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BACKGROUND: Given the limited efficacy of oral corticosteroids
in treating chronic obstructive pulmonary disease (COPD), the
possible cardiac side effects of oral corticosteroids are of particular
concern in an elderly population. The impact of the use of oral
corticosteroids on the risk of acute myocardial infarction (AMI) in
a cohort of patients with COPD was studied.
METHODS: The Saskatchewan health services databases were used
to form a population-based cohort of 5648 patients aged 55 years or
older who received a first treatment for COPD between 1990 and
1997. A nested case-control analysis was conducted: 371 cases pre-
senting with a first myocardial infarction were matched with 1864 con-
trols according to the length of follow-up, the date of cohort entry
and age. Conditional logistic regression was used to adjust for sex,
severity of COPD, systemic hypertension, diabetes and prior cardio-
vascular disease.
RESULTS: Only the current use of corticosteroids was associated with
an increased risk of AMI (adjusted RR=2.01 [95% CI 1.13 to 3.58]),
particularly when the current dose was larger than 25 mg/day of pred-
nisone or the equivalent (adjusted RR=3.22 [95% CI 1.42 to 7.34]).
This observed increase in risk rapidly returned to baseline after the
cessation of the medication, suggesting that the use of such high
doses reflected the treatment of acute exacerbations of the disease.
CONCLUSIONS: An association was found between the current
use of oral corticosteroids and the occurrence of an AMI, suggesting
that acute exacerbations of COPD are associated with an increased
risk of acute coronary syndromes.
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Le recours à la corticothérapie orale et le
risque d’infarctus aigu du myocarde en cas de
maladie pulmonaire obstructive chronique

HISTORIQUE : Étant donné l’efficacité limitée de la corticothérapie
orale pour traiter la maladie pulmonaire obstructive chronique (MPOC),
les effets secondaires cardiovasculaires éventuels de la corticothérapie
orale deviennent particulièrement préoccupants au sein de la population
âgée. Les répercussions de leur usage sur le risque d’infarctus aigu du
myocarde (IAM) ont été étudiées au sein d’une cohorte de patients
atteints de MPOC.
MÉTHODOLOGIE : Les bases de données des services de la santé de la
Saskatchewan ont été utilisées pour former une cohorte représentative de
5 648 patients de 55 ans ou plus qui avaient reçu un premier traitement
contre la MPOC entre 1990 et 1997. Une analyse cas-témoins à plusieurs
critères de classification a été menée : 371 cas présentant un premier
infarctus du myocarde ont été jumelés à 1 864 témoins d’après la durée de
suivi, la date d’arrivée dans la cohorte et l’âge. Une régression logistique
conditionnelle a été utilisée pour effectuer les rajustements reliés au sexe,
à la gravité de la MPOC, à l’hypertension systémique, au diabète et à une
maladie cardiovasculaire préalable.
RÉSULTATS : Seul le recours courant à la corticothérapie s’associait à
un risque accru d’IAM (RR rajusté=2,01 [95 % IC 1,13 à 3,58]), surtout
lorsque la dose était supérieure à 25 mg/jour de prednisone ou d’un
équivalent (RR rajusté=3,22 [95 % IC 1,42 à 7,34]). Cette augmentation
observée du risque revenait rapidement aux valeurs de base après l’aban-
don du médicament, ce qui indique que le recours à des doses si élevées
reflétait le traitement d’exacerbations aiguës de la maladie.
CONCLUSIONS : On a constaté une association entre le recours
courant à la corticothérapie orale et l’occurrence d’IAM, ce qui laisse
supposer que des exacerbations aiguës de la MPOC s’associent à une
augmentation du risque de syndromes coronariens aigus.

Chronic obstructive pulmonary disease (COPD) is among
the five most prevalent diseases and is a leading cause of

death worldwide (1). The pharmacological management of
COPD includes the use of bronchodilators and antibiotics during
exacerbations of the disease, as well as oxygen therapy when
necessary (2). Oral and inhaled corticosteroids are also com-
monly used in the management of patients with COPD (3).
Oral corticosteroids have been shown to have limited benefit
in stable, chronic COPD patients (4), despite a significant
benefit in the management of acute exacerbations (5).

