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An association between antipsychotic drugs and pneu-
monia has been demonstrated in several studies; however,
the risk for pneumonia caused by specific antipsychotics has
not been extensively studied. The underlying mechanism is
still unknown, and several receptor mechanisms have been
proposed. Therefore, using a combined pharmacovigilance-
pharmacodynamic approach, we aimed to investigate safety
signals of US Food and Drug Administration (FDA)-
approved antipsychotics for reporting pneumonia and the
potential receptor mechanisms involved. A disproportion-
ality analysis was performed to detect a signal for reporting
“infective-pneumonia” and ‘“pneumonia-aspiration” and
antipsychotics using reports submitted between 2004 and
2019 to the FDA adverse events spontaneous reporting system
(FAERS) database. Disproportionality was estimated using
the crude and the adjusted reporting odds ratio (aROR) and
its 95% confidence interval (CI) in a multivariable logistic
regression. Linear regressions investigated the relationship
between aROR and receptor occupancy, which was esti-
mated using in vitro receptor-binding profiles. Safety sig-
nals for reporting infective-pneumonia were identified for
clozapine (LL = 95% 3.4, n = 546 [aROR: 4.8]) as well
as olanzapine (LL = 95% 1.5, n = 250 [aROR: 2.1]) com-
pared with haloperidol, while aRORs were associated with
higher occupancies of muscarinic receptors (beta = .125,
P-value = .016), yet other anti-muscarinic drugs were not
included as potential confounders. No safety signals for re-
porting pneumonia-aspiration were detected for individual
antipsychotics. Multiple antipsychotic use was associated
with both reporting infective-pneumonia (LL 95%: 1.1,
n = 369 [aROR:1.2]) and pneumonia-aspiration (LL 95%:
1.7, n = 194 [aROR: 2.0]). Considering the limitations of
disproportionality analysis, further pharmacovigilance data
and clinical causality assessment are needed to validate this
safety signal.

Keywords: antipsychotics/pneumonia/disproportionality/
FAER S/safety signal

Introduction

Antipsychotic drugs are widely prescribed to treat schiz-
ophrenic disorders, bipolar disorder, major depression, as
well as other psychiatric conditions. They are usually pre-
scribed chronically, especially in adult and elderly popula-
tions, and their use is not rarely oft-label. Thus, their safety
profile should be monitored carefully especially consid-
ering their association with higher incidences of serious
physical disorders that might arise from acutely occurring
side effects, such as thromboembolisms, diabetic ketoacid-
osis, cardiac arrhythmias, liver injuries, seizures, and pneu-
monia.' In 2005, the US Food and Drug Administration
(FDA) issued a warning for atypical antipsychotics, which
was extended in 2008 to conventional antipsychotics
as well, because of their association with an increased
risk of mortality in elderly patients off-label treated for
dementia-related behavioral symptoms. In the reported
cases, pneumonia was among the most common causes of
death.?* Many observational studies, registries, random-
ized control trials, and pharmacovigilance database ana-
lyses also suggest the association between antipsychotic
use and pneumonia.*® The underlying mechanism of
antipsychotic-associated pneumonia is still unknown, and
several receptor mechanisms have been proposed, eg, do-
paminergic and histaminergic as well as muscarinic recep-
tors.” However, most of the studies examining the safety
profile lump antipsychotics or use outdated classification
systems, such as typical/atypical, which do not reflect
precisely the receptor-binding profile.%® Therefore, there
are sparse data on the risk of individual antipsychotics
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and the potential receptor mechanisms of antipsychotic-
associated pneumonia.’

