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Background
Although recognised as the most effective antipsychotic for
treatment-resistant schizophrenia, clozapine remains under-
used. One reason is the widespread concern about non-adher-
ence to clozapine because of poor adherence before initiating
clozapine.

Aims
To determine if prior poor out-patient adherence to treatment-
before initiating clozapine predisposes to poor out-patient
adherence to clozapine or to any antipsychotics (including clo-
zapine) after its initiation.

Method
This cohort study included 3228 patients with schizophrenia liv-
ing in Quebec (Canada) initiating (with a 2-year clearance period)
oral clozapine (index date) between 2009 and 2016. Using phar-
macy data, out-patient adherence to treatment was measured
by the medication possession ratio (MPR), over a 1-year period
preceding and following the index date. Five groups of patients
were formed based on their prior MPR level (independent vari-
able). Two dependent variables were defined after clozapine
initiation (good out-patient adherence to any antipsychotics and
to clozapine only). Along with multiple logistic regressions, state
sequence analysis was used as a visual representation of anti-
psychotic-use trajectories over time, before and after clozapine
initiation.

Results
Although prior poor adherence to antipsychotics was associated
with poor adherence after clozapine initiation, the absolute risk
of subsequent poor adherence remained low, regardless of
previous adherence level. Most patients adhered to their treat-
ment after initiating clozapine (>68% to clozapine and >84% to
any antipsychotics).

Conclusions
Despite the fact that poor adherence prior to initiating clozapine
is widely recognised by clinicians as a barrier for the prescription
of clozapine, the current study supports the initiation of cloza-
pine in all eligible patients.

Keywords
Antipsychotic; clozapine; observational studies; schizophrenia;
state sequence analysis.

Copyright and usage
© The Author(s), 2022. Published by Cambridge University Press
on behalf of the Royal College of Psychiatrists. This is an Open
Access article, distributed under the terms of the Creative
Commons Attribution licence (https://creativecommons.org/
licenses/by/4.0/), which permits unrestricted re-use, distribu-
tion, and reproduction in anymedium, provided the original work
is properly cited.

Background

Clozapine is the antipsychotic of choice for treatment-resistant schizo-
phrenia given its unique efficacy,1 but also has recognised benefits in
reducing suicidality2 and aggression. Although the effectiveness of clo-
zapine is widely acknowledged,1,3 adherence with evidence-based
guidelines recommending its use by clinicians remains particularly
challenging.4 Thus, a substantial number of patients are eligible for
clozapine months or even years before its definitive introduction.5

Several studies have assessed the reasons for non-adherence with
guidelines in the past few years, highlighting multiple factors related
to patients, physicians, treatments and healthcare organisations.6,7

Concerns from patients and clinicians of serious adverse events are
often mentioned as a barrier to clozapine initiation (such as neutro-
penia/agranulocytosis, myocarditis, seizures, paralytic ileus).8–10 In
addition, the need for repeated blood tests at the beginning of treat-
ment is another obstacle to the introduction of clozapine.11

Moreover, a significant proportion of psychiatrists (from 41% to
82%) mentioned prior non-adherence to antipsychotic treatment as
a major barrier to the introduction of clozapine.7,9,10,12,13 Indeed,
several studies have shown that previous non-adherence to anti-
psychotic predisposes to future non-adherence.14,15

Weiss et al, however, reported in 2002 that clozapine improved
adherence in non-adherent patients in the USA, but this study

sample was relatively small (n = 162).16 Furthermore, most studies
comparing discontinuation rates of clozapine with those of other anti-
psychotics found a significantly greater continuation of treatmentwith
clozapine.17,18 Additionally, patients with psychiatric comorbidities
and poor adherence to treatment19 are often difficult to study specif-
ically in randomised controlled studies, and observational studies are
particularly suitable to study this specific population.20

Aims

Given this widespread barrier limiting the use of clozapine in clinical
practice and the lack of consensus in the literature, this study aims to
determine if prior poor out-patient adherence to any antipsychotics
before initiating clozapine predisposes to poor out-patient adherence
to any antipsychotics and to clozapine after initiation of clozapine.

Method

Design and data sources

This retrospective cohort study extracted patient data from the
Régie de l’assurance maladie du Québec (RAMQ), which adminis-
ters universal health insurance for Quebec residents, including
physician and hospital coverage. The RAMQ’s universal health pro-
gramme is complemented by a public drug insurance plan (PPDIP)
that covers individuals without access to a private drug insurance* Joint first authors.
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plan, all last-resort financial assistance recipients and about 90% of
individuals aged 65 and over. Previous analyses of a prevalent
cohort indicated that 85% of patients with schizophrenia were on
the PPDIP (data not shown).

