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Determinants of patient satisfaction in clozapine users: results
from the Clozapine International Consortium (CLOZIN)
Marte Z. van der Horst1,2✉, Nini de Boer1, CLOZIN collaborators*, Cynthia Okhuijsen-Pfeifer 1 and Jurjen J. Luykx 3,4,5,6,7

Clozapine is highly effective for treatment-resistant schizophrenia but is underutilized due to patient and clinician-related concerns.
Little is known about the general level of patient satisfaction with clozapine and determinants thereof. We therefore explored
determinants of patient satisfaction with clozapine in individuals diagnosed with schizophrenia spectrum disorders (SSDs). Cross-
sectional data from 480 clozapine users were used to examine demographic and clinical factors, including symptom severity,
treatment response, and adverse drug reactions (ADRs). Patient satisfaction was self-rated on a scale of 1 to 10. Results showed a
mean satisfaction score of 7.4 (SD= 1.9), with significant associations between satisfaction and treatment response (B= 0.42,
R²= 0.19, p= 3.9 × 10⁻¹⁸), symptom severity (B= 0.10, R²= 0.05, p= 2.06 × 10-9), occurrence of ADRs (B=−0.16, R²= 0.06,
p= 3.2 × 10-5), and recreational drug use (B=−1.32, R²= 0.05, p= 2.09 × 10-4). Hypersalivation and prolonged sleep duration were
the only ADRs linked to lower satisfaction (B=−0.72, R²= 0.06, p= 3.5 × 10-5 and B=−0.57, R²= 0.04, p= 1.4 × 10-3, respectively).
Despite concerns about ADRs, treatment effectiveness showed a stronger association with patient satisfaction among clozapine
users than the occurrence of ADRs. In conclusion, our findings suggest that strategies aimed at bolstering clozapine’s effectiveness
may help counter worldwide underprescription rates of clozapine in patients with SSDs.
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INTRODUCTION
Traditionally, treatment success in schizophrenia research has
relied mostly on symptom alleviation ascertained by raters other
than the patient. Over recent years, however, patient perspectives
are increasingly recognized as critical in the evaluation of
treatment outcomes for individuals diagnosed with schizophrenia
spectrum disorder (SSD)1. In this context, the recognition of
patient satisfaction as a valuable tool for evaluating treatment
outcomes and effectiveness has gained momentum2. Patients’
viewpoints and judgments may differ from that of healthcare
professionals or family members, particularly when patients have
limited insight into their illness, as is often the case in individuals
diagnosed with treatment-resistant schizophrenia (TRS)3,4. For
instance, individuals with TRS often rate the severity of their
symptoms much lower than their treating physicians do4. This
discrepancy also extends to concerns about adverse drug
reactions (ADRs): healthcare professionals are often most con-
cerned about rare, potentially life-threatening ADRs (such as
agranulocytosis) and about the need for regular blood monitoring,
while patients are primarily worried about common ADRs (such as
weight gain, sleepiness, and hypersalivation) and less so about
undergoing regular blood tests5–8. These differences between
users of clozapine and prescribers underscore the importance of
considering patient satisfaction in evaluating treatment success.
Several studies have explored the subjective experiences of

clozapine treatment from the perspective of clozapine users.
When comparing patient satisfaction between clozapine users and
users of other antipsychotic medications, clozapine consistently
receives higher ratings9,10. Clozapine is also deemed superior
when users compared it to their previous antipsychotic

treatments11,12. In all studies, the majority of participants seem
generally satisfied with clozapine treatment11–16. Participants on
average report a high level of satisfaction with the positive effects
of clozapine, such as the reduction of positive symptoms and
improved social functioning and quality of life, outweighing the
side effects they experience11,15. However, to the best of our
knowledge, the largest study on patient satisfaction among
clozapine users published to date was based on 130 participants.
Moreover, little research has been conducted on the specific
factors contributing to patient satisfaction among clozapine users,
and previous studies have primarily linked satisfaction to patients’
subjective assessments of clozapine treatment outcomes, such as
response, while lacking analyses linking the clinician’s perspective
to patient satisfaction10,11,13,15,16. Furthermore, previous studies
have not examined the explained variance of the contributing
factors and have investigated relatively few ADRs. Thus, it is
unclear which variables contribute most to patient satisfaction in
people using clozapine. This issue is of particular importance
because of the continued high rates of underutilization of
clozapine across industrialized countries, even though it remains
the most effective antipsychotic available17–19.
Here, we therefore evaluated patient satisfaction in a compre-

hensively ascertained international dataset of 480 patients
diagnosed with SSD using clozapine. We explored the satisfaction
levels of patients undergoing clozapine treatment and examined
which demographic variables (such as sex, age, education level,
and marital status) and clinical factors (including illness duration,
insight, ADRs, symptom severity, and treatment response) are
associated with patient satisfaction about clozapine. We thus
aimed to deepen the understanding of variables contributing to
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patient satisfaction in clozapine users for clinicians as well as
patients, so that these variables can be measured and if needed
addressed prior to and during treatment with clozapine, thus
potentially increasing chances of successful treatment.

