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ABSTRACT

Objective: To compare the rate of hospitalizations

for pneumonia in patients with a psychotic or bipolar
disorder who were prescribed 1 of 4 second-generation
antipsychotics prior to admission.

Methods: This retrospective cohort study included
patients who were medically admitted for pneumonia

to a 2,059-bed academic medical center or its associated
health system hospital. Medical records of 872 admissions
from November 1, 2016 to December 15, 2018, were
included for all adults with a diagnosis of schizophrenia,
schizoaffective disorder, or bipolar disorder prescribed
clozapine, olanzapine, quetiapine, or risperidone prior to
admission.

Results: There was no significantly increased risk of
pneumonia for patients taking olanzapine (odds ratio
[OR]=1.08, 95% Cl, 0.48-2.41) or quetiapine (OR=0.97,
95% Cl, 0.42-2.25) prior to admission compared to
risperidone. When controlling for various factors,
treatment with a combination of antipsychotics including
clozapine (OR=2.28,95% Cl, 1.13-4.62, P=.022) and
clozapine alone (OR=2.37,95% Cl, 1.30-4.32, P=.005) was
associated with an increased risk of pneumonia-related
hospitalization compared to treatment with risperidone,
olanzapine, or quetiapine alone.

Conclusions: The findings of this study in combination
with other published literature support an association of
an increased risk of pneumonia with the use of clozapine,
although this cannot be interpreted as causal. These

data show that use of clozapine alone or in combination
with other antipsychotics significantly increases risk of
pneumonia, although this finding cannot be deemed
causal due to study design.
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In the United States, pneumonia is the most common cause of
hospitalization other than childbirth, with an estimated 1 million
adults having contact with a hospital for treatment.! Despite treatment
guidelines and ample medications, the mortality rate from pneumonia
in the United States is estimated to be 5%."> There are numerous
risk factors for the development of pneumonia such as chronic
obstructive pulmonary disease (COPD), smoking, and alcohol use.?
Patients with schizophrenia and related psychoses have higher rates
of COPD, smoking, and alcohol use disorder compared to the general
population, which may put them at increased risk for pneumonia.**® A
study” involving patients with schizophrenia found that advanced age,
low body weight, smoking, use of a second-generation antipsychotic
(SGA), and higher doses of antipsychotics were risk factors for
pneumonia. These results add to growing evidence suggesting that
treatment with antipsychotics may increase the risk of pneumonia
in patients with psychiatric illness.®> While antipsychotics have been
associated with increased mortality, with a large proportion of these
deaths attributed to pneumonia in patients with dementia, there is
less evidence of this association specifically in adults with psychotic
or bipolar illness.!% This observation was highlighted in a recent
meta-analysis'! of 19 studies in which only 5 specifically looked at
patients with a diagnosis of a primary psychotic or bipolar disorder.

Of antipsychotics, clozapine, due to its pharmacologic receptor-
binding profile and common side effect of sialorrhea, may be
associated with the greatest pneumonia risk.>'?-!> One study'® that
assessed the primary reason for medical hospitalization for patients
prescribed clozapine reported that pulmonary illness was the leading
cause, and pneumonia represented 58% of all pulmonary-related
hospitalizations. While clozapine has been consistently associated
with pneumonia, little is known about this risk relative to other
agents. A retrospective cohort study was conducted to compare the
rate of hospitalizations due to pneumonia in patients prescribed an
SGA prior to admission and diagnosed with a primary psychotic or
bipolar disorder.

METHODS

This was a retrospective cohort study involving patients medically
admitted to a 2,059-bed academic medical center or its associated
health system hospital. Medical records of admissions from
November 1, 2016, to December 15, 2018, were included for all
adults (aged 18 and older) who were prescribed clozapine, olanzapine,
quetiapine, or risperidone at the time of a medical hospital admission.
Additional inclusion criteria included a diagnosis of schizophrenia,
schizoaffective disorder, or bipolar disorder. In the state of Minnesota,
patients may indicate that their medical record cannot be used for
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Clinical Points

B An association between clozapine and pneumonia exists.

B Additional research is needed to elucidate risk factors and
potential prevention strategies for clozapine-associated
pneumonia.