RAMQ health databases include patient demographic data, a hos-
pital discharge register (MED-ECHO), physician claims and the
PPDIP. Demographic databases contain information about patient
age, gender and eligibility for PPDIP. MED-ECHO contains
primary and secondary diagnoses (ICD-9 before April 2006 and
ICD-10 after that date),21,22 hospital admission dates and health pro-
cedures (for example surgical interventions). The physician claims
database collects the date and diagnosis (ICD-9) of each service pro-
vided. The drug database includes information on drugs claimed
from community pharmacies by individuals with coverage under
the PPDIP. The database does not include in-patient medications.
Individual patient records were linked to a unique encrypted identifier
to provide demographic, medical and drug information.

Study cohort

Extracted from a larger cohort database on severe mental disorders
(including schizophrenia, bipolar and other psychosis disorders),
the study cohort included all patients with a prior diagnosis of
schizophrenia (ICD-9: 295; ICD-10: F20, F21, F23.2, F25), starting
oral clozapine (with a clearance baseline period of 24 months
without oral clozapine claim) between 1 January 2009 and 31
December 2016, and covered by the PPDIP 2 years before and 1
year after the first oral clozapine claim. The index date refers to
the date of initiation of oral clozapine. In order to measure anti-
psychotic treatment out-patient adherence 1 year before and 1
year after the index date we excluded patients with a very long hos-
pital length of stay (>9 months over 1 year before or >9 months over
1 year after) (Fig. 1).

Main variables: out-patient adherence measure before
and after index date

Treatment out-patient adherence was measured by the medication
possession ratio (MPR), which was calculated from data in the
RAMQ drug database. MPR is widely used in the literature and is
associated with clinical outcomes.23 The MPR was obtained by div-
iding the number of antipsychotic medication supply days that the
patient received from the out-patient pharmacy during the study
period by the number of out-patient days (in order to exclude the
number of hospital days). The threshold of 0.8 is generally used
in the literature to indicate good adherence.23

In the present study, three out-patient adherence measures were
calculated and used to define the dependent and independent
variables:

(a) independent variable (groups 1 to 5): adherence to any antipsy-
chotics during the baseline year before index date (MPRprior)
and categorised as good adherence MPRprior≥ 0.8 (group 1)
and four groups of poor adherence: MPRprior of 0.6 to <0.8
(group 2), MPRprior of 0.4 to <0.6 (group 3), MPRprior of 0.2
to <0.4 (group 4) and MPRprior < 0.2 (group 5);

(b) dependent variable 1 (binary): poor adherence to any antipsy-
chotics taken as a whole category (including clozapine)
(MPRantipsychotic < 0.8) during the year after index date;

(c) dependent variable 2 (binary): poor adherence to oral clozapine
(MPRclozapine < 0.8) during the year after index date.

Covariables

The following covariables were assessed as they may potentially
influence the adherence trajectory:

(a) gender assignment at birth (female/male);
(b) age at clozapine initiation;
(c) low socioeconomic status (defined as patients 65 years and

older with pension income supplement or being a recipient of
social welfare) (yes/no);

(d) status of schizophrenia diagnosis (incident/non-incident) (inci-
dent: date of the first diagnosis of schizophrenia occurring in
the year before index date, non-incident: date of the first diag-
nosis of schizophrenia occurring more than 1 year before the
index date);

(e) prescriber of the initial antipsychotic (psychiatrist/other
clinicians);

(f) substance-related disorders (yes/no);
(g) history of personality disorder diagnosis (yes/no);
(h) use of: lithium (yes/no), divalproex (yes/no), antidepressants

(yes/no), benzodiazepines (yes/no) or lamotrigine (yes/no) in
the 12-month baseline period;

(i) hospital admission for schizophrenia or psychosis (yes/no), for
another mental disorder (bipolar disorder, depression, anxiety,
etc.) (yes/no) or for a physical health reason (yes/no) during the
12-month baseline period;

(j) number of ambulatory visits (including emergency, out-patient
and primary care clinics, etc.); and

(k) comorbidity index (0/≥1). Similar to Charlson’s comorbidity
index, the comorbidity index selected was proposed by
Simard et al24 and was measured during the year before the
index date. We excluded mental conditions including alcohol
and drug misuse from the comorbidity index calculation.

Statistical analysis

A patient was considered exposed to the drug from the date(s) a pre-
scription was claimed at a community pharmacy and for the time
the drug was provided (index date). In cases where a patient
received the first prescription at the hospital, the index date
would still be the first out-patient prescription as no information
on drug treatment during hospital admissions was available.

