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Purpose: Maintaining adherence to antipsychotic (AP) medication is often challenging. Aripiprazole tablets with sensor (AS) contain 
an ingestible event marker and communicate with wearable patches and a smartphone app to provide objective medication ingestion 
data. This study evaluated real-world treatment patterns of AS usage and its impact on psychiatric healthcare resource utilization 
(HCRU).
Patients and Methods: This retrospective, observational cohort study identified individuals who initiated AS between 1/1/2019 and 
6/30/2020 with 3 months baseline and 6 months of follow-up data using a commercial medical and pharmacy claims database 
(Clarivate). Controls were propensity score-matched (4:1) to AS initiators based on age (±2 years), sex, diagnosis (major depressive 
disorder [MDD], schizophrenia, bipolar I disorder [BP-I], other), insurance, and baseline oral AP use (yes/no). Days of AP supply 
were evaluated using a general regression model. The frequency of psychiatric HCRU during follow-up was compared between groups 
using a zero-inflated regression model.
Results: Most AS initiators were diagnosed with MDD (61.2%) and were women (61.2%); mean age was 37.7 years (standard 
deviation: 14.1). Most AS initiators (53.1%) continued treatment for >60 days (mean days of supply = 77). After adjusting for 
covariates, AS initiators had 41% more days of AP supply during follow-up compared with controls (P <0.0001) and significantly 
lower adjusted odds ratios (ORs) for psychiatric outpatient visits (adjusted OR = 0.80; P <0.05), emergency department visits (adjusted 
OR = 0.11; P <0.05), inpatient visits (adjusted OR = 0.42; P <0.05), and other medical services (adjusted OR = 0.25; P <0.05).
Conclusion: Participants who implemented AS had significantly more days of AP supply and fewer psychiatric care visits. These 
preliminary results suggest AS usage can help build regular medication-taking habits and holds promise for reducing psychiatric 
HCRU. Additional studies with larger sample sizes are warranted to inform clinical practice and coverage decisions.
Keywords: serious mental illness, digital medicine system, digital health, clinical decision-making

Introduction
Adherence to long-term therapy is defined by the World Health Organization as the extent to which an individual’s behavior 
corresponds with recommendations from a healthcare provider (HCP).1 Medication nonadherence is an ongoing public health 
concern.2 In a meta-analysis of 569 studies across 17 illnesses, participants took, on average, 75.2% of their prescribed medication 
doses.3 Individuals living with serious mental illness (SMI) often struggle to take their medication regularly, with nonadherence 
rates that are equivalent to or worse than nonpsychiatric illnesses.4 Approximately half of patients with SMI, including 
schizophrenia and affective disorders such as major depressive disorder (MDD) and bipolar I disorder (BP-I) do not adhere to 
their medication.5–7 For patients with schizophrenia, estimated rates of medication nonadherence range from 34% to 81%.5 For 
patients with MDD, studies have reported a range of medication nonadherence of 10%–60%.8

Poor medication adherence has both clinical and economic consequences in patients with SMI. Clinically, studies have 
frequently associated medication nonadherence in individuals with SMI with worse outcomes, such as increased risk of relapse, 
greater chance of hospitalization and emergency department (ED) visits, increased risk of suicide, and poorer quality of life.7,9–13 
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For example, among adults with MDD covered by commercial insurance who newly initiated antidepressant therapy, those 
considered nonadherent (proportion of days covered < 80%) were more likely to have an inpatient hospitalization (incidence rate 
ratio [IRR] = 1.34; 95% confidence interval [CI] = 1.29–1.39; P <0.001) or an ED visit (IRR = 1.43; 95% CI = 1.40–1.45; 
P <0.001).14 Similarly, Liu and colleagues (2011) reported a claims-based analysis in which patients with MDD who were 
adherent to their medication were 17% less likely to have a psychiatric hospitalization and 28% less likely to have a psychiatric ED 
visit compared with those who were not adherent.15 Patients with bipolar disorder who were nonadherent to their medication were 
more likely to relapse (hazard ratio [HR] = 2.40; 95% CI = 2.04–2.83; P <0.001), be hospitalized (HR = 2.90; 95% CI = 2.26–3.72; 
P <0.001), or attempt suicide (HR = 2.82; 95% CI = 1.57–5.06; P <0.001).16 In a 2019 study of patients with schizophrenia, the 
risk of hospitalization increased nearly linearly as the gap in medication-taking persisted: a gap of 1–10 days was associated with 
an odds ratio (OR) of 1.98, while the OR for a gap of >30 days was 3.96.11