METHODS
Study design and patient population
We used data from the ongoing CLOZapine INternational (CLOZIN)
study20–22, a large cross-sectional international study. For this
study, participants were recruited from inpatient and outpatient
mental health care settings in 7 different countries between 2017
and 2024: 166 participants were recruited in the Netherlands; 76 in
Germany; 110 in Spain; 9 in Finland; 50 in Serbia; 27 in Austria, and
42 in Italy. We complied with the Declaration of Helsinki (2013).
Written informed consent was obtained from all participants and
the study received approval from the respective local Institutional
Review Boards in all participating countries.
Participants were included when they were aged 18 years or

older, had been diagnosed with an SSD according to the fourth or
fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders, and were using clozapine. To accurately represent the
real-world clozapine user population, we did not set a minimum
duration for clozapine treatment. Furthermore, we explained to
potential participants that gaining a comprehensive understand-
ing of the factors associated with patient satisfaction and
dissatisfaction was crucial, encouraging participation from both
individuals who were satisfied with the treatment and those who
were not. Participants were excluded if data regarding their
satisfaction with the treatment were unavailable for analysis.

Exposures and outcomes
Dependent variables. In the current study, the primary outcome
measure was patient satisfaction with clozapine treatment.
Participants were asked to rate their satisfaction with clozapine
treatment during the single study visit using a scale ranging from
1 to 10. A rating of 1 indicated ‘very unsatisfied with clozapine,’
while a rating of 10 denoted ‘very satisfied with clozapine’, with a
score of 5 representing ‘neutral satisfaction.’ Participants were
explained the meanings of these scores before they rated their
satisfaction. They were instructed to choose one of these scores or
a score in between these ratings that best matched their
satisfaction with clozapine during the entire use period.

Independent variables. Demographic and clinical characteristics
were gathered through participant interviews, with supplemen-
tary information obtained from their treating physicians in cases
of uncertainty. The following variables were included as indepen-
dent variables in the analysis based on prior literature or their
potential association with patient satisfaction: age, sex, diagnosis,
relationship status, highest educational attainment, smoking
status, body mass index (BMI), use of recreational drugs, illness
duration, clozapine dose, clozapine dose frequency, and the use of
antipsychotic polytherapy compared to clozapine monother-
apy9–13,15,16. Furthermore, participants were asked if they experi-
enced common ADRs associated with clozapine; and if so, which
ADRs they experienced (no restrictions to the number of ADRs
they could list). This was done using a standardized questionnaire
(Supplementary Fig. 1, further explained in ref. 22). The initial
responses to this questionnaire about the occurrence or
experience of ADRs were provided by the participants themselves.
If a participant was unsure about their answer or if the researcher
had doubts about the reliability of the response, the treating
physician was consulted for verification. As explained previously22,
the total number of clozapine-associated ADRs experienced by
each participant was then summed to create a new variable: ‘total
number of ADRs’.

Severity of schizophrenia symptoms was assessed by the
treating physician or trained researcher using the Clinical Global
Impression-Severity (CGI-S) scale, ranging from 1 (indicating
normal, not ill) to 7 (indicating the most severe level of illness;
Supplementary Fig. 2), as also explained before23. Additionally, the
treating physician evaluated the treatment response level using a
10-point scale, as per criterion A of the Alda scale24,25. This
criterion entails assessing the extent of response (activity of the
illness under adequate clozapine treatment) on a scale ranging
from 0 (no change or worsening of symptoms) to 10 (complete
response; Supplementary Fig. 3)24,25.
Moreover, treatment adherence was assessed during stable

periods based on criterion B4 of the Alda scale24,25. A score of 0
indicates excellent compliance, with all documented clozapine
blood levels within the therapeutic range, while a score of 1
indicates good compliance, with 80–99% of blood levels within
the therapeutic range. A score of 2 indicates poor compliance,
with <80% of blood levels within the therapeutic range
(Supplementary Fig. 3). The term ‘therapeutic range’ refers to
the target clozapine serum level considered appropriate for the
patient, as determined by the treating physician.
Finally, the treating physician recorded the use of any additional

medication during stable periods by rating criterion B5 of the Alda
scale24,25. Here, a score of 0 indicates no additional medication use
except for occasional sleep medication (1 per week or less), a score
of 1 indicates the use of low-dose or occasional antidepressants or
antipsychotics, or prolonged use of sleep medication, and a score
of 2 indicates systematic use of antidepressants or antipsychotics
(Supplementary Fig. 3).

Statistical analysis
Baseline demographics were summarized using descriptive
statistics. Continuous variables are presented as mean ± standard
deviation (SD), median, minimum, and maximum. Categorical
variables are reported as frequencies and percentages.
First, for our primary analyses, to assess which variables were

associated with satisfaction with clozapine, we examined the
associations between patient satisfaction and the following
independent variables: age, sex, diagnosis, relationship status,
highest educational attainment, smoking status, BMI, use of
recreational drugs, illness duration, clozapine dose, clozapine dose
frequency, the use of antipsychotic polytherapy compared to
clozapine monotherapy, the total number of ADRs, the specific
ADRs, symptom severity, and response. To that end, a linear
regression model was employed, with patient satisfaction
designated as the dependent variable, and age and sex included
as covariates. In the model with ‘age’ as the independent variable,
only ‘sex’ was added as a covariate, and vice versa.
For our secondary analyses, to assess the variance in patient

satisfaction explained by all significantly associated independent
variables (in the primary analyses), we employed multiple linear
regression with patient satisfaction as the dependent variable. Thus,
all variables significantly (after Bonferroni correction) associated
with patient satisfaction in our primary analysis (p < 1.9 × 10-3) were
included as independent variables in the model, along with age
and sex. As described above, the ‘total number of ADRs’ was
calculated by summing the occurrences of all specific ADRs.
Therefore, ‘total number of ADRs’ and the occurrences of specific
ADRs (such as hypersalivation) were assessed in separate models.
Variables demonstrating collinearity, identified by a variance
inflation factor (VIF) exceeding 10, were also analyzed indepen-
dently to mitigate the risk of multicollinearity.
To mitigate the risk of type 1 errors, we applied Bonferroni

correction for multiple testing. Specifically, we adjusted the
significance level (alpha) to account for the number of indepen-
dent tests conducted, which totaled 26. This resulted in a
corrected significance threshold of p < 0.05/26= 1.92 × 10-3.
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The outcomes are presented using the explained variance (R2)
of the model, with the unstandardized regression coefficients (B)
for each variable, their respective 95% confidence intervals, and p
values.
All statistical analyses were conducted using IBM SPSS Statistics

Version 29.0.1.0.

