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Background: Antipsychotic agents (APs) are commonly prescribed to older patients with dementia. Antipsychotic use is associated with an increased risk of ischemic stroke in this population. Our study aimed to
investigate the association of AP use with the risk of acute
myocardial infarction (MI).
Methods: A retrospective cohort of community-

dwelling older patients who initiated cholinesterase inhibitor treatment was identified between January 1, 2000,
and December 31, 2009, using the Quebec, Canada, prescription claims database. From this source cohort, all
new AP users during the study period were matched with
a random sample of AP nonusers. The risk of MI was
evaluated using Cox proportional hazards models, adjusting for age, sex, cardiovascular risk factors, psychotropic drug use, and propensity scores. In addition, a selfcontrolled case series study using conditional Poisson
regression modeling was conducted.
Results: Among the source cohort of 37 138 cholines-

terase inhibitor users, 10 969 (29.5%) initiated AP treat-
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ment. Within 1 year of initiating AP treatment, 1.3% of
them had an incident MI. Hazard ratios for the risk of
MI after initiation of AP treatment were 2.19 (95% CI,
1.11-4.32) for the first 30 days, 1.62 (95% CI, 0.992.65) for the first 60 days, 1.36 (95% CI, 0.89-2.08) for
the first 90 days, and 1.15 (95% CI, 0.89-1.47) for the
first 365 days. The self-controlled case series study conducted among 804 incident cases of MI among new AP
users yielded incidence rate ratios of 1.78 (95% CI, 1.262.52) for the 1- to 30-day period, 1.67 (95% CI, 1.092.56) for the 31- to 60-day period, and 1.37 (95% CI, 0.822.28) for the 61- to 90-day period.
Conclusion: Antipsychotic use is associated with a modest and time-limited increase in the risk of MI among community-dwelling older patients treated with cholinesterase inhibitors.
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N 2005, THE WORLDWIDE PREVAlence of dementia was estimated
to be almost 24 million cases
and is expected to reach 42.3
million in 2020 and 81.1 million in 2040, according to a Delphi consensus study.1 Dementia may be accompanied by physical aggression, agitation,
and hallucinations, which are referred to
as behavioral and psychological symptoms of dementia.2 Antipsychotic agents
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(APs) are often prescribed for the
management of these symptoms.3-5 For
this indication, randomized controlled
trials comparing the use of atypical APs
vs placebo revealed an increased risk of
stroke,6,7 which resulted in regulatory
warnings in various countries8-10 and a
subsequent influence on prescription
practices. 11 Further studies 12-15 have
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shown that the risk was associated with
the atypical and conventional AP classes.
Studies16-19 focusing on the risk of death
from all causes led to similar conclusions
(ie, an increased risk was observed for
both classes of APs). Following these
findings, safety warnings by regulatory
agencies were extended to the entire drug
class.20 Among the causes of death, major
cardiovascular events (such as stroke and
ischemic events) were the most frequent.
However, the mechanism by which APs,
either conventional or atypical, may
induce such events in older persons
remains unclear,21 despite the fact that
dementia itself was described as being a
potential cofactor.13,14 To date, the effect
of AP use on the risk of acute myocardial
infarction (MI) in patients with treated dementiaremainspoorlyexamined.Therefore,
we conducted a study to evaluate the risk of
MI associated with the use of APs in a population of community-dwelling patients having dementia treated with cholinesterase inhibitors (ChIs).
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METHODS

OVERALL STUDY DESIGN
We conducted a retrospective cohort study among communitydwelling patients having dementia who were treated with ChIs,
comparing new AP users with nonusers. In addition, a selfcontrolled case series (SCCS) study was performed among all
AP users who had an incident MI during the follow-up time.
Commercially available statistical software (SAS 9.1 for Windows; SAS Institute, Inc) was used for all analyses. All reported P values are 2-tailed, with significance set at .05. We
assessed statistical uncertainty using 95% CIs.

Data Sources
The study data sources were the databases of the public prescription drug and medical services coverage programs of the
province of Quebec, Canada (Régie de l’Assurance Maladie du
Québec). The public drug plan includes more than 98% of older
(ⱖ65 years) residents of the province and covers all outpatient prescribed medications, provided that they are included
in the list of reimbursed medications. Drugs acquired in hospital, over the counter, or out of pocket are excluded. The resulting prescription database includes information on the name
of the drug, number of units dispensed, dosage, prescribed duration, and date of dispensing. The public medical services program is universal (ie, it covers all residents of the province regardless of age or income), and the resulting database includes
all medical services and procedures billed on a fee-for-service
basis, whether rendered in an outpatient, inpatient, or emergency department setting. For each service rendered, the database includes the type of service or procedure, date, location, and diagnostic code (International Classification of Diseases,
Ninth Revision [ICD-9]). We restricted the study to patients 66
years or older to have at least 1 year of prescription history before inclusion in the study.

