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Background: Case reports link antipsychotic drugs with
sudden cardiac deaths, which is consistent with dose-
related electrophysiologic effects. Because this associa-
tion has not been confirmed in controlled studies, we con-
ducted a retrospective cohort study in Tennessee Medicaid
enrollees, which included many antipsychotic users; there
were also computer files describing medication use and
comorbidity. The study was conducted before the intro-
duction of risperidone and, thus, did not include the newer
atypical agents.

Methods: The cohort included 481744 persons with
1282996 person-years of follow-up. This included 26 749
person-years for current moderate-dose antipsychotic use
(>100-mg thioridazine equivalents), 31864 person-
years for current low-dose antipsychotic use, 37 881 per-
son-years for use in the past year only, and 1186501 per-
son-years for no use. The cohort had 1487 confirmed
sudden cardiac deaths; from these, we calculated multi-
variate rate ratios adjusted for potential confounding
factors.

Results: When current moderate-dose antipsychotic use
was compared with nonuse, the multivariate rate ratio was
2.39 (95% confidence interval, 1.77-3.22; P<<.001). This
was greater than that for current low-dose (rate ratio, 1.30;
95% confidence interval, 0.98-1.72; P=.003) and former
(rate ratio, 1.20; 95% confidence interval, 0.91-1.58;
P<.001) use. Among cohort members with severe cardio-
vascular disease, current moderate-dose users had a 3.53-
fold (95% confidence interval, 1.66-7.51) increased rate rela-
tive to comparable nonusers (P<.001), resulting in 367
additional deaths per 10000 person-years of follow-up.

Conclusions: Patients prescribed moderate doses of an-
tipsychotics had large relative and absolute increases in
the risk of sudden cardiac death. Although the study data
cannot demonstrate causality, they suggest that the po-
tential adverse cardiac effects of antipsychotics should
be considered in clinical practice, particularly for pa-
tients with cardiovascular disease.
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NTIPSYCHOTIC AGENTS, the
primary treatment for
schizophrenia and other
psychoses,’ long have been
suspected to increase the
risk of serious ventricular arrhythmias and,
thus, sudden cardiac death.>® The litera-
ture includes numerous case reports of tor-
sades de pointes and sudden death in pa-
tients taking thioridazine,*® haloperidol,™®
risperidone,*'® and other antipsychotics.?
Users of antipsychotic medications are over-
represented in registries of sudden deaths."
Cohort studies'*"? of schizophrenic pa-
tients have reported a persistent excess of
cardiovascular disease-related mortality.
Several®'® have speculated that thisis, at least
in part, attributable to antipsychotic use.
An increased risk of sudden cardiac
death is consistent with the dose-related ef-
fects of antipsychotic medications on car-
diac electrophysiologic properties. Halo-
peridol and sertindole block repolarizing
potassium currents in vitro,"'® hypoth-

esized to be the mechanism underlying
drug-induced torsades de pointes.? In an
isolated feline heart model, haloperidol, ris-
peridone, sertindole, clozapine, and olan-
zapine produced dose-dependent prolon-
gation of the QT interval.'® In isolated
spontaneously beating guinea pig Pur-
kinje fibers, chlorpromazine and thiorida-
zine induce early “after depolarizations,™"”
a hypothesized trigger for torsades de
pointes.'® Approximately 25% of patients
taking phenothiazines and other antipsy-
chotics have electrocardiographic abnor-
malities, including prolongation of the QT
interval ** which is thought to increase the
risk of serious ventricular arrhythmias.

See also page 1168

Although these data suggest that an-
tipsychotic medications might increase the
risk of sudden cardiac death, this ques-
tion has not been addressed in controlled
epidemiologic studies. Thus, we con-
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PARTICIPANTS AND METHODS
STUDY DESIGN AND SOURCES OF DATA

The cohort included Tennessee Medicaid enrollees from Janu-
ary 1, 1988, through December 31, 1993. An enrollment file
indicated each person’s periods of enrollment and demo-
graphic characteristics and has been linked with Tennessee
death certificates,” which identify the date and cause of death.
Encounter files record prescriptions filled at the pharmacy,
outpatient visits, inpatient admissions, and nursing home stays.
These data were used to identify the study cohort, to deter-
mine exposure to study drugs, to identify potential cases of
sudden cardiac death, and to classify cohort members ac-
cording to preexisting cardiovascular and other disease.

COHORT AND FOLLOW-UP

Cohort members had 365 days or more of continuous en-
rollment during the study period (to assure availability of
Medicaid encounter data); were aged 15 to 84 years; were
not in a long-term care facility (except those in such a fa-
cility for mental conditions) in the past 365 days; and had
no evidence of a life-threatening noncardiac illness {chronic
renal failure, chronic liver disease, metastatic or other can-
cer with a poor prognosis, severe chronic obstructive pul-
monary disease, or the human immunodeficiency virus
infection). Study follow-up began on January 1, 1988, or
ata later time when the criteria for cohort membership were
met. Follow-up ended on the first of the following: De-
cember 31, 1993; the date of death; or whenever the cri-
teria for cohort membership no longer were met. Person-
time during hospitalization and the 30 days following
hospital discharge was not included in the follow-up, pri-
marily because medications dispensed in the hospiial are
not included in Medicaid files.

