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Purpose: Life engagement encompasses concepts such as life fulfillment, well-being, and participation in meaningful activities, 
encompassing cognitive, physical, social, and emotional dimensions. Patients with MDD experience impaired functioning across 
multiple domains of life engagement and have ranked concepts related to life engagement and fulfillment as important predictors of 
treatment success. Post-hoc analyses of three clinical trials of patients with MDD treated adjunctively with brexpiprazole have reported 
a significantly greater improvement in life engagement. This study investigated improvements in life engagement among patients with 
MDD following initiation of brexpiprazole treatment using a real-world dataset.
Patients and Methods: Information was extracted from semi-structured clinical notes of the Mental Status Examination (MSE) of 
patients in a real-world setting to develop an outcome measure for quantifying life engagement of psychiatric patients. Measures of life 
engagement and its four sub-domains (emotional, physical, social, and cognitive) were calculated at each clinical visit for 624 adult 
patients with MDD during the 6 months following brexpiprazole initiation. Paired t-tests assessed differences between the index event 
and time periods within 6 months of the index event. Kaplan–Meier survival analyses were used to quantify the improvement in life 
engagement scores following brexpiprazole initiation.
Results: The study identified 54 clinical features associated with life engagement. Statistically significant improvements were 
observed from as early as 1 month following brexpiprazole initiation, with 20.6%, 37.9%, and 53.9% of the patients demonstrating 
improved life engagement scores within 1, 3, and 6 months, respectively. The improvements were particularly apparent for the 
emotional and social sub-domains.
Conclusion: The results of this study provide evidence of improved life engagement following brexpiprazole initiation in a real-world 
dataset.
Keywords: brexpiprazole, major depressive disorder, real-world evidence, mental status examination, life engagement

Introduction
Major depressive disorder (MDD) is a common mental disorder that affects >6% of the adults in the United States (US).1 

It is characterized by persistent sadness and loss of interest, negatively affecting how a person feels, thinks, and behaves, 
and leading to various emotional and physical problems.2,3 Patients with MDD typically experience impaired functioning 
across multiple domains, including work, social, and family functioning.4,5 Although numerous antidepressant treatments 
(ADTs) have established efficacy in treating MDD,6 treatment response in the real world has remained relatively modest 
and inadequate.7–10 With any first-line treatment, approximately 50% of the patients will respond to treatment (defined as 
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a 50% reduction in depression symptoms), and about 20–30% of those will achieve full remission.7 Not achieving 
disease remission has been associated with a higher risk of relapse, impairment in social and work functioning, and 
a worse long-term prognosis.7 In such cases, treatment may be augmented via adjunctive therapy. Treatment augmenta-
tion with an atypical antipsychotic is a strategy that has shown considerable success in patients with inadequate 
response.11

Brexpiprazole is an atypical antipsychotic approved as adjunctive therapy to ADT to treat MDD in the United States 
and several other countries.12 Results from Phase 3 trials and open-label studies in patients with MDD have demonstrated 
improvements in efficacy and safety endpoints, including the Montgomery–Åsberg Depression Rating Scale (MADRS) 
total score and Sheehan Disability Scale (SDS), within 6–12 weeks from adjunctive brexpiprazole initiation.13–16

While many clinical trials on adjunctive antipsychotics and ADTs are evaluated using clinician-rated depressive 
symptom scales,6,17 there is an increasing drive towards patient-reported outcomes (PROs) in clinical research, which 
may capture meaningful information such as quality of life.18,19 From a patient’s perspective, treatment may help the 
patient regain optimism and self-confidence, return to their usual self and premorbid levels of functioning.20 The 
Inventory of Depressive Symptomatology Self-Report (IDS-SR) is a 30-item rating scale of depressive symptoms 
often used in clinical trials.21

Life engagement encompasses concepts such as life fulfillment, well-being, and participation in valued and mean-
ingful activities.22,23 Life engagement includes cognitive, physical, social, and emotional dimensions.22 Previous research 
has demonstrated an association between purposeful life engagement and health benefits among older adults, such as 
extended longevity and reduced risk for various disease outcomes.23 In MDD, there is an unmet need for treatments that 
can help patients achieve their desired outcomes,24 including improved life engagement. Patients with MDD ranked 
concepts related to life engagement and fulfillment as some of the most important predictors of treatment success,25 and 
symptoms related to lack of life engagement such as loss of interest in things and lack of motivation are often the catalyst 
for treatment of depression.26 As such, assessing the efficacy of a treatment in improving life engagement would be 
valuable.