Study Population
Patients who were residing in institutions were not targeted by
our study because no data are available for them in the Régie
de l’Assurance Maladie du Québec prescription database. A
sample comprising 55% of community-dwelling patients 66 years
or older was randomly selected among all Quebec public drug
plan members who were new users of ChIs (donepezil hydrochloride, rivastigmine, or galantamine hydrobromide) between January 1, 2000, and December 31, 2009. This random
sample corresponds to the maximum allowable sample size for
research purposes, as determined by access and confidentiality policies of the database custodian (Régie de l’Assurance Maladie du Québec). Given that dementia diagnoses are largely underreported in medical billing claims, we defined the cohort of older
patients with dementia by the presence of at least 2 ChI dispensings during a given year. We considered new users only,
defined as patients with the absence of ChI dispensing in the
365 days before the first ChI dispensing in the study period.

RETROSPECTIVE COHORT STUDY
Exposed and Unexposed Subcohorts
of the Study Population
From the source cohort of ChI-treated patients, we created a
subcohort of incident AP users (exposed subcohort) and a subcohort of nonusers (unexposed subcohort). Incident AP use

was defined as at least 1 AP dispensing after the initiation of
ChI treatment and no dispensing during the prior year. All APs
(conventional or atypical) were considered. We defined the index date as the date of first AP dispensing.
The unexposed subcohort consisted of patients from the
source population of patients with dementia who received no
AP dispensing during the year before ChI initiation or during
the study period. We randomly selected patients among all the
unexposed subcohort and individually matched them with patients of the exposed subcohort on the date of the first ChI dispensing (date of entry in the source cohort with dementia) using
a 1:1 ratio. Because 2 events were required for membership in
the exposed subcohort (incident ChI dispensing and incident
AP dispensing at a later date), there is potential for immortal
time bias. Consequently, the follow-up time for each patient
in the unexposed subcohort also started on the index date of
the matched AP-exposed patient (date of first AP dispensing).

Follow-up Time and Outcome Definitions
For the retrospective cohort study, we followed up patients for
up to 1 year after the index date. Follow-up surveillance was
discontinued on the date of occurrence of the following events,
whichever came first: death, institutionalization, 1 year after
the index date, end of the study period (December 31, 2009),
end of registration in the public health program, or MI (identified by ICD-9 codes 410 and 410.9, with a location of service
at an emergency department).

Potential Confounders and Effect Modifiers
In addition to sex and age category (66-69, 70-74, 75-79, 8084, or ⱖ85 years), we considered as covariates dementia severity, markers of potential comorbidities, and known or suspected risk factors for MI or cardiovascular disease, all
ascertained through claims data during the year preceding the
index date. These included a history of MI (ICD-9 codes 410,
410.9, 412, and 412.9 in the medical claims database), stroke
(ICD-9 codes 431-431.9, 432, 432.0, 432.1, 432.9, 436, 436.9,
and 437), diabetes mellitus (ICD-9 codes 250.0-250.7 and 250.9
or the use of insulin or oral antidiabetic agents), or hypertension or heart failure (ICD-9 codes 401.0, 401.1, 401.9, 402.0,
402.1, 402.9, 403.0, 403.1, 403.9, 404.0, 404.1, 404.9, 428.0,
428.1, and 428.9 or dispensing of antihypertensive drugs), as
well as the use of statins, sedatives, antidepressants, anxiolytic
agents, acetylsalicylic acid, or nonsteroidal anti-inflammatory
drugs.

Statistical Analysis
We conducted bivariate analyses to compare the characteristics of older patients having dementia who were treated vs untreated with APs and determined statistical significance using
2 test. We quantified the effect of exposure to APs on the risk
of MI by hazard ratios (HRs) using multivariate Cox proportional hazards modeling. To determine if the risk varied according to time after treatment initiation, we estimated HRs specifically for the following time windows: the first 30 days, first
60 days, first 90 days, and first 365 days. We adjusted for potential confounders by 2 analytical strategies. First, a multivariate Cox proportional hazards model that included all the
aforelisted covariates was used. Second, we developed a propensity score for exposure to APs using a multivariate conditional logistic regression model that included all the aforelisted
covariates. In a sensitivity analysis, adjustment for confounding was performed using the propensity score only, which was
characterized as a continuous variable in the Cox propor-
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Follow-up Time and Outcome Definitions
Date of entry in the
cholinesterase inhibitor
users cohort (with dementia)

End of RAMQ
data record

Acute risk period: 1-30 d
Mid-term risk periods:
31-60 d
61-90 d
Remaining exposure risk period
AP withdrawal risk period (90 d)
Baseline time

First dispensing of AP

Figure 1. Risk periods for the self-controlled case series study. AP indicates
antipsychotic agent; RAMQ, Régie de l’Assurance Maladie du Québec.

