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Abstract
Background: We aimed to determine whether (1) patients with obstructive pulmonary disease (OPD) have an increased risk
of sudden cardiac arrest (SCA) due to ventricular tachycardia or fibrillation (VT/VF), and (2) the SCA risk is mediated by
cardiovascular risk-profile and/or respiratory drug use.
Methods: A community-based case-control study was performed, with 1310 cases of SCA of the ARREST study and 5793
age, sex and SCA-date matched non-SCA controls from the PHARMO database. Only incident SCA cases, age older than 40
years, that resulted from unequivocal cardiac causes with electrocardiographic documentation of VT/VF were included.
Conditional logistic regression analysis was used to assess the association between SCA and OPD. Pre-specified subgroup
analyses were performed regarding age, sex, cardiovascular risk-profile, disease severity, and current use of respiratory
drugs.
Results: A higher risk of SCA was observed in patients with OPD (n = 190 cases [15%], 622 controls [11%]) than in those
without OPD (OR adjusted for cardiovascular risk-profile 1.4 [1.2–1.6]). In OPD patients with a high cardiovascular risk-profile
(OR 3.5 [2.7–4.4]) a higher risk of SCA was observed than in those with a low cardiovascular risk-profile (OR 1.3 [0.9–1.9]) The
observed SCA risk was highest among OPD patients who received short-acting b2-adrenoreceptor agonists (SABA) or
anticholinergics (AC) at the time of SCA (SABA OR: 3.9 [1.7–8.8], AC OR: 2.7 [1.5–4.8] compared to those without OPD).
Conclusions: OPD is associated with an increased observed risk of SCA. The most increased risk was observed in patients
with a high cardiovascular risk-profile, and in those who received SABA and, possibly, those who received AC at the time of
SCA.
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outcome after SCA, [5] but are also at increased risk for the
occurrence of SCA. [6] This may be due to an increased risk of
concomitant cardiovascular disease [7], as OPD and cardiovascular disease share risk factors and disease pathways, e.g., smoking
(in COPD) and inflammation. [8,9] Accordingly, OPD is
associated with a higher risk of cardiac arrhythmias and
cardiovascular mortality. [6] Alternatively, increased SCA risk in
OPD may stem from drugs used to treat OPD (‘respiratory drugs’).
[10] In particular, inhaled short-acting or long-acting b2-

Introduction
Sudden cardiac arrest (SCA) most often causes sudden death
and is the most common direct cause of death in Western [1] and
developing [2] societies. Given the dismal survival rate of SCA,
[3,4] identification of patients at risk is crucial to develop
preventive measures. Signals have emerged that patients with
obstructive pulmonary disease (OPD: asthma and chronic
obstructive pulmonary disease [COPD]) do not only have a worse
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Because it is virtually impossible to disentangle the effects of
OPD from those of respiratory drugs, as nearly all OPD patients
use such drugs, and those more severely affected generally use
more drugs (often from multiple drug classes), [17,18] OPD
patients among cases and controls were identified by using the
prescription of respiratory medication as proxy; patients were
considered to suffer from OPD if they had at least two
prescriptions of any drug with Anatomical Therapeutic Chemical
classification (ATC) code R03 (drugs for obstructive airway
diseases, either oral or inhaled), within one year prior to the
index date.

adrenoreceptor agonists (SABA, LABA) and anticholinergics (AC)
have attracted suspicion, but evidence is conflicting. [11,12].
Reports on SCA often use a practical but inaccurate definition
of sudden death: witnessed natural death ,1 hour of onset of
acute symptoms, or unwitnessed unexpected death of someone
seen in a stable medical condition ,24 hours previously. [13] This
may cause misclassification, e.g., by inclusion of unwitnessed
respiratory failure. Confirmation that SCA was present requires
electrocardiogram (ECG) documentation of ventricular tachycardia or ventricular fibrillation (VT/VF), the predominant causative
arrhythmias of SCA. The first aim of the present study was
therefore to establish whether OPD is associated with an increased
risk of SCA with ECG-documented VT/VF. Secondly, we sought
to identify subgroups of OPD patients at greatest observed risk,
focusing on the possible roles of cardiovascular risk-profile and use
of respiratory drugs.

Covariates
As the association between OPD and SCA may be confounded
by patient and other characteristics associated with both the
presence of OPD and the risk of SCA, we studied the influence of
various covariates on the calculated associations. Potential
confounders studied were high cardiovascular risk-profile, diabetes
mellitus, and current use of antiarrhythmic drugs or nonantiarrhythmic QTc prolonging drugs. High cardiovascular riskprofile was defined as the use of any of the following drugs within 6
months before index date: b-adrenoreceptor blockers, calcium
channel antagonists, angiotensin-converting enzyme inhibitors,
diuretics, angiotensin-II receptor blockers, nitrates, platelet aggregation inhibitors, and/or statins. Diabetes mellitus was defined by
use of anti-diabetics within six months before index date. Antiarrhythmic drugs were Vaughan-Williams class I or III antiarrhythmic drugs (Table S1) [19]. Non-antiarrhythmic QT prolonging drugs were class 1 or 2 QTc-prolonging drugs according
to the Arizona Center for Education & Research on Therapeutics
(Table S1). Drug use was defined as current if the index date fell
between the prescription date and the end of the prescription
period (extended with 10% after the prescribed duration to
account for irregular drug use). We defined two age-categories:
,65 years, and $65 years. The number of different respiratory
drugs used in the six-month period before index date was used as a
proxy for OPD severity. [17,18] OPD patients were grouped
according to the current use of respiratory drugs: SABA, LABA,
AC, inhaled corticosteroids (ICS), alone or in combinations
(mutually exclusive categories). In the Netherlands, OPD is treated
almost exclusively with inhaled respiratory medications. Therefore
oral medications, such as systemic b2-adrenoreceptor agonists,
xanthines, or chronic systemic corticosteroid use, were not
included in the analyses. In the Netherlands, medications used
to treat OPD are not available over-the-counter.

