
648

Schizophrenia Bulletin vol. 39 no. 3 pp. 648–657, 2013 
doi:10.1093/schbul/sbr202
Advance Access publication January 26, 2012

© The Author 2012. Published by Oxford University Press on behalf  of the Maryland Psychiatric Research Center. All rights reserved. 
For permissions, please email: journals.permissions@oup.com

Second-Generation Antipsychotic Medications and Risk of Pneumonia in
Schizophrenia

Chian-Jue Kuo1,2,3, Shu-Yu Yang1,4, Ya-Tang Liao2, Wei J. Chen2, Wen-Chung Lee2, Wen-Yi Shau5, Yao-Tung Chang1,
Shang-Ying Tsai3,6, and Chiao-Chicy Chen1,3,6,*

1TaipeiCityPsychiatricCenter,TaipeiCityHospital,Taipei,Taiwan; 2Graduate InstituteofEpidemiologyandPreventiveMedicine,College
of Public Health, National TaiwanUniversity, Taipei, Taiwan; 3Department of Psychiatry, School ofMedicine, TaipeiMedical University,
Taipei, Taiwan; 4Graduate Institute of Clinical Pharmacy, College of Pharmacy, Kaohsiung Medical University, Kaohsiung, Taiwan;
5Center for Drug Evaluation, Taipei, Taiwan; 6These authors contributed equally to this study

*To whom correspondence should be addressed; Taipei City Psychiatric Center, Taipei City Hospital, 309 Sung-Te Road, Taipei 110,
Taiwan; tel: þ886-2-2726-3141 ext. 1342, fax: þ886-2-2728-5059, e-mail: cchen@tpech.gov.tw

This study assessed the association between second-
generation antipsychotic medications and risk of
pneumonia requiring hospitalization in patients with
schizophrenia because the evidence is limited in the pop-
ulation. We enrolled a nationwide cohort of 33 024 inpa-
tients with schizophrenia ranged in age from 18 to 65
years, who were derived from the National Health Insur-
ance Research Database in Taiwan from 2000 to 2008.
Cases (n5 1741) were defined as patients who developed
pneumonia after their first psychiatric admissions. Risk
set sampling was used to match each case with 4 controls
by age, sex, and the year of the first admission based on
nested case-control study. Antipsychotic exposure was
categorized by type, duration, and daily dose, and the as-
sociation between exposure and pneumonia was assessed
using conditional logistic regression. We found that cur-
rent use of clozapine (adjusted risk ratio 5 3.18, 95%
CI: 2.62–3.86, P < .001) was associated with a dose-
dependent increase in the risk. Although quetiapine, olanza-
pine, zotepine, and risperidone were associated with increased
risk, there was no clear dose-dependent relationship. Ami-
sulpride was associated with a low risk of pneumonia. The
use of clozapine combined with another drug (olanzapine,
quetiapine, zotepine, risperidone, or amisulpride), as assessed
separately, was associated with increased risk for pneumonia.
In addition, with the exception of amisulpride, each drug was
associated with increased risk for pneumonia at the beginning
of treatment. Clinicians who prescribe clozapine to patients
with schizophrenia should closely monitor them for pneumo-
nia, particularly at the start of therapy and when clozapine is
combined with other antipsychotics.

Key words: second-generation antipsychotics/clozapine/
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Introduction

Second-generation antipsychotics introduced in the early
1990s were initially associated with superior quality of
life, better tolerability, and lower risk of relapse than
first-generation antipsychotics.1–3 Subsequent studies
questioned the clinical superiority of second-generation
antipsychotics,4,5 and currently, there is widespread con-
cern about the adverse effects associated with these med-
ications.5 In particular, several of the second-generation
antipsychotics have been shown to be more likely to cause
weight gain and metabolic syndrome than first-generation
antipsychotics, despite having fewer extrapyramidal
effects.6–8 In addition, second-generation antipsychotics
sometimes cause serious side effects, including pneumo-
nia.9,10 In 2005, the US Food and Drug Administration
(FDA) issued a warning against the use of second-
generation antipsychotics for the treatment of elderly
patients with behavioral disturbances because use of those
agents was associated with increased mortality.11 In the
FDA report, the specific causes of death were either
due to heart-related events or infections (mostly pneumo-
nia). In 2008, the FDA further requested that boxed warn-
ings be placed on the packaging of first-generation
antipsychotics stating that older people with dementia
who take these drugs are at increased risk of death.12

Several studies have evaluated the association between
the antipsychotics and risk of developing pneumonia in
elderly populations. Two studies conducted in the
Netherlands9,10 reported that the use of first-generation
antipsychotics and the use of second-generation antipsy-
chotics in elderly patients were both associated with
increased risk for pneumonia. A study conducted in
the United States13 reported that use of first-generation
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antipsychotics but not use of second-generation
antipsychotics was associated with an increased risk of
inhospital mortality in acutely ill pneumonia patients.

