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Background: Antipsychotics have been associated with
prolongation of the corrected QT interval and sudden car-
diac death. Only a few epidemiological studies have in-
vestigated this association. We performed a case-
control study to investigate the association between use
of antipsychotics and sudden cardiac death in a well-
defined community-dwelling population.

Methods:Weperformedapopulation-basedcase-control
study in the Integrated Primary Care Information (IPCI)
project, a longitudinal observational database with com-
plete medical records from 150 general practitioners. All
instances of death between January 1, 1995, and April 1,
2001, were reviewed. Sudden cardiac death was classified
based on time between onset of cardiovascular symptoms
and death. For each case, up to 10 random controls were
matched for age, sex, date of sudden death, and practice.
Exposure at the index date was categorized as 3 mutually
exclusive groups of current use, past use, and nonuse.

Results: The study population comprised 554 cases of
sudden cardiac death. Current use of antipsychotics was
associated with a 3-fold increase in risk of sudden car-
diac death. The risk of sudden cardiac death was high-
est among those using butyrophenone antipsychotics,
those with a defined daily dose equivalent of more than
0.5 and short-term (�90 days) users. The association with
current antipsychotic use was higher for witnessed cases
(n=334) than for unwitnessed cases.

Conclusions: Current use of antipsychotics in a gen-
eral population is associated with an increased risk of sud-
den cardiac death, even at a low dose and for indica-
tions other than schizophrenia. Risk of sudden cardiac
death was highest among recent users but remained el-
evated during long-term use.
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I N DEVELOPED COUNTRIES, SUD-
den cardiac death is one of the
major causes of cardiovascular
mortality. According to the
most recent definition, sudden

cardiac death is a natural death due to
cardiac causes, heralded by abrupt loss of
consciousness within 1 hour after the
onset of acute symptoms or an unwit-
nessed, unexpected death of someone
seen in a stable medical condition less
than 24 hours previously with no evi-
dence of a noncardiac cause.1,2 Since the
early 1960s, sudden cardiac death has
been reported with antipsychotic use in
case reports.3-5 Although the precise
mechanism remains uncertain, several
have been suggested including peripheral
vasodilatation leading to cardiovascular
collapse, oral laryngeal-pharyngeal dys-
tonia, acute myocarditis, and cardiomy-
opathy.6 Particular attention has been
paid to the ability of antipsychotics to
prolong the corrected QT (QTc) interval,

which may result in torsades de pointes
and other cardiac arrhythmias.6-8 Only a
few epidemiological studies have
addressed the issue of sudden cardiac
death and antipsychotic use, finding an
increased risk of sudden cardiac death
with the use of antipsychotics, varying
from 1.7 (rate ratio) to 5.3 (odds
ratio).8-10 These studies, however, were
either small and performed in hospital-
ized psychiatric patients or were per-
formed in administrative databases with
little information on potential confound-
ers. Moreover, because of the inability to
validate the diagnosis of sudden cardiac
death in medical records, most of these
studies may have misclassified the
outcome.

We performed a case-control study
on the association between the use of an-
tipsychotics and sudden cardiac death in
a well-defined community-dwelling popu-
lation with complete coverage of all rel-
evant health care information.

ORIGINAL INVESTIGATION

Author affiliations are listed at
the end of this article.
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METHODS

SETTING

All data were retrieved from the Integrated Primary Care Infor-
mation (IPCI) project, a longitudinal observational database, con-
taining data from computer-based medical patient records of a
group of 150 general practitioners (GPs) in the Netherlands. In
the Dutch health care system, the GP has a pivotal role by act-
ing as a gatekeeper for all medical care. Details of the database
have been described elsewhere.11,12 Briefly, the database con-
tains the complete medical records on approximately 500000
patients. The electronic records contain coded and anonymous
data on patient demographics, symptoms (in free text), diag-
noses (using the International Classification for Primary Care13

and free text) from GPs and specialists, referrals, laboratory find-
ings, hospitalizations, and drug prescriptions, including their in-
dications and dose regimen. To maximize completeness of the
data, GPs participating in the IPCI project are not allowed to main-
tain a system of paper-based records besides the electronic medi-
cal records. The system complies with European Union guide-
lines on the use of medical data for medical research and has been
proven valid for pharmacoepidemiological research in several vali-
dation studies that evaluated the quality of the available infor-
mation.11 The Scientific and Ethical Advisory Board of the IPCI
project approved this study.