Methods
Ethics Statement
The AmsteRdam REsuscitation Study (ARREST) was conducted according to the principles expressed in the Declaration of
Helsinki. Written informed consent was obtained from all
participants who survived SCA. The Ethics Committee of the
Academic Medical Center Amsterdam approved the use of data
from patients who did not survive SCA, and approved this study.

Setting and Study Design
We performed a community-based case-control study. Cases
were SCA patients from the ARREST database. Each case was
matched to five controls without SCA by age, sex and index date
(date of SCA in cases) drawn from the PHARMO record linkage
system (www.PHARMO.nl).
ARREST is specifically designed to study the causes and
outcome of SCA in the community (out-of-hospital). All individuals who suffer SCA in the North Holland province of the
Netherlands (.2.4 million inhabitants) are included. The
ARREST study protocol is described in detail elsewhere. [14] In
short, a data collection infrastructure is used to record all SCA
parameters, from ambulance dispatch to discharge from the
hospital or until death. ECG recordings from the ambulance
monitor/defibrillator or automated external defibrillator are used
to determine whether VT/VF occurred. Cases were patients older
than 40 years with incident SCA; i.e. those with a first diagnosis of
SCA, with ECG-documented VT/VF. Patients were excluded
when cardiac arrest was caused by trauma, drowning, intoxication, or other unequivocal non-cardiac causes. Patients in whom
only asystole (but no VT/VF) was recorded were excluded,
because we could not ensure that cardiac arrest stemmed from
cardiac causes, as asystole is the end stage of any cardiac arrest,
and may be due to non-cardiac causes (e.g., respiratory failure).
[15] Of each case, complete medication history of the year before
SCA was retrieved by contacting the patient’s pharmacy. Data for
the current study were retrieved from July 2005 to December
2008.
The PHARMO database includes drug-dispensing records from
community pharmacies of .3 million community-dwelling
inhabitants in the Netherlands. The catchment area covers about
12% of the total population of the Netherlands, and is
representative of the total population. Since nearly all patients in
the Netherlands are registered at a single community pharmacy,
independent of prescriber, pharmacy records are essentially
complete. [16].
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Data Analyses
Differences in baseline characteristics were examined with chisquare tests or t-tests. Conditional logistic regression analysis was
used to examine the association between SCA and OPD, with
adjustment for three sets of confounders: 1) all potential
confounders, 2) all covariates that were univariately associated
with SCA (p,0.05), 3) all covariates that were univariately
associated with SCA and that changed the beta-coefficient of the
association between OPD and SCA by $5%. As logistic regression
analyses were performed, odds ratios were calculated, which can
be interpreted as a risk ratio in case of adequate sampling of
controls from the study base. Stratified analyses were performed
regarding age category, sex, and cardiovascular risk-profile. The
presence of interaction on a multiplicative scale between OPD and
cardiovascular risk-profile, was estimated by including the crossproduct of the two factors as a variable in the model. The presence
of interaction on an additive scale between OPD and high
cardiovascular risk-profile was estimated by determining the
2
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synergy index. [20] Subgroup analyses were performed according
to disease severity of OPD, and (combinations of) types of current
use of respiratory drugs. All data were analysed using the statistical
software package SPSS (SPSS for Windows, version 18.0, SPSS
Inc.).