The marked increase in use of second-generation anti-
psychotics worldwide has resulted in a sharp rise in the
number of safety alerts issued by international regulatory
agencies in the last decade.14,15 Although the association
between second-generation antipsychotics and pneumo-
nia had been reported in studies of elderly popula-
tions,9,10 studies of schizophrenic populations were
limited by small size or being case reports.16,17 One excep-
tion is a recent UK study18 that established outcomes for
529 consecutive patients with schizophrenia who received
clozapine. The authors found that death in 5 of the 21
patients was due to pneumonia. Schizophrenic patients
with pneumonia deserve intensive clinical attention due
to their poor clinical outcomes,19 with greater risks of in-
tensive care unit admission, acute respiratory failure, and
necessity of mechanical ventilation. Pneumonia is an ill-
ness in which hospitalization is potentially avoidable.20

As a basis for prevention efforts, further studies were re-
quired for improving the quality of care of such patients.

Previous studies9,10 proposed that the possible mecha-
nisms that mediate the association between pneumonia
and antipsychotics are based on the affinities of said
drugs for neurotransmitter receptors, particularly the
histaminergic-1 (H1) receptor and the muscarinic-1 (M1)
receptor. We hypothesized that second-generation anti-
psychotics with high affinity for the H1 receptor or an-
ticholinergic action, such as clozapine, would be
associated with increased risk for pneumonia. This study
conducted a nested case-control study in a large cohort
with schizophrenia derived from a nationwide dataset
in Taiwan. The objective was to explore various dimen-
sions of the associations between each second-generation
antipsychotic drug and the risk of pneumonia.

Methods

Study Subjects

Details of the data source were described elsewhere21,22

and briefly summarized here. Taiwan introduced a single-
payer National Health Insurance program on March 1,
1995, 98% of the 23 million Taiwanese population were
enrolled. In 1996, the National Health Research Institute
in Taiwan established the National Health Insurance Re-
search Database. The database includes medical claim
files representative of the entire population in Taiwan.
All investigators signed an agreement guaranteeing
patient confidentiality before using the database.

We used the Psychiatric Inpatient Medical Claims da-
tabase, a subset of the National Health Insurance Re-
search Database, comprising a cohort of patients
hospitalized for any psychiatric disorder between 1996
and 2008 (n = 187 117). The database included patients
with at least one psychiatric inpatient record and one

discharge diagnosis of mental illness coded by the Inter-
national Classification of Diseases, Ninth Revision
(ICD-9) codes 290–319. The database includes patients’
demographic characteristics, diagnoses, medical expendi-
tures, and prescription claims data.23 Each prescription
record contains the type of medication, dosage, time of
prescription, and duration of drug supply. Information
that could be used to identify beneficiaries and medical
care providers were scrambled by the Bureau of National
Health Insurance.24

We selected patients with at least one psychiatric ad-
mission between 2000 and 2008 but no psychiatric admis-
sions between 1996 and 1999 (n = 125 225) (see online
supplementary figure 1). The inclusion criteria for the
study cohort was that one’s diagnosis at each discharge
fulfilled the principal diagnosis of schizophrenia (ICD-9
code 295.**) if a patient had several psychiatric admis-
sions. The age of patients at first admission was restricted
to 18–65 years. Subsequently, 33 024 patients with
schizophrenia as the cohort was included, and all of their
medical records during 1996 and 2008 were retrieved.

Case and Control Definition

Using the patients with pneumonia requiring hospitaliza-
tion after first psychiatric admission as cases (n = 1741),
we conducted a nested case-control study derived from
the cohort. Pneumonia was defined as the primary or
any-listed discharge diagnosis with ICD-9 codes 480–
486 and 507. In this study, all types of pneumonia
were included because subcategorization of pneumonia
is not always recorded properly, and the criterion was
adopted in a prior study.9

The date of hospitalization for pneumonia was defined
as the index date. Each case was matched by sex, age
(65 y), and the year of the first psychiatric admission to
4 controls or fewer (ie, no hospitalization for pneumonia)
who had been randomly selected from the cohort by risk
set sampling. Controls were assigned the same index date
as their corresponding case. The corresponding index date
was later than the first psychiatric admission in each con-
trol. In addition, each control had at least one claim record
after the corresponding index date to confirm that patients
were covered by the National Health Insurance program.
Cases that were identified later during the follow-up

were eligible to serve as controls for earlier cases. During
the study period, 281 subjects were first selected as con-
trols and later became cases, while another 922 controls
were selected more than twice for the analysis. Finally,
this study included a total of 1739 case-control pairs
(ie, 1739 cases and 6949 controls) due to unavailability
of controls for 2 cases.