Post hoc analyses of three clinical trials of patients with MDD treated adjunctively with brexpiprazole have reported 
a significantly greater improvement in IDS-SR10 Life Engagement score, derived from the components of the Inventory 
of Depressive Symptomatology Self-Report (IDS-SR),21 in patients with adjunctive brexpiprazole within 6 weeks of 
treatment, compared with a placebo.27 However, there remains an evidence gap about the effect of brexpiprazole on life 
engagement in the real-world setting. Moreover, while clinical trials can provide insights on the efficacy of a drug from 
a controlled environment with low confounding effects, patients participating in clinical trials may not be representative 
of patients in the real world, especially in outcomes associated with daily life, such as life engagement.28

We recently developed a novel approach based on natural language processing (NLP) to extract information from 
patient status assessments in a semi-structured format and convert it into a structured, quantifiable format. This approach 
enhances the structured data stored within EHR systems.29 This methodology was applied to a set of clinical notes known 
as the Mental Status Examination (MSE).30,31 The MSE is a fundamental component of psychiatric assessment and is 
designed to evaluate a patient’s mental and emotional functioning. It involves a combination of subjective and objective 
evaluations, including assessments of the patient’s symptoms and behaviors, as well as evaluations of their appearance, 
behavior, mood, thought process, speech, memory, and cognitive abilities. The MSE serves as a tool for collecting 
information about a patient’s mental state, and it aids in the diagnosis of mental disorders and the development of 
treatment plans. In our recent publication, we demonstrate several applications of the derived clinical information 
contained within the MSE assessments in the EHR, including disease phenotyping, characterization of suicidality 
symptoms, and inference of diagnoses.29

The current study utilized real-world clinical information obtained from the MSE and processed using NLP models to 
obtain quantifiable psychiatry-relevant outcome measures over time. We specifically created “life engagement scores” to 
quantify and evaluate the life engagement outcomes of adult patients with MDD who received brexpiprazole as 
adjunctive therapy to ADT between 2014 and 2020. This is the first study of real-world data to assess the impact of 
brexpiprazole on the concept of life engagement using clinician-captured data rather than scales used in clinical trials and 
enhances understanding of the benefits to a patient’s quality of life beyond the standard clinical measures. It also informs 
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the development of more personalized and targeted therapies that can positively impact individual patients in the long 
term.

Materials and Methods
Study Design
We conducted a retrospective study on adult patients with MDD to define and quantify a life engagement score based on 
clinical information collected at real-world psychiatry practices. We further leveraged these life engagement scores to 
assess the change within 6 months following the initiation of brexpiprazole as adjunctive therapy to ADT.

Data Source
Data were obtained from NeuroDB Version 20R1, a research-grade real-world dataset aggregated through the MindLinc 
EHR system and available within the NeuroBlu platform.32–34 NeuroDB is a repository of longitudinal records from 
patients with mental health disorders who received care at more than 25 hospitals/care systems in the United States. The 
database comprises over 20 years of consolidated longitudinal, real-world data for more than 560,000 patients and more 
than 14 million clinical visits.

Ethical Approval
NeuroDB has been de-identified and normalized into a common data model that conforms with the Observational Health 
Data Sciences and Informatics (OHDSI) data standards. Institutional review board approval for this study was not 
required because MindLinc EHR data are anonymized and thus exempt from Health Insurance Portability and 
Accountability Act (HIPAA) requirements.

NeuroDB contains both demographic and clinical information, including comorbid psychiatric diagnoses, prescribed 
medications, and outcome measures such as the CGI-S scale [27], a 7-point clinician rating of the severity of the patient’s 
illness at the time of assessment, and the GAF score,30 a 0–100 scale that measures day-to-day function. In addition, 
NeuroDB also contains clinical labels derived from the MSE, recorded initially in semi-structured clinical notes, and 
processed using NLP models. These NLP clinical labels represent the behavioral, mental, and cognitive state of the 
patient captured during a clinical visit.29