RESULTS
Demographic and clinical characteristics
Baseline characteristics are shown in Table 1 and Supplemen-
tary Table 1. The study included 480 participants, of whom 149

(31.1%) were female. The mean age of the participants was 43.9
years (SD 11.9). The majority of participants (41.2%) were rated
as demonstrating a moderate response to clozapine treatment
by their treating physicians, and 33.2% were classified as
‘moderately ill’ on the CGI-S scale during clozapine treatment.
The mean duration of clozapine treatment was 7.6 years (SD
7.3). On average, participants experienced 3.6 clozapine-
associated ADRs (SD 2.2). The top 3 most prevalent
clozapine-associated ADRs in our study population were
weight gain (68.3%), hypersalivation (55.2%), and prolonged
sleep duration (50.2%; Supplementary Table 2). Patient
satisfaction, assessed on a scale of 1 to 10, showed a mean

Table 1. Baseline demographic and clinical characteristics of the study population.

N (%) Mean (SD) Median (range)

Sex

Female 149 (31.1)

Male 330 (68.9)

Unspecified 1 (0.0)

Age 43.9 (11.9) 45 (19–76)

Diagnosis

Schizophrenia 333 (72.9)

Schizoaffective disorder 68 (14.9)

Schizophreniform disorder 5 (1.1)

Psychosis NOS 51 (11.2)

Body Mass Index (BMI; kg/m2)

<18.5 1 (0.2)

18.5–24.9 111 (23.1)

>25.0 342 (71.3)

Illness duration (years) 17.0 (9.8) 17(0–52)

Duration of clozapine treatment (years) 7.6 (7.3) 5(0–35)

Response since start of clozapinea

Minimal 13 (3.3)

Mild 62 (15.8)

Moderate 162 (41.2)

Good 101 (25.7)

Very good 55 (14.0)

Compliance during period(s) of stabilityb

Poor 18 (5.2)

Good 108 (31.5)

Excellent 217 (63.3)

Monotherapy vs. Polytherapy

Clozapine monotherapy 219 (52.4)

Clozapine+ ≥1 other antipsychotic 199 (47.6)

Use of additional medication during period of stabilityc

None or irregular use of sleep medication 96 (23.5)

Low dose antidepressants, mood stabilizers or antipsychotics, or prolonged use of sleep medication 72 (17.6)

Systematic use of antidepressants, mood stabilizers or antipsychotics 240 (58.8)

Total number of clozapine-associated ADRs 3.6 (2.2) 3 (0–10)

Patient satisfactiond 7.4 (1.9) 8 (1–10)

SD Standard Deviation, NOS Not Otherwise Specified, ADR adverse drug reaction.
aAs measured by the Alda-scale A criterium24,25. A score of 1–2 is labeled as ‘minimal’ response, 3–4 as ‘mild’ response, 5–6 as ‘moderate’ response, 7–8 as
‘good’ response, and 9–10 as ‘very good’ response.
bAs measured by the Alda-scale B4 criterium24,25.
cAs measured by the Alda-scale B5 criterium24,25.
dPatient satisfaction rated on a scale of 1 to 10, where 1 indicated ‘very unsatisfied with clozapine’ and a score of 10 indicated ‘very satisfied with clozapine’.
N < 480 point towards missing data.
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score of 7.4 (SD 1.9; median 8; range 1 to 10; Supplementary
Fig. 4).

Primary analyses
We tested independent variables together with age and sex as
covariates in a linear regression model for their associations with
patient satisfaction. We found that better response (B= 0.42, 95%
CI 0.33 to 0.51, R²= 0.19, p= 3.9 × 10⁻¹⁸; Fig. 1A) was associated
most significantly with higher patient satisfaction. In addition and
in descending order of significance, greater symptom severity
(B=−0.10, 95% CI −0.57 to −0.29, R²= 0.050, p= 2.1 × 10⁻⁹;
Fig. 1B), a higher total number of clozapine-associated ADRs
(B=−0.16, 95% CI −0.24 to −0.09, R²= 0.057, p= 3.2 × 10⁻⁵), and
recreational drug use (B=−1.32, 95% CI −2.01 to −0.62,
R²= 0.050, p= 2.1 × 10⁻⁴) were associated with lower patient
satisfaction.

Regarding clozapine-associated ADRs, hypersalivation
(B=−0.72, 95% CI −1.07 to −0.39, R²= 0.056, p= 3.5 × 10⁻⁵)
and prolonged sleep duration (B=−0.57, 95% CI −0.92 to −0.22,
R²= 0.042, p= 1.4 × 10⁻³) were significantly associated with lower
patient satisfaction (Supplementary Table 3).