Measurement of Exposure

We obtained data on antipsychotic drug use from pre-
scription files and calculated the duration of treatment
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on the basis of the dispensed number of units and the dos-
ing regimen for each patient. As reported in a previous
study,10 we defined the use of a single antipsychotic
drug as ‘‘current’’ if the prescription duration covered
the index date or ended at most 30 days before the index
date. Drug use was categorized as ‘‘recent’’ if usage ended
31–180 days before the index date and was catagorized as
‘‘past’’ if the last prescription ended more than 180 days
before the index date.
Second-generation antipsychotics used in this study

comprised clozapine, olanzapine, quetiapine, zotepine,
risperidone, amisulpride, ziprasidone, aripiprazole, and
paliperidone. However, ziprasidone, aripiprazole, and
paliperidone, which were marketed in Taiwan in 2002,
2004, and 2007, respectively, were not included in the
analysis of individual drug use because the proportion
of current users was low (less than 1.2% for each).
First-generation antipsychotics comprised chlorprom-

azine, levomepromazine, fluphenazine, perphenazine,
trifluoperazine, thioridazine, pipotiazine, haloperidol,
moperone, flupentixol, clopenthixol, chlorprothixene,
pimozide, loxapine, sulpiride, clotiapine, and penfluridol.
This study focused on the associations between the indi-
vidual second-generation antipsychotic drug and the risk
of pneumonia; thus we grouped all first-generation
antipsychotic drugs into one category.
We studied the risk of developing pneumonia for each

second-generation antipsychotic drug separately by du-
ration and daily dose within 30 days before the index
date. Those who were noncurrent users for a specified
drug contributed zero duration and daily dose of the
drug within 30 days before the index date. Drugs were
classified according to the Anatomical Therapeutic
Chemical (ATC) classification system.25 The daily dose
was based on the international standard defined daily
dose (ATC/DDD Index 2009. http://www.whocc.no/
atc_ddd_index/ [accessed May 1, 2009]). For example,
300mg of clozapine was equivalent to oneDDD.Duration
of antipsychotic treatment was calculated based on the
purchased DDD.26

We estimated the effect of continuous antipsychotic
exposure on pneumonia onset risk. In current users,
the number of days of antipsychotic exposure beginning
with the prescribing date most proximal to the index date
were added together; 30 days between 2 prescriptions was
considered a treatment gap and previous exposures were
not cumulated.

Covariates

Age and gender were controlled by the matching process
of the study design. Covariates for adjustment comprised
Charlson comorbidity score at first psychiatric admission
and number of psychiatric admissions, physical illnesses,
and concomitant medications prescribed within 180 days
before the index date. We assessed general health status

using the Charlson comorbidity index, which is the sum
of the weighted scores of 31 comorbid conditions.27 The
index is widely used to control for confounding variables
in epidemiological studies.28

Statistical Analysis

The crude incidence of subsequent pneumonia was cal-
culated as the number of incident cases divided by the
contributed person-years for each individual in the co-
hort. Group comparisons between cases and controls
were performed using univariate conditional logistic
regressions initially. Covariates with reasonable associ-
ations with pneumonia (P < .1) were then entered into
the final adjusted models. Multivariate regression was
used to estimate the effect of individual antipsychotic
drug (past, recent, and current use) on the risk of pneu-
monia. Another multivariate regression model was used
to estimate the associations between pneumonia and the
daily dose and duration of drug use within 30 days be-
fore the index date, respectively. Multivariate models
were conducting using SAS software, version 9.2
(SAS Institutes Inc., Cary, NC). A P value of .01 was
considered significant.

Sensitivity Analysis

The assignment of an antipsychotic drug for the study
subjects was not randomized because of the nonexperi-
mental design of this study. The assignment could be,
therefore, determined based on the presence of comorbid
physical illnesses and concomitant medications (table 1).
Propensity score methods, as formalized by Rosenbaum
andRubin,29 are standard techniques for controlling con-
founding variables in nonexperimental studies.30We con-
ducted a propensity score-adjusted regression as
a sensitivity analysis to examine how the covariates might
influence our estimates of the associations between each
antipsychotic drug and pneumonia. Further details are
provided in the online supplementary table 2.
To estimate how the potential misclassification be-

tween subcategories of pneumonia influence the findings
of this study, we conducted subgroup analyses by restrict-
ing the outcomes to pneumonia, organism unspecificed
(ICD-9 code 485.**), and bronchopneumonia, organism
unspecified (ICD-9 code 486.**), respectively, the subca-
tegories that comprise the largest (n = 1132) and second
largest (n = 149) parts of total pneumonia cases in this
study.

Results

The incidence of pneumonia requiring hospitalization
was 1.12 cases per 100 person-years (95% CI: 1.07–1.18,
based on Poisson distribution).
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Comorbid Physical Illnesses and Concomitant
Medications

The characteristics of patients with pneumonia and
controls are shown in table 1. Case subjects had higher
Charlson comorbidity scores at the first psychiatric ad-
mission than controls. In addition, case subjects had
a greater number of physical illnesses and concomitant
medications 180 days before the index date than controls.