Development of a Life Engagement Score
Various types of information gathered from real-world clinical practice and captured in the electronic health records 
(EHRs) can be leveraged to estimate life engagement and complement the information reported by patients. In real-world 
clinical settings, several validated measures are recorded to capture the patients’ condition, such as the Clinical Global 
Impressions – Severity (CGI-S) scale35 and the Global Assessment of Functioning (GAF) score.36 However, unlike these 
two measures, life engagement is not routinely and systematically measured in real-world clinical practice. Recently, we 
introduced a new method to analyze mental health assessments using NLP models. This process converts semi-structured 
free-text summaries of patient status assessments into a structured and quantifiable format, allowing for effective 
comparisons between patients and tracking of their mental states over time. With these quantifiable representations, 
we can monitor the effects of medications at both the individual and population levels.29

In this study, we developed a life engagement score by evaluating the impact of each clinical label derived from the 
MSE on life engagement. Our findings align with prior research suggesting a connection between engaged life and better 
outcomes.23 To further understand this connection, we assessed the correlation between each clinical label and the GAF 
scores, which measure the overall functioning of a person in a real-world clinical setting.36

To maximize the generalizability of our life engagement scores across various clinical presentations, our analyses 
included all psychiatric patients in NeuroDB with ≥1 record of both MSE and GAF scores recorded during the same visit. 
From this criterion, 295,068 patients with psychiatric disorders in NeuroDB over 22 years (from January 1999 to 
August 2020) were selected for the life engagement score development.
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Figure 1 illustrates the development process of life engagement scores in the present study. Prior research efforts 
resulted in the creation of a total of 241 clinical labels derived from the MSE notes using NLP models.31 These clinical 
labels were further mapped and simplified into 86 dichotomous labels with input from independent clinical psychiatry 
key opinion leaders (KOLs) (see Supplementary Section S1; Supplementary Tables 1-4).

To identify clinical labels relevant to life engagement, the labels were selected and validated using a combination of 
clinical input and statistical modeling. First, preliminary work with input from clinical psychiatrists was conducted to 
identify labels deemed relevant to life engagement based on their clinical estimation. Second, data processing and a series 
of statistical models were used to further assess the pre-selected labels’ relevance. Bivariate analyses, variance inflation 
factor (VIF) analyses, and multivariable analyses were conducted to assess correlation with GAF in this real-world 
dataset and minimize human bias. Both the bivariate and multivariable analyses were performed using linear mixed- 
effects models (see Supplementary Section S2; Supplementary Figure 1; Supplementary Table 5).37 Finally, the life 
engagement score was developed using the clinical labels selected through both of the above steps. The score was defined 
as a weighted sum of the clinical labels relevant to life engagement, hereafter referred to as the life engagement factors. 
The weights for each life engagement factor were assigned with clinicians’ input based on their perceived positive or 
negative effect on life engagement.

The study also sought to quantify patient life engagement in four specific domains – emotional, physical, social, and 
cognitive.38 The four-domain framework was derived from a panel discussion with psychiatrists and a review of 
transcripts and field notes from exit interviews. The life engagement factors were also mapped into at least one of the 

Figure 1 Construction of life engagement scores. 
Notes: The process of creating a life engagement score involved utilizing Natural Language Processing (NLP) to transform unstructured free-text data from the patient’s 
electronic health records (EHR) into structured variables (NLP labels) representing symptoms, behaviors, or observable phenotypes present in the patient at the time of 
evaluation. Clinical experts then assigned importance weights to each NLP label based on their clinical significance. The resulting life engagement scores were calculated by 
combining the relevant NLP labels and quantifying variations in life engagement over time, across multiple clinical visits.
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four life engagement domains. The weighted sum for the presence of the factors in each domain forms the domain- 
specific life engagement score.

Study Cohort Selection
The present study focused on adult patients (>18 years old) with a diagnosis of MDD who were prescribed brexpiprazole 
as adjunctive therapy to ADT. The time of brexpiprazole initiation was defined as the index event. MDD diagnoses were 
identified using diagnosis codes according to the ICD-9 and ICD-10 codes (see Supplementary Section S3; 
Supplementary Table 6) [2]. Due to the possibility of patients dropping out of the treatment early due to side effects, 
which may confound the analysis, only patients who were prescribed brexpiprazole for ≥30 days were included. Due to 
limitations in how prescription information was recorded in NeuroDB, several approaches were introduced to handle 
short gaps between subsequent prescriptions. Further information on how such conditions were handled is available in 
Supplementary Section S4.