First, for each day of the 1-year baseline period before clozapine
initiation, a patient was exposed to one of the eight categories of
antipsychotics or was not exposed to any antipsychotics (the
ninth possible category), except for in-patient stays (see
Supplementary Figure 1; available at https://doi.org/10.1192/bjp.
2022.1, for an example of an individual antipsychotic-use
trajectory).

Second, for each day of the 1-year follow-up period after cloza-
pine initiation, a patient was exposed to three possible categories
(oral clozapine in monotherapy or polytherapy, other antipsychotic
excluding clozapine or was not exposed to any antipsychotics) (see
Supplementary Figure 2 for an example of an individual clozapine-
use trajectory).

These antipsychotic utilisation trajectories (as patterns of anti-
psychotic use over time) before and after clozapine initiation were
then presented stratified by the five baseline adherence-level
groups (≥0.8, 0.6 to <0.8, 0.4 to <0.6, 0.2 to <0.4, <0.2) using the
visual representations offered by the state sequence analysis
method.25 As this approach is not inferential, to determine if previ-
ous out-patient adherence levels were statistically associated with
poor out-patient adherence to any antipsychotics taken as a whole
category (MPRantipsychotic < 0.8) and poor out-patient adherence to
clozapine (MPRcloz < 0.8) after the index date, we also performed
multiple logistic regressions including in the models all covariables
mentioned above that were statistically associated with the depend-
ent variables (backward stepwise selection, P < 0.1).

As supplementary analyses, we performed logistic regressions
using 0.9 as a higher cut-point for good out-patient adherence,
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recognising that rapid readministration of clozapine after missing
doses may have potential for harm in patients with schizophrenia.
In addition, to see what happens after 1 year of follow-up, we per-
formed the state sequence analysis and logistic regression analyses
on a subcohort of patients with schizophrenia initiating oral cloza-
pine from 2006 to 2014, allowing a follow-up of 3 years. We also
measured the correlations between the MPR before index date
(MPRprior) and both the MPR after index date (MPRantipsychotic

and MPRclozapine). The analyses were carried out using SAS 9.4
and the TraMineR package in R for the visualisation of the
trajectories.

Ethics and consent statement

This study was approved by the Research Ethics Board Committee
of the Université de Sherbrooke and by the Commission d’accès à
l’information of Quebec. No informed consent is required for regis-
ter-based studies using anonymised data.

Results

Study population, clinical and sociodemographic
characteristics

The study included 3228 patients (Fig. 1), of whom 66.2% were men
(Table 1). Patients had a mean age of 41.1 years. Five groups were
formed according to the level of out-patient adherence to antipsychotic
treatment – from the greatest (group 1) to the poorest (group 5) adher-
ence – in the year before index date. Characteristics differed between
groups. Younger patients were found in the groups with poorer adher-
ence (MPRprior < 0.8) than group 1 (MPRprior≥ 0.8). There was a
higher proportion of ‘incident cases’ and a higher proportion of sub-
stance-related disorders in the poor adherent groups (groups 2 to 4).
The use of antidepressants, benzodiazepines, and divalproex was
more frequent in the greatest adherence group (group 1).

Hospital admission for schizophrenia and psychosis were more
frequent in groups 2, 3 and 4. Group 5 had the lowest rate of hospital

Patients diagnosed with severe mental illness

between January 2002 and December 2017

in Quebec (Canada)

n = 380 124

Patients in the PPDIPa initiating oral

clozapineb (index date) between Jan

2009 and Dec 2016

n = 3832 

Patients with at least one antipsychotic claim

1 year before the baseline periodc

n = 3812

Patients with a prior diagnosis of schizophrenia

n = 3634

Study cohort

n = 3228

Exclusion

No prior diagnosis of schizophrenia

between 2002 and index date

Exclusion

Total hospital stay longer than 9

months in the 1-year baseline

period

Fig. 1 Selection of the study cohort.

a. Two years before and 1 year clozapine initiation. b. With a clearance period of 24months. c. Baseline period: 1-year period before clozapine initiation. PPDIP, public drug insurance
plan.
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admissions for schizophrenia or psychosis, but the highest propor-
tion of hospital admissions for a non-psychiatric reason. Group 5
had fewer ambulatory visits than the other groups in the year
before the introduction of clozapine.

