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Abstract
Context—Antipsychotic drugs have been linked to QT-interval prolongation, a presumed marker
of cardiac risk, and torsade de pointes.

Objective—To examine the associations between antipsychotics and 1) outpatient-originated
sudden cardiac death and ventricular arrhythmia (SD/VA) and 2) all-cause death.

Design—Two retrospective cohort studies

Setting—Medicaid programs of California, Florida, New York, Ohio and Pennsylvania.
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Patients—Incident antipsychotic users aged 30–75 years.

Main Outcome Measures—1) Incident, first-listed emergency department or principal
inpatient SD/VA diagnoses; and 2) death reported in the Social Security Administration Death
Master File.

Results—Among 459,614 incident antipsychotic users, the incidences of SD/VA and death were
3.4 and 35.1 per 1,000 person-years, respectively. Compared to olanzapine as the referent,
adjusted hazard ratios (HRs) for SD/VA were 2.06 (95% CI, 1.20–3.53) for chlorpromazine, 1.72
(1.28–2.31) for haloperidol, and 0.73 (0.57–0.93) for quetiapine. Adjusted HRs for perphenazine
and risperidone were consistent with unity. In a subanalysis limited to first prescription exposures,
HRs for chlorpromazine and haloperidol were further elevated (2.54 [1.07–5.99] and 2.68 [1.59–
4.53], respectively), with the latter exhibiting a dose-response relationship. Results for death were
similar.

Conclusions—Haloperidol and chlorpromazine had less favorable cardiac safety profiles than
olanzapine. Among atypical agents, risperidone had a similar cardiac safety profile to olanzapine,
whereas quetiapine was associated with 30% and 20% lower risks of SD/VA and death,
respectively, compared to olanzapine. These measured risks do not correlate well with average QT
prolongation, further supporting the notion that average QT prolongation may be a poor surrogate
of antipsychotic arrhythmogenicity.

Keywords
Antipsychotic agents; Cardiac arrhythmias; Cohort studies; Death; International classification of
diseases; Medicaid; Pharmacoepidemiology; Proportional hazards models; Sudden death;
Torsades de pointes

Introduction
Drug-induced sudden cardiac death (SD) and ventricular arrhythmia (VA) are major public
health concerns that continue to be of interest to patients, clinicians, and regulators. Potential
mechanisms include electrophysiological disturbances in cardiac depolarization and/or
repolarization, myocardial ischemia, and myocarditis [1]. Electrocardiographic QT-interval
prolongation is currently the most frequent cause of withdrawal or relabeling of marketed
drugs [2]. CredibleMeds, developed by the University of Arizona Center for Education and
Research on Therapeutics (AZ CERT), names more than 125 potentially arrhythmogenic
drugs based on evidence or suspicion that each drug prolongs the QT interval and/or causes
torsade de pointes (TdP) [3]. However, putative markers of risk, such as a drug’s ability to
prolong the QT interval or inhibit cardiac ion channel currents, may not be reliable
predictors of arrhythmogenicity in clinical use [4]. Therefore, outcome studies in clinical
populations are crucial to quantify risk and inform our understanding of the etiology of
drug-induced arrhythmias.

Antipsychotics have long been linked to electrocardiographic abnormalities, beginning with
case reports in the early 1960s [5–8]. Subsequently, numerous studies have explored their
effects on the QT interval, their effects in inhibiting the delayed rectifier potassium channel
(IKr) encoded by the human ether-a-go-go related gene (hERG), and differences in
antipsychotic drug concentration distribution between the myocardium and plasma [9–16].
Given that these measures, among others, have been used as surrogates for arrhythmia risk,
CredibleMeds has classified 14 antipsychotics as torsadogenic [3]. Further, the entire
therapeutic class (including both conventional and atypical agents) carries a boxed warning
referencing SD [17], thioridazine carries an additional boxed warning describing its
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proarrhythmic effects [18], and many other antipsychotics reference QT prolongation/TdP in
their label [19].

