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Purpose: Clozapine is more effective than other antipsychotics and is the only antipsychotic approved for treatment-resistant
schizophrenia. The objective of this study is to reveal the effect of clozapine on employment using a bidirectional mirror-image model.
Patients and Methods: This design was a retrospective observational study that investigated the employment status of patients with
treatment-resistant schizophrenia based on medical records. The bidirectional mirror-image model consisted of 1) switching from other
antipsychotics to clozapine and 2) switching from clozapine to other antipsychotics. The observation period was 1 year for each pre-
and post-clozapine initiation and discontinuation.

Results: We included 36 patients in the bidirectional mirror-image model. The regular employment plus employment support rate was
significantly higher in the clozapine phase than in the other antipsychotic phase in the bidirectional mirror-image model (30.6% vs
11.1%, P = 0.039). The days of regular employment plus employment support were also significantly longer in the clozapine phase
(61.3 £ 106.2 vs 24.7 = 82.7 days, P = 0.032). As per the unidirectional mirror-image model, switching to clozapine resulted in
significantly higher regular employment plus employment support rates in the clozapine phase than those in the other antipsychotic
phase (33.3% vs 10.0%, P = 0.039). Switching from clozapine to other antipsychotics did not exhibit significant differences in any
outcomes.

Conclusion: The results suggest that clozapine is superior to other antipsychotics with respect to achieving employment in patients
with treatment-resistant schizophrenia. However, biases specific to the mirror-image model need to be considered.
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Introduction

Schizophrenia is a chronic mental disorder affecting approximately 7 per 1000 people in their lifetime.! The psychiatric
symptoms of schizophrenia are broadly classified into positive symptoms (ie, delusions and hallucinations), negative
symptoms (ie, lack of volition and flattening of affect), and cognitive impairment. Although the primary goal of
schizophrenia treatment is clinical recovery to improve these psychiatric symptoms, social recovery in terms of employ-
ment, education, and independent living is also essential.” In Australian studies, rehabilitation model of care focused on
social functioning has achieved overall favorable results. However, clinical recovery does not necessarily lead to social
recovery,””" and the employment rate for patients with schizophrenia is generally only 10-30%. Previous studies have
shown that social recovery is difficult to achieve relative to clinical recovery, and this is recognized as an important
clinical issue.®” Additionally, the mean unemployment costs of schizophrenia are estimated to be as high as $1.58 billion
(USD) in Japan.® These results indicate that the societal burden of schizophrenia is larger than that of other psychiatric
disorders, such as depression or anxiety disorders, contrary to its lower prevalence rate.®
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Antipsychotic drugs blocking dopamine D, receptor are effective in treating schizophrenia. However, it has been
reported that approximately 30% of patients with schizophrenia have treatment-resistant schizophrenia (TRS) that is
poorly responsive to antipsychotic drugs.9 Clozapine is the only antipsychotic approved for TRS and is recommended as
a first-line treatment for TRS in major practice guidelines.'®'? Clozapine has the largest effect size in improving overall
psychiatric symptoms compared to that of other antipsychotics and is also superior in preventing relapse.'>'* Conversely,
a meta-analysis has shown that antipsychotic drugs significantly improve social functioning in schizophrenia. However,
this study did not include results for clozapine, and its effects are not clear.'” Furthermore, studies assessing employment
rates for direct outcomes of social functioning are limited, and for clozapine, only a small observational study has been
reported.'®

The objective of this study was to reveal the effect of clozapine on employment using a bidirectional mirror-image
model. The mirror-image study was designed to compare outcomes for the same length of period before and after
switching treatment in the same patients. The patients themselves were set as controls and thus could better reflect the
relative impact of the treatments in clinical practice.'”

Materials and Methods

Study Design

This design was a retrospective observational study in a mirror-image model based on medical records at Fujita Health
University Hospital. The study adopted a bidirectional mirror-image model as follows: 1) switching from other
antipsychotics to clozapine and 2) switching from clozapine to other antipsychotics. The index date in switching from
other antipsychotics to clozapine was the date of clozapine initiation, the pre-index period was the other antipsychotic
phase for 1 year, and the post-index period was the clozapine phase for 1 year (Figure 1). The index date in switching
from clozapine to other antipsychotics was the date of clozapine discontinuation, the pre-index period was the clozapine
phase for 1 year, and the post-index period was the other antipsychotic phase for 1 year (Figure 1). If clozapine was
initiated or discontinued during hospitalization, then the hospitalization period was excluded, and the pre- or post-index
period was defined as before admission or after discharge, respectively. This study focused on whether or not clozapine
was used, and the period involving the use of a combination of clozapine and other antipsychotics was included as the
clozapine phase of the analysis. If patients who continued treatment with other antipsychotics for more than one year
switched to clozapine and then returned to other antipsychotics more than one year later, they were included in both
mirror image models for analysis.

