The DEcIDE (Developing Evidence to Inform Decisions about Effectiveness) network is part of
AHRQ’s Effective Health Care program. It is a collaborative network of research centers that
support the rapid development of new scientific information and analytic tools. The DEcIDE
network assists health care providers, patients, and policymakers seeking unbiased information
about the outcomes, clinical effectiveness, safety, and appropriateness of health care items and
services, particularly prescription medications and medical devices.
This report is based on research conducted by the Brigham and Women’s Hospital DEcIDE
(Developing Evidence to Inform Decisions about Effectiveness) Center under contract to the
Agency for Healthcare Research and Quality (AHRQ), Rockville, MD (Contract No.
HSA29020050016I). The AHRQ Task Order Officer for this project was Scott R. Smith, Ph.D.
The findings and conclusions in this document are those of the authors, who are responsible for its
contents; the findings and conclusions do not necessarily represent the views of AHRQ.
Therefore, no statement in this report should be construed as an official position of AHRQ or the
U.S. Department of Health and Human Services.
None of the authors has a financial interest in any of the products discussed in this report.
Dr. Setoguchi had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.
This report has also been published in edited form: Setoguchi S, Wang PS, Brookhart MA, et al.
Potential causes of higher mortality in elderly users of conventional and atypical antipsychotic
medicines. J Am Geriatr Soc 2008 Sep;56(9):1644-50.
Suggested citation:
Setoguchi S, Wang PS, Brookhart MA, et al. Potential causes of higher mortality among elderly
users of conventional vs. atypical antipsychotics. Effective Health Care Research Report No. 11.
(Prepared by Brigham and Women’s Hospital DEcIDE Center Under Contract No.
HSA29020050016I). Rockville, MD: Agency for Healthcare Research and Quality. March 2009.
Available at: http://effectivehealthcare.ahrq.gov/reports/final.cfm.

Effective Health Care Research Report Number 11

Contents
Introduction ................................................................................................................
Methods ......................................................................................................................
Results ........................................................................................................................
Discussion ...................................................................................................................
References ...................................................................................................................
Tables .........................................................................................................................

1
1
4
6
8
11

Author affiliations:
Soko Setoguchi, M.D., Dr.P.H.a
Philip S. Wang, M.D., Dr.P.H.a,b
M. Alan Brookhart, Ph.D.a
Claire F. Canning, M.S.a
Liljana Kaci, B.A.a
Sebastian Schneeweiss, M.D., Sc.D.a
a

Division of Pharmacoepidemiology and Pharmacoeconomics, Department of Medicine, Brigham
and Women’s Hospital, Boston, MA.
b
Department of Psychiatry, Brigham and Women’s Hospital, Harvard Medical School, Boston,
MA.

i

Effective Health Care Research Report Number 11

Abstract
Objectives. Evidence is growing that conventional antipsychotic medication (APM) use may be

associated with greater risks of death than aytpicals. To investigate the potential mechanisms
through the conventionals might act, we sought to compare the specific causes of death in elderly
patients newly started on conventional vs. atypical APMs.
Design. Cohort study
Setting. Community setting
Participants. All British Columbia residents ≥65 who initiated a conventional or atypical APM

(1996 – 2004).
Measurements. Cox proportional hazards models were used to compare risks of developing the

specific cause of death within 180 days since APM initiation. We adjusted for potential
confounders using traditional multivariable, propensity score, and instrumental variable
adjustments.
Results. The study cohort included 12,882 initiators of conventional APMs and 24,359 atypical

APMs. Of 3,821 total deaths within the first 180 day of use, cardiovascular (CV) deaths
accounted for 49% of deaths. Conventional vs. atypical APM initiators had a significantly higher
adjusted hazard of all CV (hazard ratio [HR] 1.23; 95% CI 1.10-1.36), and out-of-hospital CV
death (HR 1.36; 95% CI 1.19-1.56). Initiators of conventional APMs also had a higher risk for
death due to respiratory diseases, nervous system diseases and other causes.
Conclusions. These data suggest that increased risk of CV deaths might explain about half of

the excess mortality in conventional APM initiators. The risk of death due to respiratory causes
was also significantly higher in conventional APM use.
Keywords. Antipsychotic medications, conventional, atypical, elderly, short-term mortality,