Nationwide registries such as the Taiwanese!®!' and
Danish!? registries have been used in case control and
self-controlled studies to highlight a possible association.
The registries studies have strengths and limitations. In
the Taiwan studies, the data originated from nationwide
claim databases and the investigators attempted to explore
temporal relationships and dose-dependent associations
to promote better understanding of the results while the
case-control design (matched for age, sex, first psychiatric
admission) accounted for some control for confounding
factors. However, there were also several limitations, in-
cluding generalization of finding outside the country
of origin, in different age groups, indications, as well as
non-hospitalized patients. The Danish nationwide study
focused on eliminating possible confounding by using a
self-controlled design; however, several confounding fac-
tors including patients’ lifestyle and residual confounding
were still unaccounted, while small clozapine user repre-
sentation might have affected the final result. The results of
2 studies using disproportionality analysis of the VigiBase,
the World Health Organization’s Pharmacovigilance
Database, have also been published recently.!*!* They
focused on the clozapine-associated pneumonia and
mortality using the standard analysis of VigiBase, the sta-
tistical shrinkage to observed-to-expected ratios, which
may have desirable properties for the detecting patterns
in large-scale pharmacovigilance data.'’> However, they
analyzed only the most frequently used second-genera-
tion antipsychotics, ie, clozapine, risperidone, olanzapine,
quetiapine, in contrast to our analysis (all FDA-approved
antipsychotics with available data).

In the present study, we aim to enhance the current un-
derstanding of individual antipsychotics safety by using
a previously published methodology with a combined
pharmacovigilance-pharmacodynamic approach.!'¢!8
Although the disproportionality analysis of the FDA
Adverse Event Reporting System (FAERS) has certain
inherent limitations of spontaneous reporting system
databases such as underreporting, indication bias, and
missing data of reports, exploring signals using dispro-
portionality measures remains a valuable tool for early
signal detection in post-marketing drug safety surveil-
lance. In the present study, we investigated the association
between different antipsychotics and pneumonia using a
single comparator to allow for an easy classification of
antipsychotics regardless of class in association with their
risk for reporting pneumonia. This method is an easy to
comprehend approach for clinicians who need to incor-
porate the study results in everyday decision-making since
haloperidol is a familiar compound. Additionally, there
are not many studies investigating whether polypharmacy
of antipsychotics is associated with an increased risk for
reporting pneumonia. Thus, the aim of the present study
was to explore: (1) whether a variation between individual

Safety Signal of Antipsychotic-Associated Pneumonia

antipsychotics and reporting of pneumonia is present by
detecting safety signals for individual antipsychotics and
pneumonia in the FDA pharmacovigilance database, (2)
whether polypharmacy of antipsychotics is associated
with an increased risk for reporting pneumonia, and (3)
the association between the risk for reporting pneumonia
and neurotransmitter receptor occupancy.

Methods

The FAERS is a pharmacovigilance database con-
taining reports on suspected adverse drug reactions in
individual patients originated mainly but not exclusively
from the United States (supplementary e-table 4)."The
OpenVigil2.1-MedDRA interface,” a tool that operates on
cleaned FDA data (verified and normalized drug names)
and incorporates the MedDRA terminology,”! was used
to retrieve reports submitted between the first quarter of
2004 and July 2019 (period available via OpenVigil2.1-
MedDRA). We included reports with at least 1 of the 21
FDA-approved antipsychotics (ATC NOSA* excluding
lithium). Only reports concerning adults of at least
18 years were included. Reports with missing data con-
cerning the age, sex, reporting year, reporting country, or
drug name were excluded. Reports were originally sorted
based on their unique Individual Safety Report and further
screened for overlapping case ID numbers, ie, different ver-
sions of the same report resubmitted and creating duplica-
tions in the database. Reports containing only non-FDA
approved antipsychotics were excluded due to possible
under-reporting, while droperidol (NOSADOS), prochlor-
perazine (NO5AB04), and pimavanserin (NO5SAX17) were
not included to avoid indication bias.

Study Design

A case-non-case design was used on the
pharmacovigilance data extracted from the FAERS da-
tabase. Cases were the reports with an adverse event
included in the narrow scope of the standardized
MedDRA query (SMQ) “infective-pneumonia.”?! The
MedDRA preferred term (PT) “pneumonia-aspiration,”
a term not included in the former SMQ, was selected as
a secondary case definition since aspiration is an impor-
tant cause of pneumonia especially in the elderly.?? All
other events were defined as non-cases. To be included
in the analysis, an antipsychotic had to have at least 100
unique reports in FAERS with at least 1 pneumonia-
related report. As a result, molindone (NO5SAEQ02) was
excluded. The final sample consisted of reports of 20
antipsychotics (aripiprazole, asenapine, brexpiprazole,
cariprazine, chlorpromazine, clozapine, fluphenazine,
haloperidol,  iloperidone, loxapine, lurasidone,
olanzapine, paliperidone, perphenazine, pimozide,
quetiapine, risperidone, thiothixene, trifluoperazine, and
ziprasidone).
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Definition of Exposure and Receptor Occupancy