The beneficial effect of corticosteroids is clear only in the
short term for the treatment of an exacerbation and may be
offset by an increase in the risk of adverse events, especially
with more prolonged use (6). In particular, corticosteroids are
known to promote hypertension, dyslipidemia and glucose
intolerance, which constitute well-recognized risk factors for
cardiovascular disease (7,8). The impact of corticosteroids on
the cardiovascular system has been well documented for
patients undergoing solid organ transplantations (9), as well as
for patients with lupus (10) and rheumatoid arthritis (11).
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However, the incidence and severity of cardiovascular adverse
events associated with the use of oral corticosteroids have not
been documented in the context of COPD. This is of particular
concern because this population is usually older, less active and
has a more important smoking history than the general popu-
lation. In addition, chronic bronchitis (12) and lung function
(13) have been identified as independent predictors of the
occurrence of coronary artery disease. On the other hand,
ischemic heart disease, once present, is an important comorbid
factor that predicts all-cause mortality in patients with COPD
(14). We therefore investigated the impact of oral cortico-
steroids on the risk of myocardial infarction among a population-
based sample of patients with COPD.

METHODS
Source of data and population
The Health Insurance Databases of Saskatchewan were the pri-
mary source of data. These databases include all residents eligible
for health coverage (approximately 91% of the population) (15).
A population-based cohort of new cases of COPD based entirely
on prescriptions dispensed was defined. To enter the cohort, a
minimum of three prescriptions of inhaled or oral beta-2-agonist,
xanthine or ipratropium must have been received on two different
dates during any 12-month period. The entry date was the time of
the third prescription for a COPD medication between 1990 and
1997. Subjects were followed until the first acute myocardial infarc-
tion (AMI), the end of 1999 or the end of coverage, whichever
came first. To include only newly diagnosed cases of COPD, and to
distinguish between asthma and COPD, patients had to be 55 years
of age or older on the day of their first COPD medication prescrip-
tion, and patients who had received any beta-2-agonist, xanthine,
antiasthma drug (eg, cromolyn, nedocromil or ketotifen), or nasal
or inhaled corticosteroids in the prior five years were excluded.
However, if a patient was labelled as having asthma, rather than
COPD, during a hospitalization after cohort entry, then they were
not excluded. Subjects were excluded if they had an AMI in the
five-year period before cohort entry.

The outcome of interest was the first AMI, identified by using
discharge diagnoses from hospital or the underlying cause of death
(International Classification of Diseases, Ninth Revision [ICD-9]
code 410 [16]). The recording of AMI in the Saskatchewan hospital
services database has been previously studied and compared with
medical charts; diagnostic agreement with the hospital separation
database was as high as 97% (17).

Because exposure to medications varied over time in the
cohort, a nested case-control design was used within the cohort to
provide valid estimates of rate ratios with little loss in power (18).
Each case of AMI was matched to all possible controls within the
cohort based on age and time of cohort entry; matching on cohort
entry was performed to control for secular trends and disease duration.
Controls had to be at risk at the time of the case subject’s AMI
(index date); that is, they had to be alive, living in Saskatchewan
and not have had an AMI on this date.

The effects of oral corticosteroids were investigated according to
the strength, quantity and date dispensed. All oral corticosteroid
prescriptions identified from the drug prescription database were
converted to prednisone-equivalent units by using the standard rel-
ative glucocorticoid potencies (19). Exposure to oral corticosteroids
was examined in the 12-month period before an AMI and the cor-
responding period for the controls. These 12 months of exposure
were further divided into either current exposure (ie, subjects had
been dispensed oral corticosteroids within 14 days before the index

date) or past exposure (ie, subjects had received oral corticosteroids
in the past 12 months but not within 14 days before the index
date). The duration between the most recent prescription of the
drug and the index date defined the recency of use. Because dura-
tions of prescriptions were not recorded in the database, a mean
duration of 14 days was used for oral corticosteroid prescriptions;
this decision was based on clinical recommendations and dura-
tions observed in the database of another Canadian province (20).

Covariates noted included age, sex, systemic hypertension, dia-
betes, hyperlipidemia, ischemic heart disease and severity of COPD.
Systemic hypertension, diabetes and hyperlipidemia were identified
by the drugs dispensed in the 12 months before cohort entry. Heart
failure and pulmonary heart disease were identified from hospital dis-
charge diagnoses anytime before cohort entry (ICD-9 codes 428.x
and 416.x, respectively). Ischemic heart disease was considered pres-
ent if subjects had been prescribed nitrates in the 12 months before
cohort entry or had a discharge diagnosis suggesting ischemic heart
disease (but not AMI because these subjects had been excluded) any
time before cohort entry (ICD-9 codes 411.0 to 414.9, inclusively).