cause of death
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Introduction
The US Food and Drug Administration (FDA) issued a Public Health Advisory in 2005
that atypical antipsychotic medications (APMs) significantly increased the risk of death compared
with placebo among elderly with dementia.1 “Black box” warnings were added to labels of all
atypical APMs describing these risks and advising that these agents are not approved for use in
elderly patients with dementia. The Advisory did not cover conventional APMs due to insufficient
data on the mortality associated with them.1,2
However, in the absence of warnings for conventional APMs, concern has mounted that
clinicians may simply switch elderly patients to these older agents, 3 particularly because their use
had until recently been widespread.4 Extrapolating mainly from studies in younger populations,
some have suggested that conventional APMs could pose risks greater than those of the newer
drugs in older populations.5-8 For elderly populations, Nasrallah et al. first reported higher
mortality in elderly patients taking haloperidol compared with two atypical drugs (risperidone or
olanzapine).9 We first reported a 37% greater dose-dependent risk of short-term all-cause
mortality in elderly patients prescribed conventional agents than those prescribed atypicals in the
US population.10 More recently, we found very similar risk of all-cause mortality in conventional
APM initiators in the cohort of Canadian elderly population.11
An important next step is to investigate potential mechanisms through which they may act.
In the FDA’s analysis, heart-related events (heart failure and sudden death) and infections (mostly
pneumonia) accounted for many deaths.1 Furthermore, some conventional agents were more likely
than atypical agents to affect blood pressure and heart rate, Q-T prolongation causing conduction
delays, as well as sedation and extrapyramidal symptoms causing potential swallowing problems.58,12
For these reasons, cardiac, cerebrovascular, and infection may all contribute to an increased
risk of death from conventional vs. atypical agents. Therefore, the aim of the current study is to
compare the specific causes of short-term mortality in elderly patients newly started on
conventional vs. atypical APMs.

Methods
Overall Design and Rationale
A cohort study was conducted to compare risks of developing cause-specific death among
conventional APM vs. atypical APM initiators. The analyses were restricted to new users of
APMs to guard against potential selection bias caused by including prevalent users because
prevalent users are those who stayed on the drug and more likely to exclude those who
discontinued the drug due to drug intolerance, or treatment failure.13 Furthermore, using prevalent
users will restrict the ability of a study to capture adverse events that occur early in the course of
the drug use.13 To adjust for potential differences in characteristics of patients using different
APMs, traditional multivariable and propensity score–adjusted models14 as well as an instrumental
variable analysis were used.15-19
1
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Data Sources
The data source was a large health care utilization database that contained information on
discharge diagnosis, outpatient diagnoses and procedure codes from 1996 through 2004 for all
residents in British Columbia, where the provincial insurance system provides comprehensive
coverage for health care for all including the elderly and disabled. The data source provided basic
demographic information, as well as coded diagnostic, procedural, and pharmacy dispensing
information with high accuracy.20 The discharge abstract provided up to 25 fields for diagnoses
and 10 fields for procedures that were relevant during the hospitalization. We further linked vital
status information from the BC vital statistics agency.

Study Population
All British Columbia residents 65 years or older who filled a first recorded (index)
prescription for an oral APM between 1/1/1996 and 12/31/2004 were identified as a study
population. To ensure a uniform 1-year eligibility period prior to filling the index APM
prescription, all study subjects were required to have utilized >1 medical service and >1
prescription in the two 6-month periods prior to the index date. APM initiators were defined as
having used no APM in the 12 months prior to the index use and prevalent users were excluded
from the cohort. Because chlorpromazine and haloperidol can be used as antiemetics for cancer
chemotherapy patients in Canada, patients who had one or more diagnosis of any cancer during
the 12 months prior to their exposure to the first APM agents were excluded.
All traceable personal identifiers were removed from the dataset prior to analysis to
protect patient confidentiality. The Institutional Review Board of the Brigham and Women’s
Hospital and University of Victoria approved this study, and signed data use agreements with the
BC Ministry of Health were in place.

Antipsychotic Medications
Atypical APM agents included aripiprazole, clozapine, olanzapine, quetiapine, risperidone,
and ziprasidone. Other APMs were considered conventional APMs, including acetophenazine,
chlorpromazine, fluphenazine, mesoridazine, perphenazine, promazine, thioridazine,
trifluoperazine, triflupromazine, chlorprothixene, haloperidol, loxapine, molindone, pimozide, and
thiothixene. Exposure to atypical vs. conventional is based on the first prescription of either class
of APM, regardless of later changes or discontinuations within the 180-day study risk-exposure
time. Daily dosages were converted to chlorpromazine-equivalent milligrams using the midpoints
of recommended ranges in geriatric prescribing guidelines.21 The median daily dosage in the
population was used as a cut-off to assess the effect of higher and lower dosage.

2
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Outcomes
Causes of Death
Information on vital status and causes of death from the BC vital statistics agency are
available, and the causes are coded by ICD-922 or ICD-1023 diagnosis codes. Relatively broad
categories of causes of death identified by the death certificate agree with physician-adjudicated
causes of death.24 All deaths in the cohort within 180 days after the index day were identified.
Cancer deaths within 180 days were excluded because such cancers were likely to be preexisting
and may have been associated with conventional APMs used as antiemetics for cancer
chemotherapy. Based on suggested pharmacologic effects of conventional APMs5-8,12 and the
FDA analysis,1 we were specifically interested in the following causes of deaths; overall
cardiovascular, out-of-hospital (OOH) cardiovascular, overall infection, and pneumonia.