Reports including one antipsychotic were classified as re-
ports with single antipsychotic use, ie, patients receiving
a single active substance classified under ATC NOSA
while reports including more than one active substance
in the NO5SA ATC group were classified as multiple anti-
psychotic use. In the analysis of single antipsychotic use,
we compared each individual antipsychotic with halo-
peridol, which is a frequently used active comparator of
antipsychotic drugs. Drug-receptor interactions for 10 re-
ceptors (serotonin receptors: 5-HT1A, 5-HT2A, 5-HT2C,
5-HT7; adrenergic receptor alphal/2 (regardless of sub-
type); muscarinic receptors (regardless of subtype); do-
pamine receptors D2, D3; and histamine receptor H1)
and different individual antipsychotics were quantified
using the receptor occupancy theory. Occupancy (%)
was estimated using the equation 100 * (Cy/(Ki 4 Cy)
, where C; (nM) is the unbound drug concentration
in blood and Ki (nM) is the inhibitory constant for
each drug.” The C was calculated using the equation
Cy = 1000 * Fy * Ct/MW, where F ; is the unbound drug
fraction, C, (ng/ml) the drug concentration in blood, and
MW the molecular weight. To estimate the total drug
concentration in blood C, we used the upper limit of
the therapeutic reference range of each antipsychotic re-
ported® or due to data unavailability, an observational
study for thiothixene.”® The MW of antipsychotics was
extracted from International Union of Basic and Clinical
Pharmacology (IUPHAR) database and the unbound
drug fraction (F ) from Drugbank,* or when data were
not available in the review of Lombardo et al.?’ The in
vitro Ki for the aforementioned human receptors was
extracted from psychoactive drug screening program da-
tabase,” and when not available, from ITUPHAR/British
Pharmacological Society.?® The median was calculated
when more than one values were available for a receptor
(supplementary e-table 2).

Potential Confounding Factors

We investigated the following potential confounding fac-
tors using multivariable logistic regression: age, sex, re-
porting year, reporting country, concomitant antibiotic
drugs, and other drugs associated with pneumonia (cor-
ticosteroids, immune-suppressants, benzodiazepines and
benzodiazepine-related drugs, acid-suppressive drugs,
and drugs with potential extrapyramidal symptoms)
(supplementary e-table 1).23! We also investigated the
co-reporting of agranulocytosis, defined as at least an ad-
verse event included in the SMQ “agranulocytosis,” in a
post hoc subgroup analysis.

Data Analysis

Report characteristics between cases and non-cases were
compared with a Mann-Whitney U test for not normally
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distributed continuous variables (age and reporting year)
and with a chi-square test for categorical variables (sex, use
of antibiotics, use of pneumonia-related drugs, and reporter
country). A disproportionality analysis was performed
to detect a signal for reporting “infective-pneumonia”
or  “pneumonia-aspiration” and  antipsychotics.
Disproportionality was estimated using the crude and the
adjusted reporting odds ratio (aROR) and its 95% confi-
dence intervals (CIs) in a multivariable logistic regression.
The aROR was defined as the odds of pneumonia-related
reports with the drug exposure (individual antipsychotics
or multiple antipsychotic use) divided by the odds of the
reference (haloperidol or single antipsychotic use, respec-
tively) adjusted for predefined potential confounders.”” The
primary multivariable logistic regression model was con-
ducted for each antipsychotic drug compared with halo-
peridol or multiple compared with single antipsychotics
as case (infective/aspiration pneumonia or not) ~ antipsy-
chotic (investigated antipsychotic vs haloperidol or mul-
tiple vs single antipsychotic) + sex (male vs female) + age
(in years) + country (United States or not United States)
+ reporting year (in years) + co-reporting of antibiotics
drugs (yes or not) + other co-reporting drugs associated
with pneumonia (yes or not). A positive disproportionality
signal was identified when more than 3 reports (n) were de-
tected and the lower confidence limit of the 95% two-sided
CI of the aROR (LCL 95%) was greater that one."