A number of studies have examined risks of clinical cardiovascular outcomes and death
associated with antipsychotics [20–46], although few of these studies have reported agent-
specific risks. This is important given that antipsychotics’ effects on putative markers of
arrhythmogenicity differ greatly, even within conventional vs. atypical designations and
within pharmacologic subclass (e.g., phenothiazines) [47,48]. We therefore conducted this
study to compare antipsychotics with regard to risk of SD/VA. We also wished to examine
all-cause death, given that some cases of SD/VA may not be identified as such in health care
data. In the process, we would be testing whether published rankings of the antipsychotics
by degree of QT prolongation predicted their clinical effects.

Materials and Methods
Overview and study population

We performed two incident-user cohort studies of the association between antipsychotics
and SD/VA (primary outcome) and all-cause death (secondary outcome) within a large
population of Medicaid and Medicaid-Medicare enrollees aged 30–75. The study excluded
persons under age 30 because SD/VA is extremely rare in such individuals and may have a
different cause [49]. Persons greater than age 75 were excluded, as significant competing
comorbidities may influence causes of death in this group. Our study cohorts consisted
exclusively of person-time exposed to: chlorpromazine, fluphenazine, haloperidol, loxapine,
mesoridazine, molindone, perphenazine, pimozide, thioridazine, thiothixene, or
trifluoperazine (conventional agents); or aripiprazole, clozapine, olanzapine, quetiapine,
risperidone, or ziprasidone (atypical agents). To limit the potential for confounding by
indication, no antipsychotic-unexposed groups were included. Rather, olanzapine was
chosen as the reference exposure because: 1) it is not linked to substantive QT prolongation
in the literature [50], supported by that fact that it had the smallest increase in mean
corrected QT from baseline (1.7 milliseconds) among six antipsychotics evaluated in a
randomized crossover trial in humans [51]; 2) it had the lowest IKr blocking potency among
seven antipsychotics evaluated in murine cells [11]; 3) it does not alter heart rate variability,
a predictor of sudden death [52]; 4) it served as the reference exposure in the Ziprasidone
Observational Study of Cardiac Outcomes (ZODIAC) large simple trial [50]; and 5) it is
used extensively in Medicaid enrollees.

The data for this study included that of the Medicaid programs of California, Florida, New
York, Ohio, and Pennsylvania from 1999–2003, obtained from the Centers for Medicare and
Medicaid Services (CMS) [53]. These states comprise about 21 million Medicaid enrollees
at any one time (~38% of the United States Medicaid population) [54], and 32 million
enrollees cumulatively, who contributed nearly 72 million person-years (p-y) of observation.
Because ~15–17% of Medicaid beneficiaries were co-enrolled in Medicare during this
period [55], our data also included Medicare claims for all dually-eligible persons in these
states to ensure a more complete picture of their medical care. We linked these datasets to
the Social Security Administration Death Master File (SSA-DMF) [56] to identify deaths.

The University of Pennsylvania’s Committee on Studies Involving Human Beings approved
this study.

Eligible person-time
We included all person-time beginning with a prescription for a drug under study and ending
with the earliest of the prescription claim’s days supply field, 30 days, or filling a
subsequent prescription for a study drug (in which a new observation would begin),
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provided that no outcome of interest (described below) had yet been observed. We assumed
that each antipsychotic prescription lasted for a maximum of 30 days because Medicaid
prescriptions for such drugs in these states tend to be dispensed in 30-day increments [24],
as we confirmed by examining frequency distributions of: 1) the pharmacist-entered days
supply field; and 2) the number of days between subsequent antipsychotic prescriptions for
the same enrollee. An exception to our 30-day assumption was implemented for clozapine
claims, as this agent was dispensed in 7-day increments, consistent with dispensing
procedures outlined in its label [57]. We excluded person-time defined by prescriptions for
multiple different antipsychotics filled on the same date; this served to focus the study
population to monotherapy-treated persons via efforts to exclude the non-recommended
practice of purposeful antipsychotic polypharmacy [58].

Beneficiaries were eligible to contribute person-time to one or more of the 17 antipsychotic-
specific exposure groups named above, if the beneficiary was an incident user of the
respective antipsychotic. An incident user was defined as a beneficiary without a
prescription claim for the given antipsychotic in the six months prior to the prescription
claim of interest.