As the life engagement score is based on MSE records from which the scores were derived, we only included patients 
with available MSE records around the index event, defined as the period within 7 days before the index event, including 
the time of brexpiprazole initiation; and at ≥1 follow-up point(s) within 6 months from the index event. Finally, due to the 
variability of symptoms and prognosis across different psychiatric disorders, we excluded patients with bipolar disorder, 
schizophrenia, and other psychotic disorders at any point in time. From these criteria, 624 patients with MDD, hereafter 
referred to as the study cohort, who had received brexpiprazole as adjunctive therapy to ADT between October 2015 and 
August 2020 were selected for analysis of life engagement outcomes. Attrition diagrams are shown in Supplementary 
Section S5; Supplementary Figure 2.

The life engagement score was then constructed as follows. First, bivariate analysis was performed on all clinical 
labels using a linear regression model against the GAF score measured in the same visit. Clinical labels whose p-values 
met the significance level of 0.01 were deemed statistically significant and subsequently selected. Second, variance 
inflation factor (VIF) score was then calculated for each of the remaining labels to identify multicollinearity among the 
remaining clinical labels. Specifically, clinical labels with high VIF score were excluded. Third, the remaining labels 
were used as independent variables in the linear mixed-effects (LME) model, with GAF score as the dependent variable. 
The p-values obtained from the LME model were then identified and used to assess statistical significance after 
adjustment for confounding factors, for which labels with p-value less than 0.01 were deemed as relevant. These clinical 
labels then formed the set of clinical labels used in the life engagement score. Weights were assigned to each of these 
labels based on clinical judgement and interpretation of the labels, ie, whether these labels were believed to have 
a positive or negative relationship against life engagement.

We leveraged the derived life engagement scores and calculated the change in scores from the index event. 
A change in the occurrence of a clinical label would change the calculated score. Hence, a reduction in the number 
of clinical labels associated with worsening in life engagement corresponds to an improvement in the life engagement 
score. For example, a patient with clinical label of “Mood – Depressed” observed at index event would be deemed as 
having an improvement in the life engagement score if such label was no longer present at follow-up. Using the change 
in scores from the index event, we conducted two types of analyses to assess life engagement outcomes associated with 
brexpiprazole.

Statistical Analyses
Discrete Timepoint Analysis
Paired t-tests were conducted to assess if a statistically significant (α=0.05) change in life engagement scores was 
observed between the index event and different follow-up time points within 6 months from the index event. We assessed 
six follow-up time points independently: 1-month, 2-month, 3-month, 4-month, 5-month, and 6-month.

Survival Analysis
A binary endpoint representing an improvement in life engagement score relative to the index event was defined. 
Following a normalization process designed to account for variations in clinical labels captured by different care systems 
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and clinicians, a life engagement score increase of >0.1 was defined as a significant improvement in life engagement 
based on data exploration and inputs from clinical psychiatry KOLs. Kaplan–Meier survival analyses were used to 
quantify the improvement in life engagement scores following brexpiprazole initiation. Both analyses were also 
performed for the domain-specific life engagement scores. All data processing and analysis were conducted using 
Python 3.8 (Python Foundation).

Results
Descriptive Statistics
The demographic and clinical characteristics of the 624 patients with MDD are shown in Table 1. Only 67.3% of the 
patients in the study cohort had ethnicity information recorded in NeuroDB, which is attributable to practice differences 
in the collection of patients’ sociodemographic information across clinics.

Most patients were female (67.9%), white (62.0%), middle-aged (mean age = 48 years). Most patients were diagnosed 
with comorbid anxiety disorder (46.6%) at the start of treatment. In addition, disease severity of most patients at 
treatment initiation was moderately severe (mean CGI-S = 4.4) while their quality of life was severely impaired or 
showed serious symptoms (mean GAF = 50.1).

Life Engagement Scores
Among the 86 clinical labels, 67 were selected by the bivariate analyses. Subsequently, 8 of them were removed due to 
high multicollinearity with some of the other remaining labels (VIF ≥ 5), and a further five labels were removed due to 
non-significant correlation with GAF following adjustment of confounding factors.