Secondary analyses
As secondary analyses, we ran two multiple linear regression
models, with patient satisfaction as the dependent variable: one
model included ‘total number of ADRs’ as an independent
variable, along with sex, age, and all variables with statistically
significant associations with patient satisfaction identified in the
primary analysis; the other model included ‘hypersalivation’ and
‘prolonged sleep duration’ as independent variables, along with
sex, age, and all variables with statistically significant associations
with patient satisfaction identified in the primary analysis.
Multicollinearity was not detected among any of the independent

Fig. 1 Association of patient satisfaction with treatment response and symptom severity. Bar charts illustrating the association of mean
patient satisfaction rating with response as rated using the Alda-A criterium (A) and with symptom severity rated using the CGI-scale (B). The
numbers denoted in each bar refer to the mean patient satisfaction rating of that group. Criterium A of the Alda scale was used to determine
an association between clinical improvement and the treatment on a scale of 0 (no change or worsening) to 10 (complete response)24,25. For
illustrative purposes, a score of 1–2 is labeled as 'minimal' response, 3–4 as 'mild' response, 5–6 as ‘moderate’ response, 7–8 as 'good' response,
and 9–10 as 'very good' response. Abbreviations: CGI Clinical Global Impression.
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variables (all had a VIF < 5). The model including the total number
of ADRs as an independent variable demonstrated an R² of 0.24
(24%), with response and the total number of ADRs showing
significant contributions to the model (B= 0.37, 95% CI 0.25 to
0.48, p= 1.5 × 10⁻⁹ and B=−0.14, 95% CI −0.21 to −0.06,
p= 6.1 × 10⁻4; Table 2). Similarly, the model including hypersaliva-
tion and prolonged sleep duration as independent variables
yielded an R² of 0.24, with response and hypersalivation showing
significant contributions (B= 0.66, 95% CI 0.45 to 0.88, R²= 0.088,
p= 5.9 × 10⁻⁹ and B=−0.59, 95% CI −0.95 to −0.22, R²= 0.033,
p= 1.8 × 10⁻3, respectively; Table 3).

DISCUSSION
To the best of our knowledge, this is the largest study to date
examining patient satisfaction among clozapine users. We
quantified the mean patient satisfaction rating with clozapine at
7.4 (SD= 1.9) on a scale from 1 to 10 (10 denoting maximum
satisfaction scores). 82% of participants stated to be satisfied with
clozapine treatment (score > 6). In univariable analyses, we found
several variables to be associated with the level of patient
satisfaction, including treatment response, symptom severity, total
number of ADRs, hypersalivation, prolonged sleep duration, and
recreational drug use. In multivariable analyses we found that
treatment response contributed most to patients’ satisfaction
(explained variance R²= 0.079), with those experiencing minimal
response averaging a satisfaction score of only 5.0, compared to a
mean score of 8.6 among those showing very good response to

clozapine treatment. Hypersalivation and prolonged sleep dura-
tion were the only ADRs linked to lower satisfaction.
In line with previous research, clozapine users were generally

satisfied with their treatment, with symptom reduction being the
key contributor. Despite clozapine’s association with numerous
and bothersome ADRs, users reported high satisfaction. Earlier
studies similarly found that clozapine yields higher satisfaction
rates compared to other antipsychotics9,10. As clozapine is
typically prescribed for treatment-resistant symptoms, many
patients likely underwent multiple unsuccessful antipsychotic
trials before starting clozapine. Experiencing a significant reduc-
tion in symptoms and thereby a reduction in suffering, sometimes
after years of unsuccessful medication trials, could therefore result
in relatively high patient satisfaction. Consistent with our findings,
Li et al. observed that patients remain positive about clozapine
treatment despite its ADR profile and consequently posited that
symptom-level and quality of life improvements may result in
acceptance of ADRs26. As many view clozapine as a ‘last-resort’
option that finally relieves the distress associated with treatment-
resistant symptoms, this may boost their commitment to
treatment. Grover et al. further noted that clozapine often
improves depressive symptoms, psychosocial functioning, and
quality of life within three months of treatment and suggested
that this relatively swift amelioration of well-being plays a role in
patient satisfaction, outweighing concerns about ADRs27,28.
Regarding the association between patient satisfaction and
specific clozapine-associated ADRs, we found that people
experiencing hypersalivation and prolonged sleep duration were
generally less satisfied with clozapine. In previous work by Maher
et al. hypersalivation was found to be the most prevalent adverse
effect negatively impacting the quality of life in people treated
with clozapine29. This may be due to the fact that hypersalivation
is a visible ADR, which can be stigmatizing and functionally
disabling, often leading to feelings of embarrassment and social
impairment. However, despite experiencing hypersalivation, parti-
cipants in our study reported a relatively high level of satisfaction
with clozapine, with an average patient satisfaction score of 7.0
(compared to 7.8 in those who did not experience this side effect).
This finding aligns with earlier research, which also found that
users reported benefits of treatment and intended to continue
taking clozapine despite the presence of hypersalivation15,30.
When comparing patient satisfaction between those with and
without prolonged sleep duration in our study population, the
group experiencing this ADR had an average satisfaction score of
7.1, while those without it scored an average of 7.7. It is well
documented that clozapine is associated with improvements in
insomnia and sleep quality11. At the same time, a significant
proportion of patients experience an increased need for sleep,
excessive sedation, and extended sleep duration31. Grover et al.
found that excessive sedation was perceived as the most
distressing side effect reported by patients and an important
reason for discontinuing clozapine treatment28. Grover & Naskar
additionally found that hypersalivation and excessive sedation
emerged as the two important factors leading to premature
discontinuation of clozapine therapy27. Overall, our and previous
findings highlight the nuanced relationship between clozapine’s
therapeutic benefits and its ADRs, suggesting that while ADRs like
hypersalivation and prolonged sleep duration may impact patient
satisfaction, they do not jeopardize the overall acceptance of
clozapine among patients.
In earlier research by Nordon et al., an association was found

between patient satisfaction and age; we found a similar direction
of effect with higher age being associated with higher satisfaction
levels (B= 0.019, 95% CI .004 to .033, R2= 0.15, p= 0.011;
Supplementary Table 3 and Supplementary Fig. 5), but this
association did not meet the Bonferroni-corrected significance
level9. Interestingly -and similarly to our study-, Nordon et al.
found no clear association between patient satisfaction and BMI or

Table 3. Results of the multiple linear regression model with patient
satisfaction as the dependent variable and sex, age, response,
hypersalivation, use of recreational drugs, and symptom severity
included as independent variables.

