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ABSTRACT: Epidemiological studies have indicated that chronic obstructive pulmonary disease

(COPD) may be associated with an increased incidence of ischaemic cardiac events.

The current authors performed a post hoc analysis of the European Respiratory Society’s study

on Chronic Obstructive Pulmonary Disease (EUROSCOP); a 3-yr, placebo-controlled study of an

inhaled corticosteroid budesonide 800 mg?day-1 in smokers (mean age 52 yrs) with mild COPD.

The current study evaluates whether long-term budesonide treatment attenuates the incidence of

ischaemic cardiac events, including angina pectoris, myocardial infarction, coronary artery

disorder and myocardial ischaemia.

Among the 1,175 patients evaluated for safety, 49 (4.2%) patients experienced 60 ischaemic

cardiac events. Patients treated with budesonide had a significantly lower incidence of ischaemic

cardiac events (18 out of 593; 3.0%) than those receiving placebo (31 out of 582; 5.3%).

The results of the present study support the hypothesis that treatment with inhaled budesonide

reduces ischaemic cardiac events in patients with mild chronic obstructive pulmonary disease.
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T
obacco smoking is one of the major
causative agents for a number of morbid-
ities, such as chronic obstructive pulmon-

ary disease (COPD), cardiovascular disease and
lung cancer. COPD affects ,600 million people
[1], and the mortality from COPD continues to
increase. By 2020 it is expected to be the third
largest cause of death worldwide [2]. The relent-
less progression of COPD leads to an increasing
loss of lung function, increased symptoms and
deteriorating health-related quality of life.
Exacerbations have been identified as one key
driver of this progression and are a major
independent factor of poor prognosis and death
in COPD [3]. Recent studies have indicated that
COPD also has a considerable systemic inflam-
matory component [4–6]. Furthermore, a reduced
lung function and COPD are independent
risk factors for cardiovascular morbidity and
mortality [7–9].

Current guidelines for the management of COPD
recommend the use of an inhaled corticosteroid
(ICS) alongside a long-acting bronchodilator to
prevent acute exacerbations in patients with
severe COPD [2, 10–12]. Furthermore, retrospec-
tive analyses and a meta-analysis reported that
ICS reduce the number of hospitalisations and
the overall mortality rate associated with COPD

[6, 13–15]. Next to effects on exacerbations in
COPD, there is suggestive evidence that ICS
reduce elevated C-reactive protein (CRP) levels
[16–18], a marker of inflammation that is asso-
ciated with reduced lung function [19–22] and
ischaemic cardiac disease [23].

Based on the previously mentioned findings, the
current authors performed a post hoc analysis of
the European Respiratory Society’s study on
Chronic Obstructive Pulmonary Disease
(EUROSCOP) [24] to investigate whether long-
term budesonide treatment (800 mg?day-1) attenu-
ates the incidence of ischaemic cardiac events,
such as angina pectoris and myocardial infarc-
tion, in patients with mild COPD and a low rate
of ischaemic cardiac disease at inclusion. The
EUROSCOP study was not designed for assess-
ment of exacerbations; therefore, a well-recog-
nised surrogate marker for severe exacerbations,
courses of oral corticosteroids, was analysed in
order to explore any association of acute exacer-
bations with ischaemic cardiac events.

METHODS
The EUROSCOP study was a 3-yr, double-blind,
randomised, multicentre, placebo-controlled study
of budesonide (Pulmicort1 administered via
Turbuhaler1; AstraZeneca, Södertälje, Sweden.)
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800 mg?day-1 in current smokers with mild COPD. The study
was conducted in nine Western European countries.

Patients
Patient inclusion criteria have been reported previously [24]. In
brief, current smokers (at least 5 cigarettes?day-1) were
included who had: 1) smoked for o10 yrs or had a smoking
history of at least 5 pack-yrs; 2) a post-bronchodilator forced
expiratory volume in one second (FEV1) of 50–100% of the
predicted normal value; 3) a ratio of pre-bronchodilator FEV1

to slow vital capacity of ,70%; and 4) a reversibility of FEV1

with 1 mg inhaled terbutaline of ,10% (as FEV1 % pred). The
following patients were excluded from the study: patients with
a history of asthma, allergic rhinitis or allergic eczema; patients
with a concomitant disease that could interfere with the
interpretation of the study; patients who used b-receptor
antagonists; and patients who had used oral glucocorticoids
for .4 weeks during the preceding 6 months.