The 54 life engagement factors selected by the filtering process, with their assigned weights and domain(s) based on 
the four-domain framework Examples of these labels, assigned into the four domains, are shown in Table 2. A complete 
list of the 54 clinical labels selected as life engagement factors is given in Supplementary Section S2. Following 

Table 1 Demographic and Clinical Characteristics at the Start of Treatment

Variables Brexpiprazole analysis cohort (n=624)

Demographic characteristics   

Female, n (%)

424 (67.9)

Age at index event (years), mean (SD) 48 (15)

White, n (%) 387 (62.0)

Other ethnicities,a n (%) 33 (5.3)

Demographic characteristics   

Female, n (%)

424 (67.9)

Clinical characteristics

Diagnosis of anxiety disorder, n (%) 291 (46.6)

Diagnosis of substance-related disorder, n (%) 98 (15.7)

Diagnosis of trauma-related disorder, n (%) 116 (18.6)

Diagnosis of neurodevelopmental disorder, n (%) 93 (14.9)

Concomitant anxiolytics, n (%) 113 (18.1)

CGI-S at index event, mean (SD) 4.4 (1.0)b

GAF at index event, mean (SD) 50.1 (16.0)b

Notes: aOthers include Black, Asians, Native American Indians, and Pacific Islanders. The remaining are of unknown ethnicities; 
b75 missing CGI-S values and 529 missing GAF values at index event for brexpiprazole analysis cohort. 
Abbreviations: CGI-S, Clinical Global Impressions Scale – Severity; GAF, Global Assessment of Functioning; SD, standard deviation.
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assessment by clinicians, nine were identified as positive factors, indicating that these factors are associated with better 
life engagement, whereas 45 were identified as negative factors. The magnitude of the weights assigned to each life 
engagement factor (hereafter referred to as factors) ranges between 1 and 4, with a larger magnitude indicating a more 
profound impact on life engagement. Based on the four-domain framework for life engagement, 24 factors were mapped 
to the cognitive domain, 15 to the emotional domain, 11 to the physical domain, and 9 to the social domain. Out of the 54 
life engagement factors, five are mapped to more than one domain, indicating that these factors have a multifaceted 
impact on life engagement. The derived life engagement score ranges from −60 to 12, with higher scores indicating better 
life engagement for the patient and vice versa.

Further normalization steps were conducted to maximize generalizability depending on the type of analysis (ie, 
discrete timepoint analysis or survival analysis). Scores were normalized by the difference between the theoretical 
maximum and minimum scores prior to normalization, given by the weighted sum associated with the presence of all 
possible positive and negative factors, respectively. Further details are given in Supplementary Section S6.

Life Engagement Outcomes Analysis
Summary of Life Engagement Scores
At the baseline, patients had, on average, a negative life engagement score, with the cognitive domain displaying the 
lowest scores across the four domains. In terms of the first change in life engagement score, overall, there was a slight 
improvement across all domain categories, except for the cognitive domain where a slight decrease was observed. For the 
variable “maximum change observed across the follow-up period”, a positive change in life engagement scores was 
generally observed across all domain categories, even after normalization (details available in Table 3).

Discrete Time Point Analysis
Figure 2 illustrates the change in life engagement scores at the cohort level between the index event and several follow- 
up times within 6 months from the index event. Statistically significant changes in life engagement scores were observed 
from as early as 1 month after the index event (Mean change = 0.37, SD = 1.73, one-sided p < 0.001). Overall, a general 
trend of improvement relative to the index event was observed within the first 6 months from the index event, with 
statistically significant improvements observed at all follow-up times except Month 4 (Mean change at Month 6 = 0.35, 
SD = 2.07, one-sided p = 0.043).

Results of analyses for the domain-specific life engagement scores are illustrated in Figure 3. Early improvement was 
also observed in the emotional (Mean change at Month 1 = 0.23, SD = 1.22, one-sided p < 0.001) and social (Mean 
change at Month 1 = 0.11, SD = 0.92, one-sided p = 0.012) domains. Moreover, statistically significant improvements 

Table 2 Summary of Selected Clinical Labels for Life Engagement Score

Domain Number of Clinical 
Label(s)

Example of Clinical Label(s)

Emotional 15 Negative labels: Mood – irritable/angry, Affect – labile, Impulse control – serious

Positive labels: Mood – improved, Affect – good/improved

Physical 11 Negative labels: Low energy – present, General health – bad, Affect – blunted/constricted/inappropriate, 

Conscious – catatonic

Positive labels: N/A

Social 9 Negative labels: Eye contact – bad, General behavior – bad, Dress – bad

Positive labels: General behavior – good, Grooming/hygiene – good

Cognitive 24 Negative labels: Speech – rate issues, Language – minimally verbal, Fund of knowledge – bad/inappropriate, 
Thought process – general issues, Thought process – tangential, Concentration – issues - present