Temporal Relationship

Nearly all of the patients in both groups had received at
least one first-generation antipsychotic drug (table 2). Af-
ter adjustment for covariates (all variables in table 1, ex-
cept for gender and age), there was no significant
difference in the risk of developing pneumonia between
nonusers and current, recent, and past users.

As for second-generation antipsychotics, adjusted anal-
ysis showed that current use of any second-generation
antipsychotic drug was significantly associated with pneu-
monia (adjusted risk ratio = 1.69,P< .001) and that recent
and past use of the drugs were not associated with pneu-
monia. Adjusted models showed that current use of cloza-
pine was associated with the highest risk of pneumonia,
followed by current use of olanzapine, quetiapine, zote-
pine, and risperidone. Amisulpride was not associated
with pneumonia.

Dose-Dependent Relationship

After adjusting for covariates, the analysis revealed that
case subjects with pneumonia had significantly longer
durations of clozapine use within 30 days before the index
date than control patients (see the supplementary table 1).

Table 1. Characteristics of Incident Pneumonia Case Subjects andControls Derived from aNationwide Cohort with Schizophrenia, from
2000 to 2008 (N = 33 024)

Characteristic N (%)
Case (N = 1739) Controls (N = 6949) Unadjusted Risk Ratioa 95% CI

N (%) N (%)

At first admission
Men 1088 (62.9) 4350 (62.9) — —
Age, mean (SD) (y) 42.8 (12.6) 42.7 (12.6) 1.47** 1.24–1.75
Charlson comorbidity index
1 1361 (78.3) 5818 (83.7) Reference
2 286 (16.5) 946 (13.6) 1.30** 1.12–1.50
�3 92 (5.3) 185 (2.7) 2.16** 1.67–2.80

Within 180 d before the index date
Number of psychiatric hospital

admissions, mean (SD)
0.7 (0.9) 0.4 (0.6) 1.95** 1.80–2.11

Physical illnesses
Cardiovascular disease 574 (33.0) 1308 (18.8) 2.32** 2.05–2.63
Diabetes mellitus 262 (15.1) 595 (8.6) 1.95** 1.66–2.28
Cerebrovascular disease 110 (6.3) 92 (1.3) 5.33** 3.98–7.15
Chronic hepatic disease 177 (10.2) 360 (5.2) 2.09** 1.73–2.53
Cancer 91 (5.2) 76 (1.1) 5.12** 3.74–7.03
Asthma 115 (6.6) 117 (1.7) 4.17** 3.20–5.44
Upper respiratory tract infection 722 (41.5) 2134 (30.7) 1.62** 1.45–1.81
Deliriumb 24 (1.38) 27 (0.39) 3.62** 2.08–6.32

Concomitant drugs
Cardiovascular drugs
Antihypertensive agents 104 (6.0) 165 (2.4) 2.67** 2.07–3.44
Beta blocking agents 707 (40.7) 2126 (30.6) 1.57** 1.40–1.75
Calcium channel blockers 341 (19.6) 662 (9.5) 2.46** 2.12–2.86
Agents acting on the renin-

angiotensin system
184 (10.6) 393 (5.7) 2.06** 1.70–2.49

Lipid modifying agents 81 (4.7) 261 (3.8) 1.26 0.97–1.62
Respiratory drugsc 1606 (92.4) 3548 (51.1) 11.60** 9.63–13.98
Drugs used in diabetes 278 (16.0) 527 (7.6) 2.40** 2.05–2.82
Antithrombotic agents 238 (13.7) 372 (5.4) 2.98** 2.49–3.57
Corticosteroids for systemic use 541 (31.1) 670 (9.6) 4.30** 3.77–4.92
Anti-Parkinson drugs 1265 (72.7) 4484 (64.5) 1.49** 1.32–1.67

aEstimated using univariate conditional logistic regression, **P < .001.
bBased on ICD-9 code, including presenile dementia with delirium, senile dementia with delirium, arteriosclerotic dementia with
delirium, alcohol withdrawal delirium, drug-induced delirium, acute delirium, subacute delirium.
cBased on Anatomical Therapeutic Chemical code, including nasal preparations, throat preparations, drugs for obstructive airway
diseases, cough and cold preparations, antihistamines for systemic use, other respiratory system products.
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As for the cumulative DDD, only clozapine showed an in-
creased risk for pneumonia.

Single- and Polypharmacy in Association With
Pneumonia

We classified the polypharmacy of antipsychotics (ie,
several antipsychotic medications) used within 30 days
before the index date. Polypharmacy was classified
into 4 subgroups: single drug, combined use with cloza-
pine, combined use with nonclozapine antipsychotics
(including second-generation and first-generation antipsy-

chotics), and noncurrent use (reference group) (table 3).
Current users of clozapine alone were 2 times more
likely to develop pneumonia than patients who did
not currently use clozapine (adjusted risk ratio = 2.05,
P< .001). Current use of other drugs was not associated
with pneumonia. In addition, use of clozapine combined
with olanzapine, quetiapine, zotepine, risperidone, or
amisulpride was also associated with greater risk of de-
veloping pneumonia. Nearly all combinations with non-
clozapine antipsychotics showed increased risks for
pneumonia, except for the combinations with amisulpride
or zotepine.

