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Objective. The pathogenesis of cardiac arrhythmias in asthma patients has not been fully elucidated. Adverse drug effects, particularly those of
β2-mimetics, may play a role. The aim of this study was to determine whether asthma is associated with the risk of cardiac arrhythmias and
electrocardiographic characteristics of arrhythmogenicity (ECG) and to explore the role of β2-mimetics. Methods. A cross-sectional study
was conducted among 158 adult patients with a diagnosis of asthma and 6303 participants without asthma from the cohort of the Utrecht Health
Project—an ongoing, longitudinal, primary care-based study. All patients underwent extensive examinations, including resting 12-lead electro-
cardiogram (ECG) and pulmonary function tests. The primary outcome was “any arrhythmia on the ECG” (including tachycardia, bradycardia,
premature ventricular contraction (PVC), and atrial fibrillation or flutter). Secondary outcomes were tachycardia, bradycardia, PVC, atrial
fibrillation or flutter, mean heart rate, mean corrected QT (QTc) interval length, and prolonged QTc interval. Results. Tachycardia and PVCs
were more prevalent in patients with asthma (3% and 4%, respectively) than those without asthma (0.6%, p < .001; 2%, p¼ .03, respectively). The
prevalence of QTc interval prolongation was similar in participants with (2%) and without asthma (3%, odds ratio [OR]: 0.6 and 95% confidence
interval [95% CI]: 0.2–2.0). In 74 asthma patients, who received β2-mimetics, tachycardia and PVCs were more common (OR: 12.4 [95% CI: 4.7–
32.8] and 3.7 [95% CI: 1.3–10.5], respectively). Conclusions. The adult patients with asthma more commonly show tachycardia and PVCs on the
ECG than those without asthma. The patients with asthma received β2-mimetics; the risk of tachycardia and PVCs is even more pronounced.
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INTRODUCTION

Asthma is a chronic condition, characterized by inflamma-
tion of the bronchi, causing reversible airway obstruction,
and bronchospasm (1). Asthma patients have an increased
risk of arrhythmia when using corrected QT (QTc) interval
prolonging drugs (2). Moreover, asthmamay be associated
with the long QT syndrome (3), a disorder causing an
increased risk of ventricular tachycardia and sudden car-
diac death from arrhythmia (4). The pathogenesis of car-
diac arrhythmia and sudden cardiac death in asthma
patients has not been fully elucidated, although adverse
effects of medications used to treat the disease, mainly β2-
mimetics, may play a role (5,6).

Studies that evaluated the risk of cardiac arrhythmias in
adult asthma patients, and compared this risk with those
without asthma, however, are scarce and lacking a repre-
sentative sample of all asthmatics, including those with
mild symptoms (7). Electrocardiography can provide use-
ful information about cardiac disease and carries prognos-
tic information, offering clues for targeted preventive
measures. Therefore, the aim of this study was to deter-
mine whether asthma is associated with an increased risk

of cardiac arrhythmias and electrocardiographic character-
istics of arrhythmogenicity, and to determine the role of
respiratory inhalation medication, especially β2-mimetics,
in this association.

METHODS

We performed a cross-sectional population study within
the Utrecht Health Project (UHP) cohort. The UHP is an
ongoing, longitudinal, primary care-based study. The
cohort is described in detail elsewhere (8). In short, base-
line assessments included physical examination, 12-lead
electrocardiogram (ECG), blood tests, pulmonary function
tests (predilatory measurements only), and questionnaires.
Pharmacy records were used to obtain information on drug
prescriptions during a time period of 3 months before to
until 3 months after the baseline assessment; for the sensi-
tivity analyses, this period was extended up to 2 years after
the baseline assessments. The Medical Ethics Committee
of the University Medical Center Utrecht, the Netherlands
approved the UHP.

In this study, all patients aged 18 years or older,
assessed between April 2000 and January 2007, were
included (n ¼ 6492). Patients with missing gender
(n ¼ 21) or missing ECG data (n ¼ 10) were excluded
from the analyses. Patients labeled with the International
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Classification of Primary Care (ICPC) code R96 (asthma)
in the electronic medical record of the general practitioner
were considered to have asthma (n ¼ 158). These
community-dwelling patients with asthma, in general,
have mild disease; in the 2 years after the baseline assess-
ments, only one single patient required hospital admission
for an asthma exacerbation and 35% of the patients visited
a pulmonologist at least once. The reference group con-
sisted all of the remaining participants in the UHP
(N ¼ 6303), who were aged 18 years or over and had no
diagnosis of asthma.