We performed additional, secondary analyses excluding person-time contributed by 1)
second and later prescriptions for a given agent, to elucidate the effect in the initial
prescription period and 2) enrollees with cancer, as such persons may disenroll from their
Medicaid benefit soon after their cancer diagnosis, leading to incomplete follow-up [59].

Ascertainment of exposure, dose, and covariates
The antipsychotic agent of the prescription that contributed the relevant person-time
determined exposure. The examination of daily antipsychotic dose, an analysis limited to the
primary outcome, was facilitated by converting agent-specific dosages into chlorpromazine
dose equivalents [60–62], then assuming that the prescription was consumed over the days
supply. To ensure comparability among drugs when examining dose-response relationships,
results were reported using low (< 100 mg chlorpromazine equivalents), medium (100–299
mg chlorpromazine equivalents), and high (≥ 300 mg chlorpromazine equivalents) dose
categories [33].

As the concomitant administration of some antipsychotics and metabolic clearance
inhibitors may lead to functional high-dose exposures of antipsychotics, and QT
prolongation/TdP may be more likely in this setting [63], we examined (for the primary
outcome) the association between each antipsychotic and SD/VA in persons receiving
clinically-relevant cytochrome P-450 (CYP) 2D6 and 3A4 inhibitors. Each of these
isozymes affects the metabolism of at least one of the antipsychotics under study [64] (see
appendix Table A1). To isolate an effect of CYP inhibition on the antipsychotic’s
pharmacokinetics rather than a direct arrhythmogenic effect the CYP inhibitor itself, we
considered CYP inhibitors with known or suspected arrhythmogenic effects separately from
those having no such effects.

We defined three types of potential confounding variables: 1) chronic diseases, defined as a
diagnosis ever before the current study prescription; 2) drug markers of chronic disease,
defined as a prescription ever before the current study prescription; and 3) current drugs,
defined as a prescription in the 28 days prior through 10 days after the current study
prescription. International Classification of Diseases (ICD-9) codes and National Drug
Codes utilized are available from the authors.
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Ascertainment of primary and secondary outcomes
As our goal was to study the effects of antipsychotics in an ambulatory population, our
primary outcome of interest was an outpatient-originating SD or VA event precipitating
hospital presentation. While VA cases are documented arrhythmic events, SD cases are
generally considered undocumented arrhythmias (i.e., sudden and presumed arrhythmic)
[65]. Therefore, our use of a composite SD/VA outcome is consistent with the high
correlation between arrhythmic death and sudden death in the general community [66].
Incident SD/VA outcomes were identified in emergency department (ED) and inpatient
Medicaid and Medicare claims having at least one of the following discharge ICD-9
diagnoses in a first-listed or principal position: paroxysmal ventricular tachycardia (427.1),
ventricular fibrillation and flutter (427.4), ventricular fibrillation (427.41), ventricular flutter
(427.42), cardiac arrest (427.5), sudden death (798), instantaneous death (798.1), or death
occurring in less than 24 hours from onset of symptoms, not otherwise explained (798.2).
We previously validated this algorithm, finding a positive predictive value (PPV) of 85%
(95% confidence interval [CI] 78–91%) for identifying outpatient-originating SD/VA not
due to extrinsic (e.g., traumatic) causes [67,68]. Although literal terminology would suggest
otherwise, not all SD events result in the death of an individual, as some persons with SD
are revived [69]. Therefore, we conducted a subanalysis limited to persons dying the day of
or the day following their event date (i.e., fatal SD/VA, a subset of SD/VA).

Our secondary outcome of interest was all-cause death. In an effort to elucidate potential
cardiac effects of antipsychotics on death, we conducted a subanalysis limited to persons
dying as a result of a cardiac cause (i.e., cardiovascular death, a sub-outcome of death), as
determined by cardiac diagnoses in a principal position on an inpatient claim or first-listed
position on an ED claim occurring on the day of or day before the death date. This definition
was adapted from that used by Ray et al. [33].