Positive labels: Reasoning – concrete/improved, Executive functioning – improved
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were observed in the emotional domain for the first 4 months from the index event (Mean change at Month 4 = 0.24, SD 
= 1.51, one-sided p = 0.010). While a positive change in the physical domain was observed on a population level, no 
statistically significant change was observed at all follow-up times except Month 4 (Mean change at Month 4 = 0.11, SD 
= 0.79, one-sided p = 0.020). No statistically significant change in the cognitive domain was observed at the selected 
follow-up times.

Survival Analysis
Figure 4A illustrates the proportion of patients with or without improving their life engagement scores over time. Within 
a month from the start of brexpiprazole treatment, 20.6% of the patients demonstrated an improvement in their 
standardized life engagement score by more than 0.1 (Survival prob. = 0.79; 95% CI [0.76–0.82]). Subsequently, 
37.9% (Survival prob. = 0.62; 95% CI [0.58–0.66]) and 53.3% (Survival prob. = 0.47; 95% CI [0.39–0.54]) demonstrated 
an improvement within the first three and 6 months, respectively.

We performed an exploratory analysis with cumulative distribution functions to determine the minimum change in 
life engagement score that could be a significant indicator of life engagement improvement. The cumulative distribution 
function represents the cumulative proportion of individuals in the group experiencing improvements in life engagement 
scores over time. We used the same function for thresholds of 0.1 to 0.3, 0.4 to 0.7, and 0.8 to 1.0. Our results 

Table 3 Descriptive Statistics for Baseline, Maximum Change, and First Change in Life Engagement Score

Brexpiprazole Analysis Cohort (n=624) Baseline Score – Non-Normalized Maximum Changea First Changea

Non-Normalized Normalized Non-Normalized Normalized

Mean (SD) Median (IQR) Min-Max Mean (SD) Mean (SD) Mean (SD) Mean (SD)

All domains −4.12 (2.45) −4.0 (−5.0 - −2.0) −17.0–3.0 1.21 (2.01) 0.45 (0.74) 0.21 (1.38) 0.08 (0.51)

Cognitive −4.23 (1.39) −5.0 (−5.0 - −3.0) −9.0–0.0 0.11 (0.67) 0.04 (0.25) −0.04 (0.47) −0.01 (0.18)

Emotional −2.87 (1.43) −3.0 (−4.0 - −2.0) −9.0–3.0 0.73 (1.38) 0.22 (0.41) 0.1 (0.91) 0.03 (0.27)

Physical −0.38 (0.84) 0.0 (0.0–0.0) −4.0–1.0 0.19 (0.65) 0.09 (0.3) 0.0 (0.47) 0.0 (0.22)

Social −1.41 (1.36) −1.0 (−3.0–0.0) −6.0–2.0 0.47 (0.99) 0.18 (0.37) 0.02 (0.76) 0.01 (0.29)

Notes: aA positive change indicates an improvement in life engagement, whereas negative change indicates worsening of life engagement relative to the patients’ baseline score. 
Abbreviations: IQR, interquartile range; SD, standard deviation.

Figure 2 Comparison of life engagement scores at index event and different follow-up time points.
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(Figure 4B) indicate that even with a much higher threshold of minimum change in life engagement (eg, from 0.8 to 1.0), 
31.8% of the patients would still experience an improvement in their life engagement scores. That proportion was 53.3% 
when the threshold was between 0.1 and 0.3, and 40.9% when the threshold was between 0.4 and 0.7. Therefore, we 
defined improvement in life engagement score as a change more than 0.1 was used as a significant indicator of life 
engagement score improvement.

Results for the analysis of domain-specific life engagement scores are shown in Figure 4C. Significant improvements 
were observed in the emotional and social domains, with 44.5% (Survival prob. = 0.56; 95% CI [0.48–0.62]) and 45.6% 
(Survival prob. = 0.54; 95% CI [0.45–0.63]) of patients demonstrating an improvement within the first 6 months, 
respectively. Less profound improvements were observed in the physical (Survival prob. = 0.81; 95% CI [0.75–0.86]) 
and cognitive (Survival prob. = 0.86; 95% CI [0.79–0.91]) domains within the first 6 months.