The study cohort included 481744 persons with
1282996 person-years ol follow-up. Of the study cohort,
54% were aged 15 through 44 years, 21% were aged 45
through 64 years, and 25% were aged 65 years or older.
Females made up 70% of the cohort (reflecting Medicaid
demographics™), and 59% of the cohort was white,

ANTIPSYCHOTIC EXPOSURE

Antipsychotics and other medications were identified from
computerized Medicaid pharmacy files, which included
drug, dose, and days of supply dispensed. Automated phar-
macy records are an excellent source of medication data
because these records are not subject to information bias™*
and have concordance of better than 90% with patient self-
reports of medication use.”*® The residual misclassifica-
tion is conservative and, thus, would bias against detect-
ing a drug effect.?*

The study drugs (with equivalents to 100 mg of thio-
ridazine') were haloperidol (2 mg), fluphenazine hydro-
chloride (2 mg), thiothixene (5 mg), trifluoperazine hy-
drochloride (5 mg), perphenazine (10 mg), molindone
hydrochloride (10 mg), loxapine (15 mg), trifluproma-
zine (25 mg), mesoridazine (50 mg), chlorprothixene (50
mg), clozapine (75 mg), chlorpromazine (100 mg), and thio-
ridazine (100 mg).

For each member of the cohort, every person-day of
follow-up was classified according to antipsychotic use. Cur-
rent use included the time from the filling of the prescrip-
tion through the end of the days of supply (allowing up to
7 additional days). Fermer use included cohort members
who were not current users but whoe had had some use in
the past 365 days. Nonuse of antipsychotics was defined as
no antipsychotic use in the past 365 days.

Clinical use of antipsychotics encompasses at least a
20-fold dose range.! Animal'®" and human®* data indi-
cate that the potential proarthythmic effects are dose re-
lated. Thus, all current use was further classified a priori
as low or moderate dose, with the latter defined as greater
than 100 mg of thioridazine or its equivalent, ie, doses at
which electrocardiographic abnormalities are most fre-
quent.’

Study follow-up thus included 58613 person-years of
current antipsychotic use and 37881 person-years for use
in the past year only. Current use consisted of 31 864 person-
years {54%) for doses of 100 mg or less and 26 749 person-
years (46%) for doses greater than 100 mg. Individual an-
tipsychotics included haloperidol (21%), thioridazine (20%),
perphenazine (17%), thiothixene (9%), chlorpromazine
(7%), other individual drugs (22%), and multiple drugs (4%)
(the percentage of current use is given in parentheses).
Clozapine accounted for less than 1% of antipsychotic use.

SUDDEN CARDIAC DEATH

The study outcome was sudden cardiac death occurring in
acommunity setting * This was defined as a sudden pulse-
less condition (arrest) that was fatal (within 48 hours) and
was consistent with a ventricular tachyarrhythmia occur-
ring in the absence of a known noncardiac condition as the
proximate cause of the death ** Probable sudden cardiac deaths
were defined as a witnessed sudden collapse with no pulse
and respiration (or agonal), an unwitnessed collapse in a
person known to be alive within the previous hour, ven-
tricular fibrillation or tachycardia before the start of car-
diopulmonary resuscitation, or autopsy findings consis-
tent with a ventricular tachyarrhythmia, Possible sudden
cardiac deaths were those in which no arrest was wit-
nessed and the person was found unconscious or dead, but
with evidence that the subject had been alive in the pre-
ceding 24 hours. Both definitions excluded deaths from ar-
rests that occurred in a hospital or other institutional

ducted a large retrospective cohort study of the risk of
sudden cardiac death among antipsychotic users. The
study was conducted in a Medicaid population, which
included many antipsychotic users; there were also com-
puterized files from which study data could be ob-
tained.” The study was conducted before the introduc-
tion of risperidone, olanzapine, and quetiapine fumarate
and, thus, did not include the newer atypical agents.

T

The characteristics of the cohort varied according to use
and dose of antipsychotic (Table 1). Current users of
doses greater than 100 mg of thioridazine or its equiva-
lent were younger and more likely to be male than other
cohort members. Alter standardization for age and sex,
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setting, that were not sudden, or that had documentation
suggesting an extrinsic (eg, substance overdose) or non-
cardiac (eg, pneumonia) cause or a different cardiac cause
(eg, heart [ailure or bradyarrhythmia).

Computerized data were screened [or all cohort deaths
to identify potential cases. We began with deaths poten-
tially consistent with sudden cardiac death: those associ-
ated with hypertensive heart disease (excluding malig-
nant hypertension), ischemic heart disease (not aneurysms),
cardiomyopathy, conduction disorders, dysrthythmias, myo-
carditis, cardiomegaly, heart failure, uncomplicated dia-
betes, atherosclerotic heart disease, or unspecified heart dis-
ease; sudden death; or death from an unknown cause. We
then further excluded those deaths the computerized re-
cords of terminal medical care indicated were likely to have
occurred in the hospital or to be of either noncardiac cause
or cardiac cause inconsistent with a ventricular tachyar-
rhythmia,

For the potential cases, study nurses reviewed the re-
cords of all medical care encounters around the time of
death, including from the hospital or emergency depart-
ment (when present), emergency medical services runs, and
medical examiner reports. A study physician (5.M.), masked
with regard to medication use, then classified each re-
viewed death; questionable cases were reviewed by a simi-
larly masked cardiac electrophysiologist (K.T.M.).

