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Use of cardiovascular and antidiabetic drugs before and after
starting with clozapine versus other antipsychotic drugs: a

Dutch database study

Yvonne van der Zalm®®, Fabian Termorshuizen?, Iris E. Sommer® and

Jean-Paul Selten®®

Reports of decreased mortality among patients with
schizophrenia who use clozapine may be biased if
clozapine is prescribed to relatively healthy patients and

if intensive monitoring during its use prevents (under-
treatment of) somatic disorder. We aimed to assess
whether there is a difference in: (1) somatic comorbidity
between patients who start with clozapine and those who
start with other antipsychotics and (2) prescribed somatic
medication, between patients using clozapine and those
using olanzapine. Cohort study based on insurance claims
(2010-2015). After selecting new users of antipsychotics
and those who subsequently switched to clozapine
(N=158), aripiprazole (N=295), olanzapine (N=204) or
first-generation antipsychotics (N=295), we compared the
clozapine starters to others on cardiovascular or diabetic
comorbidity. Those using clozapine and olanzapine

were compared on new prescriptions for cardiovascular
or antidiabetic drugs. The ORadj of cardiovascular or
diabetic comorbidity among other starters compared

with clozapine starters was 0.77 [95% confidence interval

Introduction

Although clozapine is the most effective antipsychotic
drug for treatment-resistant schizophrenia (Kane ez a/.,
1988; Souza e al., 2013; Siskind ez a/., 2016), it is also a
drug with potentially dangerous side-effects like agranu-
locytosis, myocarditis and ileus (De Berardis ¢z a/., 2018).
In addition, its use is associated with more metabolic
symptoms [e.g., weight gain, adverse effects on lipid
profile and type 2 diabetes mellitus (T2DM)] than other
antipsychotics except olanzapine, which has a similar pro-
file of metabolic side-effects (LLeucht ez @/., 2013; Hirsch
et al., 2017; Solmi ez al., 2017).

Surprisingly, a recent meta-analysis (Vermeulen ez al.,
2019) found a significantly decreased mortality during
clozapine use [mortality rate ratio: 0.56; 95% confidence
interval (CI): 0.36-0.85; P=0.007). However, as we dis-
cussed earlier (van der Zalm ez al., 2019), the results of
this meta-analysis may be biased because the effect
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(CI): 0.43-1.39], that is, a nonsignificantly increased
prevalence associated with clozapine was found. Users of
clozapine received significantly more new prescriptions
for cardiovascular or antidiabetic medication (ORadi: 2.70,
95% ClI: 1.43-5.08). Starters with clozapine were not
cardiovascular/metabolic healthier than starters with
other antipsychotics. During its use, they received more
somatic treatment. Int Clin Psychopharmacol 35: 36—-41
Copyright © 2019 Wolters Kluwer Health, Inc. All rights
reserved.
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sizes had not been adjusted for age. Nevertheless, some
studies (Tithonen er a/., 2009; Hayes ez al., 2015) using
age-adjusted effect measures reported a decreased mor-
tality during the use of clozapine compared with the use
of other antipsychotics. Considering that schizophrenia
shortens life expectancy by more than 20 years (Laursen
et al., 2014), it is important to investigate whether clozap-
ine has the potential to increase or decrease this mortality
gap and what the mechanism of action is.

A possible explanation for findings of lower mortality
during clozapine use is confounding by indication: given
its adverse side-effects, physicians may be reluctant to
prescribe this drug to patients who have already been
diagnosed with (or are at high risk for) cardiovascular
disorder or diabetes mellitus. Another explanation is that
the intensive monitoring required during the use of clo-
zapine, leads to a more adequate treatment of risk fac-
tors for these disorders. For example, weight gain, high
blood pressure and increased glucose may be noted and
treated more often than during the use of other antip-
sychotics that do not require weekly or monthly checks.
As patients with schizophrenia are in general somatically
undertreated (LLaursen ¢z «/., 2011; Swildens ¢z al., 2016),
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clozapine monitoring may result in better somatic care
and thus to a decreased mortality (Kugathasan ez a/.,
2018).