ruled out, because of potential misclassification in some of our
measurements. The increase in observed SCA risk is most
pronounced in OPD patients with a high cardiovascular riskprofile. Use of SABA increases SCA risk among OPD patients,
particularly in patients with a high cardiovascular risk-profile: in
these patients a six-fold increased SCA risk was observed
compared to patients without OPD.
The observed increased risk of SCA in OPD patients may be, in
part, due to the higher prevalence of concomitant cardiovascular
disease and cardiac arrhythmias, as these are risk factors for VT/
VF. However, adjusting our analyses for cardiovascular riskprofile, current use of anti-arrhythmic drugs (as a proxy for preexisting cardiac arrhythmias), and QT prolonging drugs (which
may evoke cardiac arrhythmias) did not alter the OR for SCA risk.
Still, the strongest association with SCA was observed in OPD
patients with a high cardiovascular risk-profile, particularly, in
those who used SABA. Other shared risk factors for OPD and
cardiovascular disease may also play a role, but we were unable to
assess them. Smoking, a common cause of COPD, is clearly also
associated with ischemic heart disease. [21] Similarly, systemic
inflammation, an important pathophysiologic mechanism in OPD,
[8,9] has emerged from epidemiologic studies as a causative factor
for atherosclerosis and ischemic heart disease. [22].
To further support the role of OPD in SCA risk, we found that
more severe OPD was more strongly associated with SCA risk
than mild OPD. Possibly, chronic hypoxemia, more likely to occur
in those with more severe OPD, may contribute to the
development of cardiac arrhythmias by increasing resting heart
rates, as increased heart rate is associated with increased mortality
in both the general population as well as in patients with COPD.
[23–25] These cardiac arrhythmias may cause episodes of cardiac
ischemia, which is related to an increased SCA risk. [26]
Paradoxically, we found that use of b-adrenoceptor blockers
among OPD patients was more common in cases than controls.
One would probably expect the reverse, as b-adrenoceptor
blockers are the only drugs proven to prevent sudden death
(possibly, in part, through heart rate slowing). [27–30] Moreover,
these drugs have long been considered contra-indicated in COPD
patients, particularly in those with severe COPD and larger SCA
risk. Yet recent evidence indicates that cardio-selective badrenoceptor blockers are well tolerated by COPD patients, in
daily practice the potential disadvantages of making COPD worse
by prescribing b-adrenoceptor blockers and making and cardiac
disease worse by refraining from prescribing these drug should be
weighed to optimally decide on the use of b-adrenoceptor blockers
in patients with OPD. [31].
Interestingly, although not statistically significantly, we found a
stronger association between OPD and SCA in women than in
men. This contrasts with the general population, where the
observed SCA risk among women is only a third of that in men.
[32] It may be speculated that this difference is, in part, mediated
by concomitant, yet unrecognized and thus untreated, cardiovascular disease in women. The clinical presentation of ischemic heart
disease in women differs from that in men. Symptoms of
myocardial infarction are often labelled as "atypical" in women,
as women are less likely to report the key symptom, chest pain or
discomfort, than men. [33].
We observed that, in the studied population, patients who
received SABAs at the time of SCA, especially when combined
with other respiratory drugs, had a higher SCA risk than patients
who received other respiratory drugs. For LABAs, this association
was less clear. The association between SABA use and SCA may
be explained as follows. b2-adrenoreceptor agonists act on the b2adrenergic receptors of bronchial smooth muscle, leading to

Results
During the study period, 3821 instances of cardiac arrest were
recorded, of which 1875 cases had ECG-documented VT/VF and
were aged .40 years. We excluded 565 patients (figure 1;
excluded vs. included patients: mean age 65.0 [SD 12.2] vs. 67.1
years [SD 12.6], p,0.001; male sex 80% vs. 78%, p = 0.237). The
study population consisted of 1310 SCA cases; these were matched
with 5793 controls without SCA. Characteristics of cases and
controls are presented in Table 1. The mean age was 67.1 (SD
12.2, range: 41–99) years, and 78% were male.
OPD was more prevalent in cases (15%) than controls (11%,
p,0.001). OPD was independently associated with an increased
observed risk of SCA (crude OR 1.4 [1.2–1.7]). The three different
models used to adjust for confounding resulted in similar ORs
(Table 2).
Stratification according to sex showed a stronger effect of OPD
in women (ORadj 1.8 [1.3–2.6]) than in men (ORadj 1.3 [1.03–
1.6], Table 3). The increase in observed SCA risk associated with
OPD was slightly stronger in OPD patients younger than 65
(ORadj 1.6 [1.2–2.3] than in OPD patients of 65 years or older
(ORadj 1.3 [1.03–1.6], Table 3).
When we studied cardiovascular risk-profile in detail, we found
that SCA risk was observed to be most elevated in OPD patients
with a high cardiovascular risk-profile (OR 3.5 [2.7–4.4]), and less
so in patients without OPD, but with a high cardiovascular riskprofile (OR 2.5 [2.1–2.9]) or in OPD patients with a low
cardiovascular risk-profile (OR 1.3 [0.9–1.9]). No significant
interaction between cardiovascular risk-profile and OPD was
observed on a multiplicative scale, nor on an additive scale. The
observed SCA risk increased in parallel with OPD severity:
compared to patients without OPD, the observed SCA risk was
more elevated in patients with very severe OPD (ORadj 1.8 [1.2–
2.7]) than in patients with moderate OPD (ORadj 1.4 [1.1–1.7],
Table 4).
Analysis of current use of respiratory drug revealed that
increased SCA risk was associated with the use of SABA only
(ORadj 3.9 [1.7–8.8]) or AC only (ORadj 2.7 [1.5–4.8]), but not
ICS only, while use of LABA only was too rare to draw any
conclusions (Table 4). Use of SABA or AC in combination with
other respiratory drugs was also associated with increased SCA
risk. Patients who used both SABA and AC, in combination with
LABA and/or ICS, had the highest observed SCA risk (ORadj 7.6
[3.7–15.6], Table 4). SCA risk associated with SABA or AC use
(alone or in combination with other respiratory drugs) was
particularly elevated in the presence of a high cardiovascular
risk-profile (SABA: 45 cases [3%], 33 controls [0.6%], ORadj 6.0
[3.8–9.5], AC: 61 cases [5%], 80 controls [1%], ORadj 3.5 [2.4–
4.9]).