Study assessments
A hypothesis-based post hoc analysis was performed using the
3-yr safety database from the EUROSCOP study. The following
adverse events and serious adverse events, as spontaneously
reported by the responsible physician, were considered
relevant in the analysis of the incidence of ischaemic cardiac
events: 1) angina pectoris; 2) myocardial infarction; 3) coronary
artery disorder; and 4) myocardial ischaemia. These are the
preferred terms from the Adverse Event dictionary used in the
trial (AstraAED, based on World Health Organization Adverse
Reaction Terminology). A verbatim term reported by the
investigator (e.g. coronary insufficiency) is coded in the
dictionary to the included term with closest resemblance to
the reported term (ischaemic heart disease), which belongs to
the corresponding preferred term (coronary artery disorders)
used in the study report. Baseline demographic and disease
characteristic data of the overall study population was
compared with that of the population experiencing any
ischaemic cardiac adverse event in order to identify any
potential prognostic factor. This included an analysis of
courses of oral corticosteroids as a surrogate marker for severe
exacerbations. Patients were followed for 3 yrs.

Statistical analyses
All analyses were conducted using the safety population.
Descriptive statistics are presented for the baseline demo-
graphic and disease characteristics comparison. The incidence
of the pre-defined first-time ischaemic cardiac adverse events
was compared among patients receiving budesonide and those
receiving placebo using the Chi-squared test. The total number
of ischaemic cardiac events and the total number of courses of
oral corticosteroids was compared between groups using
Poisson regression with time in the study as an offset variable.
A Kaplan–Meier survival analysis was also performed.

RESULTS
Out of a total of 1,277 randomised patients, 1,275 were
included in the intention-to-treat analysis. No data point
regarding safety was collected for 100 of these patients and
they were not considered evaluable for safety according to
current database rules. Therefore, 1,175 patients were included
in the safety evaluation (budesonide n5593, placebo n5582).

The baseline demographics and disease characteristics of the
study population have been reported elsewhere [24] and were
comparable between the treatment groups, as were the total
number of treatment years, the discontinuations due to
adverse events and the reasons for discontinuations. Among
the 1,175 evaluated patients, 132 were discontinued due to an
adverse event (70 budesonide, 62 placebo) and 131 were
discontinued due to other reasons (65 budesonide, 66 placebo).

At baseline, 32 (2.7%; 15 on budesonide, 17 on placebo)
patients had a previous medical history of ischaemic cardiac
events. Among these 32 patients, four developed an ischaemic
cardiac event during the trial (one budesonide, three placebo).
During the study, there were 18 deaths (eight budesonide
versus 10 placebo). Of these, three were due to myocardial
infarctions (two budesonide versus one placebo). The most
common cause of death was pulmonary carcinoma (three
budesonide versus three placebo). Only one case of death was
‘‘unspecified’’ and reported as ‘‘sudden death’’ (placebo).

Incidence of ischaemic cardiac events
In total, 49 (4.2%) patients had a total of 60 ischaemic cardiac
events. As stated previously, three patients died due to
myocardial infarction and no other deaths occurred among
the 49 patients with ischaemic cardiac disease. Significantly
fewer patients treated with budesonide (18 (3.0%) out of 593)
experienced at least one ischaemic cardiac event during the
3 yrs of the study compared with those who received placebo
(31 (5.3%) out of 582; p50.048, 95% confidence interval (CI):
-4.7– -0.0%). The 18 patients treated with budesonide experi-
enced a total of 22 ischaemic cardiac events, while the 31
patients who received placebo experienced a total of 38 events.
The Poisson regression analysis resulted in an estimated ratio
of ischaemic cardiac event rate of 0.58 (95% CI: 0.35–0.98;
p50.043; fig. 1). As can be seen in figure 1 the specific events of
angina pectoris, myocardial infarction and coronary artery
disease are lower for budesonide. In addition to this observa-
tion, the overall incidence of ischaemic cardiac events was
lower with budesonide than with placebo.
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FIGURE 1. Distribution of ischaemic cardiac events among adult patients with

chronic obstructive pulmonary disease randomised to receive budesonide

800 mg?day-1 (&) or placebo (&) for up to 3 yrs. CAD: coronary artery disease.
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Kaplan–Meier survival analysis of the fraction of patients
experiencing an ischaemic cardiac event showed a clear
distinction between the budesonide and placebo groups
(fig. 2).

Out of the 60 reported ischaemic cardiac events, 30 (budeso-
nide n513, placebo n517) were serious (e.g. death, hospitalisa-
tion) and 30 (budesonide n59, placebo n521) were nonserious.

On the basis of these findings, the number needed to treat with
budesonide to prevent one ischaemic cardiac event is 95.

Potential prognostic factors
The baseline demographic and disease characteristics, includ-
ing lung function measures and pack-yrs smoking, of the
patients who experienced ischaemic cardiac events during the
EUROSCOP study were similar to those of the overall
population (table 1). The yearly rate of severe exacerbations
(estimated from courses of oral corticosteroids) was reduced in
the budesonide group versus placebo group by 37% (0.05 versus
0.07, p50.002), corresponding to a yearly exacerbation rate
ratio of 0.63 (95% CI 0.47–0.85). Among the 49 patients with
ischaemic cardiac events, seven (14%) received at least one

course of oral corticosteroids compared with 8% in the
remaining patients (nonsignificant).