1) Switching from other antipsychotics to clozapine

Index date
(At clozapine initiation)

| = |
{ J [ J

1 year 1 year

| Other antipsychotic phase | Clozapine phase

2) Switching from clozapine to other antipsychotics

v

Index date
(At clozapine discontinuation)

| ) -

| J ( J

1 year 1 year
Clozapine phase | Other antipsychotic phase |
- Hospitalization period
Figure | Bidirectional mirror-image model.
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We obtained data on patient characteristics (age, sex, height, weight, body mass index, duration of illness, history of
modified electroconvulsive therapy, and medication history) at the time of clozapine initiation or discontinuation and the
employment status during the observation period from the medical records. The medications included antipsychotics,
benzodiazepines, and antiparkinsonian agents, and the total dose of each was calculated by converting to chlorpromazine
equivalents, diazepam equivalents, and biperiden equivalents.'® Employment status was evaluated separately for regular
employment (including attending school) and employment support (eg, transition support for employment and support
for continuous employment). Short-term employment of 4 weeks or less was not counted.

Study procedures were performed in accordance with the principles of the Declaration of Helsinki, and this study was
approved by the Institutional Review Board of Fujita Health University (HM21-514). No informed consent was required
since this was an observational study conducted using medical records, although patients had the right to revoke their
consent and opt out of the study.

Patients

Inclusion criteria for patients were as follows: 1) patients who met the diagnostic criteria for schizophrenia in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; 2) patients who met criteria for TRS according to
the Clozaril Patient Monitoring Service in Japan (“failure to respond to at least two antipsychotics for a sufficient period”
or “when the dose cannot be sufficiently increased due to extrapyramidal symptom with monotherapy of two or more
atypical antipsychotics”);'® 3) patients who were initiated on or discontinued from clozapine treatment between
October 2010 and June 2021; and 4) patients who continued clozapine and other antipsychotics for at least 1 year
each. Patients who could not be followed for a 1-year pre- or post-index period and those over the age of 65 (age limit for
employment support in Japan) were excluded.

Assessment

The primary endpoints were the employment rate (ie, the rate of patients who achieved employment excluding short-term
employment periods of 4 weeks or less) in the clozapine phase and the other antipsychotic phase, evaluated using
bidirectional and unidirectional mirror-image models. Employment was defined as the composite outcome of regular
employment and employment support, and the regular employment and employment support rates were also calculated
separately.

The secondary endpoints were the number of employment days in the clozapine phase and the other antipsychotic
phase, evaluated using bidirectional and each unidirectional mirror-image models. As with the employment rate, the
number of employment days was categorized into regular employment and employment support and was further
calculated as a composite outcome of these two categories.

Statistical Analysis

Employment rates in the clozapine and other antipsychotic phases were compared using a binomial test. The number of
employment days in the clozapine and other antipsychotic phases is compared using the paired #-test. P-values were two-
sided, and statistical significance was set at those less than 0.05. The sample size was determined from the number of
subjects enrolled within the study period. All statistical analyses were performed using R 4.2.2 (The R Foundation for
Statistical Computing, Vienna, Austria).

Results

Patient Characteristics

Thirty-two patients initiated clozapine treatment during the observation period, and six patients discontinued. Of these, one
patient who could not be followed up for a 1-year pre- or post-index period and one patient over the age of 65 were excluded.
A total of 36 patients were included in the bidirectional mirror-image model. Thirty patients switched from other antipsychotics
to clozapine, and six patients switched from clozapine to other antipsychotics (three patients were included in both unidirectional
mirror-image models). The patient characteristics at the index date are summarized in Table 1. About half of the patients had
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Table | Patient Characteristics

Other APs — CLO® | CLO — Other APs”
(n =30) (n=6)

Male sex (%) 16 (53.3) 2 (33.3)

Age (yr), mean * SD 372119 395 % 12.1

Height (cm), mean * SD 164.0 + 8.9 163.0 £ 9.0

Weight (kg), mean *+ SD 63.6 £ 124 59.7 £ 10.6

Body mass index (kg/m?), mean * SD 23.6 £ 4.1 22.5 £ 3.7

Duration of illness, yr

< 6,n (%) 9 (30.0) 2 (33.3)

6-10, n (%) 3 (10.0) 1 (16.7)

10 <, n (%) 18 (60.0) 3 (50.0)
History of modified electroconvulsive therapy, n (%) | 9 (30.0) 1 (16.7)
Chlorpromazine equivalent (mg), mean + SD 987.0 + 413.2 641.7 + 351.3
Diazepam equivalent (mg), mean * SD 7077 4.6 £5.6
Biperiden equivalent (mg), mean + SD 05+09 0.0 £ 0.0
APs prior to CLO initiation, n (%)