Potential Confounders
The patient characteristics were identified during the 6 months prior to each subject’s
exposure to the first APM agents. Sociodemographic data (age and gender) as well as clinical
conditions that might affect short-term mortality were measured. Clinical conditions were defined
as having both diagnosis for a condition and treatment indicating the presence of the condition.
These comorbidities include arrhythmias, diabetes, cerebrovascular disease (e.g., both cerebral
hemorrhagic and ischemic events), heart failure (HF), myocardial infarction, other evidence of
ischemic heart disease (e.g., PTCA, CABG, or nitroglycerin use), other cardiovascular conditions
(e.g., valvular disease, aneurysms, and peripheral vascular disease), cancers, HIV, dementia,
delirium, mood disorders, psychotic disorders, and other psychiatric disorders. Health care
utilization including hospitalizations, nursing home stays, use of other psychiatric medications,
and total number of medications used (excluding APMs and drugs used to define covariates) were
also measured.25

Statistical Analysis
Distributions of sociodemographic, clinical, and utilization characteristics among
conventional and atypical APM initiators were calculated and then mortality rates during the first
180 days since initiation of either drug class were plotted. A 180-day follow-up period was
chosen based upon the duration of trials in the FDA’s reanalysis (which ranged from 4-26 weeks,
with a modal duration of 10 weeks).8
Unadjusted and multivariable (adjusting for calendar year and all covariates listed above)
Cox proportional hazards models of cause-specific mortality in 180 days were constructed, as
were models of mortality within 1-5, 6-20, 21-39, 40-79, and 80-180 days. Adjusted models were
run separately in strata defined by dementia and nursing home status. We also investigated
whether a dose-response relationship existed in adjusted models by separating conventional APM
initiators into those at the median dosage or less vs. greater than the median daily dosage. In
confirmatory analyses, Propensity score adjustments was used to balance measured risk factors
3

Effective Health Care Research Report Number 11
for mortality between drug user groups.14 Propensity scores were derived from predicted
probabilities in logistic regression models of conventional vs. atypical APM use. The final model
contained all covariates shown in Table 1 and strongly predicted the type of APM used (cstatistic26= 0.78). The propensity score substituted multiple covariates in the Cox model.
An instrumental variable analysis was also used to provide estimates that would remain
unbiased even if important confounding variables were unmeasured. 17-19 In the recent work,15,16
the instrument employed was the prescribing physician’s preference for conventional vs. atypical
APMs (as indicated by their most recent new APM prescription). Using two-stage linear
regression for the instrumental variable estimation and additional adjustment for measured patient
characteristics, the risk difference of 180-day mortality between conventional vs. atypical APM
initiators was calculated.