Antipsychotic-use trajectories 1 year before and after
index date

The trajectories of clozapine use, other antipsychotics (non-cloza-
pine) and non-use of antipsychotics were represented 1 year after
the index date according to their prior level of out-patient treatment
adherence (Fig. 2).

These graphical representations include information about
which out-patient treatment was used prior to the index date and
whether it was continued or switched. Although group 1 had the
highest number of patients (n = 2441) and the most favourable
adherence rate in the year before index date, adherence was signifi-
cantly improved in all groups regardless of the category of prior
adherence to treatment. In addition, the majority of participants
from all groups were admitted to hospital just before starting cloza-
pine, mainly for urgent, semi-urgent or legal admission for mental
disorder. This high hospital admission rate before introduction
have contributed to the observed decline in the treatment-use trajec-
tory shortly before the start of clozapine, as hospital-administered
treatments were unavailable for the current analysis (Fig. 2).
Interestingly, these findings were maintained up to 3 years after
the initiation of clozapine (Supplementary Figure 3).

As the state sequence analysis is not an inferential approach,
albeit providing powerful visual representations of antipsychotic-
use trajectories, logistic regressions were performed as complemen-
tary analyses and are presented in Table 2.

Out-patient adherence to any antipsychotics (including
clozapine) after index date according to baseline out-
patient antipsychotic adherence level

Table 2 shows the adjusted odds ratios (aORs) of poor adherence to
any antipsychotic taken as a whole category after index date in groups

with previous poor antipsychotic adherence (groups 2 to 5) compared
with previous good antipsychotic adherence (group 1). The aORs
demonstrated that poorer adherence level to antipsychotics before
the index date was associated with an increased risk of poor adher-
ence to any antipsychotic treatment after index date compared with
group 1 (aORs ranging from 3.47 to 6.36). However, from 84.2%
(group 4) to 97.0% (group 1) of patients had good adherence to
any antipsychotic after introducing clozapine; hence, although the
levels of adherence prior to and after introducing clozapine were sig-
nificantly correlated, the MPRantipsychotic were nonetheless fairly high
in all five groups.

Logistic regression using 0.9 as the cut-point for good adherence
(Supplementary Table 1) produced essentially similar results. The
Pearson correlation between MPRprior and MPRantipsychotic was 0.13
(P < 0.0001), indicating a small linear relationship between them.

Supplementary analyses on a subcohort (n = 2258) with 3 years
of follow-up after clozapine initiation show that antipsychotic use,
taken as a whole category, remains very high even after 3 years of
follow-up, regardless of the previous adherence level: from 80.8%
(group 4) to 92.4% (group 1) of patients had good adherence to
any antipsychotic (Supplementary Table 2).

Out-patient adherence to oral clozapine (on
monotherapy or polytherapy) after index date
according to baseline out-patient antipsychotic
adherence level

Table 2 shows the aORs for poor adherence to clozapine after index
date in groups with previous poor antipsychotic adherence (groups
2 to 5) compared with previous good antipsychotic adherence
(group 1). The results demonstrated that groups 2 to 4 (MPRprior

from 0.2 to <0.8) had a greater risk of poor adherence to clozapine
compared with group 1 (aORs between 1.42 and 2.41). Nevertheless,
the overall proportion of patients adhering to clozapine over 1 year
after its initiation varied from 68.4% (group 4) to 86.8% (group 5).
The group showing the poorest antipsychotic adherence before
starting clozapine (MPRprior < 0.2) was more likely to adhere to

Table 1 Characteristics of the study population by baseline out-patient adherence level

Total
Group 1

MPRprior≥ 0.8
Group 2 MPRprior of

0.6 to <0.8
Group 3 MPRprior of

0.4 to <0.6
Group 4 MPRprior of

0.2 to <0.4
Group 5 MPRprior

<0.2

Total, n (%) 3228 (100) 2441 (75.6) 227 (7.0) 114 (3.5) 76 (2.4) 370 (11.5)
Gender, n (%)

Women 1090 (33.8) 839 (34.4) 75 (33.0) 32 (28.1) 21 (27.6) 123 (33.2)
Men 2138 (66.2) 1602 (65.6) 152 (67.0) 82 (71.9) 55 (72.4) 247 (66.8)