SOURCE POPULATION

The source population comprised all subjects 18 years and older,
who were registered with a GP participating in the IPCI project
for at least 1 year. Subjects with a diagnosis of cancer were ex-
cluded from the source population, since in these patients the cause
of death is often difficult to assess. The study period started on
January 1, 1995, and ended on April 1, 2001. All subjects were
followed up until death, transferral out of practice, date of last
data collection, or end of the study period, whichever came first.

CASE AND CONTROL DEFINITION

The computerized medical and demographic data were screened
for deaths that occurred during the study period. The medical
records of identified cases of death were reviewed manually to
assess whether death could be classified as sudden cardiac death.
Validation was performed independently by 2 physicians blinded
to exposure (S.M.J.M.S. and G.S.B.), and in case of discrep-
ancy, a third expert (B.H.C.S.) arbitrated. Assessment was based
on the most recent definition of sudden cardiac death.1,2 Cases
were classified as (probable) sudden cardiac death if the medi-
cal record indicated that death occurred within 1 hour after the
onset of acute symptoms and if the following wording was found
in the free text: “sudden cardiac death,” “acute cardiac death,”
“mors subita,” “sudden death,” “died suddenly,” “died unex-
pectedly,” or if this was an unwitnessed, unexpected death of
someone seen in a stable medical condition less than 24 hours
previously and with no evidence of a noncardiac cause (eg, pneu-
monia, convulsion, choking, or stroke). Suicides were ex-
cluded. For each case of sudden cardiac death, up to 10 con-
trols were randomly drawn from the source population matched
for age (year of birth), sex, and practice. The index date was
defined as the date on which sudden cardiac death occurred.
This date was also the index date for matched controls.

EXPOSURE DEFINITION

To assess the use of antipsychotics at the index date, we cal-
culated the duration of use for each antipsychotic as the total
number of units (capsules/tablets) per prescription divided by

the prescribed daily number of these units. Exposure at the in-
dex date was categorized into 3 mutually exclusive groups of
current use, past use, and nonuse. Use of antipsychotics was
defined as current if the index date fell within a period of use
or within a maximum of 30 days after the end of the last pre-
scription (to account for carryover effects). Past use was de-
fined as discontinuation of an antipsychotic more than 30 days
before the index date. If patients had no prescription for an an-
tipsychotic prior to the index date, they were considered non-
exposed. Among current users we evaluated the effect of du-
ration (�90 days and �90 days continuous use), type of
antipsychotic (phenothiazines, butyrophenones, thioxan-
thenes, lithium, and other), indication for the antipsychotic pre-
scription, and the daily dose in defined daily dose equivalents
(DDD), as defined by the World Health Organization.14 One
DDD equivalent represents the recommended daily dose for an
adult for the indication schizophrenia. To evaluate dose-
response effects, the daily dose of antipsychotics was catego-
rized into less than or equal to 0.5 DDD and more than 0.5 DDD.

COVARIATES AND RISK FACTORS

Known risk factors and other covariates for sudden cardiac death
were gathered from the medical records through computer-
ized searches and manual assessment. The covariates that were
evaluated included cerebrovascular and cardiovascular ische-
mia (history of myocardial infarction, stroke, and angina pec-
toris), heart failure, hypertension, diabetes mellitus, arrhyth-
mia, hypercholesterolemia, smoking, and alcohol abuse.
Ischemia and heart failure were assessed based on the diag-
noses provided by the GPs and specialists in the medical re-
cords. Hypertension was identified through the diagnoses in
the medical records, the use of antihypertensive medication,
and/or the assessment of blood pressure measurements accord-
ing to the guidelines of the World Health Organization (a blood
pressure �140 mm Hg systolic and/or 90 mm Hg diastolic).15

Diabetes mellitus, arrhythmias, and hypercholesterolemia were
identified through diagnoses from GPs and specialists in the
medical records and/or the use of antidiabetic, antiarrhyth-
mic, or lipid-lowering medication. Information on smoking and
alcohol abuse was obtained from the medical records. We con-
sidered antidepressants, anxiolytics, hypnotics, and cardiovas-
cular and known QTc-prolonging drugs as concomitant medi-
cation. Current use of these drugs was defined as use at the index
date. The indication for the use of antipsychotics, classified ac-
cording to the DSM-IV,16 was obtained from the prescription
records. We evaluated the effect of social economic status by
including a variable on health care insurance, which is a proxy
for income (those with an income �$25000 a year, approxi-
mately, have sick fund insurance and those with an income
�$25000 a year have private insurance).