By design, all available follow-up time is considered in the SCCS
study (as opposed to a maximum of 1 year as already described
for the retrospective cohort study). This included all periods from
first AP dispensing to the earliest occurrence of death, end of coverage, institutionalization, or end of the study period.

Statistical Analysis
For each risk period, we used conditional Poisson regression
models to estimate incidence rate ratios. In accord with the SCCS
method, we adjusted for age at the first MI to account for the
aging of the cohort. This was achieved by partitioning the observation time in 5 age groups.
RESULTS

tional hazards model. Proportionality of hazards was assessed
using Wald 2 test for all studied time windows. No test results were statistically significant; hence, proportionality of hazards was assumed.
To identify potentially high-risk patients, we included an
interaction term in the multivariate model. We determined
whether the association between AP use and MI was modified
by the presence of a cardiovascular history at baseline (previous MI, previous stroke, hypertension or heart failure, or diabetes mellitus).

SCCS STUDY
Despite the inclusion of many potential confounders in the
multivariate models, residual confounding by factors that are
not measured in claims databases may remain. We performed
an SCCS study to determine the effect of such unmeasured
confounding. The SCCS design provides relative incidence estimates in high-risk periods compared with low-risk periods.22 The study is performed using data from exposed cases
only and relies on intraindividual comparison to eliminate interindividual confounding, such as the extent of coronary
heart disease.

Study Population
In accord with the SCCS design, we included all patients from
the exposed subcohort who experienced an incident MI during the entire study period. This contrasts with the retrospective cohort study approach, which restricted the follow-up time
to 1 year.

Exposure
We extracted all data on drug dispensings that occurred before or after the first MI. We estimated acute, intermediate, prolonged, and withdrawal effects of APs by quantifying the incidence of the first MI in a predefined risk period relative to the
incidence of MI in the reference period (Figure 1). Risk periods were acute (days 1-30 after the first AP dispensing), intermediate (days 31-60), or prolonged (days 61-90). The remaining exposure period was defined as day 91 until the end
of the last AP dispensing. Finally, the residual risk period (withdrawal) covered the 90 days after the end date of the last AP
dispensing (defined with regard to the date of dispensing and
the prescribed duration). We considered all remaining periods as the reference period. Figure 1 shows how we classified
the follow-up time for a given patient with respect to exposure
to AP.

During the study period, we identified 37 138 patients
66 years or older who initiated ChI treatment and comprised the main cohort of older patients with treated dementia. Of them, 10 969 (29.5%) initiated AP treatment
during the study period and were included in the exposed subcohort. Among 97.8% of AP users, treatment
was initiated with products of the atypical class (64.5%
with risperidone, 21.6% with quetiapine fumarate, and
11.7% with olanzapine). In the remaining 2.2% of patients, products of the conventional class were prescribed, including prochlorperazine maleate (1.9% of exposed patients) and chlorpromazine hydrochloride
(0.3%), with other products accounting for fewer than
5 patients. Patients from the exposed subcohort were
matched by index date with 10 969 AP nonusers (unexposed subcohort).
During the year following the index date, we identified 138 cases (1.3%) of incident MI among the exposed
subcohort and 126 cases (1.2%) among the unexposed
subcohort (Figure 2). The characteristics of patients exposed vs unexposed to APs are given in Table 1. Patients with dementia who initiated treatment with APs
were less likely to be 80 years or older (50.1% vs 56.2%),
more likely to have hypertension or heart failure (89.4%
vs 76.4%), and more likely to use cardiovascular drugs
(statins or acetylsalicylic acid), psychotropic agents (antidepressants and anxiolytics or sedatives), and nonsteroidal anti-inflammatory drugs.
For the SCCS study, our population consisted of 804
patients with incident MI who were identified during the
entire study period among patients exposed to APs. The
median follow-up time was 47 months.
Results of the multivariate Cox proportional hazards
model used for the retrospective cohort study are given
in Table 2, and results of the conditional Poisson regression model used for the SCCS study are given in
Table 3. In the retrospective cohort study, the HRs for
MI among AP users relative to nonusers were 2.19 for
the first 30 days, 1.62 for the first 60 days, 1.36 for the
first 90 days, and 1.15 for the first 365 days (Table 2).
Propensity score–adjusted models produced similar HRs
for MI: 2.00 (95% CI, 1.01-3.98) for the first 30 days
(P =.047), 1.49 (95% CI, 0.90-2.45) for the first 60 days
(P =.12), 1.27 (95% CI, 0.83-1.94) for the first 90 days
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Figure 2. One-year myocardial infarction–free survival and incidence of myocardial infarction among community-dwelling older patients with treated dementia in
the exposed subcohort (incident users of antipsychotic agents) vs the unexposed subcohort (nonusers).