Cohort members had 4404 deaths during follow-up
that met the computerized screening criteria. Of these, 614
(14%) occurred at home with no record of a terminal medi-
cal encounter, and we were unable to obtain records for
822 (19%) of the deaths. Of the 2968 deaths for which rec-
ords were obtained, we excluded 174 that were for arrests
that occurred in hospitals or other institutions, 505 that
were due to other causes, and 802 for which the records
lacked information on the time or circumstances of death
or the time the subject was last alive. The remaining 1487
deaths (701 probable and 786 possible) constitute the study
cases of sudden cardiac death.

DATA ANALYSIS

Rates standardized to the age and sex distribution of the
cohort were calculated by the direct method. Multivariate
rate ratios and 95% confidence intervals (Cls) were calcu-
lated from Poisson regression models. These models con-
trolled for potential confounders that included calendar year,
demographic characteristics (age, sex, and race), noncar-
diovascular illness (defined as a hospital admission, except
for mental illness), and cardiovascular disease. The comor-
bidity measures were calculated for each person-day of
follow-up from medical care encounters in the preceding
365 days.

Cardiovascular disease was defined from hospital
admissions, emergency department visits, and physician

visits with cardiovascular diagnoses and from use of
medications to treat cardiovascular disease or predispos-
ing conditions (digitalis glycosides, loop diuretics, thia-
zide diuretics, antiarrhythmic agents, angiotensin-con-
verting enzyme inhibitors, B-blockers, calcium channel
blockers, hypoglycemic agents, lipid-lowering drugs, and
nitrates). A summary cardiovascular risk score was cre-
ated from regression models of the effect of these factors
on rates of sudden cardiac death in nonusers of antipsy-
chotics, where the regression coefficients determined the
weights given to each factor. As results thus obtained
were virtually identical to those from more complex mod-
els with detailed terms for cardiovascular disease, the
summary score was used to control for cardiovascular dis-
ease. Models included a term for the interaction between
age and cardiovascular disease, as the effect of such dis-
ease on the risk of sudden cardiac death was substantially
more pronounced at younger ages.

To describe how diagnosed cardiovascular disease var-
ied with antipsychotic use and to determine if this modi-
fied the effect of antipsychotic drugs, we used the sum-
mary risk score to define 4 disease categories. The first
included the substantial fraction of the cohort that had none
and, thus, had the lowest possible value for the risk score.
For members of the cohort with diagnosed disease, the risk
score defined approximate tertiles (of the cases) of sever-
ity, labeled as mild, moderate, or severe cardiovascular
disease.

For example, patients receiving only a thiazide di-
uretic, only digoxin, or digoxin and a loop diuretic were
classified as having mild, moderate, and severe cardiovas-
cular disease, respectively. For cohort members with none,
mild, moderate, and severe cardiovascular disease, the re-
spective age- and sex-standardized rates of sudden cardiac
death were 6.2, 10.0, 22.5, and 147.2 deaths per 10000 per-
son-years.

Other indicators of illness considered, but not in-
cluded in the models because they did not alter rate ratio
estimates for antipsychotic use, were use of anticonvul-
sants, anticoagulants, oral corticosteroids, bronchodila-
tors, antidepressants, benzodiazepines, and lithium.

We conducted a secondary analysis to assess the mag-
nitude of possible confounding by smoking, which was not
available in the study data. We identified a group of pa-
tients known to have a high prevalence of smoking: those
with chronic respiratory diseases caused by smoking (di-
agnoses for chronic bronchitis or emphysema).**** We then
calculated the relative risk of sudden cardiac death for these
patients, which indicated how well the cardiovascular dis-
ease risk score controlled for the effect of smoking.

All statistical analyses were performed with SAS sta-
tistical software, version 6.12 (SAS Institute Inc, Cary, NC).
All P values are for 2-sided tests. Statistical significance was
defined by an « level of .05.

moderate-dose current users had fewer medications for
cardiovascular illness and fewer cardiovascular dis-
ease-related hospitalizations or emergency department
visits, Thus, they had slightly lower summary cardio-
vascular disease illness scores: 9.1% had moderate or
severe cardiovascular disease compared with 12.7% of
nonusers. Current users of moderate-dose antipsychot-
ics also had lower rates of hospitalization for other

medical illnesses. In contrast, former users of antipsy-
chotics had a greater baseline prevalence of cardiovas-
cular illness, smoking-related respiratory disease, and
other serious disease.