Table 2. Association Between Pneumonia and the Use of Antipsychotic Drugs in Case Subjects and Controls Stratified by Current Use,
Recent Use, Past Use, and No Use (Reference Group)

Cases Controls Adjusted Modela

(n = 1739), N (%) (n = 6949), N (%) Risk Ratio 95% CI

Any use of second-generation antipsychotics
No use 330 (19.0) 1856 (26.7) Reference —
Past use 235 (13.5) 1322 (19.0) 1.04 0.83–1.30
Recent use 119 (6.8) 563 (8.1) 0.90 0.68–1.18
Current use 1055 (60.7) 3208 (46.2) 1.69** 1.43–2.01

Clozapine
No use 1271 (73.1) 6039 (86.9) Reference —
Past use 112 (6.4) 332 (4.8) 1.47* 1.12–1.93
Recent use 20 (1.2) 68 (1.0) 0.93 0.52–1.67
Current use 336 (19.3) 510 (7.3) 3.18** 2.62–3.86

Olanzapine
No use 1217 (80.0) 5383 (77.5) Reference —
Past use 262 (15.1) 885 (12.7) 1.09 0.90–1.31
Recent use 61 (3.5) 192 (2.8) 1.04 0.72–1.50
Current use 199 (11.4) 489 (7.0) 1.83** 1.48–2.28

Quetiapine
No use 1253 (72.1) 5501 (79.2) Reference —
Past use 221 (12.7) 845 (12.2) 1.04 0.85–1.26
Recent use 67 (3.9) 181 (2.6) 1.03 0.72–1.46
Current use 198 (11.4) 422 (6.1) 1.63** 1.31–2.04

Zotepine
No use 1317 (75.7) 5733 (82.5) Reference —
Past use 238 (13.7) 742 (10.7) 1.14 0.93–1.39
Recent use 54 (3.1) 141 (2.0) 1.02 0.69–1.50
Current use 130 (7.5) 333 (4.8) 1.48* 1.15–1.91

Risperidone
No use 650 (37.4) 3110 (44.8) Reference —
Past use 492 (28.3) 1945 (28.0) 1.16 0.98–1.36
Recent use 129 (7.4) 468 (6.7) 0.81 0.62–1.04
Current use 468 (26.9) 1426 (20.5) 1.32** 1.12–1.56

Amisulpride
No use 1567 (90.1) 6408 (92.2) Reference —
Past use 87 (5.0) 262 (3.8) 1.07 0.78–1.46
Recent use 29 (1.7) 90 (1.3) 0.82 0.48–1.39
Current use 56 (3.2) 189 (2.7) 1.14 0.79–1.65

Any use of first-generation antipsychotics
No use 41 (2.4) 239 (3.4) Reference —
Past use 468 (26.9) 2808 (40.4) 0.88 0.59–1.32
Recent use 212 (12.2) 1037 (14.9) 0.67 0.44–10.4
Current use 1018 (58.5) 2865 (41.2) 1.38 0.92–2.07

aAdjusted for Charlson comorbidity index at the first admission, and the following variables within 180 d before the index date,
including the number of psychiatric hospital admissions, physical illnesses, and concomitant medications (listed in table 1).
*P < .01, **P < .001.
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Cumulative Days of Continuous Treatment in Association
With Pneumonia

Among current users, the median durations (days) of
continuous treatment for clozapine, olanzapine, quetia-
pine, zotepine, risperidone, and amisulpride were 106,
38, 61.5, 41.5, 59.5, and 47 in the case patients, which
were shorter than those in the controls (413, 169,
136.5, 124.0, 161.0, and 98.0).

Figure 1 shows the association between cumulative
days of continuous antipsychotic treatment and risk of
pneumonia. All of the drugs with the exception of ami-
sulpride were significantly associated with increased risk
of pneumonia in the first 30 days of use, and clozapine
was associated with the highest risk (adjusted risk ratio
= 9.57, P < .001). With longer use of antipsychotics, the

risk of pneumonia decreased, except for clozapine. Signif-
icantly increased risk of pneumonia remained for patients
receiving treatment with clozapine for more than 31 days.

Sensitivity Analysis

The sensitivity analysis, which controlled for the confound-
ing effect of assignment of individual antipsychotic drugs
based on propensity scores, revealed no substantial differ-
ence in the association between individual drugs and pneu-
monia (see online supplementary table 2). For example,
compared with patients who did not currently use cloza-
pine, the adjusted risk ratios for current users of clozapine
were 3.09 (95%CI: 2.55–3.74,P< .001) in themultivariate-
adjusted model and 3.14 (95% CI: 2.59–3.80, P < .001) in
the propensity score-adjusted model.

