap between different tiers of disease severity.

Relative to other scales, differences between study participants with HDUPs versus LDUPs were not statistically 
significant for PANSS negative subscale, CGI-S, and PSP scales; this was likely due to the magnitude of the differences and 
sample sizes. However, Marder factors for hostility/excitement and negative symptoms improved significantly more in 
participants with HDUPs. In a recent meta-analysis, the use of psychological or psychosocial interventions significantly 
improved negative symptoms in patients experiencing psychosis compared with care as usual.59 The authors of this meta- 
analysis noted that increased social contact might mitigate the impact on psychosis of nearly every psychological or 
psychosocial intervention studied, highlighting the importance of developing the participant–provider relationship.59

Interactions between patients and providers can serve as critical junctures at which providers can use personalized 
interventions to improve clinical outcomes, such as adherence counseling.52 However, implementation of these practices may 
be inadequate in clinical settings. In a study of commercially insured patients with SMI in postacute settings, only 58% of first 
visits with providers involved discussion of compliance with antipsychotic medication, a lower rate than that for patients with 
either bipolar disorder (64%) or major depression (63%).52 This is notable given a 2021 study by Forma et al, in which patients 
who had ≥2 discussions about medication adherence with their providers had a 76% reduced risk of an acute psychiatric event 
during the following year.60 A recent study by Xia et al using a person-centered adherence counseling intervention among 
patients with SMI found that the intervention increased adherence 30 days postdischarge by 33% and reduced the likelihood of 
rehospitalization (odds ratio: 0.32; 95% CI: 0.11–0.93 [p=0.037]) compared with patients given treatment as usual.61 A meta- 
analysis of six studies of adherence therapy given to patients with schizophrenia spectrum disorders found a significant 
improvement in psychiatric symptoms compared with treatment as usual.62 In our study, participants whose HCPs used the 
dashboard more and recommended counseling and education showed greater improvements in schizophrenia symptom severity. 
This is notable given the findings from the primary analysis of this study by Cohen et al,46 which reported significant reductions 
in psychiatric hospitalizations when participants used AS. By providing objective, longitudinal feedback, AS may help providers 
identify which patients might benefit from targeted interventions, such as adherence counseling.

In a recent study by Browne et al, patients rating therapeutic alliances with their providers favorably was associated 
with patients having greater treatment engagement.63 Similarly, providers or observers rating patient therapeutic alliances 
favorably was associated with greater treatment engagement and improved positive and negative symptoms.63 In our 
analysis, 32.2% of the HDUPs and 33.3% of the LDUPs reported that study participants found AS at least somewhat 
difficult to use. This contrasts with participants’ own reports of usability as reported in a separate post hoc analysis of the 
primary study, in which only 12% of the participants reported AS at least somewhat difficult to use.64 This discrepancy in 
participants’ responses occurred to a similar degree in LDUPs and HDUPs. In our study, 74.0% of the HCPs (both 
HDUPs and LDUPs) reported that the AS system helped engage study participants in self-management of their condition. 
Moreover, 79.8% of the HCPs indicated that AS improved conversations with study participants about their treatment 
plan and progress. These findings suggest that the AS system can create opportunities to increase or improve commu
nication between patients and providers. Objective medication ingestion data can serve to guide discussions about 
medication adherence and the participant’s treatment plan and help foster communication to grow the patient–provider 
therapeutic alliance. Additionally, AS can help bridge the care gap between office visits by alerting providers to when 
participants discontinue their medications.

This study was limited by the overall high usage of the dashboard by HCPs, which restricts exploration of potential 
effects of very low dashboard use, and by the relatively small sample sizes. As our findings are based on post hoc 
subgroups, possible biases may exist due to confounders inherent in these data. For example, participants who stayed on 
treatment long enough for HCPs to take treatment actions may have had better underlying prognoses compared with 
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those participants who discontinued early. Thus, we analyzed clinical outcomes only in the mITT population, in which 
participants either completed 3 months’ AS use or took ≥80% of their study medication. HCPs of the D/C participants 
had less time to make treatment recommendations, and any changes that were made to treatment recommendations may 
have had insufficient time to impact participants’ symptoms before study discontinuation. Additionally, the improvement 
in scores in patients in the HDUP group may reflect inherent qualities of those HCPs; further studies are needed to 
address this limitation. Finally, although 60% of the participants discontinued the study (some of whom were discon
tinued due to early termination for efficacy), this was within the range of 19–75% as reported in a meta-analysis of 
clinical trials of antipsychotic medications;65 more research is required to understand how the digital nature of the AS 
system impacts its uptake and use by patients with SMI and their care providers.

Conclusion
Providers who care for patients with schizophrenia found that the AS dashboard was easy to use and improved 
communication with study participants. Higher provider dashboard usage was associated with improvements in 
PANSS scores (total score and positive and general subscales) and in Marder factor scores for negative symptoms and 
hostility/excitement. The HCP dashboard for the AS system may promote discussion between providers and patients 
about adherence and regular medication-taking and aid HCPs in making treatment decisions, potentially leading to better 
patient outcomes.
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