DISCUSSION
Results of the post hoc analysis of data from the EUROSCOP
study show that significantly fewer patients treated with
budesonide 800 mg?day-1 experienced ischaemic cardiac events
than those who received placebo (18 versus 31, respectively;
p,0.05). Similar results were observed when the absolute
number of events was compared between the two treatment
groups: 22 events among budesonide-treated patients com-
pared with 38 events among those who received placebo
(p,0.05).

The difference in the incidence of first-time ischaemic cardiac
event between patients treated with budesonide and those
who received placebo was not a result of differences in
baseline characteristics. These were similar in the two treat-
ment groups and also similar to those of the overall patient
population, as were the total number of treatment years, the
discontinuations due to adverse events and the reasons for
discontinuations. Of importance to the results is that the
baseline prevalence of ischaemic cardiac events was low in the
EUROSCOP study and that the overall mortality was lower
than expected from reference populations [25]: 18 observed
cases versus 34.4 cases (p50.0052).

At the time of the EUROSCOP study relatively little was
known about the systemic component of COPD.
Epidemiological studies have since indicated that COPD is
not solely a disease of the respiratory tract but may also
involve the cardiovascular system, resulting in an increased
incidence of cardiovascular events [7, 8, 26]. The cause behind
the association between COPD and cardiovascular disease is
still unknown but one explanation could be that the systemic
inflammation in COPD increases the risk for cardiovascular
events. Elevated CRP levels, a marker of inflammation that is
associated with reduced lung function, are also associated with
ischaemic cardiac disease [23]. Thus, it would be plausible that
inhaled steroids, such as budesonide, reduce the local
inflammation and subsequent cardiovascular morbidity [27].
In this case, a local effect on the lung resulting in diminished
spill-over of inflammation systemically to the cardiovascular
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FIGURE 2. Kaplan–Meier survival analysis of the proportion of patients

experiencing an ischaemic cardiac event during treatment with budesonide

800 mg?day-1 ($) or placebo (h) for up to 3 yrs.

TABLE 1 Baseline demographics and disease characteristics of patients experiencing at least one ischaemic cardiac event
compared with the overall study population

Parameter Patients experiencing ischaemic cardiac events Overall EUROSCOP study population

Subjects n 49 1277

Males/females % 86/14 73/27

Age yrs 54.7(32–64) 52.5 (25–66)

Body mass index 25.7 (20–32) 24.8 (15–44)

Pack-yrs 40 (18–111) 36 (0–171)

FEV1 L 2.5 (1.4–3.6) 2.5 (1.0–4.7)

FEV1 % pred 74.3 (51–99) 76.9 (42–103)

Inspiratory vital capacity L 4.1(2.2–5.9) 4.1 (1.9–7.8)

Data are presented as mean (range), with the exception of pack-yrs, which is median (range), unless otherwise stated. EUROSCOP: The European Respiratory Society’s

Study on Chronic Obstructive Pulmonary Disease; FEV1: forced expiratory volume in one second; % pred: % predicted.
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system is an attractive hypothesis, since systemic steroids may
have a dose–dependent harmful effect on the risk for ischaemic
heart disease [28]. An alternative explanation may be that acute
exacerbations of COPD may precipitate cardiovascular disease
[29]. It has been shown that inhaled steroids reduce the rate of
acute exacerbations in advanced COPD [30]. The EUROSCOP
study was not designed for assessment of exacerbations but,
using courses of oral corticosteroids as a surrogate marker, a
reduction was seen corresponding to a yearly decrease of 37%
in the budesonide group versus the placebo group (p50.0022).
This study could not investigate whether exacerbations and
ischaemic cardiac events were associated in this respect, since
it did not have the power to reveal this, though there was a
trend towards a higher frequency in those with ischaemic
cardiac events.

When evaluating these results it is important to note that the
EUROSCOP population was ,10 yrs younger than other
similar studies in the field [10, 12, 31, 32]. The population also
had much milder disease, as the mean FEV1 was 76% pred
normal compared with 36–50% in the studies mentioned
previously. Thus, this study population represents a much
earlier phase in the natural history of COPD than many
comparable studies.

The dose–dependent risks of systemic corticosteroids for
cardiac disease reported in an observational large study [28]
and the general vulnerability of COPD patients given their
high age and frequent comorbidity require a well-documented
safety profile for any intervention. The design and duration of
the 3-yr EUROSCOP study has provided a reassuring safety
profile for long-term use of budesonide at a daily dose of
800 mg [24, 33].

The data presented here suggest that ischaemic cardiac events
among patients with relatively mild chronic obstructive
pulmonary disease could be significantly reduced by inhaled
budesonide. Further studies are required to verify this finding
and to study the mechanisms involved.
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