B Awareness of clozapine-associated pneumonia is
important for clinicians, both in medical and psychiatry
practices.

any type of research purpose. These patients were excluded.
This study was approved by the Mayo Clinic Institutional
Review Board.

Patients with schizophrenia, schizoaffective disorder, or
bipolar disorder taking clozapine, olanzapine, quetiapine, or
risperidone at the time of hospital admission were identified
using an electronic pharmacy database. Patients could have
been admitted more than once during the study period.

Diagnoses and prescriptions were manually validated
by chart review. Additionally, data pertaining to age, sex,
admission diagnosis, length of stay, dose of antipsychotic,
absolute neutrophil count, and tobacco use were collected.
Tobacco use was defined by a diagnosis of tobacco use
disorder, tobacco use on day of admission, or an order
for nicotine replacement therapy on admission. Charlson
Comorbidity Index!” score was calculated for each
patient for purposes of baseline comparison. The medical
records of patients with a diagnosis of pneumonia were
reviewed further for classification of the pneumonia, date
of antipsychotic initiation (if known or estimate), height,
weight, and absolute neutrophil count.

Continuous variables were described using means and SDs
or medians and interquartile ranges (IQRs), and categorical
variables were described using counts and percentages.
Baseline characteristics (Table 1) were compared between
drug groups using generalized estimating equation (GEE)
to take into account that patients may have had more than 1
admission during the study period and that these admissions
may be correlated with each other. The exchangeable
correlation structure was used for these models. A univariate
GEE model was utilized to assess the association between
drug groups and diagnosis of pneumonia. Given a lack
of antihistaminic and antimuscarinic receptor binding,
risperidone was used as the baseline comparator, similar
to another study.'® A multivariable GEE analysis was also
conducted to control for age, sex, Charlson Comorbidity
Index, smoking status, diabetes diagnosis, and antipsychotic
dose in chlorpromazine equivalents. All tests were 2-sided,
and P<.05 was considered to be statistically significant.
Statistical analyses were performed using SAS version 9.4
software (SAS Institute, Inc, Cary, North Carolina).

RESULTS

There were 872 patient hospitalizations identified and
included in our analysis. The mean age was 59 years, and

Table 1. Baseline Patient Characteristics Separated by
Those With a Diagnosis of Pneumonia and Those Without a
Diagnosis of Pneumonia

Total Yes Pneumonia No Pneumonia
Variable (n=872) (n=174) (n=698)
Age, mean (SD), y 58.5(14.1) 62.5(13.0) 57.6 (14.2)
Female sex, n (%) 385 (44.2) 62 (35.6) 323 (46.3)
Charlson Comorbidity 6.0 (3.9) 6.9 (4.0) 5.7 (3.8)
Index, mean (SD)

Smoker, n (%) 563 (64.6) 123 (70.7) 440 (63.0)
Diabetes, n (%) 349 (40.0) 76 (43.7) 273 (39.1)
Chlorpromazine 453.7 (387.1)  615.5(507.1) 413.3(339.4)

equivalent, mean (SD)

the majority of patients were male (n=487, 55.8%). The
demographic data of patients with and without pneumonia
by Charlson Comorbidity Index scores, diabetes, tobacco
use, age, and antipsychotic dose can be found in Table
2. In the multivariate analysis, tobacco use approached
significance (P=.052) between those with (70.7%) and
without (63%) pneumonia. There was a statistically
significant difference in terms of home prescription
chlorpromazine equivalents, with a mean+SD dose of
615.5+507.1 mg in the pneumonia group and 413.3 +339.4
mg in the group without pneumonia (P<.001). Mean +SD
absolute neutrophil count between the pneumonia (11,400/
microL +7,200/microL) and nonpneumonia (6,900/
microL +3,900/microL) groups was statistically significant
but most likely not clinically significant. Among those with
pneumonia, there were significant pairwise differences
(adjusted for multiple comparisons): between the
polypharmacy group (no clozapine) versus the clozapine-
only group (9,000/microL + 5,200/microL versus 14,000/
microL +7,400/microL, P=.014) and clozapine-only group
versus the olanzapine group (9,000/microL +5,200/microL
versus 8,000/microL + 5,600/microL, P=.014).