Results
In the study, 12,882 initiators of conventional APMs, and 24,359 initiators of atypical
APMs were identified. The most frequently used conventional APM was loxapine (69%) followed
by haloperidol (11%), and chlorpromazine (7%). Risperidone (75%) was the most frequently used
conventionals followed by quetiapine fumarate (15%), and olanzapine (10%). The median daily
dosage at the time of initiation for conventional APM was 10mg for loxapine, 2mg for haloperidol,
71mg for chlorpromazine, 3mg for trifluoperazine, 25mg for thioridazine, 2mg for pimozide, 4mg
for perphenazine, 20mg for thiothixene, 2.5mg for fluphenazine and 75mg for mesoridazine. The
median dosage for atypical APM was 0.5mg for risperidone, 25mg for quetiapine fumarate, 5mg
for olanzapine, and 150mg for clozapine. The initiators of the conventional agents were less likely
than initiators of the atypical agents to be male, and have cerebrovascular disease, AMI, other
cardiovascular diseases, dementia, delirium, psychoses, mood disorders, and other psychiatric
disorders, but more likely to have HF and non-MI ischemic heart disease at baseline. (Table 1)
Conventional APM initiators had lower rates of using antidepressants, other psychotropic
medications, total number of drugs, hospitalizations, and nursing home stays.
The number of events and event rate (%) within 180 days after the initiation of APM
agents are shown in Table 2. In the first 180 days of use, 12.7 % of conventional APMs initiators
died due to non-cancer causes, compared to 9.0 % of atypical APM initiators. All specific causes
of deaths except for arrhythmic death and death due to mental disorders were increased in
conventional vs. atypical APM initiators. For disease outcomes, conventional vs. atypical APM
initiators had higher incidence of all infection outcomes and some cardiac events including heart
failure and arrhythmias.
Prevalence of various causes of deaths and adjusted hazard ratios for new users of
conventional vs. atypical APMs are shown in Table 2. Among 3,821 non-cancer deaths, 1,866
(49%) were cardiovascular, and greater than 60% of the cardiovascular deaths were OOH; 379
(10%) were infectious, and 88% of the infectious deaths were pneumonia-related. Other frequent
causes included cancer, respiratory diseases, nervous system and mental disorders, each of which
accounted for 7-9% of all deaths. Of 286 deaths due to nervous system disorders, 188 were from
Alzheimer's disease and 40 were from Parkinson's disease.
4
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Among those taking conventional APMs, we found a significantly greater risk of death
due to non-cancer deaths or specific causes of deaths such as cardiovascular diseases, respiratory
diseases, nervous system and other causes (Table 3). The risk of deaths due to infections tended
to be higher among conventional APM initiators but did not reach statistical significance. We
further estimated multivariate adjusted risk differences for each cause of death and total death due
to non-cancer causes. The excess risk in conventional APM initiators was 11.2 per 1,000 patientyears (95% CI : 6.1 - 16.3) for all cardiovascular deaths, 9.8 (95% CI : 5.8 – 13.9) for OOH
cardiovascular deaths, 5.2 (95% CI : 2.9 – 7.5) for deaths due to respiratory, and 2.1 (95% CI : 0.4 – 4.5) for infection-related deaths. The excess risk for non-cancer mortality was 25.7 per
1,000 patient-years (95% CI : 17.4 – 37.0). The excess risk for cardiovascular deaths accounted
for 44% of the total excess risk, and respiratory and infection-related deaths accounted for
another 28%.
Hazard ratios comparing the rate of cardiovascular death for new users of conventional vs.
atypical APMs are shown in Table 4. Hazards were significantly higher for conventional than
atypical APM use in adjusted models of 180-day mortality that adjusted for a large number of
potential confounders. The greatest increase in adjusted mortality risk for conventional vs.
atypical APMs occurred with use of higher (> median) conventional APM dosages and during the
first 5 days. In analyses restricted by dementia status or nursing home residency, with the
exception of patients with dementia, those who initiated conventional vs. atypical APMs had
significantly greater risk of 180-day mortality (Table 4). When comparing loxapine, the most
frequently prescribed conventional APM with the most frequently prescribed atypical APMs,
risperidone or quetiapine fumarate, we found mortality ratios for CV deaths were 1.20 (95% CI
1.07–1.34) for loxapine vs. risperidone and 1.48 (95% CI 1.14–1.91) for loxapine vs. quetiapine.
When the risk of OOH cardiovascular death was specifically assessed (Table 4), a similar but
greater risk in conventional APM initiators compared to atypical APM initiators was observed.
The confirmatory analyses using propensity score adjustments yielded no substantive
changes relative to the traditional multivariable Cox regression analyses, adding further support to
the findings from the conventional analysis. The hazard ratio comparing the risk of OOH
cardiovascular death within 180 days between the conventional and atypical antipsychotic drug
groups after propensity score adjustment was 1.39 (95% CI 1.30–1.49). In the instrumental
variable analyses, use of conventional antipsychotic medications continued to be associated with
an increased risk of all CV and OOH CV death within 180 days compared with use of atypical
APMs. The adjusted risk difference for all CV death was 1.1 per 100 (95% CI 0.6–1.6). The
adjusted estimates in the instrumental variable analyses did not differ from the traditional
multivariable estimates (p = 0.56). Our instrument was strongly associated with the actual
treatment choice (odds ratio 6.1, 95% CI 5.8–6.4).