Age, years: mean (s.d.) 41.1 (14.7) 42.3 (14.8) 36.0 (13.0) 35.7 (12.8) 37.4 (13.2) 38.2 (14.4)
Low socioeconomic status, n (%) 2810 (87.1) 2168 (88.8) 190 (83.7) 98 (86.0) 58 (76.3) 296 (80.0)
Incident case, n (%) 1270 (39.3) 929 (38.1) 101 (44.5) 62 (54.4) 39 (51.3) 139 (37.6)
Psychiatrist prescribed initial clozapine, n (%) 2702 (83.7) 2092 (85.7) 185 (81.5) 98 (86.0) 59 (77.6) 268 (72.4)
Comorbidity index (≥1), n (%) 999 (31.0) 788 (32.3) 63 (27.8) 29 (25.4) 25 (32.9) 94 (25.4)
Substance-related disorders, n (%) 1111 (34.4) 796 (32.6) 93 (41.0) 59 (51.8) 40 (52.6) 123 (33.2)
Personality disorder, n (%) 755 (23.4) 537 (22.0) 84 (37.0) 34 (29.8) 30 (39.5) 70 (18.9)
Lithium use, n (%) 434 (13.4) 343 (14.0) 29 (12.8) 9 (7.9) 11 (14.5) 42 (11.4)
Antidepressant use, n (%) 1401 (43.4) 1124 (46.0) 95 (41.9) 46 (40.4) 27 (35.5) 109 (29.5)
Benzodiazepine use, n (%) 1886 (58.4) 1530 (62.7) 114 (50.2) 55 (48.2) 42 (55.3) 145 (39.2)
Divalproex use, n (%) 735 (22.8) 584 (23.9) 47 (20.7) 18 (15.8) 8 (10.5) 78 (21.1)
Lamotrigine use, n (%)a 137 (4.2) − − − − −
Hospital admission for schizophrenia/

psychosis, n (%)
2170 (67.2) 1655 (67.8) 165 (72.7) 94 (82.5) 66 (86.8) 190 (51.4)

Hospital admission for other mental disease,
n (%)

382 (11.8) 286 (11.7) 27 (11.9) 15 (13.2) 15 (19.7) 39 (10.5)

Hospital admission for non-mental disease, n
(%)

846 (26.2) 630 (25.8) 61 (26.9) 20 (17.5) 9 (11.8) 126 (34.1)

Number of ambulatory visits, mean (s.d.) 18.3 (17.1) 19.1 (17.1) 21.1 (18.2) 19.6 (12.8) 21.1 (17.7) 9.9 (15.6)

MPR, medication possession ratio.
a. As a result of small numbers and ethical considerations, some information are not presented.
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clozapine, but this was not statistically significant (confidence inter-
val including 1).

Logistic regression using 0.9 as the cut-point for good adherence
(Supplementary Table 1) produced essentially similar results. The
Pearson correlation between MPRprior and MPRclozapine was,
however, very low (r = 0.002, P = 0.9075), indicating no linear rela-
tionship between them.

Supplementary analyses show that clozapine use remains rela-
tively high 3 years after its initiation: from 57.7% to 75.4% of
patients had good adherence to clozapine (Supplementary Table 2).

Discussion

Main findings

The results obtained with logistic regressions showed that previous
poor antipsychotic adherence level compared with good adherence
is an important risk factor of future antipsychotic poor adherence
(aORs varying from 3.47 to 6.36) and clozapine poor adherence
(aORs varying from 0.81 to 2.41). This supports the position of
41% to 82% of surveyed psychiatrists who mentioned prior non-
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Antipsychotic trajectory

GROUP 1
MPRprior ≥ 0.8

n = 2441 (75.6%)

GROUP 2

MPRprior of 0.6 to <0.8

n = 227 (7.1%)

GROUP 3
MPRprior of 0.4 to <0.6

n = 114 (3.5%)

GROUP 4

MPRprior of 0.2 to <0.4

n = 76 (2.4%)

GROUP 5
MPRprior <0.2

n = 370 (11.5%)

Legend pre-index date

CLOZ trajectory Hospital admission trajectory

O OLAN
O RISP
O QUET

Legend pre-index date

O CLOZ (on mono or poly)
Other antipsychotic (excluding CLOZ)
No antipsychotic

O New SGA

Hosp. mental (urgent/semi-urgent or legal admission)
Hosp. mental (non-urgent)
Hosp. non-mental
No Hosp

O FGA
LAI SGA
LAI FGA
Poly without CLOZ
No antipsychotic

Fig. 2 State distribution plot of antipsychotic treatment trajectories (left side) and hospital admission trajectories (right side) 1 year before and
1 year after oral clozapine initiation (index date)a stratified by baseline out-patient adherence level.