Table 3. AssociationBetweenPneumonia and theUse of Individual Second-generationAntipsychoticDrugsWithin 30DBefore the Index
Date Stratified by Single Drug Use, the Specified Drug Combined With Clozapine, the Specified Drug Combined With Nonclozapine
Antipsychotic(s), and Noncurrent Use (Reference Group)

Single Antipsychotic Drug Combined With Clozapine
Combined With Nonclozapine

Antipsychotics

Adjusted
Risk Ratioa 95% CI

Adjusted
Risk Ratioa 95% CI

Adjusted
Risk Ratioa 95% CI

Clozapine 2.01** 1.54 –2.61 — — 4.78** 3.68–6.23

Olanzapine 0.73 0.51–1.06 22.40** 9.43–53.18 2.33** 1.71–3.18

Quetiapine 0.86 0.61–1.23 14.76** 6.44–33.84 1.87** 1.37–2.56

Zotepine 0.97 0.65–1.47 4.80** 2.17–10.64 1.57 1.09–2.27

Risperidone 0.65** 0.53–0.80 7.49** 4.47–12.56 2.41** 1.93–3.00

Amisulpride 0.51 0.27–0.98 21.44** 4.49–102.30 1.36 0.80–2.29

aAdjusted for Charlson comorbidity index at the first admission, and the following variables within 180 d before the index date,
including the number of psychiatric hospital admissions, physical illnesses, and concomitant medications (listed in table 1)
*P < .01, **P < .001.

Fig. 1. Risk of pneumonia and effect of cumulative days of continuous antipsychotic treatment (noncurrent use as the reference group).
Adjusted risk ratio: adjusted forCharlson comorbidity index at the first admission, and the following variables within 180 d before the index
date, including the number of psychiatric hospital admissions, physical illnesses, and concomitant medications (listed in table 1).
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Furthermore, subgroup analyses showed that current
use of clozapine was associated with risk of developing
pneumonia, organism unspecified (adjusted risk ratio,
3.43; 95% CI: 2.69–4.36; P < .0001) and risk of broncho-
pneumonia, organism unspecified (adjusted risk ratio,
2.36; 95% CI: 1.21–4.60; P = .0114). Both results were
similar to those obtained for the association with total
pneumonia cases.

Discussion

To our knowledge, this is the first study to investigate
the association between use of second-generation anti-
psychotics and risk of pneumonia in a nationwide
cohort of patients with schizophrenia. The large sample
size allowed us to estimate the risk that a single antipsy-
chotic drug would induce pneumonia. In this nested
case-control study, we found that the use of second-
generation antipsychotic drugs was associated with
a 69% greater risk (adjusted risk ratio = 1.69) of devel-
oping pneumonia, after taking confounding factors into
account, and that the magnitude of association was
highest for clozapine.
Previous studies have shown that first-generation

antipsychotics are significantly associated with pneumo-
nia.9,10 In this study, however, we did not find a signifi-
cant association between first-generation antipsychotics
and risk of developing pneumonia requiring hospitaliza-
tion. The heterogeneity of the drugs may explain, at least
in part, the lack of association in our study. Further studies
are, therefore, needed to investigate the effect of individ-
ual first-generation antipsychotics on the development of
pneumonia.

Evidence of the Association in This Study

The major findings of this study are summarized in
table 4. The causal relationship between each antipsy-
chotic drug and the risk for pneumonia was determined
by investigating whether a temporal relationship existed,
whether a dose-dependent relationship existed, and
whether the risk of pneumonia existed when the drug
was used alone. An antipsychotic drug fulfilling all 3 cri-
teria was taken as strong evidence that the drug was as-
sociated with risk for pneumonia; the drug fulfilling 1 or 2
of the 3 criteria was taken as moderate evidence that the
drug was associated with the development of pneumonia;
and a drug that did not fulfill any of the criteria was taken
as inadequate evidence. Accordingly, we found that clo-
zapine was associated with high risk of pneumonia, that
olanzapine, quetiapine, zotepine, and risperidone were
associated with moderate risk, and that amisulpride
was associated with low risk of developing pneumonia.
Clozapine was associated with increased risk of pneu-

monia when used individually or when used in combina-
tion with other antipsychotics. Each of the other
antipsychotics was associated with increased risk of
pneumonia when used concomitantly with antipsychotic
drugs, especially clozapine.
In the present study, we provide robust evidence in

support of the causal relationship between clozapine
and pneumonia. The relationship between clozapine
and pneumonia is indeed complex. Clozapine has the po-
tential to cause agranulocytosis31 and increases the risk
for infection.32 Based on neurotransmitter receptor affin-
ities (see online supplementary table 3), the affinity of clo-
zapine for muscarinic-1 receptors (M1) was remarkably
high, olanzapine, quetiapine, and zotepine showed