Cohort members had 1487 sudden cardiac deaths,
or 11.6 deaths per 10000 person-years of follow-up. The
risk of sudden cardiac death increased with age (rates of
1.9, 18.7, and 26.6 per 10000 person-years for persons
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Table 1. Characteristics of the Gohort, by Antipsychotic Use Status*
Antipsychotic Use
[
Current Usef

Characterislic Nonuser Past Year Only Is‘llm mg >100 mgl
Person-years of follow-up 1186501 37881 31864 26749
Age group, ¥

15-44 54.6 §3.2 39.0 60.2

45-64 19.8 289 36.0 332

65-84 256 18.0 25.0 6.6
Femnale sex 70.5 65.5 67.4 52.8
While race 58.2 66.7 71.5 55.3
Cardiovascular medicationst

Insulin er oral hypoglycemic agents 7.2 9.2 9.6 8.0

Digoxin 49 6.3 55 3.5

Loap diuretics 74 10.1 84 57

Thiazide diuretics 15.2 18.4 18.0 12.3

Nitrates 5.6 6.9 5.6 33

AGE Inhibiters 6.5 3.1 7.0 5.0

B-Blockers 6.6 107 10.2 6.9

Calcium channel biockers 6.9 8.7 6.9 5.0
Cardiovascular hospitalization or emergency department visit: 26 43 2.6 2.1
Summary cardiovascular disease scoret§

None 65.6 54.5 56.0 65.4

Mild 216 295 30.5 255

Moderate 10.5 13.2 11.6 8.1

Severe 2.2 29 1.8 1.0
Other medical hospital admissient 123 21.2 14.4 1.3
Smoking-related respiratory illnessf 1.5 25 241 1.6

*Data are given as the percentage of the cohert unless otherwise indicated. ACE indicates angiotensin-cenverting enzyme.

1The dose is in thioridazine equivalents {see the “Antipsychotic Exposure” subsection of the “Participants and Methods” section).

4Standardized by the direct method to the age and sex distribution of the entire cohort.

§Defined from diagnesed or treated cardiovascular disease, including medications (digitalis glycosides, loop diuretics, thiazide diuretics, antiarrhythmic agents,
ACE inhibitors, 3-blockers, calcium channel blockars, hypoglycemic agents, lipid-lowering drugs, and nitrates), outpatient encounters, or hospitalizations, using
regression madels of the effect of these factors on rales of sudden cardiac death in nonusers of antipsychotics. The none categery includes the substantial
fraction of the cohort with ne such disease; mild, moderate, or severe cardiovascular disease define approximate tertiles for the remaining cases. For example,
patients receiving only a thiazide diuretic, only digoxin, ar digoxin and a loop diuretic were classified as having mild, moderate, and severe cardiovascular diseass,
respectively. For cohort members with none, mild, moderate, and severe cardiovascular disease, the respective age- and sex-standardized rates of sudden cardiac

death were 6.2, 10.0, 22.5, and 147.2 deaths per 10 000 person-years.

Table 2. Rates of Sudden Gardiac Death,
by Antipsychotic Dose
Anlipsychotic Use
l Current Use*
Past Year ——

Characleristic Nonuser Only =100mg =100 mg

Person-years of 1186501 37881 31864 26749
follow-up

Sudden cardiac 1337 53 51 46
deaths

Rate per 10000 11.3 15.7 14.4 26.9
person-yearst

Multivariate rate 1 1.20 1.30 2.39
ratio

95% Confidence Referent  0.91-1.58 0.98-1.72 1.77-3.22
interval

*The dose is in thioridazine equivalents (see the "Antipsychotic Exposure”
subsection of the “Participanis and Methads” section).

t5tandardized by the direct method te the age and sex distribution of the
entire cohort.

aged 15-44, 45-64, and 65-84 years, respectively) and was
greater in males (19.1 per 10000 person-years) than in
females (8.4 per 10000 person-years).

When current antipsychotic users of doses greater
than 100 mg of thioridazine or its equivalent were com-
pared with nonusers, the multivariate rate ratio was 2.39
(95% CI, 1.77-3.22; P<.001) (Table 2). The rate ratio
for current users of 100 mg or less of thioridazine or its
equivalent was 1.30 (95% CI, 0.98-1.72}, significantly less
than that for moderate-dose current users (P=.003). The
rate among former users of antipsychotics was not sig-
nificantly (P>.20) different from that of nonusers (rate
ratio, 1.20;95% CI, 0.91-1.58) and was significantly lower
than that for current moderate-dose users (P<<.001).
When the analysis was restricted to probable sudden car-
diac deaths, the rate ratio for current users of greater than
100 mg of thioridazine or its equivalent was 2.45 (95%
CI, 1.59-3.77), and those for current users of 100 mg or
less and former users were 1.38 (95% CI, 0.93-2.05) and
1.25 (95% CI, 0.85-1.84), respectively.

The increased risk of sudden cardiac death among
moderate-dose current users of antipsychotics was pres-
ent for subgroups defined by demographic characteris-
tics and use of specific antipsychotics. The multivariate
rate ratio for females (2.97; 95% CI, 1.96-4.50) was greater
than that for males (1.91; 95% CI, 1.24-2.95). The rate
ratios for persons younger than 65 years and for those
aged 65 years or older were 2.25 (95% CI, 1.59-3.18) and
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2.82(95% CI, 1.55-5.13), respectively. For specific drugs,
the rate ratios were 1.90 (95% CI, 1.10-3.30) for halo-
peridal, 3.19 (95% ClI, 1.32-7.68) for thioridazine, 3.64
(95% ClI, 1.36-9.74) for chlorpromazine, and 4.23 (95%
CI, 2.00-8.91) for thiothixene. Perphenazine was not
included in this analysis because nearly all use wasin a
low-dose fixed combination product with amitriptyline
hydrochloride.