The severity of the respiratory disease was controlled for by
matching of age and duration of disease, and by adjusting for
COPD treatment as follows: adjusting for the number of prescrip-
tions of inhaled beta-2-agonist, xanthine or ipratropium in the
12 months before the index date; and adjusting for the dispensing
or nondispensing of inhaled corticosteroids. The number of exacer-
bations of COPD during follow-up was defined as the number of
hospitalizations with COPD as the primary discharge diagnosis,
and the number of times when, within a seven-day period, antibi-
otics and oral corticosteroids were simultaneously prescribed.

The effects of acetylsalicylic acid and other nonsteroidal anti-
inflammatory agents were investigated. It should be noted, how-
ever, that this category of medication is available over-the-counter
and, thus, would not be recorded in the databases.

Techniques for matched case-control studies were used to take
into account the individual matching in the analyses. To account
for the variable number of controls per case in each risk set,
descriptive statistics were weighted by the inverse of the number of
controls in each matched set; this is equivalent to standardizing the
number of controls to one control per case. A multivariate condi-
tional logistic regression model was used to calculate odds ratios
and 95% confidence intervals. Odds ratios were used as estimates of
rate ratios. The reference category was the absence of oral cortico-
steroid use in the 12-month period before the index date. The model
was adjusted for all known confounders and covariates that were
found to modify the effect. The assessment of COPD severity pro-
viding the best fit was based on the number of canisters or nebu-
lized prescriptions of bronchodilators (categorized as zero, one to 12 or
more than 12 prescriptions in the prior 12 months), and whether
inhaled corticosteroids were dispensed in the prior 12 months. The
number of COPD exacerbations was not adjusted for because oral
corticosteroid exposure was part of the definition of this variable.
Because only outpatient prescriptions are available in the
Saskatchewan databases, subjects were excluded if they had been
hospitalized for more than 30 days in the prior three months or
more than 90 days in the prior 12 months. Whether the associa-
tions examined were influenced by being hospitalized in the prior
three months for whatever cause was also examined. SAS software
(version 8.02, SAS Institute, USA) was used for statistical analyses.

Variables in the final model examining the relationship
between AMI and the use of oral corticosteroids included sex,
markers of severity of COPD, hospitalization in the prior three
months, hypertension, diabetes, ischemic heart disease and heart
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failure. The adjustment for treated dyslipidemia, the use of acetyl-
salicylic acid and the use of other anti-inflammatory agents did
not affect the association between oral corticosteroids and AMI;
therefore, these variables were not considered to be confounders
and are not included in the final model.

RESULTS
Among the cohort of 5648 subjects newly treated for COPD,
569 subjects were excluded due to a previous hospitalization
for AMI in their medical records. Among the 392 case subjects

who had an AMI, six case subjects were excluded because they
had less than five years of health coverage before cohort entry.
Fifteen other subjects were excluded who had durations of hos-
pitalization longer than 30 days within the three months before
the index date or longer than 90 days within the 12 months
before the index date. The same selection procedure was applied
to controls. The remaining 371 case subjects (256 having a
nonfatal AMI and 115 having a fatal AMI) were matched with
1864 controls (one to 13 controls per case).

The mean age of the study population was 77.7 years
(range 57 to 98 years). Indicators of COPD severity and med-
ical characteristics at the time of cohort entry are described in
Table 1. Compared with controls, more case subjects experi-
encing an AMI were men, and more had comorbid or associ-
ated conditions such as diabetes, hypertension, dyslipidemia,
ischemic heart disease and heart failure. COPD also seemed
more severe in case subjects, as shown by the more frequent
prescribing of the various bronchodilators, although not
inhaled corticosteroids. Patients experiencing an AMI had also
been hospitalized substantially more frequently in the three
months before the event than the controls who did not experi-
ence this event.