Table 4. Summary ofVariousDimensions of theAssociationsBetween theUseof Individual Second-GenerationAntipsychoticDrugs and
Pneumonia

Dimensions of the Association Clozapine Olanzapine Quetiapine Zotepine Risperidone Amisulpride

Temporal relationship þþþ þ þ þ þ –
Duration and dose within 30 d before the

index date
Duration þ – – – – –
Dose þ – – – – –

Single vs polypharmacy
Single drug þþ – – – – – –
Combined with clozapine np þþþþ þþþþ þþþþ þþþþ þþþþ
Combined with nonclozapine
antipsychotics

þþþþ þþ þ – þþ –

Cumulative days of continuous use
0–30 (short-term use) þþþþ þþþ þþþ þþ þþ –
31–180 (medium-term use) þþ – – – – –
>180 (long-term use) þþ – – – – –

Evidence of the association in this study Strong Moderate Moderate Moderate Moderate Inadequate

Note: Classification of effect size of adjusted risk ratio with statistical significance: þ, between 1.00 and 1.99; þþ, between 2.00 and
2.99; þþþ, between 3.00 and 3.99; þþþþ, �4.00; –, without statistical significance; – –, <1.0 with statistical significance; np, not
applicable.

7

Second-Generation Antipsychotics and Pneumonia

 at N
ational T

aiw
an U

niv. H
ospital on A

ugust 2, 2013
http://schizophreniabulletin.oxfordjournals.org/

D
ow

nloaded from
 

http://schizophreniabulletin.oxfordjournals.org/


655

Second-Generation Antipsychotics and Pneumonia

moderate affinity, and risperidone and amisulpride had
minimal affinity for those receptors. In this study, current
use of clozapine had the highest adjusted risk ratio for
pneumonia (3.18), followed by olanzapine (1.83), quetia-
pine (1.63), zotepine (1.48), risperidone (1.32), and ami-
sulpride (1.14), findings that are compatible with those
from the affinity analysis, indicating a clear association
between the risk of pneumonia and a given drug’s affinity
for muscarinic-1 receptors. In addition, the affinity for
histaminergic-1 (H1) receptors was similar. Three drugs
(clozapine, olanzapine, and quetiapine) with high affinity
for histaminergic-1 receptors had the highest risk ratios
(>1.5), followed by zotepine (moderate affinity), risperi-
done, and amisulpride (minimal affinity). The findings pro-
vided some association between pneumonia and
histaminergic-1 receptors. Affinities for histaminergic-1
and muscarinic-1, therefore, are the most plausible explan-
ations for the association between a given antipsychotic
medication and the risk for pneumonia. Our findings are
similar to those reported previously.9,10 In addition, the an-
ticholinergic effect of antipsychotic drugswithmuscarinic-1
action has been shown to contribute to aspiration pneumo-
nia through dryness of mouth and esophageal dilatation
and hypomotility.33 Sedation34 as a result of histaminergic-
1-receptor blocking in the central nervous system might
also facilitate aspiration pneumonia.

In this study, we found that many of the patients, es-
pecially those in the case-subject group, took anti-Parkin-
son drugs. A possible explanation was provided in our
prior study,14 which indicated that although the risk of
extrapyramidal syndrome is lower among patients who
take second-generation antipsychotics than in patients
who take first-generation antipsychotics, the consider-
ably high rate of extrapyramidal syndrome in patients
who take some of second-generation antipsychotics
(such as risperidone) warrants clinical attention. The
higher rate of use in case subjects than in controls indi-
cates the potential association between anti-Parkinson
drugs and pneumonia.

Use of Combined Antipsychotic Drugs

One of the major findings in this study was the identifi-
cation that combined use of antipsychotic drug(s), espe-
cially clozapine, was associated with high risk for
pneumonia. Our study revealed that drugs used in com-
bination had a synergistic effect, thereby increasing the
risk of developing pneumonia. The synergistic effect
was particularly striking in patients who took clozapine
in combination with another antipsychotic medication.
We hypothesized that polypharmacy of antipsychotics
could lead to the occupation of more domains of neuro-
transmitter receptors and thus increase the risk for pneu-
monia. Further research is needed to clarify the
mechanism(s) mediating the synergistic effect of antipsy-
chotic medications on the risk for pneumonia.

High Risk With Short-Term Use

We found that initial treatment with second-generation
antipsychotic drugs was associated with high risk for
pneumonia. Our results show that, with the exception
of amisulpride, all of the tested drugs increased the
risk of developing pneumonia at the start of therapy
and that the risk decreased over time. Clozapine, how-
ever, was associated with high risk for pneumonia even
with medium- and long-term use. Clinicians who start
patients on clozapine treatment should closely monitor
them for clinical symptoms and signs of pneumonia, par-
ticularly at the start of therapy, and especially in patients
who receive high doses.