These negative patient outcomes can carry costly economic consequences. In a systematic review of mental health disorders, 
inpatient costs represented the largest contribution to the costs of medication nonadherence, with the adjusted cost of nonadher-
ence per person with mental illness ranging from $3252–$19 363 per year.17 Compared with individuals in early episodes of SMI, 
those recently discharged from a psychiatric hospitalization had higher psychiatric-related healthcare resource utilization (HCRU) 
and higher annual costs ($15 398 vs $21 171, respectively).18 Conversely, improved medication adherence can help reduce the 
incidence of negative health outcomes, decrease HCRU, avoid pharmacy costs related to therapy escalation, and prevent the need 
for increased diagnostic testing due to lack of control of the primary illness.19

A key challenge facing providers and caregivers is the lack of objective measures of medication adherence that can be feasibly 
implemented in routine clinical practice.20,21 Subjective methods of monitoring adherence are common in current clinical 
practice, including self-reports (the most frequently used method), pill counting, and HCP assessment.20,22,23 However, subjective 
methods are often unreliable.20,22 A survey of 64 physicians found that 87.5% reported their psychiatric patients have >50% 
adherence; however, when their responses were compared with their patients’ medication blood levels, there was poor 
concurrence between the physician’s estimate and level of medication in the patient’s blood.24 To provide the most informed 
patient care, providers should ideally verify medication adherence with objective measures.25 Accurate medication adherence data 
can support providers when making clinical decisions (eg, treatment modification for patients whose symptoms are not well 
controlled)20,26 and help identify individuals who need additional support with adherence.27

Several advances in technology and medication formulations have emerged to improve the accuracy of determining 
medication adherence.28 For example, electronic pill bottles and pill organizers can generate date- and time-stamped data when 
medication is accessed, but do not ensure that a pill is actually ingested.20,27 Serum tests of antipsychotic (AP) levels can provide 
a readout of medication ingestion but do not record ingestion in real-time.20 In an analysis of interventions to improve medication 
adherence, those that helped participants overcome attention and memory problems were most likely to report improvements in 
medication adherence.29 Therefore, digital medicines containing ingestible sensors, which objectively document medication 
ingestion in real-time, may represent a significant innovation in direct measurement of medication adherence.27 Digital medicine 
systems enable individuals to view their own ingestion record over time and provide medication reminders.30,31

The aripiprazole tablets with sensor (AS) system32 is one example of this technology. The AS system consists of aripiprazole 
tablets embedded with an ingestible event marker, wearable patches, and a smartphone app, and is indicated for objectively 
measuring medication ingestion in adults with schizophrenia, BP-I, or MDD.32 The ingestible event marker embedded within the 
medication tablet is activated by stomach fluid after ingestion and communicates with the nonmedicated wearable patch.30,33 

Users can access their data from a smartphone app, which collects data from the wearable patch, transmits to a secure server and 
provides summaries of patient data, collects self-reported mood and rest quality, and sends alerts and reminders.30 HCPs and 
invited members of the individual’s support network can access the individual’s data online through separate portals.33 The AS 
system provides data on medication ingestion, mood, rest, and activity to support informed treatment discussions and shared 
decision-making between individuals with SMI and their providers.34,35 It also informs treatment strategies in patients with 
inadequate treatment response who need medication adjustments versus those who struggle to take their medication.30,35 Prior 
studies of the AS system reported fewer inpatient hospitalizations of participants with schizophrenia in a clinical trial setting,36 

high levels of satisfaction with its usability among most patients34 and providers,35 and low risk of adverse events associated with 
the technology.33,36 In one study, the AS system generated an adherence metric of ≥80%;33 studies of the ingestible sensor 
component in other therapeutic areas have reported the accuracy of pill ingestions as ranging from 84%–100% accurate.37 
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However, real-world evidence is lacking to support coverage decisions or to determine which individuals would benefit most from 
treatment with AS.