The robustness of the results for the primary case def-
inition “infective-pneumonia” was tested with post hoc
subgroup analyses for age groups (=<65 vs >65 years old),
reporting country (United States or not United States),
and the co-reporting of agranulocytosis. Subgroup ef-
fects were investigated with a treatment-by-group inter-
action test added in the multivariable logistic regression
of the primary analysis.

Furthermore, we conducted linear regression models
to identify a potential association between infective-
pneumonia and receptor occupancy. The natural log-
arithm of the point estimate of aROR (individual
antipsychotics vs haloperidol) was the dependent variable
and the natural logarithm of the estimated occupancy
for a receptor the independent variable. Antipsychotics
with 3 or less cases of pneumonia were excluded from this
analysis.*

All analyses were performed using the base stats
package and visualization using ggplot2 version 3.2.1%
in R version 3.6.1.3* Alpha was set at 2-sided .05. Since
disproportionality analyses are observational and explor-
atory (hypothesis-generating) study designs,* adjustment
to multiple testing was not conducted.

Results

Descriptive Characteristics of Cases/Non-cases

From the 6 932 328 FAERS reports available via
OpenVigil2.1 for the period from 2014 to July 2019, 119
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019 unique reports of 20 FDA-approved antipsychotics
were collected forming the final sample (supplementary
e-figure 1). The most frequently reported antipsychotics
in single use were quetiapine (26.0%), clozapine (12.1%),
aripiprazole (11.4%), olanzapine (11.5%), and risperidone
(8.8%), while multiple antipsychotic use accounted for
18.9% of the final sample.

Cases, ie, “infective-pneumonia” and “pneumonia-
aspiration,” were identified in 1858 (1.6%) and 694 (0.6%)
reports, respectively. In comparison to non-cases, cases
were older (mean age [SD] 54.1 [17.6] vs 46.4 [16.8)]),
more frequently males (55% vs 47% males), originated
more frequently outside the United States (58% vs 43%),
as well as concomitant use of pneumonia-related drugs
(43% vs 32%) and antibiotics (4% vs 2%). No difference
was detected in the reporting year (Table 1).

Disproportionality Analysis

Among reports with single antipsychotic use, a signal for
reporting “infective-pneumonia” was identified for cloza-
pine (LL 95%: 3.4, n = 546, aROR: 4.8) and olanzapine
(LL 95%: 1.5, n = 250, aROR: 2.1) compared with hal-
operidol (figure 1A). All other antipsychotics generated
no signal and no signals were detected for “pneumonia-
aspiration,” yet aripiprazole had a lower risk for reporting
“pneumonia-apiration” than haloperidol (n = 19; aROR
0.3, 95% CI: 0.1-0.5) (figure 1B and supplementary
e-table 3). Post hoc, we found no subgroup differences
for “infective-pneumonia” between elderly and younger
patients, US and not US reports, as well as reports with
or without agranulocytosis, apart for a lower risk of
aripiprazole in US reports (supplementary e-table 4).
Multiple antipsychotic use was also associated with re-
porting “infective-pneumonia” (LL 95%: 1.1, n = 369,
aROR:1.2) and also with “pneumonia-aspiration” (LL

Table 1. Population Characteristics of Cases and Non-cases

Safety Signal of Antipsychotic-Associated Pneumonia

95%: 1.7, n = 194, aROR: 2.0) compared with single
antipsychotic use.

Relationship Between Disproportionality for Reporting
Infective Pneumonia and Receptor Occupancy

Due to limited data for trifluoperazine, receptor occu-
pancy was calculated for 19 out of the 20 investigated
antipsychotics (figure 2). Results of the linear regression
models are reported in table 2 and scatter plots in figure 3
and supplementary e-figure 2. A significant relationship
between muscarinic receptor occupancy and the risk for re-
porting “infective pneumonia” was detected (beta = .125,
t-value = 3.04, P-value = .016). It seems that the results
were mainly driven by olanzapine and clozapine (figure 3),
and co-reporting of other antimuscarinic medication was
not investigated as confounding factors. No significant re-
lationships were found for the other receptors.