Discussion
This is the first study to show that OPD is associated with a 40%
increased risk of ECG-confirmed SCA. Multiple analytical
approaches were applied to account as much as possible for
confounding. These analyses consistently demonstrated a statistically significantly increased observed risk of SCA in OPD patients,
with an OR of 1.4. This provides some evidence of the robustness
of our findings, but residual confounding cannot be completely
PLOS ONE | www.plosone.org
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Figure 1. Flow chart. The source region had a population of 2 426 097 people in 2007 [Netherlands Statistics. http://statline.cbs.nl/. Accessed May
15, 2010].
doi:10.1371/journal.pone.0065638.g001

adrenoreceptor agonists prolong the ECG QT interval, a risk
factor for mortality, [38] and this effect is dose-dependent. [35].
Consequently, soon after their availability in the 1960s,
concerns have emerged about potentially serious adverse effects
of b2-adrenoreceptor agonists on the heart, although the currently
available studies and meta-analyses yield conflicting results. The
meta-analysis of Salpeter et al. showed that use of b2-adrenoreceptor agonists in OPD patients increases the risk of cardiovascular events. [11] In contrast, a review of Wood-Baker et al.
concluded that there is no evidence of increased mortality

dilatation of the bronchi, which results in relief of symptomatic
wheeze and dyspnoea, and improvement of lung function. [34,35]
However, b2-adrenergic receptors are also present in the heart.
Here, their stimulation results in increased myocardial contractility
and heart rate. [34] An elevated heart rate is associated with an
increased risk of cardiac mortality in the general population [36],
and in COPD patients. Moreover, b2-adrenoreceptor agonists
lower serum potassium levels due to intracellular uptake of
potassium by stimulation of membrane-bound Na/K-ATPase; this
may cause cardiac arrhythmias. [34,37] Finally, inhaled b2-
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Table 1. Baseline characteristics of the study population.

Cases

Controls

N = 1310

N = 5793

67.1 (12.2)

67.0 (12.2)

,65

546 (42%)

2421 (42%)

$65

764 (58%)

3372 (58%)

n/a

Male sex

1015 (78%)

4502 (78%)

n/a

High cardiovascular risk-profile4

929 (71%)

3049 (53%)

,0.001

Diabetes mellitus5

232 (18%)

621 (11%)

,0.001

Antiarrhythmic drugs6

60 (4%)

182 (3%)

0.009

b-adrenoreceptor blockers

463 (35%)

1134 (20%)

,0.001

Non-antiarrhythmic QT prolonging drugs class 1

21 (2%)

64 (1%)

0.134

Non-antiarrhythmic QT prolonging drugs class 2

35 (3%)

151 (3%)

0.891

190 (15%)

622 (11%)

,0.001

70 (37%)

120 (19%)

,0.001

Baseline characteristics

Mean age (years, standard deviation)

p-value

n/a

Age group in years

Comorbidities

Current use of concomitant medication1

Obstructive pulmonary disease
Current b-adrenoreceptor blocker-use in OPD patients
Current use of inhaled respiratory drugs1
Inhaled short-acting b2-adrenoreceptor agonists

62 (5%)

51 (0.9%)

,0.001

Inhaled long-acting b2-adrenoreceptor agonists

78 (6%)

127 (2%)

,0.001

Inhaled anticholinergics

78 (6%)

102 (2%)

,0.001

Inhaled corticosteroids

97 (7%)

205 (4%)

,0.001

Other drugs used to treat OPD
Systemic b2-adrenoreceptor agonists2

3 (0.2%)

4 (0.1%)

0.096

Xanthines2

10 (0.8%)

31 (0.5%)

0.325

Chronically used systemic corticosteroids3

18 (1.4%)

93 (1.6%)

0.542

Data are number (%) unless otherwise indicated. OPD: obstructive pulmonary disease.
1
Drug use at index date.
2
Drug use at index date, or within six months prior to index date.
3
Use of systemic corticosteroids with a duration of 90 days or more.
4
Use of any of the following drugs: b-adrenoreceptor blockers, calcium channel antagonists, angiotensin converting enzyme inhibitors, diuretics, angiotensin-II receptor
blockers, nitrates, platelet aggregation inhibitors, and statins, within six months prior to index date.
5
Use of anti-diabetics within six months prior to index date.
6
Class I and III antiarrhythmic drugs and non-antiarrhythmic drugs with (possible) risk of QT prolongation (Table S1).
doi:10.1371/journal.pone.0065638.t001

Table 2. Determinants of risk of sudden cardiac arrest.

Outcome

Unadjusted
OR (95%CI)

Adjusted
OR1 (95%CI)

Adjusted
OR2 (95%CI)

Adjusted
OR3 (95%CI)

Obstructive pulmonary disease

1.4 (1.2–1.7)

1.4 (1.1–1.6)

1.4 (1.1–1.6)

1.4 (1.2–1.6)

High cardiovascular risk-profile4

2.5 (2.2–2.9)

2.3 (2.0–2.7)

2.3 (2.0–2.7)

2.5 (2.2–2.9)

5

1.8 (1.5–2.1)

1.5 (1.2–1.7)

1.5 (1.2–1.7)

Use of antiarrhythmic drugs6

1.5 (1.1–2.0)

1.2 (0.9–1.6)

1.2 (0.9–1.6)

Non-antiarrhythmic QT prolonging drugs class 16

1.4 (0.8–2.3)

1.2 (0.7–2.0)