We examined the effect of the presence of diag-
nosed cardiovascular disease on the association be-
tween moderate-dose antipsychotic use and increased risk
of sudden cardiac death (Figure). In cohort members
with none, mild, moderate, or severe disease, the inci-
dence of sudden cardiac death among current moderate-
dose antipsychotic users was always at least 60% greater
than that for comparable nonusers, with respective mul-
tivariate rate ratios of 1.60 (95% CI, 0.89-2.87),3.18 (95%
CI, 1.95-5.16),2.12 (95% CI, 1.08-4.14), and 3.53 (95%
CI, 1.66-7.51). Thus, for every 10000 person-years of fol-
low-up, moderate-dose current antipsychotic users had
4,21, 23, and 367 additional sudden cardiac deaths among
cohort members with no, mild, moderate, or severe car-
diovascular disease, respectively.

‘We conducted analyses that excluded several groups
considered to have an increased risk of sudden cardiac death
and to possibly be overrepresented among antipsychotic
users and, thus, to potentially introduce bias. These in-
cluded those with affective disorders (any diagnosis or use
of an antidepressant or lithium), severe mental illness (a
hospitalization in the past year), substance abuse (a diag-
nosis), use of antidepressants, and use of antiarrhythmic
agents. After excluding these groups from the cohort, the
respective multivariate rate ratios for moderate-dose cur-
rent antipsychotic use were 2.53 (95% CI, 1.76-3.64), 2.67
(95% CI, 1.98-3.62), 2.62 (95% CI, 1.91-3.58), 2.38 (95%
CI, 1.69-3.35), and 2.45 (95% CI, 1.79-3.34).

We conducted a secondary analysis to assess the po-
tential for confounding by smoking. Cohort members with
chronic respiratory illnesses caused by smoking had an
age- and sex-standardized rate of 19.6 sudden cardiac
deaths per 10000 person-years, 71% greater than that of
the 11.5 among other cohort members. However, after
adjusting for cardiovascular and other illness, the mul-
tivariate rate ratio (members with chronic respiratory dis-
ease vs other cohort members) was 1.26 (95% CI, 0.94-
1.69), not significantly different from 1 (P>.10).

T

In this large epidemiologic study, patients using anti-
psychotics in doses of more than 100 mg of thioridazine
or its equivalent had a 2.4-[old increase in the rate of sud-
den cardiac death. The relative and absolute rates were
increased among moderate-dose antipsychotic users who
also had severe cardiovascular disease; consequently, these
patients had an additional 367 sudden cardiac deaths per
10000 person-years of follow-up.

The study case definition for sudden cardiac death
required documentation from medical records consis-
tent with the occurrence of a cardiac arrest. Conse-
quently, many potentially qualifying deaths were ex-
cluded because they occurred at home with no terminal

o
=2
1=}

[ Nonusers

B Moderate-Dose Users P=001

Nuhg
5 S 8 8

Deaths per 10000 Person-years

=
=]
I

Mild
Prior Cardiovascular Disease

Hone Moderate Severe

Rates of sudden cardiac death in current users of moderate-dose
antipsychotics (thioridazine, >100 mg/d, or its equivalent) and nonusers,
by severity of cardiovascular disease. Rates of deaths in nonusers are
standardized to the age and sex distribution of the cohort by direct method.
Rates in moderate-dose current users were calculated by mulliplying the
standardized rate in nonusers by the multivariate rate ratio for
moderate-dose current users. P values, from Poisson regression, test the
difference between moderate-dose current users and nonusers.

medical care encounters or because the medical records
were insufficiently detailed to apply our case definition.
Deaths that otherwise qualified (coronary cause listed on
the death certificate) but that lacked documentation (pa-
tient found dead at home, last seen alive 1 week previ-
ously) probably included many patients dying of causes
unrelated to ventricular tachyarrhythmias (such as stroke,
heart failure, or pneumonia). Because patients with men-
tal illness are more likely to live alone® and, thus, to have
had unwitnessed deaths, this policy should be conser-
vative for estimating the magnitude of the association be-
tween antipsychotic drug use and sudden cardiac death.
More frequent cardiovascular disease among mod-
erate-dose antipsychotic users potentially could have con-
founded the study findings. However, after adjusting for
age and sex, moderate-dose antipsychotic users actually
had a slightly lower prevalence of diagnosed cardiovas-
cular disease than did comparable nonusers. This, to-
gether with the fact that our analysis controlled for di-
agnosed cardiovascular illness, suggests that study findings
were not explained by confounding by cardiovascular co-
morbidity, although some part of the excess risk among
moderate-dose antipsychotic users may be due to sys-
tematic underdiagnosis or undertreatment of cardiovas-
cular illness in patients with serious mental illness.
The study data did not include information on smok-
ing, associated with an increased risk of sudden cardiac
death® and more common among persons with mental ill-
ness, particularly heavy smoking. However, even if the mal-
distribution of smoking were as extreme as a prevalence
of 80% among moderate-dose antipsychotic users and 30%
among nonusers, smoking would need to increase the risk
of sudden cardiac death by 20-fold for confounding by
smoking to explain the study findings.* Studies™** of sud-
den cardiac death and smoking have reported that cur-
rent smokers have an approximate 2-fold increased risk,
with estimates ranging from 0.8* to 3.5, clearly insuffi-
cient to explain the study findings. Interestingly, among
patients with cardiovascular disease, the additional risk con-
ferred by smoking is reduced, with adjusted relative risks
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ranging from 1.2 to 1.7.%# This is the opposite of our
finding that, for moderate-dose antipsychotic users, rela-
tive risk increased with cardiovascular disease.