(P=.28), and 1.21 (95% CI, 0.95-1.53) for the first 365
days (P=.13). In the SCCS study, the incidence rate ratios for MI in the exposed period relative to the unexposed periods were 1.78 for the 1- to 30-day period, 1.67
for the 31- to 60-day period, 1.37 for the 61- to 90-day
period, 1.18 for the remaining exposure period, and 0.80
for the withdrawal period (Table 3).
In the retrospective cohort study, effect modification
by the presence of a cardiovascular history at baseline
yielded HRs for MI of 0.98 (95% CI, 0.36-2.67) for patients with a history and 4.05 (95% CI, 1.48-11.10) for
patients without a history. However, the interaction term
did not reach statistical significance (P = .07). We obtained similar results in the SCCS study.
COMMENT

Our study results indicate that the use of APs is associated with a modest increase in the risk of MI among community-dwelling older patients with treated dementia. The
increased risk seems to be highest at the beginning of treatment and seems to decrease thereafter, with the first month
of treatment accounting for the highest period of risk.
To our knowledge, this is the first study to document an
increase in the risk of MI associated with AP use in this

population. Because AP use is frequent in patients with
dementia (29.5% in our study population), the increased risk of MI may have a major public health effect,3-5 which highlights the need for communicating such
risk and for close monitoring of patients during the first
weeks of treatment. Although the risk of conventional
vs atypical APs or of individual AP products may differ,12,17,23 we could not investigate product differences in
the present study because of limited statistical power (only
2.2% of patients were treated with conventional APs).
These findings are consistent with those of studies6,7,12,14,16,17,19 reporting an increased risk of ischemic stroke
shortly after AP treatment initiation in older patients with
dementia; both of these outcomes are cardiovascular thrombotic events. Therefore, we can hypothesize that APs act
through a common pathway, although the mechanism of
occurrence of MI and ischemic stroke remains poorly defined because no obvious effect of APs on platelet function or coagulation has been demonstrated to date. An effect of AP use on body weight and on the development of
metabolic syndrome, which supports the controversial association between AP use and MI in patients with schizophrenia,24,25 seems unlikely in the context of our study. If
such a pathway was involved, one would expect a risk that
progressively increases over time when receiving treat-
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Table 1. Characteristics of Community-Dwelling Older
Patients With Treated Dementia in the Exposed Subcohort
(Incident Users of Antipsychotic Agents) vs the Unexposed
Subcohort (Nonusers)
No. (%)

Characteristic
Male sex
Age category, y
66-74
75-79
80-84
ⱖ85
Cardiovascular history at
baseline and risk factors a
Previous MI
Previous stroke
Hypertension or
heart failure
Diabetes mellitus
Other medication use a
Statins
Acetylsalicylic acid
Nonsteroidal
anti-inflammatory drugs
Antidepressants
Anxiolytics or sedatives

Unexposed
Exposed
Subcohort
Subcohort
P
(n = 10 969) (n = 10 969) Value
3762 (34.3)

3729 (34.0)

.64

1963 (17.9)
2832 (25.8)
3217 (29.3)
2957 (27.0)

2443 (22.3) ⬍.001
3029 (27.6)
.003
2991 (27.3) ⬍.001
2506 (22.8) ⬍.001

312 (2.8)
673 (6.1)
8379 (76.4)

362 (3.3)
.05
645 (5.9)
.43
9800 (89.3) ⬍.001

1676 (15.3)

1658 (15.1)

3279 (29.9)
4524 (41.2)
1216 (11.1)

3677 (33.5) ⬍.001
5371 (49.0) ⬍.001
1557 (14.2) ⬍.001

1870 (17.0)
3100 (28.3)

3086 (28.1) ⬍.001
4974 (45.3) ⬍.001

.74

Abbreviation: MI, myocardial infarction.
a Assessed during the year before the index date.