Of the 134 patients taking clozapine at admission, 39
(29.1%) had a pneumonia diagnosis compared with 23 of
172 (13.4%) in the olanzapine group, 21 of 172 (12.2%) in the
quetiapine group, and 19 of 152 (12.5%) in the risperidone
group. Patients who were taking any combination of
antipsychotics exhibited the highest rates of pneumonia with
72 documented cases out of 242 patients (29.8%).

In the initial analysis, there was no significantly
increased risk of pneumonia for patients taking olanzapine
or quetiapine prior to admission compared to risperidone
(odds ratio [OR] =1.08, 95% CI, 0.48-2.41) or quetiapine
(OR=0.97,95% CI, 0.42-2.25). Therefore, these 3 SGAs were
combined into 1 group and compared to clozapine alone
and a combination of antipsychotics both including and
excluding clozapine. In the univariate analysis, combinations
of antipsychotics excluding clozapine (OR=2.52; 95%
CI, 1.44-4.41; P=.001), combinations of antipsychotics
including clozapine (OR =3.49; 95% CI,1.96-6.21; P<.001),
and clozapine alone (OR=2.82;95% CI, 1.50-5.31; P=.001)
were associated with an increased risk of pneumonia
compared to the combined olanzapine, quetiapine, and
risperidone group.
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Table 2. Primary Outcome Results for a Diagnosis of Pneumonia Compared to
the Reference Group (Olanzapine, Quetiapine, and Risperidone Combined)

Univariate Multivariable?
Total Odds Ratio Odds Ratio

Antipsychotic (n=872) (95% ClI) PValue (95% Cl) PValue
Polyantipsychotic 138(15.8) 2.52(1.44-4.41) 001  1.53(0.80-2.91) .20

(no clozapine), n (%)
Polyantipsychotic 104 (11.9) 3.49(1.96-6.21) <.001 2.28(1.13-4.62) .022

(with clozapine), n (%)
Clozapine, n (%) 134(15.4) 2.82(1.50-5.31) .001 2.37 (1.30-4.32) .005
Olanzapine, quetiapine, 496 (56.9)

and risperidone, n (%)

2Multivariable analysis controlled for age, sex, Charlson Comorbidity Index, smoking status,
diabetes diagnosis, and antipsychotics dose in chlorpromazine equivalents.

When adjusting for confounders in the multivariable
model (accounting for age, sex, Charlson Comorbidity Index,
smoking status, diabetes diagnosis, and chlorpromazine
dosage equivalents), the combinations of antipsychotics
including clozapine (OR=2.28;95% CI, 1.13-4.62; P=.022)
and clozapine alone (OR=2.37; 95% CI, 1.30-4.32; P=.005)
remained significant compared to the combined olanzapine,
quetiapine, and risperidone group. The combination
antipsychotic group excluding clozapine no longer
remained statistically significant when confounders in the
multivariable model were applied.

DISCUSSION

This retrospective cohort study compared the rates of
pneumonia hospitalizations in patients with schizophrenia,
schizoaffective disorder, or bipolar disorder who were taking
clozapine, olanzapine, quetiapine, or risperidone prior to
admission. We found that the use of clozapine alone or in
combination with other antipsychotics (including SGAs)
was associated with a statistically significant increased risk
of pneumonia hospitalizations compared to risperidone,
olanzapine, and quetiapine alone.

A potential mechanism for the increased rate of
pneumonia hospitalizations with clozapine is the receptor-
binding affinities that clozapine possesses. The antihistamine
and anticholinergic effects of clozapine cause sedation and
decreased respiratory secretion clearance ability, leading to
potential increased risk for aspiration.!® However, olanzapine
is also a strong antagonist of histaminergic and muscarinic
receptors, suggesting that this hypothesis is not complete
or accurate given the lower rates of pneumonia seen with
olanzapine. A second hypothesis is that clozapine-associated
pneumonia is related to its common side effect of sialorrhea,
leading to aspiration and secondary pneumonia.!*!9-22
Sialorrhea more commonly associated with clozapine is in
part explained by its agonist affinity at M4 muscarinic and
antagonism at a-2 adrenergic receptors.?? Olanzapine has
lower affinity for these receptors, possibly accounting for the
differing pneumonia rates between the 2 agents. Esophageal
dysmotility and dopamine antagonism may also play a role
in the increased pneumonia rates seen when clozapine is
combined with other antipsychotics.'*"?