Discussion
The present study investigated the life engagement outcomes of 624 patients with MDD who initiated treatment with 
adjunctive brexpiprazole by leveraging information derived from clinical notes using NLP tools. This was the first study 
to assess life engagement among a community-dwelling population of patients with MDD prescribed brexpiprazole. 
More than 50% of the patients with MDD who were prescribed adjunctive brexpiprazole demonstrated an improvement 
in their life engagement within 6 months, with statistically significant improvement being observed from as early as 1 
month from brexpiprazole initiation. Results from sub-domains of life engagement found that emotional and social 
domains had greater improvements than the physical domain while cognitive domain was maintained.

These findings are consistent with those from three exploratory, short-term, open-label studies on adjunctive 
brexpiprazole, where 77.1% of the patients described emotional-related improvements,38 and a previous open-label 
study involving adjunctive brexpiprazole also demonstrated improvements in social functioning, measured by the Social 
Adaptation Self-Evaluation Scale (SASS), and emotional state, measured by improvement in MADRS.39 In the present 
study, smaller but significant improvements were observed in the emotional (44.5%) and social (45.6%) domains. Prior 
research on life engagement has associated the concept with improvements of anhedonia, including both the consum-
matory and motivational aspects,40 and apathy, which comprises the dimensions of behavior/cognition emotion, and 
social interaction.41 These aspects have been identified as important treatment targets in depression.42,43

The prior exploratory open-label studies of brexpiprazole also noted a smaller (36.2%) improvement in cognitive- 
related life functioning.38 Cognitive dysfunction in depression commonly refers to deficits in attention, executive 

Figure 3 Comparison of domain-specific life engagement scores at index event and different follow-up time points: (A) cognitive domain, (B) emotional domain, (C) physical 
domain, (D) social domain.
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functioning, memory, and processing speed. It has been reported in upwards of 85% of the people with depression, and 
up to 45% of those who have achieved disease remission.44 Cognitive function has also been shown to improve less with 
treatment than depressive symptoms; therefore, some cognitive decline may not be reversible despite treatment,44 which 
would explain the finding of this and prior studies that brexpiprazole does not improve cognitive functioning as much as 

(a)

(b)

(c)

Figure 4 Survival analysis for time to life engagement score improvement among brexpiprazole patients (ordered from top to bottom): (A) Cumulative rates of patients 
with life engagement improvement over time. (B) Cumulative rates of patients with life engagement score improvement over time using different thresholds for life 
engagement score improvement indicators. (C) Cumulative rates of patients with domain-specific improvement over time.
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social or emotional functioning. At baseline in this study, there was very little decrement in physical functioning, so there 
was not much room for improvement.

Concepts related to life engagement and its subdomains are important to overall functioning in patients with MDD, 
who have ranked concepts related to life engagement and fulfillment as some of the most important to address through 
treatment.25 Symptoms related to lack of life engagement such as loss of interest in things and lack of motivation often 
serve as the impetus for treating depression.26 Treatment response and remission are suboptimal with antidepressants, and 
not achieving disease remission has been associated with a higher risk of relapse, impairment in social and work 
functioning, and a worse long-term prognosis.7 It is therefore important for clinicians to monitor treatment success, 
including the presence of residual symptoms related to life engagement, and change or augment treatment when 
necessary.

Much of the essential information in real-world psychiatric practice is qualitative and recorded as unstructured free- 
text clinical notes, which can be challenging to interpret objectively. As a result, many real-world clinical studies have 
mainly been limited to structured data.45,46 With the MSE being reported in more than three-quarters of patients in 
NeuroDB, recent advances in artificial intelligence, especially in NLP, provided an opportunity to utilize this information 
in generating clinical insights. For example, some components of anhedonia and apathy are captured in the Diagnostic 
and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for MDD, specifically the markedly 
diminished interest or pleasure.2 However, some components of apathy, particularly the emotional and behavioral 
components, are not represented by the DSM-5 criterion. These may be captured by some of the life engagement factors 
identified in the present study, such as blunted affect, agitation or restlessness, and poor eye contact. A change from 
presence to absence of these factors may indicate an improvement of apathy, and ultimately, life engagement. The present 
study demonstrated a framework for leveraging information derived from clinical notes using NLP tools for patient 
phenotyping, particularly in assessing outcomes like life engagement that lack objective and standardized measures.