Non-antiarrhythmic QT prolonging drugs class 26

1.0 (0.7–1.5)

1.0 (0.7–1.4)

Diabetes mellitus

CI: confidence interval, OR: odds ratio.
1
Adjusted for all potential confounders.
2
Adjusted for all covariates that were univariately associated with sudden cardiac arrest.
3
Adjusted for all covariates that were univariately associated with sudden cardiac arrest and changed the beta with at least 5%.
4
Use of any of the following drugs: b-adrenoreceptor blockers, calcium channel antagonists, angiotensin converting enzyme inhibitors, diuretics, angiotensin-II receptor
blockers, nitrates, platelet aggregation inhibitors, and/or statins, within six months prior to index date.
5
Use of anti-diabetics within six months prior to index date.
6
Class I and III antiarrhythmic drugs and non-antiarrhythmic drugs with (possible) risk of QT prolongation. (Table S1).
doi:10.1371/journal.pone.0065638.t002
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Table 3. Obstructive pulmonary disease and the risk of sudden cardiac arrest stratified by age group, sex and cardiovascular risk
profile1.

Outcome

Cases

Controls

Unadjusted

N = 1310

N = 5793

OR (95% CI)

Adjusted OR2 (95% CI)

By age group (years)
,65 with OPD

58/546 (11%)

163/2421 (7%)

1.6 (1.2–2.3)

1.6 (1.2–2.3)

$65 with OPD

132/764 (17%)

459/3372 (14%)

1.3 (1.1–1.6)

1.3 (1.03–1.6)

Women with OPD

51/295 (17%)

124/1291 (10%)

2.0 (1.3–2.8)

1.8 (1.3–2.6)

Men with OPD

139/1015 (14%)

498/4502 (11%)

1.3 (1.04–1.6)

1.3 (1.03–1.6)

Low risk profile

342 (26%)

2505 (43%)

Reference

n/a

High risk profile

778 (59%)

2666 (46%)

2.5 (2.1–2.9)

n/a

Low risk profile

39 (3%)

239 (4%)

1.3 (0.9–1.9)

n/a

High risk profile

151 (12%)

383 (7%)

3.5 (2.7–4.4)3

n/a

By sex

By cardiovascular risk-profile
No OPD

OPD

Data are number (%). CI: confidence interval, CVD: cardiovascular disease, N: number, n/a: not applicable, OPD: obstructive pulmonary disease, OR: odds ratio.
1
Use of b- adrenoreceptor blockers, calcium channel antagonists, angiotensin converting enzyme inhibitors, diuretics, angiotensin-II receptor blockers, nitrates, platelet
aggregation inhibitors, and/or statins within six months prior to index date.
2
Adjusted for cardiovascular risk profile.
3
Interaction on a multiplicative scale: OR 1.1 (0.7–1.6), on an additive scale: synergy index 1.4 (0.7–2.6).
doi:10.1371/journal.pone.0065638.t003

Table 4. The risk of sudden cardiac arrest in obstructive pulmonary disease categorized in subgroups by disease severity and
current use of respiratory medication. Categories are mutually exclusive.

Outcome

Cases

Controls

N = 1310

N = 5793

Unadjusted OR (95% CI) Adjusted OR1 (95% CI)

Disease severity of OPD2
No OPD
OPD

1120 (86%)

5171 (89%)

Reference

Reference

Mild (0 drugs)

12 (1%)

61 (1%)

0.9 (0.5–1.7)

0.9 (0.5–1.7)

Moderate (1–2 drugs)

99 (8%)

334 (6%)

1.4 (1.1–1.7)

1.4 (1.1–1.7)

Severe (3 drugs)

45 (3%)

147 (3%)

1.4 (1.01–2.0)

1.3 (0.9–1.9)

Very severe (.3 drugs)

34 (3%)

80 (1%)

1.9 (1.3–2.9)

1.8 (1.2–2.7)

Reference

Current use of respiratory drugs
No OPD
OPD

1120 (86%)

5171 (89%)

Reference

No SABA, AC, LABA or ICS

52 (4%)

358 (6%)

0.7 (0.5–0.9)

0.7 (0.5–0.9)

SABA only

12 (0.9%)

13 (0.2%)

4.1 (1.9–9.0)

3.9 (1.7–8.8)

LABA only

2 (0.2%)

5 (0.1%)

1.7 (0.3–9.0)

1.8 (0.3–9.2)

AC only

19 (2%)

30 (0.5%)

2.8 (1.6–5.0)

2.7 (1.5–4.8)

ICS only

11 (0.8%)

78 (1.3%)

0.6 (0.3–1.2)

0.7 (0.4–1.3)

SABA+AC

8 (0.6%)

10 (0.2%)

3.5 (1.4–8.9)

2.6 (1.02–6.7)

ICS+LABA

26 (2%)

57 (1.0%)

2.0 (1.3–3.3)

2.0 (1.2–3.2)

SABA+LABA and/or ICS

14 (1%)

11 (0.2%)

5.5 (2.5–12.1)

5.3 (2.4–12.0)

AC+LABA and/or ICS

23 (2%)

46 (0.8%)

2.3 (1.4–3.8)

2.0 (1.2–3.4)

SABA+AC+LABA and/or ICS

23 (2%)

14 (0.2%)