Statistical analysis
We first calculated unadjusted incidence rates (with 95% CIs) of each outcome for each
antipsychotic. For drugs with at least 10 outcomes, we then used proportional hazards
regression models to calculate adjusted hazard ratios (HRs) for the associations between
each antipsychotic of interest and each outcome, using olanzapine as the referent. Potential
confounding factors were evaluated using a change-in-estimate approach and were included
in the adjusted model if a given covariate’s introduction changed the HR of interest by ≥
10%. Analyses were conducted using SAS v9.1 (SAS Institute Inc.: Cary, North Carolina)
and Stata v9.2 (StataCorp: College Station, Texas).

Role of the funding source
The National Institutes of Health and the Agency for Healthcare Research and Quality
supported this study. Other than suggestions made by peer reviewers during the grant review
process, the funding sources had no role in the study’s design, conduct, or interpretation.

Results
Incidence

In the primary outcome cohort, we identified 459,614 incident antipsychotic users
contributing 221,164 p-y of observation during which 747 incident SD/VAs occurred, for a
crude incidence of 3.4 per 1,000 p-y. Agent-specific rates of SD/VA are presented in Figure
1. Of these 747 SD/VA events, 483 (65%) were fatal, for a crude incidence of 2.2 per 1,000
p-y. In the all-cause death (secondary outcome) cohort, we identified 462,163 incident
antipsychotic users contributing 233,993 p-y of observation during which 8,207 all-cause
deaths occurred, for a crude incidence rate of 35.1 per 1,000 p-y. Agent specific rates of
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death are presented in appendix Table A2. Of these 8,207 deaths, 742 (9%) occurred the
same day or the day after an ED visit or hospitalization for a cardiac diagnosis, for a crude
incidence of 3.2 per 1,000 p-y.

As 11 and four of the 17 study antipsychotics had < 10 primary and secondary events
respectively, they were subsequently excluded from the multivariable analyses of their
respective outcomes. Appendix Table A3 shows characteristics of users of the remaining six
antipsychotics in the primary outcome cohort. Users were predominantly female and non-
elders, and included considerable numbers of minorities, as is representative of the base
Medicaid population under study. Users of antipsychotics were rather similar, other than in
nursing home residence and certain indication-specific (e.g., chlorpromazine’s use in
hiccough) and formulation-specific (e.g., perphenazine’s availability with an antidepressant
in a combination pill) instances.

Modeled results
Unadjusted HRs for individual antipsychotics and SD/VA (compared to an olanzapine
referent) were minimally different from adjusted estimates and therefore are not presented
for sake of brevity (data available from authors). Adjusted HRs for SD/VA (compared to an
olanzapine referent) were: 2.06 (1.20–3.53) for chlorpromazine; 1.72 (1.28–2.31) for
haloperidol; 0.63 (0.34–1.16) for perphenazine; 0.73 (0.57–0.93) for quetiapine; and 1.04
(0.88–1.24) for risperidone (Figure 2, ●). Adjusted HRs for individual antipsychotics and
all-cause death (compared to an olanzapine referent) were: 0.42 (0.27- 0.65) for aripiprazole;
3.90 (3.44–4.41) for chlorpromazine; 0.58 (0.39- 0.89) for clozapine; 1.13 (0.85–1.50) for
fluphenazine; 2.79 (2.59–3.02) for haloperidol; 0.58 (0.47–0.72) for perphenazine; 0.81
(0.75–0.87) for quetiapine; 1.05 (1.00–1.11) for risperidone; 0.73 (0.56–0.96) for
thioridazine; 1.12 (0.80–1.57) for thiothixene; 0.46 (0.27–0.78) for trifluoperazine; and 0.60
(0.46–0.78) for ziprasidone. See Figure 2 for death effect estimates (◆), limited to
antipsychotics also evaluated for the primary outcome. Figure 2 further depicts adjusted HRs
for aforementioned sub-outcomes, fatal SD/VA (■) and cardiovascular death (▲), limited to
antipsychotics also evaluated for the primary outcome. Subanalyses excluding beneficiaries
with cancer yielded similar results for drugs examined in each outcome (data available from
authors). A presentation of adjusted HRs for antipsychotics examined for at least one of the
study outcomes, without regard to their ability to be evaluated for the primary outcome, can
be found in appendix Figure A1.