Olanzapine Il (36.7) -

Risperidone 10 (33.3) -

Paliperidone 9 (30.0) -

Aripiprazole 5(16.7) -

Risperidone LAl 5(16.7) -

Quetiapine 4 (13.3) -

Blonanserin 4 (13.3) -

Other 7 (23.3) -

APs after CLO discontinuation, n (%)

Quetiapine - 2 (33.3)

Paliperidone - 2 (33.3)

Aripiprazole - 1 (16.7)

Olanzapine - 1 (16.7)

Haloperidol - 1 (16.7)

Blonanserin - 1 (16.7)

Notes: At CLO initiation. At CLO discontinuation.
Abbreviations: CLO, clozapine; APs, antipsychotics; SD, standard deviation; LAI, long-acting injectable.

a duration of illness of more than 10 years. The average antipsychotic dose at clozapine initiation was as high as 987.0 £413.2 mg
(chlorpromazine equivalent). Olanzapine was the most common antipsychotic used at clozapine initiation (11 cases, 36.7%).

Employment Rates

The employment rates in the clozapine and other antipsychotic phases are summarized in Table 2. In the bidirectional
mirror-image model, the regular employment plus employment support rate was significantly higher in the clozapine
phase than in the other antipsychotic phase (30.6% vs 11.1%, P = 0.039). The rates for each of regular employment and
employment support were higher for the clozapine phase but were not significantly different from each other (22.2% vs
11.1%, P = 0.22; and 8.3% vs 0.0%, P = 0.25; respectively).

Based on the unidirectional mirror-image model, switching to clozapine resulted in significantly higher regular
employment plus employment support rates in the clozapine phase than those in the other antipsychotic phase (33.3%
vs 10.0%, P = 0.039). In switching from clozapine to other antipsychotics, there was no significant difference in the
employment rates between the clozapine and other antipsychotic phases.

Employment Days
The number of employment days in the clozapine and other antipsychotic phases is summarized in Table 3. In the
bidirectional mirror-image model, patients in the clozapine phase had a significantly higher number of regular
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Table 2 Employment Rates

Other APs | CLO P-value

I. Bidirectional (n = 36)
Regular employment + Employment support, n (%) | 4 (11.1) Il (30.6) | 0.039
Regular employment, n (%) 4 (I.1) 8 (22.2) 0.22
Employment support, n (%) 0 (0.0) 3(83) 0.25

2. Other APs — CLO (n = 30)
Regular employment + Employment support, n (%) | 3 (10.0) 10 (33.3) | 0.039
Regular employment, n (%) 3 (10.0) 7 (23.3) 0.22
Employment support, n (%) 0 (0.0 3 (10) 0.25

3. CLO — Other APs (n = 6)
Regular employment + Employment support, n (%) | | (16.7) 1 (16.7) NA
Regular employment, n (%) 1 (16.7) 1 (16.7) NA
Employment support, n (%) 0 (0.0) 0 (0.0 NA

Abbreviations: CLO, clozapine; APs, antipsychotics.
Table 3 Employment Days
Other APs | CLO P-value

|. Bidirectional (n = 36)
Regular employment + Employment support (days), mean = SD | 24.7 £ 82.7 | 61.3 £ 106.2 | 0.032
Regular employment (days), mean + SD 247 £ 827 | 484+ 1025 | 0.13
Employment support (days), mean * SD 0.0 +0.0 12.8 + 452 | 0.097

2. Other APs — CLO (n = 30)
Regular employment + Employment support (days), mean = SD | 27.3 + 89.9 | 64.2 + 106.3 | 0.057
Regular employment (days), mean * SD 273 +899 | 488+ 1022 | 0.22
Employment support (days), mean * SD 0.0+ 0.0 154 £49.2 | 0.097

3. CLO — Other APs (n = 6)
Regular employment + Employment support (days), mean + SD | 1.7 +28.6 | 46.7 = 114.3 | 0.36
Regular employment (days), mean * SD 11.7 £286 | 46.7+ 1143 | 0.36
Employment support (days), mean *+ SD 0.0 £ 0.0 0.0 + 0.0 NA

Abbreviations: CLO, clozapine; APs, antipsychotics; SD, standard deviation.

employment plus employment support days than those in the other antipsychotic phase (61.3 £ 106.2 vs 24.7 + 82.7 days,
P = 0.032). There was no significant difference in the number of regular employment and employment support days,
respectively. In the unidirectional mirror-image model, there were no significant differences in the number of employ-

ment days between the clozapine phase and the other antipsychotic phase for both switching to and from clozapine.