Other Possible Mechanisms of Pneumonia

Underlying physical illnesses and severe psychiatric con-
ditions might also be factors contributing to the increased
risk of developing pneumonia in patients who take
second-generation antipsychotic medications. In this
study, we found that case subjects were more likely to
have underlying illness (table 1), including cardiovascular
disease and diabetes mellitus, than controls. Trifiro
et al.10 reported similar findings. In addition, there
was a higher proportion of antihistamines use among
case subjects than among controls (36.2% vs 59.2%,
P < .001). Antihistamines are a category of respiratory
drugs that are used to relieve symptoms of upper respi-
ratory infection. Studies have shown that pneumonia can
be followed by upper respiratory infections.35 Indeed, we
found that the incidence of upper respiratory infection
was higher in case patients than in controls.
Clozapine is indicated for treatment-resistant schizo-

phrenia.36,37 Thus, the severity of schizophrenia might
be associated with the development of pneumonia. The
only component of the severity in this study was hospi-
talization. We found that the rate of hospitalization
within 180 days before the index date was higher among
cases than among controls. Further research is needed to
clarify whether the severity of schizophrenia predisposes
the patients to pneumonia.
Although amisulpride is primarily recommended for

treating both positive and negative symptoms in adults
with schizophrenia, there are reports of its use for treating
other conditions such as dysthymia.38,39 Enrollment cri-
teria used in this study included a principal diagnosis of
schizophrenia; therefore, the number of patients with
dysthymia was low. The proportions (percentage, %)
of comorbid dysthymia within 180 days before the index
date between cases and controls were 4.6 and 3.4. The
proportions (%) between cases and controls among the
current users of clozapine, olanzapine, quetiapine, zote-
pine, risperidone, and amisulpride were 2.4 and 2.9, 4.0
and 4.1, 6.6, and 6.2, 4.2, and 4.2, 4.1, and 4.0, 8.9 and 3.7,
respectively. There were no significant differences in the
proportions of comorbid dysthymia between cases and
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controls for each drug. Thus, the infrequent occasions
that a drug was used for dysthymia did not confound
our results.
In addition, the proportions of previous use (excluding

current use) of first-generation antipsychotics among
cases with current use of clozapine, olanzapine, quetia-
pine, zotepine, risperidone, or amisulpride were 43.5%
(146/336), 36.7% (73/199), 43.4% (86/198), 35.4% (46/
130), 40.6% (190/468), and 46.4% (26/56), respectively.
The proportions were lower than those among patients
in the control group with current use of these drugs
(73.3% [374/510], 71.0% [347/489], 68.0% [287/422],
64.3% [214/333], 73.7% [1051/1426], and 73.0% [138/
189], respectively). The reasons why the proportions of
switching from first-generation antipsychotics to second-
generation antipsychotics were higher in the control group
deserve further study.

Limitations

This study is limited in several ways. First, we were un-
able to assess adherence to the prescribed medication be-
cause drug use data were obtained from claims databases.
However, nonadherence would most likely result in non-
differentiated misclassification of exposure, which would
lead to underestimation of the actual risk.
Second, a number of potential confounding factors

that might affect pneumonia risk, such as body mass in-
dex, alcohol use, and malnutrition, were not available in
the database. Information on tobacco smoking exposure,
a potentially strong confounder for pneumonia,40 was
also unavailable in the study. Residual confounding
due to unmeasured covariates is, therefore, possible.
Third, this study did not include the long-acting inject-

able form of risperidone in the analysis. However, the risk
estimates would unlikely change because of the low rate
of current use of the injectable form and because there
were no significant difference in the proportions of cur-
rent use between case subjects (21/1739, 1.21%) and
controls (69/6949, 0.99%).
Fourth, this study enrolled nonelderly patients with

schizophrenia. Therefore, generalizability of the findings
to elderly patients with schizophrenia is limited. In addi-
tion, a substantial portion of patients with pneumonia
in the cohort could not be hospitalized (especially young
patients), and the findings, therefore, cannot be general-
ized to patients with pneumonia not requiring hospitaliza-
tion.However, the resulting bias, if it exists, would bemore
likely to cause underestimation of the risk ratios (ie, to-
ward the null) because a small fraction of control patients
had pneumonia that did not require hospitalization.

Implications

In conclusion, clozapine treatment was highly associated
with pneumonia among patients with schizophrenia.
Olanzapine, quetiapine, zotapine, and risperidone were

moderately associated with risk for pneumonia, while
amisulpride was associated with a low risk of developing
pneumonia. Clinicians who start patients on clozapine
should closely monitor them for signs of pneumonia, par-
ticularly at the start of therapy, and when combined with
another antipsychotic drug.
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schizophreniabulletin.oxfordjournals.org.
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