B 95% CI p value

Sex 0.25 −0.12 0.62 0.20

Age 0.01 −0.01 0.02 0.18

Response 0.36 0.24 0.47 3.03 × 10−9

Hypersalivation −0.58 −0.94 −0.21 2.01 × 10−3

Prolonged sleep duration −0.24 −0.62 0.13 0.20

Use of recreational drugs −0.88 −1.57 −0.20 0.01

Symptom severity 0.10 −0.09 0.28 0.31

Bold values indicate statistically significant results (p < 1.9 × 10-3).
The explained variance of this model was also 0.24.
ADR adverse drug reaction, B unstandardized beta, CI confidence interval.

Table 2. Results of the multiple linear regression model with patient
satisfaction as the dependent variable and sex, age, response, total
number of ADRs, use of recreational drugs, and symptom severity
included as independent variables.

B 95% CI p value

Sex 0.29 −0.08 0.66 0.13

Age 0.01 −0.00 0.03 0.11

Response 0.37 0.25 0.48 1.47 × 10−9

Total number of ADRs −0.14 −0.21 −0.06 6.10 × 10−4

Use of recreational drugs −0.93 −1.62 −0.24 0.01

Symptom severity −0.07 −0.12 0.26 0.45

Bold values indicate statistically significant results (p < 1.9 × 10-3).
The explained variance of this model was 0.24.
ADR adverse drug reaction, B unstandardized beta, CI confidence interval.
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weight gain9. While evidence on this topic is limited, one may
hypothesize that weight gain has a lesser impact on satisfaction
than previously assumed, as many patients have already
experienced significant weight increases from prior antipsychotic
treatments. Consequently, the additional weight gain due to
clozapine may not be viewed by patients as negatively impacting
their overall wellbeing.
Implications of our work include the possibility of psychoeduca-

tion for patients using clozapine or considering its use. The
findings are also clinically actionable in that clinicians should
actively enquire about hypersalivation and prolonged sleep
duration. Given the high prevalence of hypersalivation in
clozapine users and the wide array of treatment options for this
ADR, patient satisfaction may be boosted if hypersalivation and
possibly other ADRs are adequately managed22. Furthermore, our
findings may inform longitudinal and intervention studies aiming
to optimize user satisfaction with this last resort treatment. Finally,
our finding of overall high satisfaction ratings by patients on
clozapine may help curtail ‘prescriber fear’, which in turn may help
counter underutilization32. This discrepancy between patient
satisfaction and prescriber concerns underscores the importance
of involving patients in decisions regarding clozapine use through
shared decision-making. Prior research has shown that shared
decision-making, focused on the patient’s perspective, can
increase the likelihood of prescribers recommending a clozapine
trial33,34.
Notwithstanding the size and scope of this study, conducted

across multiple centers and countries, we acknowledge several
limitations. Firstly, we cannot fully rule out the possibility of
selection bias as participants in the study had, on average, been
using clozapine for an extended period and may have reported
higher satisfaction levels and positive treatment responses
relative to short-term users. Nonetheless, approximately 20% of
participants had been on clozapine for less than 2 years and we
found no significant association between patient satisfaction and
the duration of clozapine treatment (Supplementary Table 3).
Possibly, more satisfied clozapine users decided participating in
this study. However, efforts were made to mitigate this by actively
encouraging dissatisfied individuals to participate in the recruit-
ment process, recognizing the value of their experiences.
Secondly, the study’s focus was limited to a specific set of ADRs,
not including certain possible ADRs, such as pneumonia and
seizures (that may sometimes be challenging to link to clozapine
use specifically). Additionally, the rare incidence of severe
clozapine-associated ADRs curtailed statistical power to examine
their possible associations with patient satisfaction. Thirdly, for
the main outcome measure of patient satisfaction, we did not use
a validated questionnaire but instead asked a single question that
is also easy to implement in clinical practice. For the outcome
measure of response, we used the Alda scale, which is validated
for assessing response to long-term treatment with mood
stabilizers in bipolar disorder24,25. We applied this scale to assess
response to clozapine because schizophrenia, like bipolar
disorder, requires a long-term perspective to accurately evaluate
treatment efficacy. This is particularly true for clozapine, which is
known for its effectiveness over extended treatment periods.
Fourth and finally, the understanding of determinants of patient
satisfaction with clozapine could be further enriched by future
studies collecting additional data, such as qualitative data
capturing the personal opinions and experiences of clozapine
users. Future studies may also examine additional factors of
possible relevance to patient satisfaction, such as the presence of
comorbid depressive symptoms, the level of illness insight, and
the impact of involuntary clozapine treatment. Future studies
may also recruit people who are hesitant to start clozapine
treatment, those who refused it, or those who discontinued the
agent. This information may prove valuable as it could shed light
on the discrepancy between the considerable hesitation among

patients and clinicians to initiate clozapine treatment and the
relatively high satisfaction with it. Furthermore, longitudinal
designs additionally including patients on other antipsychotics
may allow for assessments before and after clozapine initiation
and before and after specific ADR occurrences, as well as
comparative drug analyses. Together, these additions may foster
a more nuanced perspective on the contributors to patient
satisfaction and thus help lower barriers to clozapine prescribing
and use.
In conclusion, patients diagnosed with schizophrenia are

generally satisfied with clozapine treatment, with a reduction in
symptoms showing the strongest association with patient
satisfaction. Our findings may inform clinical decision-making
and have the potential to reduce hesitancy among both patients
and healthcare professionals to start clozapine. This could lead to
more timely initiation of clozapine in the disease course,
ultimately lowering underutilization and improving treatment
outcomes for individuals with severe psychosis.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding
author, M.Z.H., upon reasonable request.