7.9 (3.9–16.0)

7.6 (3.7–15.6)

Data are number (%) or odds ratios (95% confidence interval).
ATC: Anatomical Therapeutic Chemical classification system, AC: anticholinergics, CI: confidence interval, ICS: inhaled corticosteroids, LABA: long-acting b2adrenoreceptor agonists, N: number, OPD: obstructive pulmonary disease, OR: odds ratio, SABA: short-acting b2-adrenoreceptor agonists.
1
Adjusted for concomitant cardiovascular disease.
2
Number of different respiratory drugs used (ATC code R03) in the six-month period before index date. Patients with mild OPD are patients who received at least two
prescriptions of any drug ATC code R03 (drugs for obstructive airway diseases), within one year prior to the index date, but who did not use any of these drugs in the
six-month period before index date.
doi:10.1371/journal.pone.0065638.t004
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associated with the use of SABAs in COPD patients, [39] and
Suissa et al. suggest that the use of b2-adrenoreceptor agonists only
increases the risk of cardiac mortality in certain administration
forms. [40] An alternative explanation for the association of b2adrenoreceptor agonist use with cardiovascular mortality is that
the intensity of use, and combined use with other respiratory
drugs, reflects the severity of OPD. Our study adds to this
discussion by the observation that, while elevated SCA risk is, in
general, associated with SABA use, this is particularly true for
patients with high cardiovascular risk-profile.
In accordance with previous studies which showed that AC use
was associated with an increased risk of cardiovascular death, [12]
we found that OPD patients who received AC showed an overall
increased risk of SCA, although to a lesser extent than patients
receiving SABA. In contrast, the UPLIFT-trial did not show an
increased risk of cardiovascular mortality in COPD patients using
AC (tiotropium). [41] Based upon this trial, the Food and Drug
Administration in 2010 concluded that current studies did not
support the notion that there is an increased risk of death
associated with tiotropium. [42] In accordance with this conclusion, we cannot rule out that our observed increase in SCA risk of
OPD patients who receive AC may reflect COPD severity, rather
than a pro-arrhythmic effect of AC per se, as AC are mainly used
by COPD patients (not by patients with asthma), especially those
with advanced disease. In any case, SCA risk associated with AC
use was largest in OPD patients with a high cardiovascular riskprofile.

differential, i.e. not related to the risk of SCA and thus most
likely results in an underestimation of the true association between
OPD and SCA. Similarly, as we defined the presence of the
disease by the use of medication, it was impossible to distinguish
between asthma and COPD. However, we defined subgroups
based on age, with the 65-years-or-younger group most likely to be
asthma patients, and the 65-years-or-older group most likely to be
COPD patients. Also, there may be some misclassification on drug
exposure, as it is impossible to ascertain whether the patients who
received a prescription for inhalation medication actually used
these drugs on the index date. This may especially be true for
SABA, as these are generally intermittently used as symptomatic
treatment. Finally, SCA is the first clinically identified expression
of heart disease in up to one-half of the instances of SCA. [43]
Therefore, many important clinical measurements, such as
information on smoking and alcohol use, or history of syncope
or arrhythmias have never been made before the SCA episode.
Smoking is an important risk factor for both COPD and
cardiovascular disease, and we assume that smoking rates were
higher among OPD patients than controls.

Conclusions
We observed that the overall risk of SCA is 40% higher in
patients with OPD than in patients without OPD, and we were
able to identify subgroups of OPD patients in whom this risk was
most elevated: those with a high cardiovascular risk-profile, those
who receive SABA, and possibly those who receive AC at the time
of SCA. Our findings may provide the basis for refinements in
treatment strategies for OPD patients. We therefore would
recommend a prospective trial to evaluate the effectiveness of
more integrated pulmonary and cardiovascular care (e.g., investigations to detect previously unrecognized cardiovascular disease)
in these high-risk patients.

Strengths and Limitations
A major strength of our study is that ARREST was specifically
designed to study the determinants of SCA. This ensured that
SCA diagnosis was accurate. SCA was validated by the presence of
VT/VF on the ECG. This is especially important in OPD
patients, because sudden death caused by cardiac arrest may easily
be confused with sudden death caused by respiratory failure. [15]
Another strength is that our findingsare representative for the
community at large, because we studied the general population,
including both urban and rural areas, and captured ,90% of all
SCA cases. [14] We only excluded eligible cases and controls
because of incompleteness of data. If such incompleteness is
associated with the determinant of interest (i.e. OPD) this may lead
to (selection) bias. Since the main reasons of incompleteness (e.g.
consent could not be retrieved or was refused, patient’s pharmacy
could not be retrieved or refused participation) were highly
unlikely to be related to the presence of OPD, such bias does not
play an important role in our study.
A limitation is that, as this is an observational study, we were
unable to completely distinguish between the effects of OPD per se
and those of the respiratory drugs used to treat OPD. We
addressed this problem by performing subgroup analyses according to disease severity, and current use of respiratory medication.
Misclassification in the diagnosis of OPD could have occurred, as
we defined the presence of the disease by the use of two
prescriptions of respiratory drugs within one year before index
date. Still, the risk of misclassification is probably limited, as these
drugs are indicated exclusively for OPD, and patients with OPD
who received less than two prescriptions of any respiratory drug in
the past year most likely are patients with very mild disease.
Besides, such a misclassification is most likely to be non-
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Table S1 Class I and III antiarrhythmic drugs, according to the classification of Vaughan-Williams1 (ATC
code: C01B, C07AA07), and non-antiarrhythmic drugs
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(DOCX)

Acknowledgments
The authors greatly appreciate the contributions of Paulien Homma,
Michiel Hulleman, Esther Landman and Renate van der Meer to the data
collection, data entry, and patient follow-up. We are greatly indebted to all
participating EMS dispatch centers and ambulance services for their
cooperation and support. We thank all the students at the University of
Amsterdam who helped collect the data of the onsite AEDs and patient’s
pharmacies.