5
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Discussion
In this study of over 30,000 elderly patients initiating APM treatments, use of
conventional agents was associated with a significantly increased risk of dying due to
cardiovascular, especially OOH cardiovascular events relative to use of atypical agents, which
accounted for half of excess mortality. The risk of death due to respiratory causes was also
significantly higher in conventional drug use.
Increased risk of OOH cardiovascular death can be partly explained by increased risk of
arrhythmias, cardiac arrest, and sudden death from conventional APM use, which has been shown
in previous studies.27-31 Prolongation of cardiac repolarization and QTc intervals is thought to be
responsible and generally more prevalent with conventional than atypical agent with the notable
exception of ziprasidone.32 Most32,33 earlier epidemiological data comparing APM agents have
found higher risks of ventricular arrhythmia and cardiac arrest with conventional vs. atypical
agents. Although clozapine has been associated with myocarditis and cardiomyopathy,34-37 it was
used in less than 1% of APM initiators in our population.
OOH cardiovascular death as indicated on the death certificate includes many more causes
aside from sudden arrhythmic death.38 Hence, our results suggest that conventional APM
initiators might also have an increased risk of sudden non-arrhythmic cardiovascular death, such
as fatal acute myocardial infarction, pulmonary embolism, and massive stroke. Postural
hypotension, one of commonly reported side effects of low potency conventional may cause
sudden death, which could be classified as in-hospital and OOH cardiovascular deaths. We did not
note a greater risk of cardiovascular events leading to hospitalization in conventional vs. atypical
APM initiators. (data not shown) This also supports the contention that conventional APM may
be associated with cardiovascular events that lead to sudden deaths.
There have been no reports of increased risk of death in conventional vs. atypical APM
initiators due to respiratory disease.21 Hypothetically, anticholinergic side effects of these agents
in elderly patients with severe chronic respiratory diseases might cause worsening of symptoms
and choking through drying up secretions and difficulty in clearing mucus. Respiratory dyskinesia
related to conventional APM use has been reported as a common but under-recognized side
effect,39 which might also contribute to worsening of the underlying respiratory disorders.
Conventional initiators had increased risk of death due to respiratory, nervous system, and other
miscellaneous causes. Although the hazard ratios for these causes were somewhat higher than that
for cardiovascular deaths, the prevalence of these causes was much lower than cardiovascular
deaths; and therefore these contributed less to the excess risk of death in conventional APM
initiators.
Our results indicating no increased risk of CV or OOH CV deaths by conventional APM
vs. atypical APM use in patients with dementia (Table 4) do not conflict with the observation by
Gill et al. that conventional APM use may increase the risk of all-cause death in patients with
dementia.40 We did observe significant increased risk of all-cause mortality in our population as
reported in the previously published study (HR=1.26; 95% CI 1.01–1.56 in patients with
dementia)11 and the effect size was similar to what was observed in Gill’s study (HR=1.23; 95%
CI 1.00–1.50 in community patients with dementia and HR=1.27; 95% CI 1.09–1.48 in long6
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term care patients with dementia).40 However, our results suggest the causes of deaths responsible
in patients with dementia may differ from those in patients with no dementia.
Our results should be interpreted with the following potential limitations. First, several
patient characteristics were not recorded in the study database, most importantly limitations in
activities of daily living, cognitive impairment, and physical impairment. In theory, these variables
could be differentially related to the use of conventional APMs and atypical APM, and at the same
time are predictors of mortality. However, we adjusted for sociodemographic, clinical, and health
care utilization factors, which may be independent predictors of developing these conditions
through traditional multivariable and propensity score as well as instrumental variable
techniques.14,17-19 Second, because there have been long-standing warnings concerning
conventional APMs and ventricular arrhythmias, 32 any residual confounding may have led to
underestimation of hazards from conventional agents on this outcome. We also limited our
examination to data from essentially before the first warnings regarding atypical agents and
stroke, to avoid overestimating cerebrovascular risks from conventional APMs.41-43 Furthermore,
the exposure status was based on the initial dispensing and did not consider discontinuation or
change in status within 180-day study period. However, non-differential exposure
misclassification (e.g., not taking filled prescriptions or switching APM classes) would bias results
towards the null; differential misclassification (e.g., worse adherence with conventional APMs, as
has been found)44 again may have led to underestimation of hazards from conventional agents.
Although we attempted to use or adapt established outcome definitions, 45-49 misclassification is
still possible and would presumably bias our findings towards the null. In addition, we adjusted for
calendar time to account for any improvements in the prevention of cardiac or cerebrovascular
events, which could otherwise lead to reduced risks in later years, when atypical use was more
common.
These findings give insight into the greater risk of mortality in conventional APM initiators
in this cohort of Canadian elderly population.11 Our study adds to growing evidence that
conventional APMs may not be safer than atypical APMs for the elderly and should not simply
replace the latter drugs stopped in response to recent FDA warnings.9,10,50 However, further
studies with more detailed data are needed to understand the comparative effect of less frequently
used individual APMs and identify potentially vulnerable subpopulations among whom
conventional agents should be especially avoided.

7

Effective Health Care Research Report Number 11

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

FDA Public Health Advisory: Deaths with
antipsychotics in elderly patients with
behavioral disturbances. . [cited
04/15/2005]; Available from:
http://www.fda.gov/cder/drug/advisory/antips
ychotics.htm.
Kuehn BM. FDA warns antipsychotic drugs
may be risky for elderly. JAMA 2005 May
25;293(20):2462.
Strong C. Antipsychotic Use in elderly
patients with dementia prompts new FDA
warning. Neuropsychiatry Review 2005 June
2005;6(5):1-17.
Dewa CS, Remington G, Herrmann N, et al.
How much are atypical antipsychotic agents
being used, and do they reach the populations
who need them? A Canadian experience. Clin
Ther 2002 Sep;24(9):1466-1476.
Chan YC, Pariser SF, Neufeld G. Atypical
antipsychotics in older adults.
Pharmacotherapy 1999 Jul;19(7):811-822.
Lawlor BA. Behavioral and psychological
symptoms in dementia: the role of atypical
antipsychotics. J Clin Psychiatry 2004;65
Suppl 11:5-10.
Maixner SM, Mellow AM, Tandon R. The
efficacy, safety, and tolerability of
antipsychotics in the elderly. J Clin Psychiatry
1999;60 Suppl 8:29-41.
Tariot PN. The older patient: the ongoing
challenge of efficacy and tolerability. J Clin
Psychiatry 1999;60 Suppl 23:29-33.
Nasrallah HA, White T, Nasrallah AT. Lower
mortality in geriatric patients receiving
risperidone and olanzapine versus
haloperidol: preliminary analysis of
retrospective data. Am J Geriatr Psychiatry
2004 Jul-Aug;12(4):437-439.
Wang PS, Schneeweiss S, Avorn J, et al. Risk
of death in elderly users of conventional vs.
atypical antipsychotic medications. N Eng J
Med 2005 Dec 1;353(22):2335-2341.
Schneeweiss S, Setoguchi S, Brookhart A, et
al. Risk of death associated with the use of
conventional versus atypical antipsychotic
drugs among elderly patients. CMAJ 2007
Feb 27;176(5):627-632.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