Received: 31 July 2024; Accepted: 29 January 2025;

REFERENCES
1. Gründer, G. et al. Treatment goals for patients with schizophrenia — A Narrative

Review of Physician and Patient Perspectives. Pharmacopsychiatry 54, 53–59
(2021).

2. Correll, C. U., Ismail, Z., McIntyre, R. S., Rafeyan, R. & Thase, M. E. Patient func-
tioning, life engagement, and treatment goals in schizophrenia. J. Clin. Psychiatry
83, LU21112AH2 (2022).

3. Lysaker, P. H., Weiden, P. J., Sun, X., O’Sullivan, A. K. & McEvoy, J. P. Impaired
insight in schizophrenia: impact on patient-reported and physician-reported
outcome measures in a randomized controlled trial. BMC Psychiatry 22, 574
(2022).

4. Song, J., Borlido, C., De Luca, V., Burton, L. & Remington, G. Patient versus rater
evaluation of symptom severity in treatment resistant schizophrenia receiving
clozapine. Psychiatry Res. 274, 409–413 (2019).

5. Farooq, S., Choudry, A., Cohen, D., Naeem, F. & Ayub, M. Barriers to using clo-
zapine in treatment-resistant schizophrenia: systematic review. BJPsych Bull. 43,
8–16 (2019).

6. Ignjatovic Ristic, D., Cohen, D. & Ristic, I. Prescription attitudes and practices
regarding clozapine among Serbian psychiatrists: results of a nationwide survey.
Ther. Adv. Psychopharmacol. 11, 204512532110202 (2021).

7. Takeuchi, I. et al. A Questionnaire-based study of the views of Schizophrenia
patients and psychiatric healthcare professionals in japan about the side effects
of Clozapine. Clin. Psychopharmacol. Neurosci. 14, 286–294 (2016).

8. Hodge, K. & Jespersen, S. Side-effects and treatment with clozapine: a compar-
ison between the views of consumers and their clinicians. Int. J. Ment. Health Nurs.
17, 2–8 (2008).

9. Nordon, C., Rouillon, F., Barry, C., Gasquet, I. & Falissard, B. Determinants of
treatment satisfaction of schizophrenia patients: results from the ESPASS study.
Schizophr. Res. 139, 211–217 (2012).

10. Kim, J. H., Kim, S. Y., Ahn, Y. M. & Kim, Y. S. Subjective response to clozapine and
risperidone treatment in outpatients with schizophrenia. Prog. Neuropsycho-
pharmacol. Biol. Psychiatry 30, 301–305 (2006).

11. Srour, A. et al. Patients’ and primary carers’ views on clozapine treatment for
schizophrenia: a cross-sectional study in Qatar. Saudi Pharm. J. 31, 214–221
(2023).

12. Sharma, S. et al. Cluster analysis of Clozapine consumer perspectives and com-
parison to consumers on other antipsychotics. Schizophr. Bull. Open 2, sgab043
(2021).

13. Verma, M., Grover, S., Chakrabarti, S. & Dua, D. Attitude towards and experience
with clozapine of patients and their caregivers after three months of starting of
clozapine. Nord J. Psychiatry 75, 336–343 (2021).

14. Murphy, K., Coombes, I., McMillan, S. & Wheeler, A. J. Clozapine and shared care:
the consumer experience. Aust. J. Prim. Health 24, 455–462 (2018).

M.Z. van der Horst et al.

6

Schizophrenia (2025)    28 Published in partnership with the Schizophrenia International Research Society



15. Waserman, J. & Criollo, M. Subjective experiences of clozapine treatment by
patients with chronic schizophrenia. Psychiatr. Serv. 51, 666–668 (2000).

16. Angermeyer, M. C., Löffler, W., Müller, P., Schulze, B. & Priebe, S. Patients’ and
relatives’ assessment of clozapine treatment. Psychol. Med. 31, 509–517
(2001).

17. Qubad, M. & Bittner, R. A. Second to none: rationale, timing, and clinical man-
agement of clozapine use in schizophrenia. Ther. Adv. Psychopharmacol. 13,
20451253231158150 (2023).

18. Bachmann, C. J. et al. International trends in clozapine use: a study in 17 coun-
tries. Acta Psychiatr. Scand. 136, 37–51 (2017).

19. Correll, C. U. et al. A Guideline and checklist for initiating and managing Cloza-
pine treatment in patients with treatment-resistant schizophrenia. CNS Drugs 36,
659–679 (2022).

20. Okhuijsen-Pfeifer, C. et al. Genome-wide association analyses of symptom
severity among clozapine-treated patients with schizophrenia spectrum dis-
orders. Transl. Psychiatry 12, 145 (2022).

21. Lin B. D. et al. Associations between polygenic loading, psychosis liability, and
clozapine use. JAMA Psychiatry 66, S82–S83 (2022).