Author Contributions
Conceived and designed the experiments: MW MB AH FR MLDB AdB
RK HT. Performed the experiments: MB JB AB PS RK. Analyzed the
data: MW MB. Contributed reagents/materials/analysis tools: PS. Wrote
the paper: MW MB MLDB HT.

References
1. Myerburg RJ, Castellanos A (2007) Cardiac arrest and sudden cardiac death. In:
Libby P, Bonow RO, Mann DL, Zipes DP, editors. Braunwald’s Heart Disease:
A textbook of cardiovascular medicine. Elsevier; 933–74.

PLOS ONE | www.plosone.org

2. Hua W, Zhang LF, Wu YF, Liu XQ, Guo DS, et al. (2009) Incidence of sudden
cardiac death in china: Analysis of 4 regional populations. J Am Coll Cardiol 54:
1110–1118.

7

June 2013 | Volume 8 | Issue 6 | e65638

Sudden Cardiac Arrest in OPD

3. Berdowski J, Berg RA, Tijssen JG, Koster RW (2010) Global incidences of outof-hospital cardiac arrest and survival rates: Systematic review of 67 prospective
studies. Resuscitation 81: 1479–1487.
4. Nichol G, Thomas E, Callaway CW, Hedges J, Powell JL, et al. (2008) Regional
variation in out-of-hospital cardiac arrest incidence and outcome. JAMA 300:
1423–1431.
5. Blom MT, Warnier MJ, Bardai A, Berdowski J, Koster RW, et al. (2012)
Reduced in-hospital survival rates of out-of-hospital cardiac arrest victims with
obstructive pulmonary disease. Resuscitation: ’in press’. 10.1016/j.resuscitation.2012.10.009.
6. Sidney S, Sorel M, Quesenberry CP,Jr, DeLuise C, Lanes S, et al. (2005) COPD
and incident cardiovascular disease hospitalizations and mortality: Kaiser
permanente medical care program. Chest 128: 2068–2075.
7. Han MK, McLaughlin VV, Criner GJ, Martinez FJ (2007) Pulmonary diseases
and the heart. Circulation 116: 2992–3005.
8. Magnussen H, Watz H (2009) Systemic inflammation in chronic obstructive
pulmonary disease and asthma: Relation with comorbidities. Proc Am Thorac
Soc 6: 648–651.
9. Wood LG, Baines KJ, Fu J, Scott HA, Gibson PG (2012) The neutrophilic
inflammatory phenotype is associated with systemic inflammation in asthma.
Chest 142: 86–93.
10. Appleton SL, Ruffin RE, Wilson DH, Taylor AW, Adams RJ, et al. (2009)
Cardiovascular disease risk associated with asthma and respiratory morbidity
might be mediated by short-acting beta2-agonists. J Allergy Clin Immunol 123:
124–130.e1.
11. Salpeter SR, Ormiston TM, Salpeter EE (2004) Cardiovascular effects of betaagonists in patients with asthma and COPD: A meta-analysis. Chest 125: 2309–
2321.
12. Singh S, Loke YK, Furberg CD (2008) Inhaled anticholinergics and risk of
major adverse cardiovascular events in patients with chronic obstructive
pulmonary disease: A systematic review and meta-analysis. JAMA 300: 1439–
1450.
13. Priori SG, Aliot E, Blomstrom-Lundqvist C, Bossaert L, Breithardt G, et al.
(2001) Task force on sudden cardiac death of the european society of cardiology.
Eur Heart J 22: 1374–1450.
14. Bardai A, Berdowski J, van der Werf C, Blom MT, Ceelen M, et al. (2011)
Incidence, causes, and outcomes of out-of-hospital cardiac arrest in children. A
comprehensive, prospective, population-based study in the netherlands. J Am
Coll Cardiol 57: 1822–1828.
15. Engdahl J, Bang A, Lindqvist J, Herlitz J (2000) Can we define patients with no
and those with some chance of survival when found in asystole out of hospital?
Am J Cardiol 86: 610–614.
16. Buurma H, Bouvy ML, De Smet PA, Floor-Schreudering A, Leufkens HG, et al.
(2008) Prevalence and determinants of pharmacy shopping behaviour. J Clin
Pharm Ther 33: 17–23.
17. Blais L, Suissa S, Boivin JF, Ernst P (1998) First treatment with inhaled
corticosteroids and the prevention of admissions to hospital for asthma. Thorax
53: 1025–1029.
18. Velthove KJ, Souverein PC, van Solinge WW, Leufkens HG, Lammers JW
(2010) Measuring exacerbations in obstructive lung disease. Pharmacoepidemiol
Drug Saf 19: 367–374.
19. Vaughan Williams EM (1975) Classification of antidysrhythmic drugs.
Pharmacol Ther B 1: 115–138.
20. Knol MJ, van der Tweel I, Grobbee DE, Numans ME, Geerlings MI (2007)
Estimating interaction on an additive scale between continuous determinants in
a logistic regression model. Int J Epidemiol 36: 1111–1118.
21. Reid DD, Hamilton PJ, McCartney P, Rose G, Jarrett RJ, et al. (1976) Smoking
and other risk factors for coronary heart-disease in british civil servants. Lancet
2: 979–984.