STATISTICAL ANALYSIS

The relative risk for sudden cardiac death associated with an-
tipsychotics was estimated by calculation of the odds ratios (ORs)
and 95% confidence intervals (CIs) using conditional logistic
regression analyses. Covariates that were univariately associ-
ated with sudden cardiac death (P�.1) were initially included
in the regression analyses. Factors that changed the point es-
timate of the association between antipsychotic drug use and
sudden cardiac death by more than 10%17 were kept in the fi-
nal model (diabetes mellitus, arrhythmias, hypertension, cere-
brovascular and cardiovascular ischemia, use of diuretics, use
of angiotensin-converting enzyme inhibitors, and use of anx-
iolytic or hypnotic medication). In addition, smoking and al-
cohol abuse were included in the model because these are known
risk factors for sudden cardiac death. We investigated poten-
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tial effect modification by age and sex and performed subanaly-
ses to evaluate potential misclassification of sudden cardiac death
by splitting the outcomes between witnessed and unwit-
nessed death. To evaluate a possible dose-effect relation, a trend
test was performed. Furthermore, we evaluated potential con-
founding by indication by providing risk estimates for current
antipsychotic use in patients with the indication schizophre-
nia and with current antipsychotic use for other indications.

RESULTS

In the source population (n=250000), 582 cases of sud-
den cardiac death were identified, representing an inci-
dence rate of sudden cardiac death of almost 1 per 1000
person-years per year in the source population. No con-
trols could be matched for 28 cases, and these cases were
excluded from further analyses. Hence, the study popu-
lation comprised 554 cases of sudden cardiac death and
4463 matched controls (approximate case-control ratio
1:8). There were 334 witnessed (60.3%) and 220 unwit-
nessed (39.7%) cases of sudden cardiac death. The me-
dian age of the study population was 71 years, and ap-
proximately 60% were male. Despite matching for year
of birth, the median age of cases was higher than the me-
dian age of controls (74 years and 71 years, respec-
tively), since more controls were available for younger
cases than for elderly cases (Table 1). Autopsy had been
performed in only 7 cases, but these were all compatible
with a cardiac origin of sudden death. All known poten-
tial risk factors for sudden cardiac death were associ-
ated with an increased risk, notably ischemic cerebro-
vascular and cardiovascular disease, hypertension,
arrhythmia, diabetes mellitus, heart failure, hypercho-
lesterolemia, smoking, and alcohol abuse (Table 1). As
expected, use of cardiovascular medication was associ-
ated with sudden cardiac death as well. There was no as-
sociation between socioeconomic status and sudden car-
diac death.

Current use of antipsychotics was associated with
a 3-fold increased risk of sudden cardiac death (ad-
justed OR, 3.3; 95% CI, 1.8-6.2). Past use of antipsy-
chotics was not associated with an increased risk of sud-
den cardiac death (Table 2). The risk of sudden cardiac
death was highest among individuals using butyrophe-
none antipsychotics, predominantly pipamperone and
haloperidol. Furthermore, the risk was highest among
users of a DDD higher than 0.5 and among short-term
(�90 days) users. The risk of sudden cardiac death in-
creased significantly with higher doses (P�.001). The risk
of sudden cardiac death was also significantly increased
in persons who used antipsychotics at a daily dose �0.5
DDD or continuously for more than 90 days. Most cur-
rent users did not receive antipsychotics for schizophre-
nia. Twelve patients (5 cases and 7 controls) met the cri-
teria for diagnoses of schizophrenia or schizoaffective
disorders, whereas 44 patients (14 cases and 30 con-
trols) received antipsychotics for other psychiatric dis-
eases such as organic psychosis, dementia, stress, anxi-
ety, or bipolar depression. The risk of sudden cardiac death
in current users not meeting the criteria for the diagno-
sis of schizophrenia or schizoaffective disorders was sig-
nificantly higher than in nonusers (OR, 3.3; 95% CI, 1.6-

6.6) and was not significantly different from those with
the diagnosis schizophrenia (OR, 3.4; 95% CI, 0.9-12.8).