Our analysis did control for many of the adverse car-
diovascular effects of smoking,* such as recent myocar-
dial infarctions, heart failure, angina, and other cardio-
vascular disease, that are likely to mediate much of
smoking’s effect on risk of sudden death. Evidence that
this reduces confounding is provided by our analysis of
patients with chronic obstructive respiratory illness. Ap-
proximately 90% of these patients are current or former
smokers,*?® and 50% admit to current smoking.* In our
study, these patients had a 71% increased risk of sudden
cardiac death, consistent with the magnitude of the as-
sociation in the literature. After controlling for cardio-
vascular comorbidity, this decreased to 26% and was not
statistically significant. Similar reasoning suggests that
our findings would not be materially affected by other
unmeasured lifestyle factors, such as obesity (weight gain
is a frequent adverse effect of antipsychotics'), whose ef-
fects on cardiovascular disease—related mortality are
largely mediated by intervening variables such as hyper-
lipidemias, hypertension, and diabetes. Nevertheless, it
remains possible that confounding by these unmea-
sured factors influenced study findings.

‘We considered the biases potentially caused by the di-
rect or indirect effects of the major mental illnesses treated
with antipsychotics.'”' We sought to minimize inclusion
of deaths caused by poor self-care (eg, delay for treatment
of infections) by requiring documentary evidence consis-
tent with a collapse. Similarly, we excluded deaths with evi-
dence of substance abuse. Another potential source of bias
is differences in the medical care received by mentally ill
patients. The Cooperative Cardiovascular Care Project™ re-
cently reported that schizophrenic patients hospitalized for
an acute myocardial infarction had relative underuse of re-
vascularization procedures but that this was not associ-
ated with increased mortality. The absence of a signifi-
cantly increased rate of sudden death among former and
low-dose users of antipsychotics is additional evidence of
a drug effect per se, although these groups may have had
less severe mental illness.

Our study included only antipsychotics in use be-
fore 1994 and, thus, did not include the more recently
introduced atypical antipsychotics risperidone, olanza-
pine, and quetiapine. Although some data'® suggest that
these drugs have proarrhythmic potential similar to that
of typical antipsychotics, further study would be useful
to clarify the association of the use of these agents with
increased risk of sudden cardiac death.

The findings of this study must be interpreted in
the context of the proved benefits of antipsychotics'!
in the management of the potentially devastating effects
of psychotic symptoms on patients and their {amilies.
Nevertheless, the large magnitude of the relative and
absolute increase in the risk of sudden cardiac death
suggests it would be prudent to take precautions to
minimize adverse cardiovascular effects among patients
prescribed moderate-dose antipsychotics. In particular,
greater attention to pretreatment cardiac assessment
and care to titrate dose to the lowest effective level seem
warranted.

Accepted for publication March 1, 2001.

This study was supported in part by a contract from
Janssen Pharmaceutica, Titusville, NJ; cooperative agree-
ment FD-U-0000073 with the Food and Drug Administra-
tion, Rochville, Md; and a Centers for Education and Re-
search in Therapeutics cooperative agreement with the
Agency for Health Care Quality and Research, Rochville.

We thank the team of research nurses, Pat Gideon,
Diane Levine, Cynthia McMillan, and Jan de Priest, for their
hard work and dedication; and Teresa Mitchel and Cindy
Naron for their administrative support.

Corresponding author and reprints: Wayne A. Ray,
PhD, Department of Preventive Medicine, Medical Center
North, Room A-1124, Vanderbilt University Medical Cen-
ter, Nashville, TN 37232 {e-mail: wayne.ray@mcmail
.vanderbilt.edu).

— BT

1. American Medical Association. Drug Evaluations Annual 1995. Chicago, [Il: Ameri-
can Medical Association; 1995.

2. Shader RI, Greenblatt DJ. Potassium, antipsychotic agents, arrylhmias, and sud-

den death. J Glin Psychopharmacol. 1998;18:427-428.

3. Thomas SHL. Drugs, QT interval abnormalities and ventricular arrhythmias. Ag-

verse Drug React Toxicol Rev. 1994;13:77-102.

4. Liberatore MA, Robinson DS, Torsade de pointes: a mechanism for sudden death
associated with neuroleptic drug therapy? J Clin Psychopharmacol. 1984;4:143-
146.

. Donatini B, LeBlaye |, Krupp P. Transient cardiac pacing is insufficiently used to
{reat arrhythmia associated with thioridazine. Cardio/ogy. 1992;81:340-341.