Discussion

The present pharmacovigilance-pharmacodynamic study
investigated the risk for reporting pneumonia of indi-
vidual antipsychotic drugs and its relationship with their
pharmacodynamic profile. We have previously used this
type of disproportionality analysis of the FAERS da-
tabase to detect other safety signal of central nervous
system acting drugs in combination with their pharma-
codynamic profile.'®Of the 19 investigated antipsychotics
compared with haloperidol, safety signals were detected
for clozapine and olanzapine-associated infective pneu-
monia, while no differences for pneumonia aspiration
were identified. Additionally, multiple antipsychotic
use compared with single use was associated with both
reporting infective and aspiration pneumonia. A re-
cently published umbrella review of 68 observational

Cases (n = 1858 “infective-pneumonia” and

694 “pneumonia-aspiration”) Non-cases (n = 116 474) P-value

Age

Mean (SD) 54.1(17.6) 46.4 (16.8) <.001

Median 54 45
Sex

Female (%) 1101 (45) 62 312 (53) <.001
Reporting country

United States (%) 1030 (42) 66 468 (57) <.001
Reporting year

Mean (SD) 2012.4 (4.1) 2012.5 (3.9) 9

Median 2012 2012
Concomitant drugs

Pneumonia-related drugs (%) 1028 (42) 37 597 (32) <.001

Antibiotics (%) 97 (4) 2283 (2) <.001

Note: P-values from Mann-Whitney U test for continuous (age and reporting year) and chi-squared for the categorical variables (sex and

reporting country).
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Fig. 1. Disproportionality analysis in the US Food and Drug Administration (FDA) adverse events spontaneous reporting system
(FAERSYS) for the association between individual antipsychotics and (A) infective-pneumonia or (B) pneumonia-aspiration. The
differential risk for reporting pneumonia of antipsychotics comparison to haloperidol (adjusted reporting odds ratio [aROR] = 1, 40
cases with infective pneumonia and 25 with pneumonia aspiration) was quantified as aROR, adjusted to age, sex, reporting country,
reporting year, and concomitant medication use. Some investigated antipsychotics are not displayed since there were less than 3 cases.

Table 2. Linear Regression Models Between adjusted reporting
odds ratio (aROR) and Receptor Occupancy

Receptor Beta tValue P-value R? (%)
Adrenergic alpha, 180 0.631 .546 4.74
Adrenergic alpha, .085 0.720 492 7.09
D, =275 —0.784 456 7.13
D, —-.168 -0670 522 5.31
H, .088 0.875 407 8.74
5-HT -.017 —0.164 .874 0.34
5-HT,, .084 0.444 .669 2.40
5-HT,. .048 0.538 .605 3.50
5-HT, —-.008 —-0.06 .954 0.04
Muscarinic 125 3.04 .016 53.6

Note: Beta represents the coefficient of the linear regression
model using the natural logarithms of aROR as dependent and
the natural logarithm of receptor occupancy as independent vari-
ables. The results were based on 9 data points each representing
an antipsychotic drug.

Bold P-value 0.05 is significant result only for muscarinic receptor.

studies which quantified the risk of life-threatening med-
ical events associated with exposure to antipsychotics
found a strong association between antipsychotic ex-
posure and risk of pneumonia (pooled OR: 1.84, 95%
CI: 1.62-2.09).%7 This association is also supported by a
meta-analysis of randomized-controlled trials assessing
somatic serious adverse events related to second-gener-
ation antipsychotic drugs which found that pneumonia
and pneumonia aspiration were among the reasons of
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death with the highest absolute difference between sec-
ond-generation antipsychotics and placebo and occurred
mainly in older people.”

Data on individual antipsychotics are sparse and incon-
sistent,” and associations have been suggested for cloza-
pine,'** haloperidol,'**® olanzapine,'®!"* quetiapine,'*!!
risperidone,'®'?% and zotepine.!®!! The aforementioned
studies implement different study designs including case-
control, self-controlled, and disproportionality analysis
in Vigibase and use different comparators which might
explain the differences in findings. Our study aimed to
investigate which antipsychotics might have a higher
risk with reporting pneumonia rather to establish an
association between antipsychotics and pneumonia,
since haloperidol, a frequently used active comparator
for antipsychotics, was used as a control. According to
our results, clozapine and olanzapine had an increased
risk for reporting infective-pneumonia compared with
haloperidol. Therefore, additional vigilance might be
required with these antipsychotics and especially with
clozapine.*’ Serious respiratory infections could decrease
clozapine metabolism leading to increased clozapine
levels and additional toxicity.**#* This is consistent with
studies on VigiBase that suggested pneumonia as a major
cause of clozapine-associated mortality.'>!* Nevertheless,
it should be noted that clozapine treatment compared
with other antipsychotics might be associated with a
lower overall mortality rate.*’