For witnessed cases of death, the association with cur-
rent antipsychotic use was higher (OR, 4.7; 95% CI, 2.0-
10.8) than for unwitnessed cases (OR, 2.4; 95% CI, 0.9-6.3).
Stratified analyses showed that the risk of sudden cardiac
death in users of antipsychotics tended to be higher in men
(OR, 4.9; 95% CI, 1.7-13.0) than in women (OR, 2.9; 95%
CI, 1.3-6.4) and higher in patients 65 years or younger (OR,
5.5; 95% CI, 1.0-31.1) than in patients older than 65 years
(OR, 3.1; 95% CI, 1.6-6.1). None of these interactions, how-
ever, were statistically significant.

COMMENT

The results of our study indicate that current use of an-
tipsychotics in a community-dwelling population is as-
sociated with an increased risk of sudden cardiac death,
even at a low dose and in persons who use antipsychot-
ics for indications other than schizophrenia. After ad-
justment for known confounding factors, current use of
antipsychotics was associated with a more than tripled
risk of sudden cardiac death. The risk was highest among
users of butyrophenone antipsychotics but not signifi-
cantly different from the other antipsychotics, possibly
due to low numbers. Unlike some other studies, we did

Table 1. Demographics, Distribution of Covariates,
and Use of Concomitant Medication in Cases and Controls

Characteristic

Cases,
No. (%)

(n = 554)

Controls,
No. (%)

(n = 4463)
Odds Ratio*

(95% CI)

Sex, male 326 (59) 2657 (60) . . .
Age, y†

�55 67 (12.1) 736 (16.4) . . .
56-65 77 (13.9) 792 (17.7) . . .
66-75 175 (31.6) 1551 (34.8) . . .
�75 235 (42.4) 1390 (31.1) . . .

Sudden cardiac death, witnessed 334 (60.3) . . . . . .
Comorbidities

Ischemic cerebrovascular/
cardiovascular disease

203 (37) 780 (17) 2.6 (2.1-3.2)

Hypertension 359 (65) 2562 (57) 1.3 (1.0-1.6)
Arrhythmia 114 (21) 469 (11) 2.1 (2.1-3.2)
Diabetes mellitus 182 (33) 871 (20) 2.0 (1.6-2.5)
Smoking 92 (17) 469 (11) 2.2 (1.6-2.9)
Alcohol abuse 32 (6) 137 (3) 2.1 (1.4-3.3)
Heart failure 141 (25) 283 (6) 5.0 (3.9-6.4)
Hypercholesterolemia 47 (8) 266 (6) 1.7 (1.2-2.4)

Concomitant cardiovascular drugs
�-Blocking agents 71 (13) 491 (11) 1.2 (0.9-1.6)
Diuretics 135 (24) 484 (11) 2.4 (1.9-3.1)
Ca-blocking agents 63 (11) 295 (7) 1.7 (1.3-2.3)
ACE inhibitors 100 (18) 378 (8) 2.4 (1.8-3.0)
ATII-blocking agents 19 (3) 66 (2) 2.5 (1.5-4.3)
Lipid-lowering agents 31 (6) 206 (5) 1.4 (1.0-2.1)
Cardiac glycosides 56 (10) 125 (3) 3.4 (2.4-4.9)
Antiarrhythmics 7 (1) 32 (1) 1.6 (0.7-3.9)

Abbreviations: ACE, angiotensin-converting enzyme; ATII, angiotensin II
receptor antagonist; Ca, calcium; CI, confidence interval.

*All odds ratios are matched for age, sex, practice, and calendar time.
†The median age for cases was 74 years and for controls, 71 years.
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not find an association with thioridazine, but this drug
was hardly used in our study population.9,10 The risk of
sudden cardiac death was slightly but not significantly
lower after prolonged use of antipsychotics, which might
be the result of depletion of susceptibles.