In the previous year, oral corticosteroids had been dispensed to
29.4% of case subjects (n=109) and 25.4% of controls (n=486)
(Table 2). Any dispensing of oral corticosteroids in the prior
12 months was associated with a small increase in the risk of an
AMI, which was of borderline statistical significance after
adjustment (RR=1.35 [95% CI 1.00 to 1.81]). Current exposure
was associated with an increase in the risk of AMI (RR=2.01
[95% CI 1.13 to 3.58]), whereas the risk was no longer signifi-
cantly increased if current exposure was excluded (RR=1.24
[95% CI 0.90 to 1.70]). For subjects currently exposed, most of
the risk was associated with a current prescription of daily doses
of 25 mg or more of prednisone or the equivalent (adjusted
RR of 3.22 [95% CI 1.42 to 7.34] versus an adjusted RR of 1.32
[95% CI 0.58 to 3.02] for those subjects dispensed lesser doses).
The increase in risk observed among subjects who were cur-
rently exposed returned to baseline rapidly after the cessation of
the medication, such that an association with AMI was no
longer present for a prescription dispensed 15 to 30 days, or
more remotely, before the event (Table 3).

DISCUSSION
Among patients with COPD, coronary artery disease is rec-
ognized as a frequent cause of morbidity and mortality
(14,21,22). This is hardly surprising given the common risk
factors, such as age and smoking, for these two conditions. It
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TABLE 1
Characteristics of the study population

Case subjects Controls*
Characteristics (n=371) (n=1864)

Mean age, years ± SD 77.7±8.6 77.7±3.8

Men, n (%) 243 (65.5) 949 (50.9)

Mean duration of follow-up, years ± SD 2.5±2.2 2.6±1.0

Medical characteristics at cohort entry, n (%)
Diabetes 60 (16.2) 128 (6.9)
Systemic hypertension 244 (65.8) 940 (50.4)
Dyslipidemia 16 (4.3) 59 (3.2)
Ischemic heart disease 155 (41.8) 332 (17.8)
Heart failure 104 (28.0) 252 (13.5)

COPD cotherapy prescriptions†

Beta-2-agonists, mean ± SD 2.2±3.6 2.0±1.5
Inhaled ipratropium, mean ± SD 1.5±3.1 1.3±1.4
Nebulized beta-2-agonists, mean ± SD 1.4±4.1 1.2±2.1
Theophylline, mean ± SD 0.9±2.7 0.9±1.2
Inhaled corticosteroids, n (%) 157 (42.3) 864 (46.4)

Number of COPD exacerbations
before index date, n (%)‡

0 248 (66.8) 1320 (70.8)
1 to 2 84 (22.6) 411 (22.0)
3 or more 39 (10.5) 133 (7.1)

Hospitalization (any cause) in 110 (29.6) 181 (9.7)
the past 3 months, n (%)

Acetylsalicylic acid, n (%) 38 (10.2) 116 (6.2)

Other nonsteroidal anti-inflammatory 91 (24.5) 411 (22.0)
agent, n (%)

*To account for the variable number of controls in each matched set, all
means ± SD and percentages are weighted by the inverse of the number of
controls in each set; †Dispensed in the 12 months before the index date;
‡Exacerbations are defined as the number of hospitalizations with chronic
obstructive pulmonary disease (COPD) as the primary discharge diagnosis,
and the number of concurrent prescriptions (within a seven-day period) of
antibiotics and corticosteroids

TABLE 2
Matched crude and adjusted rate ratios for acute myocardial infarction in relation to the use of oral corticosteroids during
the one-year period before the index date*
Use of oral Case subjects, n (%) Controls, n (%) Crude RR Adjusted RR
corticosteroids (n=371) (n=1864) (95% CI) (95% CI)†

Exposure in the past 12 months
None 262 (70.6) 1378 (73.9) 1 (reference group)
Any use 109 (29.4) 486 (26.1) 1.27 (0.98–1.65) 1.35 (1.00–1.81)

Current exposure‡ 22 (5.9) 49 (2.6) 2.41 (1.43–4.06) 2.01 (1.13–3.58)
Past exposure§ 87 (23.5) 437 (23.4) 1.12 (0.84–1.49) 1.24 (0.90–1.70)

*The index date for case subjects and matched controls was the date of the case subject’s acute myocardial infarction; †RRs were adjusted for subject age and
duration of disease (by study design), and for sex, number of prescriptions of bronchodilators in the past 12 months (none, one to 12 or more than 12), inhaled
corticosteroid use, hospitalization in the past three months, diabetes, systemic hypertension, ischemic heart disease and heart failure; ‡To be currently exposed,
subjects had to have received a prescription for oral corticosteroids within 14 days before the index date; §Past exposure was defined as being exposed in the past
year, but not currently exposed
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has also been recognized that markers of cardiac involvement
can predict mortality among patients with COPD hospitalized
for exacerbations (23).