To date, few studies have investigated the AS system in clinical practice. This study was designed to provide 
preliminary evidence on AS usage and treatment patterns in a real-world clinical practice setting, and to compare 
psychiatric HCRU among AS initiators and propensity score-matched AP controls.

Materials and Methods
Study Design and Data Source
We conducted a retrospective, observational cohort study comparing AS initiators with propensity score-matched 
controls in the US. Individuals eligible for the study were identified using a commercially available database licensed 
from Clarivate (www.clarivate.com/products/real-world-data/), which includes submitted and remitted medical and 
pharmacy claims but no information on an individual’s insurance benefit eligibility. The study used de-identified data 
and thus was exempt from Institutional Review Board review, as per the Code of Federal Regulations 45 CFR § 46.104. 
The research was compliant with the Health Insurance Portability and Accountability Act.

Identification and Selection of Individuals for Study Inclusion
Eligible individuals were aged ≥18 years as of January 1, 2018. The case-finding period spanned from January 1, 2019, to June 30, 
2020. Eligible AS initiators included those with an initial paid pharmacy claim for AS (identified using National Drug Codes 
[NDC] specified in Supplementary Table 1) dispensed by Orsini Specialty Pharmacy (Elk Grove Village, IL, USA), the sole 
authorized AS distributor (National Council for Prescription Drug Programs identifier: 1477416; National Provider Identifier: 
1073608998). Eligible controls included those with a paid pharmacy claim for any non-AS oral AP in the case-finding period. The 
first fill date within the case-finding period was designated as the index date (ID). The baseline period was defined as 3 months 
prior to ID, the follow-up period as 6 months after ID. Continuous eligibility was defined by ≥1 medical or pharmacy claim in each 
quarter of the 3-month baseline period and the subsequent 6-month follow-up period.

Outcome Variables
The primary outcome was psychiatric HCRU in the follow-up period, which included psychiatric ED visits, inpatient admissions, 
outpatient visits, other medical services, and psychiatric pharmacy claims. Psychiatric medical services utilization was measured 
by the number of claims per participant per month (PPPM) for outpatient, inpatient, ED, and other medical services visits and 
defined by claims associated with a psychiatrist (identified using provider taxonomies) or an International Classification of 
Disease - Tenth Revision - Clinical Modification (ICD-10-CM) diagnosis of “F%” in the primary position. Psychiatric medical 
services labeled as “other” included behavioral health screening services, independent laboratory services, medication counseling, 
and emergency medical screening. Psychiatric pharmacy utilization was defined as the number of paid claims PPPM for 
psychiatric medications identified using the NDC. For AP controls, the proportion of participants with paid pharmacy claims 
for APs, antidepressants, and anxiolytics was used as a read-out of pharmacy utilization. For AS initiators, utilization measures 
included days of AP supply dispensed and count of paid AS claims.

Independent Variables
Participant-specific variables included age in years, gender, insurance type (commercial, Medicaid, and Medicare), primary 
psychiatric diagnoses, and Charlson Comorbidity Index38 (CCI) based on ICD-10 codes.39 Eligible diagnoses included MDD 
(ICD-10-CM codes: F32.x, F33.x), BP-I (codes: F31.x; excluded F31.81 codes for BP-II), schizophrenia and schizoaffective 
disorders (codes: F20.x, F25.x), and other diagnoses. CCI was calculated based only on the diagnosed comorbidities and was not 
adjusted for age. Additional independent variables included baseline AP use (yes/no) and baseline psychiatric HCRU defined by 
PPPM measures of outpatient, inpatient, and ED visits, other medical services, and pharmacy claims.
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Propensity Score Matching
We used a 1-to-many propensity score matching approach for this study; previous studies of this method have reported that 
increasing the n of untreated controls relative to treated individuals increases precision and decreases variance, but also increases 
bias.40,41 To maximize precision while minimizing bias, eligible controls were propensity score-matched 4:1 with each AS 
initiator using a greedy matching approach and maximum allowable distance (caliper) of width = 0.02 standard deviations (SDs) 
of the logit of the propensity score.41,42 Prior reports have found little benefit to increasing the ratio of untreated controls to treated 
individuals beyond 4:1, likely due to the increased bias that accompanies larger untreated n.43 Propensity scores were estimated 
using a logistic regression model with the following variables: age (±2 years), gender, primary diagnosis (schizophrenia, MDD, 
BP-I, other), insurance type, baseline oral AP use (yes/no), and baseline psychiatric utilization (in PPPM units). Matching was 
conducted with random selection and without replacement. Differences between individual matching variables were assessed by 
standardized mean difference (SMD).