We therefore aimed: (1) to compare cardiovascular and
diabetics comorbidity (diagnoses and pertinent medi-
cation) between new users of antipsychotics who, after
a period of use of a nonclozapine antipsychotic, switch
to clozapine, to their counterparts who, after a similar
period switch to olanzapine, aripiprazole or first-genera-
tion antipsychotics (FGAs) and (2) to determine whether
patients are more likely to receive new cardiovascular or
antidiabetic drugs during the use of clozapine than dur-
ing the use of olanzapine. Because olanzapine has sim-
ilar metabolic effects as clozapine, but does not require
weekly or monthly check-ups, it is the comparison drug
for question 2.

Methods

Data source

For this retrospective cohort study, data from the Achmea
Health Insurance Database (AHID) was used. This data-
base of healthcare claims covers over four million sub-
jects in The Netherlands, about 25% of the population.
Insurance for the provision of medical care is compul-
sory for all Dutch citizens. Health insurance companies
are legally obliged to provide citizens with insurance.
Therefore, the AHID may be regarded as highly rep-
resentative for the healthcare utilization of the Dutch
population. Besides information on patients characteris-
tics (age and sex), the AHID contains records of every
diagnostic and therapeutic provision (so-called diagno-
sis-treatment-combinations). In the list of all 4391 pos-
sible somatic diagnosis-treatment-combinations used
by insurance companies, the cardiovascular or diabetic
diagnoses were identified by authors E'T. and Y.Z. inde-
pendently and differences were discussed with author
J.-P.S. to reach consensus. The AHID also includes infor-
mation on all reimbursed drugs. Drug prescriptions dur-
ing hospitalizations are not registered in this database.

Study cohort and procedures

The first data-set consisted of all prescriptions of antip-
sychotic drugs, Anatomical Therapeutic Chemical (ATC)
classification code NO5A, between 1 January 2010 and
1 January 2016, to patients aged at least 18years. First,
the records for lithium, pipamperon, levomepromazine,
periciazine, droperidol and tiapride were removed from
this data-set, because in The Netherlands these drugs are
mostly prescribed for other indications than schizophre-
nia or other related psychotic disorders. Second, this data-
base was linked to a database with all insured subjects
and we identified all patients who used clozapine, arip-
iprazole, olanzapine and FGAs during the observation
period. We selected these antipsychotics for their similar
(olanzapine) or different (aripiprazole and FGAs) pro-
file of metabolic side-effects compared with clozapine.
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"Third, in an attempt to select patients with a first episode
of psychosis, we restricted our analyses to ‘new users’ of
antipsychotics. For this purpose, we selected those who
started an antipsychotic after at least one year of no use
(a longer period was not desirable since prescribing data
of only six years were available). Some of them may have
been neuroleptic naive, others may have interrupted their
ambulatory treatment for a year or may have been hospi-
talized for a year (medication use is not registered during
hospitalization). Fourth, within this group of new users,
we identified patients who were switched to clozapine,
aripiprazole, olanzapine and FGAs, after at least 6 months
use of nonclozapine antipsychotics. This restriction was
necessary because clozapine is a third-line treatment and
therefore normally not the drug to start with. In prac-
tice, it usually takes at least 6 months to find out that the
patient is treatment-resistant. Fifth, patients with records
for drugs for Parkinson’s Disease (ATC code N04B) or
dementia (AT'C code NO6D) were removed from the
cohort, because antipsychotics are regularly prescribed
to patients with Parkinson’s disease and dementia. Sixth,
this database was linked to the database with the somatic
diagnosis-treatment-combinations. Patients with a diag-
nosis of Parkinson’s disease or dementia were removed.
At last, in order to select only patients with a diagnosis
of schizophrenia or other related psychotic disorder, the
drug prescription file was linked to a database with codes
for psychiatric diagnosis-treatment-combinations (17
codes for different psychiatric disorders).