State distribution plot: as a summary for all patients’ antipsychotic-use trajectories (left side), state distribution plots show the proportion of patients (y-axis) of antipsychotic use for
each day of the 12-months period before and after the initiation of clozapine (index date). As opposed to the medication possession ratio (MPR) calculation, the antipsychotic
trajectories representation do not take into account days spent in the hospital since pharmacy data were not available during hospital admission. This explains the antipsychotic use
drop just before the index date (as shown by the hospital admission trajectories on the right side of the figure). a. With a 2-year clearance period without oral clozapine before the
index date. CLOZ, clozapine; O, Oral; OLAN, olanzapine; RISP, risperidone; QUET, quetiapine; SGA, second-generation antipsychotics; FGA, first-generation antipsychotics; LAI, long-
acting injectables; Poly, polypharmacy; mono, monotherapy; Hosp., hospital admission
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adherence to antipsychotic treatment as a major barrier to the intro-
duction of clozapine.7,9,10,12,13

On the other hand, used in combination with logistic regres-
sions, state sequence analysis allowed a complementary representa-
tion of complex patterns of antipsychotic use over time. As easily
seen in Fig. 2, out-patient treatment adherence was significantly
improved once clozapine was initiated, regardless of previous out-
patient antipsychotic adherence level. Although these two elements
could be perceived as contradictory, they only highlight the limits
inherent to measures of association such as ORs and relative risks.
Indeed, independently of their prior treatment adherence, very
few patients had poor antipsychotic adherence (absolute risk
varying from 2.9% to 15.8%) and poor clozapine adherence (abso-
lute risk varying from 13.2% to 31.6%). In fact, more than 84.2%
of patients with poor antipsychotic adherence (MPRprior < 0.8)
before clozapine initiation were considered to have good adherence
to antipsychotic treatment after clozapine initiation.

Altogether, these results sustain the initiation of clozapine in eli-
gible patients regardless of their previous adherence profile, thereby
allowing them to benefit from the many advantages of clozapine.
Although this study was not aimed at comparing hospital admis-
sions prior to and after the introduction of clozapine, Fig. 2 seems
to suggest that the introduction of clozapine treatment was trans-
lated into a significant decrease in days spent in hospital.

Comparison with findings from other studies and
interpretation of our findings

This manuscript enhances previous studies reporting that clozapine
was less frequently discontinued than other antipsychotic treat-
ments3,17,18 and increased adherence.26 As expected, the group
with an MPRprior≥ 0.8 had the most significant number of patients
(n = 2441). Indeed, a bias toward clozapine introduction was found
in patients who were more adherent to their treatment (MPRprior≥
0.8) compared with those who were less adherent (MPRprior < 0.8).
In a similar manner, Weiser et al suggested that this type of bias
could explain the lower discontinuation rates with clozapine as its
introductionmay have been reserved for patients with a greater pro-
pensity for repeated follow-up visits and monitoring.18 Despite the
fact that clozapine was primarily prescribed for patients with
favourable adherence (MPRprior≥ 0.8) in the current study, patients
with an MPRprior < 0.8 were still significantly adherent to both clo-
zapine and any antipsychotic after initiating clozapine. Interestingly,
a higher cut-point for good adherence (0.9) showed similar results.

The group with the poorest prior adherence level (group 5:
MPRprior < 0.2) was especially noteworthy. Although group 5 had
a lower proportion of hospital admissions for psychosis/schizophre-
nia than the other groups, this group seemed to have fewer contacts
with the medical system. In particular, patients in this group had by
far fewer ambulatory visits than the other groups. This may have
influenced some covariables (such as substance-related disorders,
history of personality disorder), as they theoretically consulted
less, but our hypothesis remains that these patients were not less
ill, but on the contrary more disaffiliated from the healthcare
system.

Several hypotheses may explain the absolute increase in treat-
ment adherence after initiating clozapine. As mentioned by Weiss
et al, the proven efficacy of clozapine has the potential to decrease
psychotic symptoms, improve cognitive symptoms and thus
improve understanding of the need for treatment, and promote
regular follow-up with a medical team to monitor treatment.16

Therefore, one could consider that clinicians may overestimate
poor adherence to clozapine after its initiation, which must be put
into perspective with our results. Still, adherence to treatment for

Ta
b
le

2
A
ss
oc

ia
tio

n
be

tw
ee

n
pr
ev

io
us

ou
t-
pa

tie
nt

an
tip

sy
ch

ot
ic

ad
he

re
nc

e
le
ve

la
nd

po
or

ou
t-
pa

tie
nt

ad
he

re
nc

e
to

an
y
an

tip
sy
ch

ot
ic
s
(d
ep

en
de

nt
va

ri
ab

le
1:

M
PR

a
n
ti
p
sy
ch

o
ti
c
<
0.
8)

an
d
po

or
ou

t-
pa

tie
nt

ad
he

re
nc

e
to

cl
o-

za
pi
ne

(d
ep

en
de

nt
va

ri
ab

le
2:

M
PR

cl
o
za

p
in
e
<
0.
8)

af
te
r
in
iti
at
io
n
of

cl
oz

ap
in
e:

re
su

lts
of

th
e
m
ul
tip

le
lo
gi
st
ic

re
gr
es

si
on

(r
ef
er
en

ce
:g

ro
up

1)

n

G
oo

d
ad

he
re
nc

e
to

an
y
an

tip
sy
ch

ot
ic
s

Po
or

ad
he

re
nc

e
to

an
y
an

tip
sy
ch

ot
ic
s

G
oo

d
ad

he
re
nc

e
to

cl
oz

ap
in
e

Po
or

ad
he

re
nc

e
to

cl
oz

ap
in
e

n
=
30

77
(9
5.
3%

)
n
=
15

1
(4
.7
%
)

C
ru
de

O
R

(9
5%

C
I)

A
dj
us

te
d
O
Ra

(9
5%

C
I)

n
=
26

62
(8
2.
5%

)
n
=
56

6
(1
7.
5%

)
C
ru
de

O
R

(9
5%

C
I)

A
dj
us

te
d
O
Rb

(9
5%

C
I)

G
ro
up

1:
M
PR

p
ri
o
r
≥
0.
8

24
41

23
69

(9
7.
1)

72
(2
.9
)

Re
fe
re
nc

e
Re

fe
re
nc

e
20

25
(8
3.
0)

41
6
(1
7.
0)

Re
fe
re
nc

e
Re

fe
re
nc

e
G
ro
up

2:
M
PR

p
ri
o
r
of

0.
6
to

<
0.
8

22
7

20
4
(8
9.
9)

23
(1
0.
1)

3.
71

(2
.2
7−

6.
06

)
3.
64

(2
.2
2−

5.
96

)
17

8
(7
8.
4)

49
(2
1.
6)

1.
34

(0
.9
6−

1.
87

)
1.
42

(1
.0
1−

1.
99

)
G
ro
up

3:
M
PR

p
ri
o
r
of

0.
4
to

<
0.
6

11
4

10
3
(9
0.
4)

11
(9
.6
)

3.
51

(1
.8
1−

6.
83

)
3.
54

(1
.8
1−

6.
94

)
86

(7
5.
4)

28
(2
4.
6)

1.
58

(1
.0
2−

2.
46

)
1.
68

(1
.0
7−

2.
63

)
G
ro
up

4:
M
PR

p
ri
o
r
of

0.
2
to

<
0.
4

76
64

(8
4.
2)

12
(1
5.
8)

6.
17

(3
.1
9−

11
.9
)

6.
36

(3
.2
5−

12
.4
)

52
(6
8.
4)

24
(3
1.
6)

2.
25

(1
.3
7−

3.
69

)
2.
41

(1
.4
6−

3.
99

)
G
ro
up

5:
M
PR

p
ri
o
r
<
0.
2

37
0

33
7
(9
1.
1)

33
(8
.9
)

3.
22

(2
.1
0−

4.
94

)
3.
47

(2
.1
9−

5.
50

)
32

1
(8
6.
8)

49
(1
3.
2)

0.
74

(0
.5
4−

1.
02

)
0.
81

(0
.5
8−

1.
14

)

M
PR

,m
ed

ic
at
io
n
po

ss
es
si
on

ra
tio

.
a.

A
dj
us

te
d
fo
r
co

va
ria

bl
es

in
Ta

bl
e
1
st
at
is
tic

al
ly
as
so

ci
at
ed

(P
<
0.
1)

w
ith

th
e
de

pe
nd

en
t
va
ria

bl
e
1:

H
os

pi
ta
la

dm
is
si
on

fo
r
sc
hi
zo

ph
re
ni
a/
ps

yc
ho

si
s;
nu

m
be

r
of

am
bu

la
to
ry

vi
si
ts

an
d
su

bs
ta
nc

e-
re
la
te
d
di
so

rd
er
s.

b.
A
dj
us

te
d
fo
rc

ov
ar
ia
bl
es

in
Ta

bl
e
1
st
at
is
tic

al
ly
as
so

ci
at
ed

(P
<
0.
1)
w
ith

th
e
de

pe
nd

en
tv

ar
ia
bl
e
2:
ag

e;
ho

sp
ita

la
dm

is
si
on

fo
rs

ch
iz
op

hr
en

ia
/p
sy
ch

os
is
;h

os
pi
ta
la
dm

is
si
on

fo
ro

th
er

m
en

ta
ld
is
or
de

rs
;h

os
pi
ta
la
dm

is
si
on

fo
rn

on
-m

en
ta
ld
is
or
de

rs
,s
ub

st
an

ce
-r
el
at
ed

di
so

rd
er
s;

nu
m
be

r
of

am
bu

la
to
ry

vi
si
ts
.