Statistical Analyses
Post-matching differences on the independent variables were compared between AS initiators and AP controls using χ²-tests and 
t-tests for categorical and continuous variables, respectively, at a significance level of 0.05. Unadjusted baseline and follow-up 
psychiatric utilization (in PPPM units) were compared using t-tests. For adjusted analyses of the frequency of psychiatric 
utilization, zero-inflated models were used to account for the excessive zeros in each outcome event.44 Each outcome model also 
controlled for its respective baseline utilization PPPM value (eg, the model for psychiatric ED visits controlled for baseline ED 
visits PPPM). Covariates were retained in the model using the forward selection method with a retention criterion of P <0.10. 
Model outcome coefficient estimates were exponentiated to derive adjusted ORs using the constant e (the base of the natural 
logarithm = 2.178) raised to the power of the exact value of the coefficient. For adjusted analyses of days of AP supply during 
follow-up, we used a generalized linear model with all independent variables as stated above and baseline days’ AP supply. All 
data management and statistical analyses were performed with SAS version 9.4 (Cary, NC, USA).

Results
Participant Disposition and Baseline Characteristics
A total of 27 314 140 individuals with ≥1 pharmacy claim between January 1, 2019, and June 30, 2020, were 
screened (Figure 1). The original pool of AS initiators included 92 individuals who had ≥1 pharmacy claim for AS 

Figure 1 Participant disposition. 
Notes: aIncluded participants with claims for AS obtained through Orsini Specialty Pharmacy. 
Abbreviations: AP, antipsychotic; AS, aripiprazole tablets with sensor; yrs, years.
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filled by Orsini Specialty Pharmacy. Of these, 3 were excluded due to being <18 years of age, and 40 were excluded 
due to a lack of continuous eligibility. A total of 49 individuals were eligible for the AS initiator cohort (Figure 1). 
Using a 1:4 matching ratio based on propensity scores, 49 AS initiators were matched with 196 individuals from the 
AP control cohort who had a non-AS oral AP claim within 30 days of the matched case ID (Figure 1). Additional 
details of the matching process can be found in Material and Methods.

Compared with the AP control population who successfully matched with AS initiators (n = 196), unmatched individuals 
(n = 1 840 377) were significantly more likely to be women (62.9% vs 60.7%), older (50.1 vs 37.5 years), and insured by 
Medicaid (64.0% vs 47.1%) or Medicare (20.4% vs 6.1%; P <0.05 for all comparisons). The unmatched individuals were also 
significantly more likely than AS initiators to have BP-I (15.2% vs 9.6%) or other psychiatric diagnoses (47.6% vs 12.7%) and 
had significantly higher CCI scores (1.1 vs 0.31; P <0.05 for all comparisons). Unmatched individuals were significantly more 
likely to use APs at baseline (39.1% vs 30.6%; P <0.05) and had significantly lower baseline psychiatric HCRU (P <0.05).

Table 1 Participant Demographics and Baseline Characteristics

Parameter AP Controls (n = 196) AS Initiators (n = 49) P value SMD

Gender, n (%) NS
Female 119 (60.7) 30 (61.2) 0.01

Male 77 (39.2) 19 (38.8) 0.01

Years of age, mean (SD) 37.5 (15.7) 37.7 (14.1) NS 0.01

Insurance type, n (%) NS
Commercial 91 (46.2) 22 (44.9) 0.03
Medicaid 93 (47.1) 24 (49.0) 0.04

Medicare 12 (6.6) 3 (6.1) 0.02

Index primary diagnosis, n (%) NS
MDD 118 (60.2) 30 (61.2) 0.02
Bipolar disorder 19 (9.6) 5 (10.2) 0.02

Schizophrenia 28 (14.3) 6 (12.2) 0.06

Bipolar disorder and schizophrenia 4 (2.0) 1 (2.0) 0.0
MDD and schizophrenia 2 (1.0) 1 (2.0) 0.08