6. Dickinson JG. FDA wants label change for Novartis NDA. Med Marketing Media.

2000;35:34.

7. Jackson T, Ditmanson L, Phibbs B. Torsade de pointes and low-dose oral halo-

peridol. Arch intern Med. 1997;157:2013-2015.

B. Kriwisky M, Perry GY, Tarchitsky D, Gutman Y, Kishon Y. Haloperidol-induced

torsades de pointes. Chest. 1990;98:482-484,

9. Ravin DS, Levenson JW. Fatal cardiac event following initiation of risperidone

therapy. Arn Pharmacother, 1997,31:867-870.

Zarate CA Jr, Baldessarini RJ, Siegel Ad, Nakamura A, McDenald J, Muir-

Hutchinson LA, Gherkerzian T, Tohen M. Risperidone in the elderly: a pharma-

coepidemiologic study. J Glin Psychiatry. 1997;58:311-317.

Mehtonen OP, Aranko K, Malkonen L, Vapaatalo HI. A survey of sudden death

associated with the use of anlipsychotic or antidepressant drugs: 49 cases in

Fintand. Acta Psychiatr Scand. 1991;84:58-64.

Walker AM, Lanza LL, Arellano F, Rothman KJ. Mortality in current and former

users of clozapine. Epidemiclogy. 1997,8:671-677.

Newman SC, Bland RC. Mortality in a cohort of patients with schizophrenia;

a record linkage study. Can J Psychiatry. 1991,36:239-245,

Mortensen PB, Juel K. Mortality and causes of death in schizophrenic patients

In Denmark. Acta Psychiatr Scand. 1990;81:372-377.

Allebeck P, Wistedt B. Mortality in schizophrenia: a ten-year follow-up based on

the Stockholm County Inpatient Register. Arch Gen Psyehiatry. 1986;43:650-

653,

Drici MD, Wang WX, Liu X, Woosley RL, Flockhart DA. Prolengation of QT in-

terval in isolated feline hearis by antipsychotic drugs. ! Clin Fsychopharmacol.

1998;18:477-481.

. Rampe D, Murawsky MK, Grau J, Lewis EW. The antipsychotic agent sertindole
Is a high affinity antagonist of the human cardiac potassium channel HERG.
J Pharmacol Exp Ther. 1998;286:788-793.

. Suessbrich H, Schonherr R, Heinemann SH, Attali B, Lang AF, Busch AE. The
inhibitory effect of the antipsychotic drug haloperidol on HERG potassium chan-
nels expressed in Xenopus oocytes. BrJ Pharmacol. 1997;120:968-974.

. Studenik C, Lemmens-Gruber R, Heistracher P, Proarrhythmic effects of anti-

depressants and neuroleptic drugs on isolated, spontaneously bealing guinea-

pig Purkinje fibers. Eur J Pharmacof Sci. 1998;7:113-118.

Rellly JG, Ayis SA, Ferrier IN, Jones SJ, Thomas HL. QTc-interval abnormalities

and psychotropic drug therapy in psychiatric patients. Lancet. 2000;355:1048-

1052,

Ray WA, Griffin MR. Use of Medicaid data for pharmacoepidemiology. AniJ Epi-

demiol. 1989;129:837-848.

Piper JM, Ray WA, Griffin MR, Fought R, Daugherty JR, Mitchel E Jr. Method-

10.

1.

12

13.

14.

15.

16.

20.

21.

22

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 58, DEC 2001

1166

WWW.ARCHGENPSYCHIATRY.COM

©2001 American Medical Association. All rights reserved.



24.

25.

26.

27.

28.

29.

30.

3t

32.

34

35.

36.

ological issues in evaluating expanded Medicaid coverage for pregnant women.
Am J Epidemiol. 1990;132:561-571.

. Piper JM, Ray WA, Griffin MR. Effecis of Medicaid eligibility expansion on pre-

natal care and pregnancy outcome in Tennessee. JAMA. 1990;264:2219-2223.
Strom BL, Carson JL. Use of automated databases for pharmacoepidemiology
research. In: Armenian HK, Gordis L, Levine MM, Thacker SB, eds. Epidemio-
Iogic Reviews. 12th ed. Baltimore, Md: The Johns Hopkins University School of
Hygiene and Public Health; 1990:87-107.

West SL, Savitz DA, Koch G, Strom BL, Guess HA, Hartzema A. Recall accuracy
for prescription medications: self-report compared with database infermation.
Am J Epidemiol. 1995;142:1103-1110.

Landry MA, Smyer MA. Home visit medicine use validation study. In: Medicine,
Healith, and Aging. Enrollment in Pennsylvania’s Fharmaceutical Assistance Gon-
tract for the Elderly (PACE) Program. 2nd ed. Philadelphia: Pennsylvania State
University; 1986.

Leister KA, Edwards WA, Christensen DB, Clark H. A comparison of patient drug
regimens as viewed by the physician, pharmacist and patient. Med Care. 1981;
19:658-664.

Johnson RE, Vallmer WM. Comparing sources of drug data about the elderiy.
J Am Geriatr Soc. 1991,39:1073-1084.