8

Alexopoulos GS, Streim J, Carpenter D, et al.
Using antipsychotic agents in older patients. J
Clin Psychiatry 2004;65 Suppl 2:5-99;
discussion 100-102; quiz 103-104.
Ray WA. Evaluating medication effects
outside of clinical trials: new-user designs.
Am J Epidemiol 2003 Nov 1;158(9):915-920.
Rosenbaum PR, Rubin DB. The central role
of the propensity score in observational
studies for causal effects. Journal of the
American Statistical Association
1983;79:516-524.
Brookhart MA, Rassen JA, Wang PS, et al.
Evaluating the validity of an instrumental
variable study of neuroleptics: can betweenphysician differences in prescribing patterns
be used to estimate treatment effects? Med
Care 2007 Oct;45(10 Supl 2):S116-122.
Brookhart MA, Wang PS, Solomon DH, et al.
Evaluating short-term drug effects using a
physician-specific prescribing preference as
an instrumental variable. Epidemiology 2006
May;17(3):268-275.
Angrist JD, Imbens GW, Rubin DB.
Identification of causal effects using
instrumental variables. Journal of the
American Statistical Association 1996
1996;91:444-455.
Bowden RJ, Turkington DA. Instrumental
Variables: Cambridge University Press, 1984.
McClellan M, McNeil BJ, Newhouse JP.
Does more intensive treatment of acute
myocardial infarction in the elderly reduce
mortality? Analysis using instrumental
variables. JAMA 1994 Sep 21;272(11):859866.
Williams JI, Young W. Inventory of studies
on the accuracy of Canadian health
administrative databases. Technical Report:
Institute for Clinical Evaluative Sciences
(ICES); 1996 December 1996.
Salzman C. Clinical geriatric
psychopharmacology, 4th Ed. Philadelphia,
PA: Lippincott Williams and Wilkins, 2004.

Effective Health Care Research Report Number 11
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

U.S. Dept. of Health and Human Services.
Public Health Service. United States.
International classification of diseases 9th
revision clinical modification. Official
authorized addendum. Washington. DC.,
1988.
World Health Organization. International
statistical classification of diseases and related
health problems, 10th revision. Ed. Geneva:
World Health Organization, 1992.
Sesso HD, Gaziano JM, Glynn RJ, et al.
Value of an Endpoints Committee versus the
use of nosologists for validating cause of
death. Contemp Clin Trials 2006
Aug;27(4):333-339.
Schneeweiss S, Seeger JD, Maclure M, et al.
Performance of comorbidity scores to control
for confounding in epidemiologic studies
using claims data. Am J Epidemiol 2001 Nov
1;154(9):854-864.
Harrell Jr. E, Califf R, Pryor DB, et al.
Evaluating the yield of medical tests. JAMA
1982;247:2543-2546.
Hennessy S, Bilker WB, Knauss JS, et al.
Cardiac arrest and ventricular arrhythmia in
patients taking antipsychotic drugs: cohort
study using administrative data. Bmj 2002
Nov 9;325(7372):1070.
Kelly HG, Fay JE, Lavery SG. Thioridazine
hydrochloride (Mellaril): its effects on the
electrocardiogram and a report of two
fatalities with electrocardiographic
abnormalities. Canadian Medical Association
Journal 1963 10=963;89:546-554.
Ray WA, Meredith S, Thapa PB, et al.
Antipsychotics and the risk of sudden cardiac
death. Arch Gen Psychiatry 2001
Dec;58(12):1161-1167.
Reilly JG, Ayis SA, Ferrier IN, et al.
Thioridazine and sudden unexplained death in
psychiatric in-patients. Br J Psychiatry 2002
Jun;180:515-522.
Straus SM, Bleumink GS, Dieleman JP, et al.
Antipsychotics and the risk of sudden cardiac
death. Arch Intern Med 2004 Jun
28;164(12):1293-1297.
Glassman AH, Bigger JT, Jr. Antipsychotic
drugs: prolonged QTc interval, torsade de
pointes, and sudden death. Am J Psychiatry
2001 Nov;158(11):1774-1782.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