Othera 25 (12.7) 6 (12.2) 0.02

None 0 (0) 0 (0) 0.0

Baseline psychiatric comorbidities, n (%) N/A
Post-traumatic stress disorder 12 (6.1) 7 (14.3) NS
Anxiety 17 (8.7) 7 (14.3) NS

Insomnia 3 (1.5) 5 (10.2) <0.05

Sleep-wake disorder 4 (2.0) 8 (16.3) <0.01
Substance use and addiction disorders 26 (13.3) 3 (6.1) <0.05

Charlson Comorbidity Index, mean (SD) 0.31 (0.8) 0.45 (1.1) NS N/A

Baseline medications utilization, n (%)

Antipsychotics 60 (30.6) 12 (24.5) NS 0.1

Baseline psychiatric utilization, bmean (SD) NS

Outpatient visits 2.4 (5.7) 2.1 (4.8) 0.05
Other medical services 2.9 (5.5) 2.0 (4.1) 0.1

ED visits 0.07 (0.13) 0.04 (0.11) 0.2
Inpatient hospitalization 0.5 (0.2) 0.2 (0.12) 1.8

Pharmacy 0.9 (0.6) 0.6 (0.4) 0.5

Notes: aIncluding anxiety and post-traumatic stress disorder. bPer participant per month. 
Abbreviations: AP, antipsychotic; AS, aripiprazole tablets with sensor; ED, emergency department; MDD, major depressive disorder; N/A, not available; 
NS, not statistically significant; SD, standard deviation; SMD, standardized mean difference.
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Most AS initiators were female (61.2%) with an average age of 37.7 years (SD: 14.1) (Table 1). As shown in Table 1, Medicaid 
was the most common insurance type for AP controls and AS initiators (47.1% vs 49.0%, respectively), followed by commercial 
insurance (46.2% vs 44.9%, respectively), with Medicare coverage as the least common (6.6% vs 6.1%, respectively). The most 
common psychiatric diagnosis for AP controls and AS initiators, respectively, was MDD (60.2% vs 61.2%), followed by 
schizophrenia (14.3% vs 12.2%), BP-I (9.6% vs 10.2%), and other (12.7% vs 12.2%), which included anxiety and post- 
traumatic stress disorder (Table 1). The mean CCI for AP controls was 0.31 (SD: 0.8) and for AS initiators was 0.45 (SD: 1.1). 
Baseline psychiatric usage was generally low PPPM, with 4.1%–5.7% of participants from both groups having an outpatient visit 
or using another medical service in a given month (Table 1). No significant difference was observed between AS initiators and 
matched controls for all covariates (Table 1).

Utilization of Psychiatric Medications
A total of 60 AP controls (30.6%) had ≥1 paid pharmacy claim for AP at baseline compared with 12 AS initiators (24.5%); 
AP usage was 100% in both groups during the follow-up period (Table 2). The most common baseline oral AP for AP 
controls was quetiapine (12.2%) followed by aripiprazole (9.2%; Table 2). For AS initiators, the most common baseline oral 
AP was aripiprazole (20.4%) followed by risperidone (4.1%). Long-acting-injectable (LAI) AP use was low among both 
groups, with 4 participants using LAIs in the follow-up period among AP controls and 2 participants among AS initiators 
using LAIs in both baseline and follow-up periods. A total of 22.4% (n = 11) of AS initiators and 45.9% (n = 90) of AP 
controls used antidepressant medication at baseline. During follow-up, 16.3% of AS initiators used antidepressants 
compared with 75.5% of AP controls (P <0.05). Similarly, use of anxiolytics was higher in AP controls versus AS initiators 
at both baseline (10.7% vs 4.1%, respectively) and in the follow-up period (12.2% vs 2.0%, respectively; Table 2) but these 
differences did not reach statistical significance.