Results of the subanalysis limited to first antipsychotic prescription exposures are presented
in Figure 3. Of note, compared to the analyses including both first and later antipsychotic
prescriptions, HRs of SD/VA for first prescription exposures to chlorpromazine, haloperidol,
quetiapine, and risperidone were greater by 19%, 59%, 29%, and 30%, respectively. HRs of
fatal SD/VA for first prescription exposures to haloperidol, quetiapine, and risperidone were
greater by 225%, 75%, and 73%, respectively. Chlorpromazine and perphenazine had too
few fatal SD/VA events during first prescription exposures to be examined.

Analyses examining antipsychotic dose and concomitantly-prescribed CYP inhibitors
For each of the six antipsychotics examined for the primary outcome, high-dose exposure
was not significantly associated with an increased risk of SD/VA compared to a low-dose
referent (data available from authors). For four of these six antipsychotics, we were able to
examine the impact of first prescription exposures by dose. While HRs for medium- and
high-dose olanzapine, quetiapine, and risperidone first prescription exposures were
consistent with unity (compared to a low-dose referent), first prescription haloperidol
exposure demonstrated a significant dose-response relationship (HR medium-dose=1.37,
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0.36–5.23; HR high-dose=4.55, 1.22–16.94; p-value for linear trend=0.03). These models
were adjusted for 37 covariates listed in appendix Table A4.

For each of the six antipsychotics examined for the primary outcome, concomitant
exposures to clinically relevant CYP450 inhibitors did not increase the risk of SD/VA (data
available from authors), even for antipsychotics such as haloperidol and risperidone that are
major substrates of such pathways.

Discussion
Antipsychotics may have widely variable effects on intermediaries along the hypothesized
hERG affinity-to-SD pathway [13], including differences in ion channel inhibition, receptor
blockade and selectivity, action potential duration, early after depolarization, and QT
prolongation. Average QT prolongation has been of particular interest to regulators and drug
developers as evidenced by guidance documents on the conduct of QT studies [70,71] and
prescribing recommendations based on QT prolongation [72]. See appendix Table A5 for
average effects on the QT interval for antipsychotics under study. As average QT
prolongation and other intermediaries may or may not truly correlate with a given
antipsychotic’s propensity for causing clinically important arrhythmias, the conduct of
epidemiologic studies of clinical outcomes of these agents, rather than surrogates, is crucial
to understanding their safety in real-life use. Our study found that haloperidol and
chlorpromazine were associated with ~2-fold greater risks of SD/VA and 3- and 4-fold
greater risks of death (respectively), compared to olanzapine. Further, the risks of SD/VA
were even more prominent upon first prescription exposures. Quetiapine was associated
with 30% and 20% lower risks of SD/VA and death, respectively, compared to olanzapine.
Perphenazine also appeared to be associated with lower risks of these outcomes, but this
may have been driven by its comparatively low utilization by users residing in nursing
homes and/or with diagnosed mental health disorders. Of note, numerous other conventional
and atypical antipsychotics slated for study, but excluded because of low numbers of
primary outcome events, were sparsely utilized despite this being the largest known
epidemiologic study of antipsychotic-induced arrhythmia to date.

Some aspects of these results agree and others conflict with prior research conducted in the
Medicaid population. Our prior study [25], using 1993–1996 data from three Medicaid states
(a timeframe that does not overlap with the current study), found an elevated risk of SD/VA
for haloperidol (rate ratio [RR]=2.2, 1.7–3.0) vs. an antipsychotic-unexposed glaucoma
patient referent—a result consistent with our current findings. In contrast to the current
study, our prior study identified an elevated risk of SD/VA with risperidone (RR=3.1, 2.2–
4.5). However, our subsequent validation studies [67,68] have shown us that the outcome
definition used in our prior study likely had a suboptimal PPV, as it was not limited to
principal diagnoses.