9

Liperoti R, Gambassi G, Lapane KL, et al.
Conventional and atypical antipsychotics and
the risk of hospitalization for ventricular
arrhythmias or cardiac arrest. Arch Intern
Med 2005 Mar 28;165(6):696-701.
Haas SJ, Hill R, Krum H, et al. Clozapineassociated myocarditis: a review of 116 cases
of suspected myocarditis associated with the
use of clozapine in Australia during 19932003. Drug Saf 2007;30(1):47-57.
Wehmeier PM, Heiser P, Remschmidt H.
Myocarditis, pericarditis and cardiomyopathy
in patients treated with clozapine. J Clin
Pharm Ther 2005 Feb;30(1):91-96.
Merrill DB, Dec GW, Goff DC. Adverse
cardiac effects associated with clozapine. J
Clin Psychopharmacol 2005 Feb;25(1):32-41.
Warner B, Hoffmann P. Investigation of the
potential of clozapine to cause torsade de
pointes. Adverse Drug React Toxicol Rev
2002;21(4):189-203.
Fox CS, Evans JC, Larson MG, et al. A
comparison of death certificate out-of-hospital
coronary heart disease death with physicianadjudicated sudden cardiac death. Am J
Cardiol 2005 Apr 1;95(7):856-859.
Kruk J, Sachdev P, Singh S. Neurolepticinduced respiratory dyskinesia. J
Neuropsychiatry Clin Neurosci 1995
Spring;7(2):223-229.
Gill SS, Bronskill SE, Normand SL, et al.
Antipsychotic drug use and mortality in older
adults with dementia. Ann Intern Med 2007
Jun 5;146(11):775-786.
Sponsor's website for Risperdal. 2006 [cited
03/24/2006]; Available from:
http://www.risperdal.com.
Sponsor's website for Zyprexa. 2006 [cited
03/24/2006]; Available from:
http://www.zyprexa.com.
Sponsor's website for Abilify. 2006 [cited
03/24/2006]; Available from:
http://www.abilify.com.
Dolder CR, Lacro JP, Dunn LB, et al.
Antipsychotic medication adherence: is there
a difference between typical and atypical
agents? Am J Psychiatry 2002
Jan;159(1):103-108.

Effective Health Care Research Report Number 11
45.

46.

47.

48.

49.

50.

Birman-Deych E, Waterman AD, Yan Y, et al.
Accuracy of ICD-9-CM codes for identifying
cardiovascular and stroke risk factors. Med
Care 2005 May;43(5):480-485.
De Bruin ML, van Hemel NM, Leufkens HG,
et al. Hospital discharge diagnoses of
ventricular arrhythmias and cardiac arrest
were useful for epidemiologic research. J Clin
Epidemiol 2005 Dec;58(12):1325-1329.
Kiyota Y, Schneeweiss S, Glynn RJ, et al.
Accuracy of Medicare claims-based diagnosis
of acute myocardial infarction: estimating
positive predictive value on the basis of
review of hospital records. Am Heart J 2004
Jul;148(1):99-104.
Lee DS, Donovan L, Austin PC, et al.
Comparison of coding of heart failure and
comorbidities in administrative and clinical
data for use in outcomes research. Med Care
2005 Feb;43(2):182-188.
Schneeweiss S, Robicsek A, Scranton R, et al.
Veteran's affairs hospital discharge databases
coded serious bacterial infections accurately. J
Clin Epidemiol 2007 Apr;60(4):397-409.
Rabins PV, Lyketsos CG. Antipsychotic drugs
in dementia: what should be made of the risks?
JAMA 2005 Oct 19;294(15):1963-1965.

10

Effective Health Care Research Report Number 11

Tables
Table 1. Characteristics of 37,241 British Columbia seniors who initiated conventional or atypical
antipsychotic medications
Characteristic

Conventional
(n=12,882)

Atypical (n=24,359)

79.88

p-value

Age (mean)

80.3

Male patients

8565

35.20%

5120

39.70%

<.0001
<.0001

Cardiac Arrhythmia

22

0.10%

6

0.00%

0.143

Cerebrovascular disease

2430

10.00%

1391

10.80%

0.129

Congestive heart failure

1455

6.00%

1084

8.40%

<.0001

Diabetes

3362

13.80%

1939

15.10%

0.001

Myocardial infarction

551

2.30%

354

2.70%

0.0038

Other ischemic heart disease

665

2.70%

493

3.80%

<.0001

Other cardiovascular disorders

4075

16.70%

2609

20.30%

<.0001

HIV infection

4

0.00%

0

0.00%

0.1458

Dementia

3087

12.70%

1247

9.70%

<.0001

Delirium

2060

8.50%

967

7.50%

0.0014

Mood disorders

6198

25.40%

2013

15.60%

<.0001

Psychotic disorders

4103

16.80%

1446

11.20%

<.0001

Other psychiatric disorders

1110

4.60%

403

3.10%

<.0001

Antidepressants

10154

41.70%

3645

28.30%

<.0001

Other psychotropic medications

920

3.80%

542

4.20%

0.0418

Total number of drugs used (mean)

7.34

History of

Use of other drugs

7.37

<.0001

Hospitalization in previous 180 days

3204

13.20%

1923

14.90%

<.0001

Nursing home residence in previous 180 days

6471

26.60%

3980

30.90%

<.0001
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Table 2. Causes of death and cardiovascular and infection hospitalization within 180 days after
APM initiation in British Columbia (N=37,241)
Conventional APM
(N=12,882)
# death
Total Death
Cardiovascular

incidence
rate*

Atypical APM
(N=24,359)
# death

incidence
rate*

Ischemic heart diseases
Heart failure
Arrhythmia
Ventricular arrhythmia
Cerebrovascular diseases
Stroke
In-hospital cardiovascular
Out-of-hospital cardiovascular
Overall infection (including pneumonia)
Pneumonia
Other infection
Respiratory (except pneumonia)
COPD
Nervous system
Mental
Other