At baseline, controls had a mean AP supply of 11.4 days (SD: 22.9) compared with AS initiators who had a mean AP 
supply of 7.7 days (SD: 18.7; Table 2). During follow-up, the mean days of AP supply increased to 149.1 days (SD: 58.0) 

Table 2 Psychiatric Medication Utilization at Baseline and Follow-Up

Medications Utilized AP Controls (n = 196) AS Initiators (n = 49)

Baseline Follow-Up P value Baseline Follow-Up P value

AP usage, n (%)

No 136 (69.3) 0 (0) 37 (75.5) 0 (0)
Yes 60 (30.6) 196 (100) <0.05 12 (24.5) 49 (100) <0.05

AP type, n (%)a

Aripiprazoleb 18 (9.2) 62 (31.6) 10 (20.4) 42 (85.7)

Quetiapine 24 (12.2) 70 (35.7) 0 (0) 0 (0)

Otherc 28 (14.3) 89 (45.4) 2 (4.1) 4 (8.2)

Long-acting injectable, n (%)c 0 (0) 4 (2.0) NS 2 (4.1) 2 (4.1) NS

Antidepressants, n (%) 90 (45.9) 148 (75.5) <0.05 11 (22.4) 8 (16.3) NS

Anxiolytics, n (%) 21 (10.7) 24 (12.2) NS 2 (4.1) 1 (2) NS

Days of AP supply, mean (SD) 11.4 (22.9) 30.5 (21.1) <0.05 7.7 (18.7) 149.1 (58.0) <0.05

Days of AS supply, mean (SD) – – – – 77.1 (58.1) –

Notes: aParticipants could be taking ≥1 type of AP. bStandard aripiprazole tablets (non-AS). cFor AP controls at baseline, other AP medications 
included risperidone (n = 14), paliperidone (n = 5), olanzapine (n = 4), ziprasidone (n = 2), chlorpromazine (n = 1), fluphenazine (n = 1), and 
asenapine (n = 1). For AP controls at follow-up, other AP medications included risperidone (n = 33), olanzapine (n = 28), paliperidone (n = 9), 
ziprasidone (n = 7), chlorpromazine (n = 5), fluphenazine (n = 5), and asenapine (n = 2). For AS initiators at baseline, other AP medications included 
risperidone (n = 2). For AS initiators at follow-up, other AP medications included chlorpromazine (n = 2), risperidone (n = 1), and asenapine (n = 1). 
cData on LAIs were not time-stamped other than being within the baseline versus follow-up period and may have been used concurrently with AS 
or after stopping AS. 
Abbreviations: AP, antipsychotic; AS, aripiprazole tablets with sensor; LAI, long-acting injectable; NS, not significant; SD, standard deviation.
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among AS initiators compared with 30.5 days among AP controls (SD: 21.1; unadjusted P <0.0001 for the comparison). 
After adjusting for baseline days of AP supply and all covariates, AS initiators had 41% more days of AP supply than 
controls during follow-up (P <0.0001).

Most (n = 48) AS initiators received prescriptions from providers for 30-day supplies of AS, while 1 participant 
received a prescription for a 60-day supply of AS. As shown in Table 2, AS initiators remained on AS treatment, on 
average, for approximately 2.5 months (mean days of AS supply = 77.1; SD: 58.1; range: 30–210 days). A total of 26 AS 
initiators (53.1%) continued therapy beyond 30 days and 17 AS initiators (35.7%) continued beyond 90 days.

Utilization of Psychiatric Medical Services
The unadjusted PPPM frequency of psychiatric service utilization events is shown in Figure 2, while adjusted ORs for 
these events are shown in Table 3. As shown in Figure 2, the frequency of psychiatric service utilization events at 
baseline did not significantly differ between AP controls and AS initiators. During the 6-month follow-up period, AS 
initiators had significantly fewer ED visits compared with AP controls (0.01 vs 0.3 PPPM, respectively) and significantly 
fewer inpatient admissions (0.1 vs 1.4 PPPM, respectively; P <0.05 for both; Figure 2). AS initiators had significantly 

Figure 2 Frequency of psychiatric HCRU events at baseline and follow-up (unadjusted results). 
Notes: (A) Baseline was defined as the 3-month period prior to index date. (B) Follow-up was defined as the 6-month period after index date. aServices provided. 
bAdmissions. *P <0.05. 
Abbreviations: AP, antipsychotic; AS, aripiprazole tablets with sensor; ED, emergency department; HCRU, healthcare resource utilization; NS, not significant; PPPM, per 
participant per month.