Kelsay JL, Thompson WD, Evans AS. Methods in Observational Epidemiology.
New York, NY: Oxford University Press Inc; 1986.

Marcus Fl, Cobb LA, Edwards JE, Kuller L, Moss AJ, Bigger JT Jr, Fleiss JL,
Rolnitzky L, Serokman R. Mechanism of death and prevalence of myocardial is-
chemic symploms in the terminal event after acute myocardial infarction. Am J
Cardiol. 1988,61:8-15.

Hinkle LE, Thaler HT. Clinical classification of cardiac deaths. Circulation. 1982;
65:457-464.

Siscovick DS, Raghunathan TE, Psaty BM, Koepsell TD, Wicklund KG, Lin X, Cobb
L, Rautaharju PM, Copass MK, Wagner EH. Diuretic therapy for hypertension
and the risk of primary cardiac arrest. N Engl J Med. 1994,330:1852-1857.

. Albert GM, Hennekens CH, 0'Donnell CJ, Ajani UA, Carey VJ, Willett WC, Ruskin

JN, Manson JE. Fish consumption and risk of sudden cardiac death. JAMA. 1998;
279:23-2B.

Sethl JM, Rochester CL. Smoking and chronic obstructive pulmonary disease.
Glin Chest Med. 2000;21:67-86.

Troisi RJ, Speizer FE, Rasner B, Trichopoulos D, Willett WC. Cigarette smoking
and incidence of chronic bronchitis and asthma in women. Chest. 1995;108:
1557-1561.

Higpins M. Risk factors associated with chronic obstructive lung disease. Ann N
Y Acad Sel. 1991;624:7-17.

ar.

38.

39,
40
a1.
42,

43.

44,

45.

46.
47.

48.

49.

50.

51.

52.

Jenkins R, Bebbington P, Brugha TS, Farrell M, Lewis G, Meltzer H. British psy-
chiatric morbidity survey. Br J Psychiatry. 1998;173:4-7.

Kannel WB, Dayle JT, McNamara PM, Quickenton P, Gordon T. Precursors of
sudden coronary death: factors related 1o the incidence of sudden death. Circu-
lation. 1975;51:606-613.

Breslow NE, Day NE. Statistical Methods in Cancer Research. Lyon, France: In-
{ernational Agency for Research on Cancer; 1980:176-182.

Siscovick DS, Weiss NS, Fox N. Moderate alcohol consumption and primary car-
diac arrest. Am J Epidemiol. 1986;123:499-503.

Cupples LA, Gagnon DR, Kannel WB. Long- and shart-term risk of sudden coro-
nary death. Girculation, 1992;85:111-118.

Shaper AG, Wannamethee G, Macfarlane PW, Walker M. Heart rate, ischagmic
heart disease, and sudden cardlac death in middle-aped British men, Br Heart J.
1993;70:49-55.

Roberts TL, Wood DA, Riemersma RA, Gallagher PJ, Lampe FC. Trans isomers
of oleic and linoleic acids in adipose tissue and sudden cardiac death. Lancet.
1995;345:278-282.

Wannamethee G, Shaper AG, Macfarlane PW, Walker M. Risk factors for sud-
den cardiac death in middle-aged British men. Circulation. 1995;91:1749-1756.
Cosin-Aguilar J, Andres-Conejos F, Hernandiz-Martinez A, Solaz-Minguez J, Mar-
rugat J, Bayes-De-Luna A. Effect of smoking on sudden and premature death.
J Cardiovasc Risk. 1895;2:345-351,

Sexton PT, Jamrozik K, Walsh J, Parsons R. Risk factors for sudden unexpected
cardiac death in Tasmanian men. Aust N Z J Med. 1997;27:45-50.

Escobedo LG, Caspersen CJ. Risk factors for sudden coronary death in the Unitad
States. Epidemiology. 1997:8:175-180.

Herlitz J, Wognsen GB, Karlsson T, Karlsen B, Haglid M, Sjoland H. Predictors
of death and other cardiac events within 2 years after coronary artery bypass
grafting. Cardiology. 1998;90:110-114.

de Vreede-Swagemakers JJ, Gorgels AP, Weijenberg MP, Dubois-Arbouw WI,
Golombeck B, van Ree JW, Knottnerus A, Wellens HJ. Risk indicators for out-
ol-hospital cardiac arrest in patients with coronary arlery disease. J Glin Epide-
miol. 1999;52:601-607.

Wilson PWF, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB.
Prediction of coronary heart disease using risk factor categarles. Gircu/ation. 1998;
97:1837-1847.

Jesta DV, Eastham JH, Lohr JB, Salzman C. In: Salzman C, ed. Clinical Geriatric Psy-
chopharmacology. 3rd ed. Baltimore, Md: Williams & Wilkins; 1992:106-149.
Druss BG, Bradiord DW, Rosenheck RA, Radford MJ, Krumholz HM. Mental dis-
orders and use of cardiovascular procedures after myocardial infarction. JAMA.
2000;283:506-511.

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 58, DEC 2001

1167

WWW.ARCHGENPSYCHIATRY.COM

©2001 American Medical Association. All rights reserved.