22. van der Horst, M. Z. et al. Comprehensive dissection of prevalence rates, sex
differences, and blood level-dependencies of clozapine-associated adverse drug
reactions. Psychiatry Res. 330, 115539 (2023).

23. Busner, J. & Targum, S. D. The clinical global impressions scale: applying a
research tool in clinical practice. Psychiatry 4, 28–37 (2007).

24. Scott, J. et al. An examination of the quality and performance of the Alda scale for
classifying lithium response phenotypes. Bipolar Disord. 22, 255–265 (2020).

25. Manchia, M. et al. Assessment of response to lithium maintenance treatment in
bipolar disorder: a consortium on lithium genetics (ConLiGen) report. PLoS ONE 8,
e65636 (2013).

26. Li, Q. et al. Clozapine in schizophrenia and its association with treatment satis-
faction and quality of life: findings of the three national surveys on use of psy-
chotropic medications in China (2002–2012). Schizophr. Res. 168, 523–529 (2015).
Oct.

27. Grover S. & Naskar C. Patient and caregivers perspective about clozapine: a
systematic review. Schizophr. Res. 268, 223–232 (2023).

28. Grover, S., Naskar, C. & Chakrabarti, S. Experience with and attitude toward clo-
zapine use among patients receiving clozapine on long term and their caregivers.
Indian J. Psychiatry 65, 1165–1175 (2023).

29. Maher, S. et al. Clozapine-induced hypersalivation: an estimate of prevalence,
severity and impact on quality of life. Ther. Adv. Psychopharmacol. 6, 178–184
(2016).

30. Man, W. H. et al. Clozapine-induced hypersalivation: the association between
quantification, perceived burden and treatment satisfaction reported by patients.
Ther. Adv. Psychopharmacol. 7, 209–210 (2017).

31. Cederlöf, E. et al. Antipsychotic medications and sleep problems in patients with
schizophrenia. Schizophr. Res. 267, 230–238 (2024).

32. Cohen, D. Prescribers fear as a major side-effect of clozapine. Acta Psychiatr.
Scand. 130, 154–155 (2014).

33. Bittner, R. A., Reif, A. & Qubad, M. The ever-growing case for clozapine in the
treatment of schizophrenia: an obligation for psychiatrists and psychiatry. Curr.
Opin. Psychiatry 36, 327–336 (2023).

34. Falzer, P. R. & Garman, D. M. Optimizing clozapine through clinical decision
making. Acta Psychiatr. Scand. 126, 47–58 (2012)

ACKNOWLEDGEMENTS
UMC Utrecht is the sponsor of this multicenter study. The CLOZIN study was funded
by UMC Utrecht and GGNet, with GGNet being involved since 2020. Collaboration
with other hospitals was executed without financial compensation.

AUTHOR CONTRIBUTIONS
M.Z.H. conceived and designed the analysis, collected the data, performed the
analysis, and wrote the manuscript. N.B., C.O.P., and J.J.L. conceived and designed the
analysis and supervised the paper. M.Z.H., C.O.P., and J.J.L. conceived the study
design. The collaborators of the CLOZIN study collected the data. All authors read
and approved the final manuscript.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41537-025-00570-9.

Correspondence and requests for materials should be addressed to
Marte Z. van der Horst.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,

which permits any non-commercial use, sharing, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if youmodified
the licensed material. You do not have permission under this licence to share adapted
material derived from this article or parts of it. The images or other third partymaterial in
this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

CLOZIN COLLABORATORS

Ahmet Müderrisoğlu8, Alba Toll Privat9, Alde Bouhuis10, Alkomiet Hasan11, Amy Jongkind12, Ana Gonzalez-Pinto13,
Anna Mane Santacana9, Armando D’Agostino14, Aygün Ertuğrul15, A. Elif Anıl Yağcıoğlu15, Benedicto Crespo-Facorro16,
Bernhard T. Baune17,18,19, Bianca Sanchez-Barbero16, Carlos Spuch20, Carla Lou Morgenroth21, Carmen Fernandez de Pinedo13,
Cecilia Casetta14, Chad Bousman22, Christa Hohoff17, Christos Pantelis22, Claudia Ovejas-Catalán23, Clemente Garcia-Rizo24,
Cynthia Okhuijsen-Pfeifer 1, Dan Cohen25, Dragana Ignjatovic Ristic26, Edwin Beld25, Eila Repo-Tiihonen27, Elias Wagner11,
Ellen Jeger-Land28, Elisabet Vilella29, Emilio Fernandez-Egea30, Erwin Bekema1, Esteban Sepúlveda29, Federico Wiedenmann14,
Francesca Martini31, Francesca Serio14, Francesca Vairano14, Giacomo Mercuriali32, Giovanni Boido14, Gökhan Yoca15,
Hanneke van Beek33, Harm Gijsman10, Heli Tuppurainen27, Ian Everall22, Ivona Novakovic26, Inaki Zorrilla13, İ. Mert Erdoğan15,
Jacopo Sapienza31, Jan Bogers33, Jari Tiihonen27, Javier Vázquez-Bourgon23, Jim van Os1, Johannes Schneider-Thoma34,
Jurjen Luykx3,4,5,6,7, Koen Grootens35, Lorea Mar-Barrutia13, Lourdes Martorell29, Maarten Bak36, Marco Spangaro31, Marco Zierhut21,
Marije de Vos37, Mariken de Koning28, Marina Garriga24, Markku Lähteenvuo27, Marta Bosia38, Marte van der Horst1,2,
Melih O. Babaoğlu15, Mike Veereschild37, Mirko Manchia39, Mishal Qubad40, Monika Edlinger41, Paloma Fuentes-Pérez23,
Pasquale Paribello39, Purificacion Lopez-Pena13, René Kahn1, Robert A. Bittner40, Roberto Cavallaro38, Selene Veerman25,
Stefan Gutwinski21, Stefanie Schreiter21, Stephan Ripke21, Tania Rivera Baltanás20, Tatiana Oviedo-Salcedo42, Tero Hallikainen27,
Thomas Görlitz11, Wouter Alink10 and Yavuz Ayhan15

M.Z. van der Horst et al.