A prior study by Ray et al. [34], using 1988–1993 Medicaid data from Tennessee, utilized a
different method for ascertaining SD and found elevated risks with chlorpromazine and
haloperidol (RR=3.64, 1.36–9.74 and RR=1.90, 1.10–3.30, respectively), compared to a
nonuser referent. Our results are generally consistent with these findings. A more recent
study by Ray et al. [33], using 1999–2005 Tennessee Medicaid data, found increased risks
of SD for haloperidol, olanzapine, quetiapine, and risperidone compared to a non-user
referent. Notably, olanzapine——the drug used as the referent in our study——was found to
have an incidence rate ratio (IRR) =1.99 (1.41–2.79) vs. non-users. To facilitate a more
direct comparison between our study and theirs, we reset Ray et al’s reference group from
non-users to olanzapine, using his published results to generate the following IRRs. After
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doing so, our results were consistent for quetiapine (IRR~0.75); equivocal for risperidone
(IRR~1.25); and contradictory for haloperidol (IRR~0.70).

Our study has several strengths. First, it is the largest study to date of this question. Second,
it uses an outcome previously well validated in the population in which it is being used.
Third, the results have face validity, given the agreement between our effect estimates and
ratings of drugs with a TdP risk by CredibleMeds experts. Further, although we were unable
to examine ziprasidone’s SD/VA risk in adjusted models because of limited events during its
person-time, its IRR (vs. olanzapine) was 0.41. This result is consistent with the findings of
ZODIAC (RR=0.67 for ziprasidone vs. olanzapine for SD) [50], thereby further
corroborating our results.

These results should be interpreted with the following limitations in mind. First, an
important limitation of any non-randomized pharmacoepidemiologic study is the potential
for confounding by indication. We attempted to limit this potential by studying only person-
time with exposure to an antipsychotic and by measuring and adjusting for a number of
potential confounding factors. Nevertheless, we cannot rule out the possibility that
unmeasured factors may have contributed to the observed associations.

Second is the potential for incomplete ascertainment of outcomes. For example, because this
study relied upon ED and inpatient diagnoses, it would have missed fatal events that did not
result in presentation to a hospital. However, studies suggest that 69–80% of persons
experiencing an out-of-hospital cardiac arrest [73,74] and up to 88% of persons experiencing
a witnessed ventricular tachycardia survive to hospital admission [75], although literature
estimates do vary by year and subject age [76]. Furthermore, trends suggest that survival
until hospital admission among such persons is increasing over time [77]. An approach by
which out-of-hospital events could be captured, via use of death certificate diagnoses alone,
has been shown to have a poor PPV for identifying SD/VA [78–80].

Third, because of both low utilization and a low number of SD/VA events, we were unable
to estimate measures of association for a number of drugs of interest.

Finally, the ascertainment of certain covariates within administrative billing claims (such as
Medicaid and Medicare) may be incomplete. In particular, ascertaining a beneficiary’s
smoking status and alcohol/substance use or abuse is notoriously difficult, and was
principally limited to related or surrogate diagnoses appearing on encounter claims (e.g.,
alcoholic cirrhosis as a surrogate for an alcohol user). Given our reliance on proxies for
these difficult-to-measure covariates, occurrences of such conditions were likely under-
ascertained [81].

Our study found that haloperidol and chlorpromazine were associated with an approximate
doubling of the risk of SD/VA and tripling to quadrupling of the risk of death vs. olanzapine
——suggesting that these conventional antipsychotics have a less favorable cardiac safety
profile than olanzapine. Among atypical agents, risperidone showed a similar cardiac safety
profile to olanzapine, whereas quetiapine was associated with 30% and 20% lower risks of
SD/VA and death, respectively, vs. olanzapine. As expected, these risks do not necessarily
correlate with published estimates of the duration of average QT prolongation in the
presence of individual antipsychotics [15,51,82], further supporting the notion that average
prolongation of the QT interval is a poor surrogate of a drug’s arrhythmogenic potential
[83]. Given this, it is prudent to remain cognizant of other mechanisms by which
antipsychotics may induce arrhythmia [84], including: autonomic dysregulation, such as
sympathetic hyperactivity [85] (e.g., elevated plasma norepinephrine levels with
chlorpromazine); vascular effects, such as changes in blood pressure (e.g., hypertension with
clozapine) [86]; other cardiac effects, such as a reduction in heart rate variability (e.g.,
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thioridazine) [87]; inhibitory potential of IKr that is modifiable by interactions with cardiac
adrenergic receptors [84]; direct cardiotoxic effects (e.g., myocarditis with haloperidol) [88];
and indirect effects on metabolism, such as weight gain. Although further research is needed
to elucidate mechanism, our results provide clinicians with agent-specific risks of serious
arrhythmogenic outcomes among antipsychotics users, a population already at higher
baseline risk of premature death due to cardiovascular disease by nature of their illness [89].
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Figure 1.
Crude incidence rates of sudden cardiac death/ventricular arrhythmia (N = 747 events)
among antipsychotics users, by drug*,†