Table 3 Adjusted Odds Ratios for Psychiatric HCRU Events Using 
Zero-Inflated Regression Models

Psychiatric Utilization, PPPM Zero-Inflated on Total

Adjusted Odds Ratiosa P value

ED visits 0.11 <0.1

Inpatient admissions 0.42 <0.05

Outpatient visits 0.80 <0.05

Other medical servicesb 0.25 <0.05

Pharmacy claims 0.86 NS

Notes: aCoefficient estimates were exponentiated to derive adjusted odds ratios. See 
Material and Methods for additional details. bPsychiatric medical services labeled as 
“other” included behavioral health screening services, independent laboratory services, 
medication counseling, and emergency medical screening. 
Abbreviations: ED, emergency department; HCRU, healthcare resource utilization; NS, not 
significant; PPPM, per participant per month.
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increased utilization of other medical services, including behavioral health screening services, independent laboratory 
services, medication counseling, and emergency medical screening (1.3 services used PPPM) compared with 0.7 services 
that used PPPM for AP controls (P <0.05; Figure 2). The number of outpatient visits PPPM did not significantly differ 
between AP controls (3.3 visits) compared with AS initiators (2.8 visits) during the follow-up period. The number of 
psychiatric pharmacy claims did not significantly differ between groups at either baseline or during the follow-up period.

After adjusting for baseline covariates using a zero-inflated regression model, AS initiators had significantly fewer 
outpatient visits compared with controls (adjusted OR = 0.80, P <0.05) and inpatient admissions (adjusted OR = 0.42; 
P <0.05; Table 3). AS initiators also had significantly less utilization of other medical services (eg, behavioral health 
screening services, independent laboratory services, medication counseling, emergency medical screening) compared 
with AP controls (adjusted OR = 0.25, P <0.05; Table 3). AS initiators were less likely to have ED visits compared with 
AP controls (adjusted OR = 0.11; P <0.1; Table 3). The adjusted OR for pharmacy claims was 0.86 but did not 
significantly differ between groups.

Discussion
In this study of AS use in real-world psychiatric clinical practices in the US, more than half of AS initiators continued 
using the AS system beyond 30 days and almost one-third remained on AS beyond 90 days. Compared with controls who 
used oral APs, AS initiators had significantly more days of AP supply during the 6-month follow-up period. AS initiators 
had significantly lower usage of psychiatric acute care services, including both ED visits and inpatient hospitalizations. 
AS initiators also had significantly fewer outpatient visits and lower utilization of other medical services during the 
follow-up period compared with controls. While additional studies are needed for validation, these findings may support 
a role for the AS system in providing objective information to prescribers to guide clinical care strategies.

Iuga and colleagues (2014) developed a conceptual diagram of how medication nonadherence might perpetuate rising 
healthcare costs.19 In this model, individuals with medication nonadherence often experience poorer health outcomes, 
resulting in greater HCRU, which leads to higher accrued healthcare costs. These costs can be passed on to the individual 
with higher copays or increased premiums for employer-provided coverage; indirectly, reduced workplace productivity 
can also increase costs. These costs can negatively impact adherence, creating a cycle in which medication nonadherence 
impacts healthcare costs at a societal level.19 This model aligns with the position of the World Health Organization 
(2003): “Interventions aimed at improving adherence would provide a significant positive return on investment through 
primary prevention (of risk factors) and secondary prevention of adverse health outcomes.”1

Medication discontinuation is a component of adherence and is unfortunately common among individuals with SMI, 
with 26%–74% of people discontinuing their medication within the first year after an episode of psychosis.45 In our 
retrospective analysis of claims data, 53.1% of AS initiators continued therapy beyond 30 days and 35.7% continued 
beyond 90 days. This finding is notable, given a report by Yan and colleagues (2018), in which time to discontinuation 
for patients with schizophrenia given oral APs was 89 days and for BP-I was 84 days.46 For patients with MDD who 
initiated first-line therapy, 49.1% of patients discontinued within the study period, with median time to discontinuation of 
161 days.47 In our study, AS initiators had, on average, 149.1 days of AP supply compared with 30.5 days for AP 
controls. These findings suggest AS may favorably affect medication persistence, defined as individuals continuing to 
take their medication as prescribed over time.48