Despite the novelty of the approach, this study had several limitations. First, given that the development of the life 
engagement score required both the MSE record and concomitant GAF score, the identification of life engagement 
factors was based on a subset (56%) of patients in NeuroDB with recorded GAF scores; therefore, inherent selection bias 
may have been introduced towards patients with functional impairment. Importantly, there is also a possibility that 
a proportion of the observed improvement following brexpiprazole initiation is related to regression to the mean 
phenomenon. Future prospective studies may include a control group to enable a more accurate estimation of the effect 
size attributable to brexpiprazole treatment. Second, the majority (>83%) of life engagement factors identified were 
negative factors, for which their presence is associated with worsening in life engagement. As such, the analysis may 
have been biased towards negative outcomes. However, as scores were graded based on perceived severity, a person’s 
score could still improve from more to less negative, indicating improvement. Clinical notes rarely contained information 
about how the severity of the recorded signs or symptoms affected life engagement, so assumptions about severity of the 
clinical labels were made to develop the grading of severity. Third, information captured by NeuroDB is limited to those 
recorded by psychiatric-specific hospitals or care systems, which may not necessarily be the complete representation of 
a patient’s clinical journey, including medications prescribed by primary care providers and number of lifetime MDD 
episodes. Fourth, unlike most randomized controlled trials where the follow-up visits were fixed and predetermined, 
follow-up visits in the real world have a high degree of variability, both in terms of the timing and the frequency of the 
visits, depending on the patient’s condition and response to treatment. Hence, future research needs to also account for 
the data limitations in real-world clinical practice. Fifth, to account for real-world data variability in obtaining follow-up 
MSE records, a window of ±7 days was introduced, which was similarly adopted by major studies involving psychiatric 
patients, including the STAR*D study.46,47 MSE records outside the ±7-day window were excluded from the analysis. As 
diseases like MDD are episodic in nature, discrete timepoint analysis may create artifacts due to its sensitivity to time- 
based variations. Moreover, while the scores at different follow-up times were analyzed independently, not all patients in 
the study cohort were considered at each time point. Lastly, the assessment of life engagement using the four-domain 
framework was devised based on exit interview transcripts and discussions with psychiatrists. This approach is in line 
with recent efforts aimed at conceptualizing psychiatric disorders based on dimensions of observable behavior and 
neurobiological measures, such as those of the National Institute of Mental Health (NIMH) Research Domain Criteria 
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(RDoC) project.48 However, as the four-domain framework has been defined based on an expert panel discussion, further 
validation of the framework, such as using prospective data collection of validated clinical measures associated with the 
four domains and gathering feedback from patient perspectives is needed.

Despite these limitations, findings from this study indicate that life engagement improved or maintained following 
initiation of brexpiprazole as adjunctive treatment for MDD, both in aggregate and across four separate sub-domains. Our 
findings also suggest that early improvement in life engagement is typically more profound before tapering off over 
a more extended period. The early improvements observed are consistent with the post-hoc findings from clinical trials 
involving adjunctive brexpiprazole, which also demonstrated that patients who described improvements in life engage-
ment through their exit interview had a greater improvement in depressive symptoms, global severity, reduced anxiety 
and irritability, and improved functioning compared to those who did not describe experiencing life engagement 
improvements.13 Compared to prior research, the present study assessed life engagement improvements associated 
with brexpiprazole within a more extended follow-up period, which provided insights on the long-term benefit of 
adjunctive brexpiprazole beyond symptom control. Moreover, life engagement improvements assessed in the present 
study were observed in patients in real-world settings and observed by clinicians, which may enhance their accuracy by 
augmenting patients’ observation with clinical observation and judgment. Further research involving brexpiprazole, 
including characterization of patients who demonstrated improvements in life engagement, could also enhance our 
understanding of the benefits of brexpiprazole in improving life engagement.

Conclusion
In summary, the present study has demonstrated how real-world data enriched with information derived from NLP 
models can be leveraged to quantify outcomes that are not systematically measured in clinical practice, such as life 
engagement, allowing for a more thorough understanding of treatment effectiveness. Analysis showed that more than 
50% of the patients prescribed with adjunctive brexpiprazole demonstrated an improvement in their life engagement 
within 6 months, with statistically significant improvement being observed from as early as 1 month from brexpiprazole 
initiation. Furthermore, across the four domains of life engagement, emotional- and social-related improvements were the 
most prominent.
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