*Values in parentheses following each antipsychotic drug name are numbers of incident
sudden cardiac death/ventricular arrhythmia events occurring during person-time of
exposure to the given drug (i.e., N events); a double asterisk (**) has replaced each N-value
≤ 10, in accordance with CMS privacy policies. Pimozide and loxapine were excluded from
the figure, as neither group had any events in very limited person-time (137 and 377 person-
years, respectively).
†The color-shading is reflective of CredibleMeds ratings of drugs’ QT-prolonging/TdP-
inducing potentials, and is consistent with their coloring scheme: a) red = drugs with a risk
of TdP; b) pink = drugs with a possible risk of TdP; and c) not shaded = drugs not rated. Of
note, olanzapine was transitioned from a non-rated drug to a drug with possible risk (i.e.,
pink) on 01/04/2013.
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Figure 2.
Change-in-estimate adjusted* HRs for sudden cardiac death/ventricular arrhythmia, fatal
sudden cardiac death/ventricular arrhythmia, death, and cardiovascular death—each versus
olanzapine as the reference exposure†

Outcome key: ● SD/VA ■ Fatal SD/VA ◆ Death ▲ Cardiovascular death
*SD/VA model adjusted for age, sex, race, state of residence, nursing home residence, prior
diagnosis of organic psychosis, and current exposure to cyclic and related antidepressant;
Fatal SD/VA model adjusted for age, sex, race, state of residence, and nursing home
residence; Death model adjusted for age, sex, race, state of residence, nursing home
residence, prior diagnosis of heart failure/cardiomyopathy, prior diagnosis of kidney disease,
prior diagnosis of organic psychosis, prior diagnosis of other psychoses, loop diuretic drug
marker of disease, and oral corticosteroid drug marker of disease; Cardiovascular death
model adjusted for age, sex, race, state of residence, nursing home residence, prior diagnosis
of organic psychosis, and current exposure to cyclic and related antidepressant.
†The color-shading is reflective of CredibleMeds ratings of drugs’ QT-prolonging/TdP-
inducing potentials, and is consistent with their coloring scheme: a) red = drugs with a risk
of TdP; b) pink = drugs with a possible risk of TdP; and c) not shaded = drugs not rated. Of
note, olanzapine was transitioned from a non-rated drug to a drug with possible risk (i.e.,
pink) on 01/04/2013.
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Figure 3.
Change-in-estimate adjusted* HRs for sudden cardiac death/ventricular arrhythmia and fatal
sudden cardiac death/ventricular arrhythmia, limited to first antipsychotic prescription
exposures—each versus olanzapine as the reference exposure†

Outcome key: ● SD/VA ■ Fatal SD/VA
* SD/VA first antipsychotic prescription model adjusted for age, sex, race, state of
residence, nursing home residence, prior diagnosis of organic psychosis, and current
exposure to cyclic and related antidepressant; Fatal SD/VA first antipsychotic prescription
model adjusted for age, sex, race, state of residence, and nursing home residence.
† The color-shading is reflective of CredibleMeds ratings of drugs’ QT-prolonging/TdP-
inducing potentials, and is consistent with their coloring scheme: a) red = drugs with a risk
of TdP; b) pink = drugs with a possible risk of TdP; and c) not shaded = drugs not rated. Of
note, olanzapine was transitioned from a non-rated drug to a drug with possible risk (i.e.,
pink) on 01/04/2013.
‡ Lower bound of 95% CI = 1.00 when rounded to two decimal places, but p < 0.05
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