Several receptor mechanisms have been proposed to
explain antipsychotic-associated pneumonia. Based on
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Fig. 2. Occupancy of antipsychotics to neurotransmitter receptors. The occupancy of receptors was estimated using the receptor
theory, the in vitro affinities to human receptors, and the maximum therapeutic reference range. Due to limited data, occupancies for

trifluoperazine could not be estimated.

our pharmacodynamic analysis, the acetylcholine mus-
carinic receptors were suggested as a potential receptor
mechanism, yet other anti-muscarinic drugs, which are
frequently used with for antipsychotic-induced extrapy-
ramidal symptoms, were not accounted as confounding
factors. Indeed, anticholinergic medications have been
previously associated with an increased risk for pneu-
monia in elderly.* In our analysis, the association might
have been driven by clozapine and olanzapine, which
seem to act as partial agonists/allosteric modulators on
these receptors in comparison to other antipsychotics.*®
Cholinergic effects could lead among others to seda-
tion, dry mouth or hypersalivation (especially with clo-
zapine), esophageal dilatation, and gastrointestinal
hypomotility.”#%4” Due to the small statistical power of
linear regressions, other receptor mechanisms cannot
be excluded, eg, antidopaminergic (eg, extrapyramidal
symptoms), antiserotonergic, and antihistaminergic ef-
fects (eg, sedation).’

The exact pathways from receptors to pneumonia are
still unclear. For example, antipsychotic-induced seda-
tion could lead to falls and subsequently to fractures, hos-
pitalization and pneumonia,®® or antipsychotic-induced
sedation, hypersalivation, and extrapyramidal symptoms

could lead to dysphagia, aspiration, and pneumonia.?’
Except for a lower risk for the dopamine partial agonist
aripiprazole, there were no differences among individual
antipsychotics for reporting pneumonia-aspiration.
Aripiprazole is usually selected for less severe and more
autonomous participants, who might have a lower risk
for pneumonia, yet a more benign profile of this anti-
psychotic cannot be excluded.® Additionally, multiple
antipsychotic use was associated with a higher risk, sim-
ilarly to prior studies that used the Taiwanese claims da-
tabase.!! This could suggest a multifactorial mechanism
and synergistic effects, which warrant further investiga-
tion. In addition, antipsychotics might directly increase
the risk for pneumonia, such as via downstream effects
of thromboxane A2 receptor (TBXA2R) and platelet-
activating receptor (PTAFR) on the alveolar capillary
unit.’ Neurotransmitter receptors are also expressed in
immune cells*® and antipsychotic drugs could alter im-
mune responses.’! Clozapine is well known for inducing
agranulocytosis, yet we did not find an effect of agranu-
locytosis in the risk of reporting “infective-pneumonia”
(supplementary e-table 4). Nevertheless, clozapine has
been recently associated with antibody deficiency, which
could also lead to infections.”>* The potential mechanism
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Fig. 3. Linear regression model of the relationship between the natural logarithm of aROR for reporting infective-pneumonia and the

natural logarithm of the occupancy on muscarinic receptors.

of olanzapine-associated pneumonia has not been widely
investigated in the literature. A possible suggestion is that
olanzapine and clozapine share a similar chemical struc-
ture and thus a similar pharmacodynamic profile.>*