7

Published in partnership with the Schizophrenia International Research Society Schizophrenia (2025)    28 

https://doi.org/10.1038/s41537-025-00570-9
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://orcid.org/0000-0002-9649-3879
http://orcid.org/0000-0002-9649-3879
http://orcid.org/0000-0002-9649-3879
http://orcid.org/0000-0002-9649-3879


8Department of Pharmacology, Kirikkale University Faculty of Medicine, Kirikkale, Turkey. 9Department of Psychiatry, Institut de Neuropsiquiatria i Addiccions, Parc de Salut
Mar, Barcelona, Spain. 10Pro Persona, Wolfheze, The Netherlands. 11Department of Psychiatry, Psychotherapy and Psychosomatics, Medical Faculty, University of
Augsburg, Augsburg, Germany. 12Reinier van Arkel, s-Hertogenbosch, The Netherlands. 13Department of Psychiatry, Hospital Universitario de Alava, BIOARABA, EHU,
CIBERSAM, Vitoria, Spain. 14Department of Health Sciences, San Paolo University Hospital, University of Milan, Milano, Milan, Italy. 15Department of Psychiatry & Department of
Pharmacology, Faculty of Medicine, Hacettepe University, Ankara, Turkey. 16Department of Psychiatry, Instituto de Biomedicina de Sevilla, IBiS-CSIC, CIBERSAM, University
Hospital Virgen del Rocio, University of Seville, Seville, Spain. 17Department of Psychiatry, University of Münster, Münster, Germany. 18Department of Psychiatry, University of
Melbourne, Melbourne, VIC, Australia. 19The Florey Institute of Neuroscience and Mental Health, University of Melbourne, Parkville, VIC, Australia. 20Hospital Álvaro Cunqueiro de
Vigo, Galicia Sur Health Research Institute, CIBERSAM, Vigo, Spain. 21Department of Psychiatry and Psychotherapy, Charité - Universitätsmedizin Berlin, corporate member of Freie
Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of Health, Berlin, Germany. 22Department of Psychiatry, Melbourne Neuropsychiatry Centre (MNC), The
University of Melbourne & NorthWestern Mental Health (RMH), Melbourne, VIC, Australia. 23Department of Psychiatry, University Hospital Marqués de Valdecilla, Instituto de
Investigación Sanitaria Valdecilla-IDIVAL, CIBERSAM, Universidad de Cantabria, Santander, Spain. 24Hospital Clinic de Barcelona, Institute of Neurosciences, Hospital Clínic de
Barcelona, University of Barcelona, CIBERSAM, IDIBAPS, Barcelona, Spain. 25Mental Health Organization North-Holland North, Alkmaar, The Netherlands. 26Department of
Psychiatry, Faculty of Medical Sciences, University of Kragujevac, Clinic for Psychiatry, University clinical center Kragujevac, Kragujevac, Serbia. 27Department of Forensic
Psychiatry, University of Kuopio, Niuvanniemi Hospital, Kuopio, Finland. 28Arkin, Institute for Mental Health, Amsterdam, The Netherlands. 29Hospital Universitari Institut Pere
Mata, IISPV, URV, CIBERSAM-ISCIII, Reus, Spain. 30Cambridge Psychosis Centre, Cambridge, UK. 31Psychotic Disorder Unit, IRCSS San Raffaele Scientific Institute, Milan, Italy.
32School of Medicine, Vita-Salute San Raffaele University, Milan, Italy. 33Mental Health Services Rivierduinen, Leiden, The Netherlands. 34Department of Psychiatry and
Psychotherapy, School of Medicine, Technical University of Munich, Munich, Germany. 35Tranzo, TSB, Tilburg University, Tilburg, The Netherlands. 36Mondriaan, Mental Health
Institute, Maastricht, The Netherlands. 37GGNet Mental Health, Warnsveld, The Netherlands. 38Psychotic Disorder Unit, IRCSS San Raffaele Scientific Institute, Milan, Italy and
School of Medicine, Vita-Salute San Raffaele University, Milan, Italy. 39Department of Medical Sciences and Public Health, Unit of Psychiatry, University of Cagliari, Cagliari, Italy.
40Department of Psychiatry, Psychosomatic Medicine and Psychotherapy, Goethe University Frankfurt, University Hospital, Frankfurt, Germany. 41Department of Psychiatry,
Psychotherapy, Psychosomatics and Psychological Medicin, Division for Psychiatry I, Medical University Innsbruck, Innsbruck, Austria. 42Department of Psychiatry and
Psychotherapy, University Hospital, LMU Munich, Munich, Germany.

M.Z. van der Horst et al.

8

Schizophrenia (2025)    28 Published in partnership with the Schizophrenia International Research Society


	Determinants of patient satisfaction in clozapine users: results from the Clozapine International Consortium (CLOZIN)
	Introduction
	Methods
	Study design and patient population
	Exposures and outcomes
	Dependent variables
	Independent variables

	Statistical analysis

	Results
	Demographic and clinical characteristics
	Primary analyses
	Secondary analyses

	Discussion
	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