Table 2. Retrospective Cohort Study of the Association
Between Antipsychotic Use and Myocardial Infarction (MI)

Variable
Time window after initiation
of antipsychotic treatment a
Nonuse
1-30 d
1-60 d
1-90 d
1-365 d
Male sex
Age category, y
66-74
75-79
80-84
ⱖ85
Cardiovascular history
at baseline and
risk factors
Previous MI
Previous stroke
Diabetes mellitus
Other medication use
Statins
Acetylsalicylic acid
Nonsteroidal
anti-inflammatory
drugs
Antidepressants
Anxiolytics or sedatives

No. of
MI Cases

...
26/39
42/69
52/92
138/264
105

Multivariate-Adjusted
Hazard Ratio
P
(95% CI) for MI
Value

1 [Reference]
2.19 (1.11-4.32)
1.62 (0.99-2.65)
1.36 (0.89-2.08)
1.15 (0.89-1.47)
0.89 (0.44-1.77)

...
.02
.06
.15
.28
.73

38
59
84
83

1 [Reference]
3.48 (0.75-16.12)
4.27 (0.94-19.38)
8.06 (1.83-35.44)

...
.11
.06
.006

9
16
61

1.49 (0.20-10.99)
1.18 (0.36-3.88)
3.06 (1.52-6.15)

.70
.79
.002

95
152
28

0.84 (0.40-1.74)
1.28 (0.66-2.51)
1.01 (0.39-2.60)

.63
.47
.98

67
116

1.81 (0.91-3.60)
0.64 (0.32-1.27)

.09
.20

a Number of MI cases among patients exposed to antipsychotic agents per
the total number of MI cases for the time window.

Table 3. Self-controlled Case Series Study of 804 Incident
Cases of Myocardial Infarction (MI) Among New Users
of Antipsychotic Agents
Time Window
After Initiation
of Antipsychotic
Treatment
1-30 d
31-60 d
61-90 d
Remaining exposure
period
Withdrawal period
Unexposed period

No. of
MI Cases
(n = 804)

Incidence
Rate Ratio (95% CI)
for MI

P Value

31
21
16
198

1.78 (1.26-2.52)
1.67 (1.09-2.56)
1.37 (0.82-2.28)
1.18 (0.92-1.51)

.001
.02
.23
.19

68
470

0.80 (0.62-1.04)
1 [Reference]

.10
...

ment rather than an acute risk that decreases thereafter. Recent literature suggests a possible drug-drug interaction between APs and ChIs, which may be an alternative
explanation for the findings.26,27
Another possible reason for the observed association with
MI is protopathic bias, whereby APs would be prescribed
to treat initial symptoms of the disease or to treat symptoms of a disease associated with the outcome, such as delirium. The literature on the relationship between MI and
delirium is scarce. To our knowledge, only case reports have
been published of MI in patients manifesting delirium tremens28 and in which severe illnesses (including MI or cardiac surgery) have been identified as predictors of delirium in hospitalized older patients.29 However, data on
the frequency of delirium as an early symptom of MI in older
persons are absent from the literature. It is also possible
that agitation, aggressiveness, or potentially exhausting motor behaviors associated with delusion might increase the
risk of MI. Therefore, patients being prescribed APs could
have higher risk of MI because of underlying delusion and
associated symptoms. Such a hypothesis remains undocumented to date. Consequently, the potential importance of
a protopathic bias in the association reported herein cannot be appraised.
A limitation of our study is that some AP treatments
may have been initiated in a secondary care setting, which
would have led to an error in the determination of the
initiation date. Patients who had an MI during their secondary care admission would not have been included in
the study, while those who did not would have been included. This potential error in initiation date assessment may have resulted in a depletion of susceptible effect and an underestimation of the HRs.30
To minimize misclassification of potential confounders owing to the nature of the data (claims databases),
we used the presence of a diagnostic code combined with
drug dispensing data to optimize the specificity of the
indicators for the covariates. Although a possibility of misclassification remains, it is likely to be nondifferential between the exposed and unexposed subcohorts. Consistency of results obtained in the retrospective cohort study
and the SCCS study suggests that unmeasured confounders minimally affected the results, although the SCCS
study is prone to bias from reverse causation and MIrelated deaths.
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Because of the nature of the drug plan in Quebec, the
population that we studied is representative of older patients having dementia treated with ChIs, and these results should be generalizable to this population. However, the potential effect modification by a cardiovascular
history at baseline that we observed, although not statistically significant, could indicate that the increased risk
is not homogeneous for all patients. Further investigations with larger sample sizes should be undertaken to
identify high-risk subpopulations.
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