Individuals’ medication adherence changes in a home-based setting versus more structured settings.49 The ability to 
objectively evaluate medication ingestion in individuals in their home environment is one of the benefits of the AS 
system; this information may help prescribers avoid unnecessary medication augmentation and more rapidly switch 
ineffective medications.50 In a 2021 publication, an open-label, single-arm, multicenter, phase 4 pragmatic study of the 
AS system generated a medication ingestion metric over 80%.33 In 2022, a phase 3b, mirror-image clinical trial 
conducted in adults with schizophrenia with ≥1 hospitalization reported that AS use improved medication ingestion by 
26.5 percentage points compared with 3 months before, when the same participants used oral standard-of-care APs 
(P <0.0001).36 In that study, HCPs most frequently used the AS provider dashboard feature to access ingestion 
information and missed-dose alerts, which resulted in most HCPs recommending adherence counseling and/or additional 
education to their patients.35 In another study, when HCPs were given clinical vignettes of patients with schizophrenia, 
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providers whose vignettes contained medication adherence data made different treatment decisions for nonadherent or 
poorly managed patients compared with providers who did not have that information.26

Medication nonadherence is frequently associated with increased healthcare expenditures and greater HCRU.45,51,52 

In a mirror-image clinical study, usage of the AS system in the prospective interventional study phase significantly 
reduced participant hospitalizations by 21.3% percentage points compared with the retrospective study phase, when study 
participants had used oral AP (P <0.0001).36 In our study, AS initiators had significantly less usage of psychiatric acute 
care services (inpatient hospitalization and ED) as well as outpatient visits and other medical services in the 6-month 
follow-up period compared with AP controls. These data suggest AS may help reduce psychiatric HCRU, which is of 
high interest to individuals with SMI, their providers, and managed care coordinators.

Interventions aimed at improving the regularity of medication-taking among people with SMI can be effective at 
reducing hospitalization, one of the leading drivers of direct costs in psychiatric care. A recent meta-analysis of 46 
studies found an overall positive effect after 6 months’ treatment with a variety of interventions aimed at improving 
medication adherence in patients with SMI (OR = 1.33; 95% confidence interval = 1.09–1.62 [P <0.01]).53 However, this 
effect was largely attenuated by 12 months, suggesting that studies focusing on durability of effect are key to under-
standing the factors that support sustained medication adherence. Real-world evidence of the patient and provider 
experience with the AS system will help identify which common barriers impact AS uptake, such as limited access, 
restricted formularies, switching to different formularies, and the costs of drugs or copayments.54 Studies in larger 
populations of the technical, clinical, usability, and cost factors are necessary to identify which strategies can help 
integrate digital technologies like AS into clinical practice.55 Finally, further study of the association between AS use and 
changes in individuals’ HCRU with a larger study population and longer follow-up is warranted to identify whether 
specific subpopulations might particularly benefit from the AS system.

Several limitations should be considered when interpreting these results, including the small sample size, hetero-
geneity of mental illness diagnoses and degree of severity among the study population, and the relatively brief duration of 
baseline and follow-up periods. These results are subject to the challenges routinely reported with use of administrative 
claims data,56 which are not collected for research but for reimbursement purposes.57 Primary medication nonadherence 
(ie, the individual never filled the prescription) is not captured by administrative claims data58 and thus was not measured 
by our study. Propensity score matching of AP controls and AS initiators did not include baseline use of antidepressant 
therapy or anxiolytics due to sample size limitations, resulting in mismatch between AP controls’ and AS initiators’ 
baseline use of these medications, which could introduce biases. Our population of AS initiators was selected by 
psychiatrists who were early adopters of the technology and may not represent typical use cases. Finally, selecting 
individuals for whom AS use may be appropriate is influenced by factors not measurable by claims data, including HCP 
judgment and the individual’s symptom severity.

Conclusion
Our results document the real-world experience of individuals prescribed AS and provide preliminary evidence 
suggesting those who used AS versus oral AP had more days of AP supply and reduced utilization of psychiatric 
outpatient services and acute care. While additional studies are needed to validate our findings, these results suggest the 
AS system may help address care gaps by providing objective medication-taking information to HCPs in real-time. This 
information can be used to guide more effective clinical care strategies and potentially reduce psychiatric HCRU.
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injectable; MDD, major depressive disorder; NDC, National Drug Codes; OR, odds ratio; PPPM, per participant per 
month; SD, standard deviation; SMD, standardized mean difference; SMI, serious mental illness; US, United States.
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