PLOS ONE | www.plosone.org

22. Sin DD, Wu L, Man SF (2005) The relationship between reduced lung function
and cardiovascular mortality: A population-based study and a systematic review
of the literature. Chest 127: 1952–1959.
23. Fox K, Borer JS, Camm AJ, Danchin N, Ferrari R, et al. (2007) Resting heart
rate in cardiovascular disease. J Am Coll Cardiol 50: 823–830.
24. Jensen MT, Marott JL, Lange P, Vestbo J, Schnohr P, et al. (2012) Resting heart
rate is a predictor of mortality in chronic obstructive pulmonary disease. Eur
Respir J ’in press’. 10.1183/09031936.00072212.
25. Verrier RL, Tan A (2009) Heart rate, autonomic markers, and cardiac mortality.
Heart Rhythm 6: S68–75.
26. Engstrom G, Wollmer P, Hedblad B, Juul-Moller S, Valind S, et al. (2001)
Occurrence and prognostic significance of ventricular arrhythmia is related to
pulmonary function: A study from "men born in 1914," malmo, sweden.
Circulation 103: 3086–3091.
27. Matsue Y, Suzuki M, Nagahori W, Ohno M, Matsumura A, et al. (2011) Betablocker prevents sudden cardiac death in patients with hemodialysis. Int J
Cardiol. ’in press’. 10.1016/j.ijcard.2011.09.037.
28. Kendall MJ, Lynch KP, Hjalmarson A, Kjekshus J (1995) Beta-blockers and
sudden cardiac death. Ann Intern Med 123: 358–367.
29. Salpeter SR (2004) Cardiovascular safety of beta(2)-adrenoceptor agonist use in
patients with obstructive airway disease: A systematic review. Drugs Aging 21:
405–414.
30. Teerlink JR, Massie BM (2000) The role of beta-blockers in preventing sudden
death in heart failure. J Card Fail 6: 25–33.
31. Salpeter S, Ormiston T, Salpeter E (2005) Cardioselective beta-blockers for
chronic obstructive pulmonary disease. Cochrane Database Syst Rev (4):
CD003566. 10.1002/14651858.CD003566.pub2.
32. Engdahl J, Holmberg M, Karlson BW, Luepker R, Herlitz J (2002) The
epidemiology of out-of-hospital ’sudden’ cardiac arrest. Resuscitation 52: 235–
245.
33. Canto JG, Goldberg RJ, Hand MM, Bonow RO, Sopko G, et al. (2007)
Symptom presentation of women with acute coronary syndromes: Myth vs
reality. Arch Intern Med 167: 2405–2413.
34. Lipworth BJ, McDevitt DG (1992) Inhaled beta 2-adrenoceptor agonists in
asthma: Help or hindrance? Br J Clin Pharmacol 33: 129–138.
35. Wong CS, Pavord ID, Williams J, Britton JR, Tattersfield AE (1990)
Bronchodilator, cardiovascular, and hypokalaemic effects of fenoterol, salbutamol, and terbutaline in asthma. Lancet 336: 1396–1399.
36. Kannel WB, Kannel C, Paffenbarger RS,Jr, Cupples LA (1987) Heart rate and
cardiovascular mortality: The framingham study. Am Heart J 113: 1489–1494.
37. Wong CC, Tong EK, Tsoh JY, Chen M, Hom FB (2009) Patterns of tobaccouse behavior among chinese smokers with medical conditions. J Community
Health 34: 472–479.
38. de Bruyne MC, Hoes AW, Kors JA, Hofman A, van Bemmel JH, et al. (1999)
Prolonged QT interval predicts cardiac and all-cause mortality in the elderly. the
rotterdam study. Eur Heart J 20: 278–284.
39. Wood-Baker R, Cochrane B, Naughton MT (2009) Cardiovascular mortality
and morbidity in COPD: The impact of bronchodilator treatment. Intern Med
J. 40: 94–101.
40. Suissa S, Hemmelgarn B, Blais L, Ernst P (1996) Bronchodilators and acute
cardiac death. Am J Respir Crit Care Med 154: 1598–1602.
41. Celli B, Decramer M, Kesten S, Liu D, Mehra S, et al. (2009) Mortality in the 4year trial of tiotropium (UPLIFT) in patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 180: 948–955.
42. Michele TM, Pinheiro S, Iyasu S (2010) The safety of tiotropium–the FDA’s
conclusions. N Engl J Med 363: 1097–1099.
43. Myerburg RJ (2001) Sudden cardiac death: Exploring the limits of our
knowledge. J Cardiovasc Electrophysiol 12: 369–381.

8

June 2013 | Volume 8 | Issue 6 | e65638