1632
801
325
123
28
11
212
170
345
456
161
140
21
167
107
120
82
301

28.1
13.8
5.6
2.1
0.5
0.2
3.6
2.9
5.9
7.8
2.8
2.4
0.4
2.9
1.8
2.1
1.4
5.2

2189
1068
434
138
49
13
301
251
400
665
218
193
25
181
117
166
141
415

19.3
9.4
3.8
1.2
0.4
0.1
2.7
2.2
3.5
5.9
1.9
1.7
0.2
1.6
1.3
1.5
1.2
3.7

Disease Outcomes
Overall cardiac events
Acute myocardial infarction
Heart failure
Arrhythmia
Ventricular arrhythmia
Any cerebrovascular diseases
Cerebrovascular events
Infarction
Cerebral hemorrhage
Overall infection

1426
90
376
205
21
326
116
58
30
548

27.3
1.7
6.9
3.8
0.4
6.0
2.1
1.1
0.6
10.1

2197
161
561
318
25
422
248
97
52
727

21.0
1.5
5.2
2.9
0.2
3.9
2.3
0.9
0.5
6.7

All serious infection†

472
8.7
614
5.7
Pneumonia
415
7.7
532
4.9
* Incidence rate is per 100 person-years
† All serious infections include pneumonia, bacteremia/septicemia, cellulitis, encephalitis/meningitis, endocarditis/myocarditis,
pyelonephritis, septic arthritis, osteomyelitis, or opportunistic infection
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Table 3. Adjusted hazard ratios for all and specific causes of death within 180 days after initiating
therapy with conventional vs. atypical antipsychotic medications*

All non-cancer deaths

Adjusted Hazard Ratios
(95%CI)
1.27 (1.18 - 1.37)

Prevalence of Causes
100% (3821)

Cardiovascular

1.23 (1.10 - 1.36)

49% (1866)

1.36 (1.19 - 1.56)

29%(1121)

Infection (including pneumonia)

1.21 (0.95 - 1.53)

10% (379)

Respiratory (excluding pneumonia)

1.71 (1.35 - 2.17)

9% (348)

Nervous System

1.42 (1.01 - 1.86)

7% (286)

Mental disorders

1.02 (0.74 - 1.39)

6% (223)

Causes of Deaths

Out of hospital cardiovascular

1.27 (1.07 - 1.51)
19% (735)
Other
*APM denotes antipsychotic medication, and CI confidence interval.
Note: Hazard ratios were adjusted for calendar year, age, sex, race, the presence or absence of cardiac arrhythmias, cerebrovascular
disease, congestive heart failure, diabetes, myocardial infarction, other ischemic heart disease, other cardiovascular disorders, cancer,
HIV infection, dementia, delirium, mood disorders, psychotic disorders, other psychiatric disorders, and the use or nonuse of other
psychiatric medications, total number of medications used, hospitalization and nursing home stays.
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Table 4. Hazard ratios of overall and out-of-hospital (OOH) cardiovascular death within 180 days
after initiating therapy with conventional vs. atypical antipsychotic medications*
CV Death
Model

Hazard Ratio (95% CI)

Unadjusted analysis

1.24 (1.02-1.24)

Age, gender, and calendar year adjusted analysis

1.07 (0.97-1.18)

OOH CV Death
Hazard Ratio (95% CI)
1.13 (1.00-1.29)
1.09 (0.96-1.24)

Adjusted analysis of death within 180 days†
Use of any conventional APM

1.23 (1.10-1.36)

Use of high-dose conventional APM

1.49 (1.26-1.77)

Use of low-dose conventional APM

1.17 (1.04-1.31)

1.36 (1.19-1.56)
1.85 (1.50-2.29)
1.25 (1.08-1.45)

Adjusted analysis of death by duration of use†
2.27 (1.45 - 3.57)

1-5 days after beginning therapy

1.79 (1.19-2.69)

6-20 days after beginning therapy

1.45 (1.12-1.88)

21-39 days after beginning therapy

1.17 (0.89-1.54)

40-79 days after beginning therapy

1.11 (0.89-1.38)

1.06 (0.79-1.41)

80-180 days after beginning therapy

1.20 (1.03-1.41)

1.25 (1.02-1.54)

With dementia

1.12 (0.80-1.56)

1.00 (0.65-1.54)

Without dementia

1.21 (1.08-1.36)

1.38 (1.19-1.60)

In a nursing home

1.24 (1.05-1.45)

1.25 (1.03-1.50)

1.73 (1.26-2.37)
1.52 (1.06-2.18)

Adjusted analyses in patient subgroups†

Not in a nursing home
1.22 (1.06-1.41)
1.49 (1.22-1.82)
*APM denotes antipsychotic medication, and CI confidence interval.
†Hazard ratios were adjusted for calendar year, age, sex, race, the presence or absence of cardiac arrhythmias, cerebrovascular disease,
congestive heart failure, diabetes, myocardial infarction, other ischemic heart disease, other cardiovascular disorders, cancer, HIV
infection, dementia, delirium, mood disorders, psychotic disorders, other psychiatric disorders, and the use or nonuse of other
psychiatric medications, total number of medications used, hospitalization and nursing home stays.
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