In the present study, we found an association between the
dispensing of large doses of oral corticosteroids among a cohort
of patients with COPD and the occurrence of an AMI. This
association was only present with the current use of oral
corticosteroids, with the risk rapidly returning to baseline after
cessation of use. This strongly suggests that the observed asso-
ciation is actually due to an increased risk of AMI with acute
exacerbations of COPD, which are treated with large doses of
oral corticosteroids, rather than due to any direct effect of oral
corticosteroids on the risk of AMI itself.

Our findings have a possible alternative explanation. In the
few days preceding a cardiovascular event, some patients may
present with cardiovascular symptoms that may be misdiagnosed
as a worsening of their respiratory condition, for which cortico-
steroids are prescribed. However, this would be less likely to
explain the decrease in risk after treatment cessation.

We used a population-based cohort compiled from adminis-
trative health services databases. This source of data provides
two major advantages. First, these databases cover essentially
an entire population and, therefore, their use limits selection
bias. Second, exposure to corticosteroids is measured with high
accuracy because they are available by prescription only, and
because the Saskatchewan Prescription Drug Plan is the pri-
mary insurer of Saskatchewan formulary benefits in the
province and requires that all claims be processed through the
on-line drug plan system. However, the dispensing of a pre-
scription does not ensure that the subject has ingested the drug.

The database that we used does not provide information on
some important clinical data and confounders. Our study pop-
ulation was defined by drugs dispensed, and the distinction
between COPD and asthma is difficult in this context. Because
the incidence of asthma in adults older than 50 years of age is
very low (24), we limited misdiagnosis by including only sub-
jects who had a newly treated respiratory disease after 55 years
of age and who required more than occasional treatment. We

also excluded prevalent asthmatic patients by excluding sub-
jects who had received treatment for asthma in the five years
before cohort entry. In the present study, inclusion of asthma
patients would have likely underestimated the increase in risk
associated with oral corticosteroids because the risk of cardio-
vascular events may be lower for these patients. Administrative
databases do not collect information on smoking, an impor-
tant risk factor for AMI. To be a confounder in our study,
smoking would also have to be associated with the use of oral
corticosteroids. To assess this association, we used data from the
Canadian National Population Health Survey (1996-1997)
(25). These data indicate that among the subjects who had
been diagnosed with chronic bronchitis or emphysema, oral
corticosteroids were used by 3.1% of daily smokers compared
with 5.2% of nonsmokers (25). Therefore, we expect the con-
founding effect of smoking, after controlling for severity of the
disease, to be limited.

The clinical implications of our results are that preventing
even moderate exacerbations of COPD not necessarily leading
to hospitalization may allow for a decrease in the frequency of
AMI. Furthermore, when an exacerbation occurs, it coincides
with an increased risk of myocardial infarction in such
patients, and therefore, appropriate diagnostic and preventive
strategies need to be adopted.
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TABLE 3
Matched crude and adjusted rate ratios for acute myocardial infarction in relation to the recency of oral corticosteroid use

Case subjects, n (%) Controls, n (%)
Recency of oral corticosteroid use* (n=371) (n=1864) Crude RR (95% CI) Adjusted RR (95% CI)†

Within 14 days before index date 22 (5.9) 49 (2.6) 2.41 (1.43–4.10) 2.01 (1.12–3.58)

15 to 30 days before index date 13 (3.5) 46 (2.5) 1.51 (0.80–2.82) 1.14 (0.57–2.26)

31 to 60 days before index date 11 (3.0) 38 (2.0) 1.53 (0.77–3.04) 1.24 (0.57–2.69)

More than 60 days before index date 63 (17.0) 353 (18.9) 1.00 (0.73–1.38) 1.26 (0.88–1.81)

*Based on date of last prescription; †RRs were adjusted for subject age and duration of chronic obstructive pulmonary disease (by study design), and for sex,
number of prescriptions of bronchodilators in the past 12 months (none, one to 12 or more than 12), inhaled corticosteroid use, hospitalization in the past three
months, diabetes, systemic hypertension, ischemic heart disease and heart failure
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