Statistical analysis

Descriptive statistics were used to assess baseline char-
acteristics. Clozapine users were compared with users
of olanzapine, aripiprazole and FGAs with regard to age
(t-test) and sex (%2 test). To compare cardiovascular and
diabetic comorbidity, between patients who start with clo-
zapine and those who start with olanzapine, aripiprazole
or FGAs, we performed a logistic regression, adjusting for
age and sex. The independent variable was start with clo-
zapine, olanzapine, aripiprazole or FGAs with clozapine
as a reference category. The dependent variable was any
diagnosis of a cardiovascular disorder or diabetes melli-
tus type, I or 11, or a drug prescribed for these disorders
in the four months preceding the start of this antipsy-
chotic drug (yes/no). Our restriction to four months was
to ensure that the somatic comorbidity was present and
could not be overlooked by the prescribing physician at
the moment of starting an antipsychotic. Cardiovascular
comorbidity was defined as treatment related to a cardio-
vascular diagnosis or the use of cardiovascular drugs: AT'C
codes BO1AA, C01, CO2, CO3, C07, C08, C09, C10 (see
Supplementary Table S1, supplemental digital content 1,
hitp:lllinks.lww.com/ICP/A67). Diabetic comorbidity was
defined as treatment related to a diagnosis of diabetes
mellitus or the use of drugs for diabetes: AT'C code A10.
In addition, we conducted a similar univariate analysis,
with olanzapine, aripiprazole and FGAs combined.
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For the second question, as to whether users of clozap-
ine are more likely to receive a prescription for cardio-
vascular or antidiabetic drugs than users of olanzapine,
a cox regression analysis was used. The new users of
clozapine and olanzapine were followed (during the use
of these drugs) and compared on new use (i.e., no use in
the four months preceding the particular antipsychotic)
of: (1) cardiovascular drugs and (2) antidiabetic drugs
adjusting for age and sex. The follow-up started at the
day of the first prescription of either clozapine or olan-
zapine and ended at the day of the last prescription. An
additional logistic regression was performed to assess
for differences in proportions of patients who started
with cardiovascular or antidiabetic drugs, regardless
of the duration of their follow-up period. The cox
regression and logistic regression analyses were also
performed for all cardiovascular drugs separately. The
statistics were performed with SPPS, version 22.0. A
two-tailed P value of <0.05 was considered statistically
significant for all tests.

Ethical approval

The Executive Board of Achmea gave permission to use
their data for this study. Since data had been anonymized,
cthical approval was not required.

Results

Description of cohort

In the 6-year observation period, 84156 persons were
using antipsychotic drugs. See Fig. 1 for a flow diagram.
After elimination of those who did not meet the require-
ment of no antipsychotic use during at least one year and
those who were not switched to another antipsychotic
after at least 6 months of use, the study population con-
sisted of 952 persons switching to clozapine (N=158),
aripiprazole (295), olanzapine (204) or FGAs (295). Their
baseline characteristics are shown in Table 1. Given their
mean age of over 40 years old, it is unlikely that the cohort
only consisted of neuroleptic-naive patients.

Cardiovascular and diabetic comorbidity at start of
antipsychotic treatment

The results of the logistic regression are shown in
Table 2. There were differences in age and sex between
the clozapine starters and starters with other antipsy-
chotics in that the olanzapine starters were significantly
older than the clozapine starters (P<0.001) and that there
were significantly more female aripiprazole starters com-
pared with clozapine starters (P=0.009). After adjusting
for age and sex, starters with other antipsychotics had
less cardiovascular or diabetic comorbidity than starters
with clozapine, although the difference was not statisti-
cally significant [odds ratio (OR): 0.77; 95% CI: 0.43-1.39;
P=0.388). The difference between olanzapine-starters
and clozapine-starters was smallest (ORadj: 0.92;,95% CI:
0.46-1.84; P=0.818).