A consistent finding in studies on the association be-
tween antipsychotic use and sudden cardiac death is that
there seems to be a positive dose-response relation-
ship.6-10 A potential mechanism by which antipsychotic
agents might induce sudden cardiac death relates to their
capacity to prolong the QTc interval, which seems to be
dose related.18 However, the exact role of QTc prolon-
gation in torsades de pointes, ventricular arrhythmias,
and sudden cardiac death has not been resolved.6,18-20 An-
tipsychotics seem to share the ability to antagonize the
rapid component of the delayed rectifier potassium cur-
rent, which leads to a variable lengthening of the action
potential. Prolongation of QT is only a surrogate marker
of cardiotoxicity, and there is no consensus on the de-
gree of QT prolongation that becomes clinically rel-
evant. In our study, low doses of antipsychotics were also
associated with a significantly increased risk of sudden
cardiac death. In the Tennessee Medicaid cohort study,
the risk of sudden cardiac death was greater in women
and in those 65 years or older.8 In contrast, we found that
the risk of sudden cardiac death tended to be higher in
men and in those 65 years or younger. The fact that in
our study elderly women predominantly used a low dose
(�0.5 DDD), while younger men mostly used a high dose,
might explain this finding.

Our findings are consistent with earlier studies in
which a higher rate of sudden cardiac death was found

in patients taking antipsychotic drugs.8-10 In 2 retrospec-
tive cohort studies among schizophrenic patients, the use
of antipsychotics was associated with a significantly in-
creased risk of sudden cardiac death. Reilly et al9 found
that thioridazine use was associated with a 5-fold in-
creased risk of sudden cardiac death in psychiatric in-
patients. Most of these studies, however, had limita-
tions. First, patient populations in these studies included
only cases with schizophrenia, either hospitalized9 or in
an outpatient setting.8,10 Therefore, it was impossible to
determine whether findings were due to the disease (con-
founding by indication) or to the antipsychotic drugs
taken. Second, 2 studies used data from Medicaid pro-
grams. These data pertain to a skewed population of
people from lower socioeconomic classes with a high car-
diovascular risk profile, and these Medicaid databases have
little or no information on important potential confound-
ers. Third, for exposure assessment these studies used a
fixed length of 30 days for a prescription since the exact
dosing regimen was unknown. This may have caused ex-
posure misclassification because under real-life circum-
stances dose variation will lead to different prescription
lengths and consequently to varying exposure win-
dows.21 Finally, the outcome often cannot be assessed val-
idly in such databases, since death and the reason for death
are poorly registered and have to be proxied by assum-
ing that not returning for health care consumptions means
that the patient died.10

In our population, we were able to take advantage
of the fact that in the Dutch health care system all medi-
cal information (including specialist and hospital care)
is collected at practices that cover the general popula-

Table 2. Risk of Sudden Cardiac Death and the Use of Antipsychotic Medication

Use of Antipsychotic
Medication

Cases
(n = 554)

Controls
(n = 4463)

OR*
(95% CI)

OR†
(95% CI)

Nonuse 520 4352 1.0 (Reference) 1.0 (Reference)
Past use 15 74 1.4 (0.8-2.4) 1.1 (0.6-2.0)
Current use 19 37 3.7 (2.0-6.7) 3.3 (1.8-6.2)
Type of antipsychotic used‡§

Nonuse 520 4352 1.0 (Reference) 1.0 (Reference)
Butyrophenones 12 13 6.1 (2.6-14.1) 7.3 (2.8-18.8)
Thioxanthenes 1 3 3.4 (0.5-32.6) 2.9 (0.3-32.9)
Other antipsychotics 2 7 2.6 (0.5-13.1) 1.9 (0.3-11.8)
Lithium 3 9 2.4 (0.6-9.3) 1.5 (0.3-8.3)
Phenothiazines 3 12 1.7 (0.4-7.7) 0.8 (0.2-3.8)

Daily dose
Nonuse 520 4352 1.0 (Reference) 1.0 (Reference)
�0.5 DDD 14 33 3.0 (1.6-5.8) 2.8 (1.4-5.6)
�0.5 DDD� 5 4 8.8 (2.2-34.4) 9.8 (2.1-44.6)