Brodeur et al

352
https://doi.org/10.1192/bjp.2022.1 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.2022.1


people with chronic illnesses and particularly psychotic disorders
remains a major issue in daily practice.14

Strengths and limitations

To our knowledge, this is the first study to specifically investigate
clozapine out-patient adherence according to different levels of
prior out-patient adherence. In addition, this study examined the
widely recognised barrier of non-prescribing of clozapine in
patients with a history of poor adherence to antipsychotic treat-
ment. Therefore, the combination of standard statistical method-
ology and an innovative approach resulted in a better
understanding of the difference between relative and absolute
risks of treatment adherence.

These results must be interpreted with caution, considering
some limitations. Although all adherence measures are prone to
their own limitations, the method used in this study (MPR) consists
of an indirect measure of adherence.23,27 However, this measure is
widely recognised as a reliable measure of adherence in phar-
maco-epidemiological studies that use pharmacy data and is asso-
ciated with outcomes such as psychiatric hospital admissions.15,27

In addition, the detailed profile of side-effects as well as reasons
for discontinuation could not be specifically studied as our admin-
istrative database did not contain any information in this regard, a
limitation shared by all such studies relying on large registries.

Our observational study could include some biases specific to
the study of administrative databases (coding errors and missing
data). However, the information from the RAMQ database is
proven to be accurate.17 Still, our design allowed us to study a
complex population, including patients eligible for clozapine, repre-
sentative of patients found in clinics.

Another limitation is that information on the treatments used
during the in-hospital period was not available in this database.
This prevented us from obtaining an adherence measure encompass-
ing the full period of observation. To limit the impact of the absence
of treatment information during hospital admissions in the analyses,
we had removed periods of hospital stay from the calculation of out-
patient adherence (MPR); however, this was not possible for the anti-
psychotic treatment trajectory representation (state sequence ana-
lysis). Also, the length of follow-up before and after initiation of
clozapine (1 year) remained limited in the treatment of schizophre-
nia. We thus performed a supplementary analysis on a subcohort
with 3 years of follow-up, and the results remain impressively
similar to the original analysis (Supplementary Figure 3 and
Supplementary Table 2).

An additional limitation is that the use of several regression
models may inflate the risk of a type 1 error. One way to minimise
this error is the use of a multinomial logistic regression so that all
the groups could be included in a single model. We thus performed
a post hoc multinomial logistic analysis using the following outcome
defined in three categories: (a) poor adherence to any antipsychotics;
(b) poor adherence to clozapine but good adherence to any antipsy-
chotics; and (c) good adherence to clozapine (Supplementary
Table 3). The conclusions regarding the link between previous anti-
psychotic adherence level and future adherence to any antipsychotics
were very similar to the original analysis. However, this post hoc ana-
lysis does not allow us to respond to if prior poor adherence to any
antipsychotics before initiating clozapine predisposes to poor adher-
ence to clozapine.

Finally, the study had a defined period of 24 months without
clozapine, so patients may have received a previous trial of clozapine
before that baseline washout period. Unfortunately, we were unable
to quantify the real number of new versus old users as our database
contained data only from 2002. Moreover, in order to accurately
identify ‘true’ new versus old users, we would have to include

only patients continuously receiving a PPDIP for a long period of
time, which would have resulted in a significant selection bias
(i.e. selecting patients with schizophrenia that were older and/or
poorer). However, we tried to have an estimation of the proportion
of new versus old users of clozapine using a subcohort of patients
that were continuously covered over a 7-year period before and
1-year period after clozapine initiation (n = 2582). Among this sub-
cohort, as low a number as 158 (6.1%) had received an out-patient
prescription of clozapine during the 5-year period before the
clearance period of 2 years.

Implications

Although we observed that poorer antipsychotic out-patient
adherence prior to clozapine introduction increased the odds of
later poor out-patient adherence, absolute rates of good adherence
to any antipsychotics and clozapine remained high (>84.2% and
>68.4%, respectively), regardless of prior antipsychotic adherence
level. These results support the initiation of clozapine in eligible
patients and may have an important potential to change a wide-
spread barrier.
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