Cardiovascular and antidiabetic drugs during use of
olanzapine and clozapine

From the 158 starters with clozapine, 13 had a single pre-
scription for such a drug. They were excluded because
(as a result of our definition) their duration of follow-up
was 0 days. The mean duration of clozapine use for the
remaining 145 patients was 487 days (SD 425). From the
204 starters with olanzapine, 30 had a single prescription
and were excluded. The remaining 174 patients used
olanzapine with a mean duration of 422 days (SD 408).
Table 3 shows the results of the Cox regression analy-
sis, adjusting for age and sex. Physicians prescribed sig-
nificantly earlier cardiovascular drugs (hazard ratio: 2.31;
95% CI: 1.44-3.69; P<0.001) to users of clozapine than
to users of olanzapine. There was a trend in prescribing
antidiabetic drugs to users of clozapine earlier (hazard
ratio: 2.53; 95% CI: 1.00-6.39; P=0.051). The results of
the logistic regression in Table 3 show that cardiovascu-
lar or antidiabetic drugs were not only prescribed in an
carlier stage, but also more often. Supplementary Table
S2, supplemental digital content 1, Azzp://links.lww.com/
ICP/A67 shows that adjusting for cardiovascular/diabetic
diagnoses or drugs before the start with clozapine or olan-
zapine does not change the results.

The differences in cardiovascular drugs were most
prominent for ‘lipid modifying agents’ and ‘beta block-
ing agents’, see supplementary Table S1, supplemental
digital content 1, Azp://links.lww.com/ICP/A67. However,
after correcting for multiple testing, only ‘beta blocking
agents’ were prescribed significantly earlier to users of
clozapine.

Discussion

Main findings

The objective of this study was to examine whether
patients who started with clozapine were relatively
healthier at the start and better somatically monitored
during its use, compared with patients who started
with other antipsychotics. The results showed that
users of clozapine were not having less cardiovascular
or diabetic comorbidity. On the contrary, they seemed
to have more cardiovascular or diabetic comorbidity.
These findings suggest that confounding by indication
is not a likely explanation for lower mortality in clozap-
ine users. However, during the use of clozapine new
cardiovascular or antidiabetic drugs were prescribed
earlier and more often, compared with those using olan-
zapine. Although clozapine-users were having more
cardiovascular or diabetic diagnoses (8%), this differ-
ence is small and does not explain the large difference
(hazard ratio>2) in prescribed drugs during the use of
clozapine found in this study, see Supplementary Table
2, supplemental digital content 1, zzp.//links.lww.com/
ICP/AGT.
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Fig. 1
Source population from pharmacoepidemiological database.
Users of antipsychotics (n=84,156; records: 3,690,198)
Exclusion of records of:
lithium (n=379,748)
pipamperon (n=156,280)
levomepromazine (n=1)
p— periciazine (n=10,544)
droperidol (n=1)
tiapride (n=2,026)
\ 4
Users of antipsychotics (n=78,113; records: (n=3,141,598)
Users of:
Clozapine: 3,007
Aripiprazole: 6,561
Olanzapine: 12,489
FGAs: 36,268
A 4
New users (start AP after one year of no use AP):
Clozapine: 1,465
Aripiprazole: 3,357
Olanzapine: 6,710
FGAs: 27,084
After at least 6 months of antipsychotics use, switch to:
Clozapine 347
Aripiprazole: 1,129
Olanzapine: 1,038,
FGAs: 1,404
Excluding Parkinson, cloz 69, arip 14, olan 13, FGAs 27
Excluding dementia, cloz 78, arip 7, olan 54, FGAs 108
Study population:
Clozapine: 225
Aripiprazole: 1,109
Olanzapine: 972
FGAs: 1,276
Only diagnosis of “schizophrenia or
other related psychotic disorder”
Patients started Patients started Patients started Patients started
with clozapine with aripiprazol with olanzapine with FGAs
(n=158) (n=295) (n=204) (n=295)
Flowchart.