Duration of use
Nonuse 520 4352 1.0 (Reference) 1.0 (Reference)
�90 d 10 15 4.4 (1.9-10.3) 5.0 (2.1-12.1)
�90 d 9 22 3.2 (1.4-7.1) 2.5 (1.1-6.0)

Abbreviations: CI, confidence interval; DDD, defined daily dose equivalent; OR, odds ratio.
*Odds ratios are matched for age, sex, practice, and calendar time.
†Odds ratios are matched for age, sex, practice, and calendar time, adjusted for (1) diabetes mellitus and arrhythmias; (2) use of diuretics,

angiotensin-converting enzyme inhibitors, anxiolytics, or hypnotics; and (3) hypertension, smoking, alcohol abuse, and cerebrovascular/cardiovascular ischemia.
‡Antipsychotics included butyrophenones (haloperidol, pipamperone, bromperidol, and benperidol); phenothiazines (chlorpromazine, levomepromazine,

triflupromazine, perphenazine, prochlorperazine, trifluoperazine, perazine, thioridazine, and periciazine); thioxanthenes (flupentixol and zuclopenthixol); and other
(pimozide, clozapine, olanzapine, and risperidone).

§Since some patients used more than 1 antipsychotic, numbers do not add up.
�Test for trend, P�.001.
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tion instead of selected socioeconomic groups. As a con-
sequence, there was extensive information available on
drug use, potential confounders, and the circumstances
surrounding death. Moreover, data allowed for subanaly-
sis of different indications, which confirmed that sud-
den cardiac death is associated with antipsychotic use
rather than with schizophrenia itself.

Nevertheless, our study also has some limitations.
First, we cannot exclude that some misclassification of
outcome occurred. We may have missed some deaths,
although this is minimal, since death is consistently reg-
istered by GPs. In contrast to other studies,8,10 we could
reduce misclassification by differentiating witnessed and
unwitnessed cases. The percentage of unwitnessed deaths
in our population was 39.2%, which is in line with ear-
lier findings.20,22 The risk of witnessed sudden cardiac
death alone was more than quadrupled in current anti-
psychotic users, while the risk in the unwitnessed cases
was lower. This is consistent with the fact that misclas-
sification will occur more often in unwitnessed cases. In
the latter group, some deaths might have been of non-
cardiac origin, and this could explain the lower risk es-
timates. Second, not all acute deaths may have been of
cardiac origin. We had pathological autopsy informa-
tion only for 7 cases, in which the cause of death was car-
diac. Third, misclassification of exposure may have oc-
curred since we used outpatient prescription data and had
no information whether the prescription was actually filled
and taken. It is likely, however, that such exposure mis-
classification will be random and evenly distributed among
cases and controls. Therefore, the reported estimate is
probably a conservative one. Fourth, the number of ex-
posed cases in our study unfortunately prohibited us from
comparing individual antipsychotic agents.

In conclusion, the results of our study indicate that
current use of antipsychotics in a general population is
associated with an increased risk of sudden cardiac death,
even at a low dose and in persons who use antipsychot-
ics for indications other than schizophrenia. The risk of
sudden cardiac death seems to be highest among recent
users but remained elevated during long-term use.
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Correction

Error in Affiliations. In the Original Investigation by Straus et al titled “An-
tipsychotics and the Risk of Sudden Cardiac Death,” published in the June 28
issue of the ARCHIVES (2004;164:1293-1297), an error occurred in the affilia-
tions on page 1297. The correct affiliations are as follows: “From the Pharmaco-
epidemiology Unit, Departments of Epidemiology & Biostatistics and Internal
Medicine (Drs Straus, Bleumink, Dieleman, Sturkenboom, and Stricker) and
Department of Medical Informatics (Drs Straus, Dieleman, van der Lei, ‘t Jong,
and Sturkenboom), Erasmus Medical Center, Rotterdam, the Netherlands; Medi-
cines Evaluation Board, the Hague, the Netherlands (Dr Straus); Inspectorate
for Health Care, the Hague (Drs Bleumink, Kingma, and Stricker); and the De-
partment of Clinical Pharmacology, University of Groningen, Groningen, the
Netherlands (Dr Kingma).”
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