This study has certain limitations inherent to
pharmacovigilance databases. First, we wused a
multivariable logistic regression to account for poten-
tial confounding factors and quantify the disproportion-
ality signals, a method frequently used in case/non-case
studies.'*!">>>" However, there is no gold standard measure
of disproportionality and other methods have been sug-
gested, eg, the Bayesian shrinkage to observed-expected
ratios.”* 1> Nevertheless, it has been suggested that meas-
ures of disproportionality are comparable when 4 or
more cases are available,*® which was the cutoff used to
identify disproportionality signals in our study. Second,
we aimed to investigate a long list of reported potential
confounding factors, yet residual confounding cannot be
excluded. For example, indication bias could have con-
founded the safety signal of clozapine for “infective-
pneumonia,” the only antipsychotic indicated for
treatment-resistant schizophrenia. Generally, patients
treated with clozapine have more severe symptoms com-
pared with patients taking other antipsychotics, a baseline
difference that should be taken into consideration when
comparing clozapine to other antipsychotic drugs. A na-
tionwide self-controlled study using the Danish Registries
tried to accommodate for this difference by using a mirror
image design. Clozapine presented the greatest increase
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in number of pneumonia cases (0.64%) after its initia-
tion; however, due to the limited size of the sample, the
association was not statistically significant. This study
also highlighted that patients treated with clozapine were
more frequently receiving early retirement and leaving in
solidarity."”” Accordingly, a study suggested that the as-
sociation between pneumonia and antipsychotics might
be confounded by physical comorbidities, poor func-
tioning, and the severity of symptoms,* factors that are
not reported in pharmacovigilance databases. In a sim-
ilar vein, aripiprazole may be used in less severe patients
with a lower risk of pneumonia.® Third, underreporting
is expected in pharmacovigilance databases, yet reporting
rates may be similar in drugs of the same therapeutic
class.®-% Therefore, using haloperidol as reference, a fre-
quently used reference of antipsychotic drugs, may have
reduced the effects of differential reporting rates in com-
parison to using all drugs in the database as reference.*
Reporting rates may also vary depending on the reporter,
the drug, the adverse event, or time, thus resulting in se-
lective reporting with adverse drug reactions of high
perceived severity more likely being reported. The term
notoriety effect refers to an increase in reporting a spe-
cific drug-event pair after media coverage, yet it is argued
that important notoriety bias is not present in FAERS. %6
When using retrospective data, it is not always possible
to identify these events that might shift the reporting
pattern.®** Fourth, data quality may also be an issue
with missing, incorrect, or vague information; duplicate



reports; and reported event being due to treated condi-
tion, another condition, or another drug being common
in pharmacovigilance databases.®**®Furthermore, since
the collected reports date as far back as Q4/2003, several
parameters such as changes in reporting requirements,
coding dictionaries for products and/or events, data entry
and coding processes, inconsistent database structure ar-
chitecture, and malicious reporting and spam must be
considered.® Fifth, a limitation regarding our pharma-
codynamic approach is that in vitro affinities and the es-
timated occupancy do not always reflect the functional
effects of the drug and also that total drug concentrations
in blood were used to estimate C, since data on unbound
cerebrospinal fluid concentrations of antipsychotics are
generally unavailable.”” We also cannot exclude a poten-
tial residual confounding effect of the co-treatment with
anti-muscarinic medications, since the analysis was not
adjusted for them. Finally, the results of our dispropor-
tionality analysis were not adjusted to multiple testing and
they should be only considered as hypothesis generating,
and confirmation in large cohort and case-control studies
is needed.

Despite their limitations, the spontaneous reporting
system and disproportionality analysis are extremely valu-
able tools for safety monitoring. The strength of this study
is the inclusion of numerous reports with real-world anti-
psychotic drug use data (ie, 119 019) investigating not only
hospitalized patients but also outpatients, the attempt to
work with individual antipsychotics rather than with an-
tipsychotic groups as well as the investigation of possible
increased risk for reporting pneumonia when multiple
antipsychotics are used. Additionally, we reviewed avail-
able pharmacodynamic sources to map the pharmacody-
namic profile of the antipsychotics in order to correlate
the risk for reporting pneumonia with occupancy on neu-
rotransmitter receptors. This type of pharmacovigilance-
pharmacodynamic direct combination is a relatively new
proposed method to study receptor mechanisms of ad-
verse events in safety reports databases.”

In conclusion, our results suggest a safety signal of clo-
zapine and olanzapine for reporting infective pneumonia
and the muscarinic receptors as a potential mechanism
of this association. Multiple antipsychotic use was also
associated with an increased risk for reporting both infec-
tive and aspiration pneumonia. Even though our study
design does not allow any causality proof and an appro-
priate clinically performed causality assessment is needed
to validate our results, it is a step toward understanding
the safety profile of antipsychotic drugs and optimizing
their use among individual patients.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin.
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