Interpretation and comparison to other studies
Our observation that clozapine is not prescribed to rel-
atively healthy patients contradicts findings made in

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Canada (Vanasse e a/., 2016), but not a report from
Denmark (Wimberley ez a/., 2017). Vanasse et al. (2016)
reported that starters with clozapine in Canada were
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Table 1

Baseline characteristics of 952 patients switching to clozapine, aripiprazole, olanzapine or first generation antipsychotics after

1year of no use of antipsychotics and at least 6 months of other antipsychotic use

Clozapine (N=158)

Aripiprazol (N=295)

Olanzapine (N=204) First-generation antipsychotics (N=295)

Age, mean (SD) 41.7 (15.8) 425
Sex, male (%) 111 (70.3) 170
Diabetes mellitus diagnosis (%) 1 (0.6) 5
Cardiovascular diagnosis (%) 11 (7.0) 12
Drugs for diabetes, without diagnosis (%) 0 (0]
Cardiovascular drugs, without diagnosis (%) 4 (2.5) 3

(13.1) 48.9 (16.9) 43.7 (15.0)
(57.6) 122 (59.8) 182 (61.7)
(1.7) 3(1.5) 9 (3.1)
(4.1) 17 (8.3) 11 (3.7)
0 2(0.7)
(1.0 4(2.0) 5(1.7)

Table 2 Results of a logistic regression, comparing starters with aripiprazole, olanzapine and first generation antipsychotics to starters
with clozapine (reference) on cardiovascular and diabetic comorbidity

Crude OR 95% ClI P value Adj. OR? 95% Cl P value
Aripiprazol 0.58 0.29-1.17 0.125 0.58 0.28-1.19 0.138
Olanzapine 1.18 0.61-2.31 0.622 0.92 0.46-1.84 0.818
FGAs 0.89 0.47-1.71 0.736 0.85 0.44-1.64 0.619
Aripiprazol, olanzapine and FGAs combined 0.85 0.48-1.50 0.563 0.77 0.43-1.39 0.388

Cl, confidence interval; FGAs, first-generation antipsychotics; OR, odds ratio.
#Adjusted for age and sex.

Table 3 Results of a cox regression and a logistic regression comparing starters with clozapine to starters with olanzapine on new cardi-
ovascular and diabetic drugs during the use of clozapine or olanzapine

Cox regression Clozapine (N=145) Olanzapine (N=174) Hazard ratio® 95% ClI P value OR® 95% ClI P value
Antidiabetes drugs (N=20) 12 8 2.53 1.00-6.39 0.051 2.51 0.96-6.60 0.062
Cardiovascular drugs (N=76) 37 39 2.31 1.44-3.69 <0.001 2.73 1.41-5.27 0.003
Total (N=81) 40 41 2.38 1.51-3.76 <0.001 2.70 1.43-5.08 0.002

Cl, confidence interval; OR, odds ratio.
#Adjusted for age and sex.

physically healthier compared with starters with other
antipsychotics (only 10.8% had a comorbidity index of 1
or higher, compared with 23.9% for users of other antipsy-
chotics. Wimberley ez /. (2017), however, using the same
comorbidity index, found a proportion of 16.3% among
the clozapine starters with a score of 1 or higher, which
was not very different from starters with other antipsy-
chotics (17.3%). The differences in prescription rates
between countries may result in differences in cautious-
ness regarding prescribing clozapine. To illustrate this,
the prescription rates in Canada were very low (1.7%),
whereas in Denmark 57.9% of the treatment-resistant
patients were using clozapine. Assuming the prevalence
of treatment resistance is about 30%, the prescription
rate in Denmark is about 15%. In The Netherlands pre-
scription rates are relatively high (21.6%) (van der Zalm
et al., 2018), which may explain the less restrictive use in
patients with somatic comorbidity.