Our findings are similar to other published studies
comparing the rates of pneumonia between SGAs, including
in patients taking antipsychotics for indications other than
a primary psychotic or bipolar disorder. Stoecker et al'®
conducted a retrospective, case-matched study comparing
the incidence of pneumonia in patients taking clozapine,
risperidone, or no antipsychotics and found an increased
rate of pneumonia with clozapine compared to risperidone,
similar to our findings. Additionally, the authors found that
use of risperidone did not significantly increase the risk of
pneumonia compared to the general population. Kuo et
al® examined a large cohort of patients with schizophrenia
in Taiwan and compared the rates of pneumonia between
different SGAs. They excluded patients older than age 65 years
and only included patients in the National Health Insurance
Research Database in Taiwan. Similar to the findings
from Kuo et al,® our study found the highest pneumonia
rates with clozapine and a combination of antipsychotics
followed by olanzapine, quetiapine, and risperidone. Yang
et al** conducted a case-control study to compare the risk
of pneumonia between individual antipsychotics and mood
stabilizers in a Taiwanese bipolar patient population. The
study included only patients enrolled in the National Health
Insurance Research Database in Taiwan and found that
antipsychotics, but not mood stabilizers, were associated
with a higher risk of pneumonia. Additionally, a combination
of antipsychotics and mood stabilizers led to increased risk
for pneumonia. The findings from Yang et al** differed
from our study in that in a solely bipolar Taiwanese patient
population, the rates of pneumonia in patients taking
olanzapine were very similar to those taking clozapine. A
systematic review and meta-analysis'! found that both
first-generation antipsychotics and SGAs increase the risk
of pneumonia compared to no antipsychotic use, but the
majority of publications assessed in this article were related
to those with dementia.

Our study has limitations. Due to its retrospective nature,
we are reliant on information documented. Determining
compliance with medication(s) prior to admission would
be ideal but was not possible. Also, the diagnosis of a
primary psychotic disorder or bipolar disorder was based
on diagnostic coding. Patients taking clozapine may have
had additional risk factors requiring presentation to the
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hospital for pnéumonia treatment, and we may have missed
patients that were treated for pneumonia in the community
setting not requiring hospitalization. Medications, such as
antibiotics prior to admission, were not taken into account.
Clozapine levels were not available for the vast majority of
patients. Patients taking clozapine and olanzapine are at
higher risk for metabolic syndrome complications including
diabetes, and a diagnosis of diabetes is associated with
increased rates of pneumonia.?>?% We therefore included
diabetes in the multivariable analysis to account for this
association, and it did not appear that diabetes was a driver
for pneumonia hospitalizations. We did not include a general
population group and used risperidone as the reference
group based on a prior study'® that found that patients
taking risperidone had similar rates of pneumonia as the
general population. However, comparisons to a general
population would be difficult with regard to patients with
schizophrenia, schizoaffective disorder, or bipolar disorder
given potential differences in rates of smoking and medical
comorbidities. Another weakness is the lack of adequate
data on alcohol or substance abuse. Additionally, channeling
bias and systematic bias are possible in that patients taking
clozapine are more closely followed and often more severely

ill; leading to potentially increased admissionsto the hospital
and increased findings of pneumonia, although we found no
difference in Charlson Comorbidity Index scores in our study
between different antipsychotic groups.

The use of clozapine alone and in combination with other
antipsychotics was associated with an increased risk for
hospitalization due to pneumonia compared to risperidone.
These findings reinforce that patients taking clozapine
require monitoring for signs and symptoms of pneumonia,
and clinicians should be made aware of this adverse effect.
Also, future studies should determine if treating sialorrhea
in patients taking clozapine would reduce the incidence
of pneumonia. Future studies should focus on preventive
treatment strategies for clozapine-associated pneumonia.

CONCLUSION

Patients with schizophrenia, schizoaffective disorder,
or bipolar disorder taking either clozapine alone or in
combination with other antipsychotics had a statistically
increased risk of pneumonia-related hospitalization compared
to those taking other SGAs, although this finding cannot be
deemed a causal relationship based on study design.
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