Discussion
This study evaluated the effect of clozapine on employment using a mirror-image model based on real-world data.
Clozapine was significantly superior to other antipsychotics in terms of the rate and duration of employment (regular
employment plus employment support) in the observation period. The employment rate for treatment with non-clozapine
antipsychotics in this study was 11%, which was lower than the employment rate for patients with schizophrenia in Japan
(4-31%).% This may be because the study population had TRS, and hence, clozapine is applicable for its treatment.
Clozapine treatment increased employment rates in this population with TRS to the same level as in patients with general
schizophrenia; this finding provides important evidence of social recovery.

There is limited evidence on the effect of antipsychotic treatment on employment status. The Cochrane Database of
Systematic Reviews has evaluated the number of patients subjected to antipsychotic treatment having employment.

However, only three randomized controlled trials have been included, and the results have not been significantly different
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from those of the placebo.”’ For clozapine, no randomized controlled trials measuring employment status or social
functioning have been reported, and only a few observational studies have been reported. Kaneda et al reported improved
employment rates in schizophrenic patients after 12 months of clozapine initiation.'® Two other studies reported a trend

' as well as

toward higher rates of regular occupational activity with an increasing duration of clozapine treatment,’
improved occupational functioning score.”” Although this study is similarly a small observational study, our findings
support previously reported results through a different study design using a mirror-image model.

Clozapine is more effective than other antipsychotics in improving psychiatric symptoms and preventing

hospitalization,'*'*

and it is reasonable to assume that this contributed to the successful employment of the patients.
However, the influence of possible poor medication adherence can affect the interpretation of real-world data. One study
using the Medication Event Monitoring System showed that patients receiving clozapine had better medication adherence
rates than those receiving other antipsychotic medications.”® Although adherence was not directly measured in our study,
it may be considered that the patients were available for employment since they maintained medication adherence.

With respect to the pharmacological profile, clozapine has a high affinity for dopamine (D, D,, and D), serotonin (5-
HT,4, 5-HT,, 5-HTg, and 5-HT5), histamine (H;), and a-adrenergic (o, a,) receptors.zé“25 In particular, the serotonin
receptors 5-HT and 5-HT- have been suggested to be associated with cognitive function, and affinity of clozapine to
these receptors may result in a favorable effect on employment status.”® A study among patients with schizophrenia
found no effect of either clozapine or total anticholinergic burden on cognitive performance,”’ despite 2021 meta-
analysis by Baldez et al, which ranked clozapine low among other APs.”® This uncertainty in the evidence regarding the
effects of clozapine on cognition puts the findings of this study in an even more interesting light. In addition, the authors
of that meta-analysis pointed out that all the clozapine studies included patients with TRS, which may have under-
estimated the effect of clozapine on cognitive function. The lack of efficacy of non-clozapine antipsychotics may have
resulted in the superiority of clozapine since our study included only TRS. Future statistical comparisons with non-TRS
results should be interpreted with caution.

This study has potential limitations. Since mirror-image models generally compare pre- and post-treatment switching,
it is necessary to consider the influence that expectations of the new treatment can have on the effectiveness (ie,
expectation bias).'” We therefore adopted a bidirectional mirror-image model; however, only a few patients switched
from treatment with clozapine. Thus, this problem could not be sufficiently solved, and furthermore, the resulting sample
sizes differed greatly in each mirror image model, which may have skewed the statistical analyses. These two mirror-
image models may reflect different phases of disease progression, which may explain the relatively poorer employment
outcomes among those switching from clozapine than among those switching to clozapine, irrespective of antipsychotic
treatment. In other words, a patient switching from clozapine to another antipsychotic may do so because of clozapine-
resistant schizophrenia, intolerable side-effects of clozapine, or difficulty in maintaining regular hematological monitor-
ing. However, patients who are switched from other antipsychotics to clozapine are likely to be freshly identified as those
with TRS. Although our study did not assess treatment responsiveness to antipsychotics, we cannot rule out the
possibility that these differences in the background of each mirror-image model exerted different effects on psychiatric
symptoms. In addition, it should be noted that the treatment response rate to TRS for clozapine is only 40%. Other
disadvantages of the mirror-image model include the absence of an active control group and time-dependent effects (eg,
changes in healthcare policy), which are difficult to ignore.*® Furthermore, it is possible that false negatives were
obtained (especially for the switch from clozapine) due to the small sample size of the study. Finally, this was
a retrospective observational study conducted at a single center, making it difficult to generalize the results due to
various confounding factors.

Conclusion

In conclusion, to the best of our knowledge, this is the first study to use a bidirectional mirror-image model to reveal the
effects of clozapine on employment status. Although various biases must be considered, clozapine was shown to improve
employment status when compared with other antipsychotics, indicating that treatment with clozapine may contribute to
social recovery. Future validation studies should be conducted using larger sample sizes and multicenter data to reduce
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the influence of confounding factors. Moreover, it would be important to conduct a long-term evaluation in terms of
continuity of employment.
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