There are as yet no studies on the effect of better somatic
monitoring in patients using clozapine. Hayes ¢z 4/. (2015)
reported that those prescribed clozapine had more face-
to-face clinical contact compared to those not prescribed
clozapine, but they did not provide information on the
prescription of somatic drugs.

The differences between users of clozapine and users of
olanzapine in somatic treatment in our study were most
prominent in the following categories of drugs: ‘drugs

for diabetes’, ‘beta blocking agents’ and ‘lipid modifying
agents’ (statins).

Drugs for diabetes are prescribed in (the beginning of)
diabetes, but are also effective to prevent weight gain (de
Silva ez al., 2016). As shown by Leucht (2013), olanzapine
causes more weight gain than any other antipsychotic, but
the difference with clozapine was non-significant. Studies
have also failed to show a significant difference in the
risk for T2DM between users of clozapine and users of
olanzapine (Komossa ¢z a/., 2010; Jesus ez al., 2015; Hirsch
et al., 2017; Solmi ez al., 2017). Therefore, the difference
in prescription of anti-diabetic drugs is not likely to be
explained by differences in risk of weight gain or T2DM.

Beta-blocking agents are mostly prescribed for high blood
pressure. Clozapine and olanzapine can cause both hypo-
tension and hypertension and no differences between
these two agents have been found in this respect (Kelly
et al., 2014). However, clozapine is also known to cause
tachycardia (Miller, 2000), especially in the initiation
phase. The difference between clozapine and olanzapine
in prescriptions of beta-blocking agents may therefore be
caused to a certain extent by the higher risk of tachycar-
dia associated with the use of clozapine.

Previous studies have shown that the proportions of
patients with high LLDL cholesterol and triglycerides
rates among users of olanzapine and clozapine are similar
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(30-40%) (Birkenaes ez al., 2008). Our result of lipid mod-
ifying agents in 12.6% of olanzapine-users and 14.5%
for clozapine-users confirms the undertreatment earlier
mentioned. The more than two-fold increased odds of
receiving lipid modifying agents among users of clozap-
ine emerged after adjustment for age.

Strengths and limitations

To our knowledge, this is the first study to investigate
whether patients using clozapine receive better physical
healthcare. A strength of this study is the large represent-
ative database consisting of almost a fourth of the Dutch
population.

There are limitations that need to be addressed. First,
because the register did not provide DSM-IV or ICD-
diagnoses, butso-called diagnosis-treatment-combinations,
we could only use the less specific term ‘schizophrenia or
other related psychotic disorders’. Second, BMI, blood glu-
cose and dose of prescribed antipsychotic were not availa-
ble, making it impossible to compare number and severity
of metabolic side-effects between different groups. Third,
other important variables like duration of illness or dura-
tion of untreated illness were not available too. Fourth,
reasons for prescribing clozapine were unknown. We
only included patients with a diagnosis of schizophrenia
or other related psychotic disorder, but there might have
been patients for whom the diagnosis was reconsidered
and changed into bipolar disorder at a later stage. Finally,
an unknown proportion of the ‘new users’ of antipsychot-
ics in our study were not neuroleptic-naive. A part of them
may have used antipsychotics in the past and interrupted
their ambulatory treatment for more than a year. Another
small part of these ‘new users’ may have started outpa-
tient antipsychotic use after at least a year of in-patient
stay (which is not recorded in the database). However, to
answer the questions in our study, patients do not neces-
sarily have to be neuroleptic-naive.

Conclusion

We found that clozapine is not prescribed to relatively
healthy patients. The more frequent prescription of cardi-
ovascular and antidiabetic drugs to patients using clozap-
ine (vs olanzapine) may be the result of more adequate
somatic treatment. This is an important finding as it sug-
gests that regular check-ups for psychotic patients may
improve somatic care and could help decrease mortality.
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