The primary outcome “any arrhythmia on the ECG”
included tachycardia, bradycardia, premature ventricular
contraction (PVC), and atrial fibrillation or flutter; more
than one electrocardiographic abnormality per patient was
possible. Standard 12-lead ECGs were obtained and stored
digitally. Each ECG was visually analyzed for recording
errors and manually classified according to the Minnesota
coding criteria by an experienced cardiologist (9). Then,
the ECGs were digitally analyzed by the Modular ECG
Analysis System (MEANS) as described previously in
detail (10). The following ECG characteristics were deter-
mined: any arrhythmia, heart rate, sinus tachycardia (heart
rate > 100 beats per minute [bpm]), bradycardia (heart
rate < 50 bpm), PVCs, atrial fibrillation, QTc interval,
and QTc interval prolongation. The QT interval was cor-
rected for heart rate according to Bazett’s formula:
QTc ¼ QT/

ffip
RR (11). A prolonged QTc interval was

defined as >450 milliseconds (ms) for males and
>470 ms for females (12). Spirometry was performed in
order to obtain predilatory forced expiratory volume in 1 s
(FEV1) and forced vital capacity (FVC) values.

We adjusted for differences in age and sex distribution
between the asthma group and the reference group using
multivariate analysis. Dichotomous outcome variables were
analyzed with multivariate logistic regression to compute
odds ratios (ORs). Linear regression analysis was used for
analyzing continuous outcome variables. Subgroup analysis
was performed to determine whether there was a modifying
effect of respiratory medication on the association of asthma
with arrhythmia, using multivariate analysis adjusting for
age and gender. Sensitivity analyses were conducted to
investigate whether the effect of misclassification of asthma
or status of β2-mimetic use influenced the results. Data on
respiratory medication use were obtained for an extended
period, running from 3 months to 2 years after the baseline
assessments.We identified 28 patients labeledwith the ICPC
code R96 (asthma), who did not receive any β2-mimetics in
this 2.25-year-period, and repeated the multivariable ana-
lyses after excluding these 28 patients. Next, we identified
18 patients labeled with the ICPC code R96 (asthma), who
did not use any respiratory medications (β2-mimetics, antic-
holinergics, or inhaled corticosteroids) in the 2.25-year per-
iod, and again repeated the analyses after excluding these 18
patients from the analyses. All data were analyzed using the
statistical software package of SPSS (SPSS for Windows,
version 16.0, SPSS Inc., 233 South Wacker Drive, 11th
Floor, Chicago, IL 60606-6412, USA).

RESULTS

The characteristics of the participants are presented in
Table 1. The mean age of 158 patients with asthma
was 39 (SD 12) years and 44% were males; in the

TABLE 1.—Baseline characteristics of the study population.

Participants with asthma

Participants without asthma
N ¼ 6303

Participants with asthma
N ¼ 158

Receiving β2-mimeticsa

N ¼ 73
Not receiving β2-mimeticsa

N ¼ 85

Age (years, SD) 39 (12) 39 (12) 39 (13) 39 (12)
Male gender 2818 (45%) 70 (44%) 30 (41%) 40 (47%)
Smoking
Current 1400 (22%) 31 (20%) 14 (19%) 17 (20%)
Past 1848 (29%) 45 (29%) 21 (29%) 24 (28%)
Never 2844 (45%) 71 (45%) 36 (49%) 35 (41%)
Smocking status missing 211 (3%) 11 (7%) 2 (3%) 9 (11%)

History of
COPD 33 (0.5%) 7 (4%) 3 (4%) 4 (5%)
Cardiac arrhythmia 32 (0.5%) 1 (0.6%) 1 (1%) 0

Use of cardiovascular drugsb 620 (10%) 17 (11%) 6 (8%) 11 (13%)
Use of respiratory drugsc 232 (4%) 88 (56%) 73 (100%) 15 (18%)
β2-Mimetics 177 (3%) 73 (46%) 73 (100%) 0
Anticholinergics 20 (0.3%) 5 (3%) 4 (6%) 1 (1%)
Inhaled corticosteroids 152 (2%) 72 (46%) 57 (78%) 15 (18%)

FEV1/FVCd 0.85 (0.09) 0.81 (0.09) 0.80 (0.10) 0.83 (0.08)
FEV1/FVC < 0.70d 237 (4%) 16 (10%) 12 (16%) 4 (5%)
FEV1 (% of predicted)d 0.96 (0.15) 0.89 (0.18) 0.86 (0.20) 0.92 (0.15)

Notes: Values are means (SD) for continuous variables and absolute numbers (%) for dichotomous variables. COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroids;
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
aβ2-Mimetics received during a time period of 3 months and until 3 months after the baseline assessments.
bIncluding diuretics, β-blockers, dioxin, calcium-antagonists, anti-arrhythmics, platelet aggregation inhibitors, ACE inhibitors, ATII receptor blockers, nitrates, and statins.
cIncluding β2-mimetics, anticholinergics, or ICSs. Patients may be treated with multiple drugs, numbers do not add up.
dPredilatory values of spirometry are presented, missing n ¼ 5.
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reference group, the mean age was 39 (SD 12) years and
45% were males.

The overall prevalence of arrhythmias was comparable
in patients with asthma (10%) and in those without asthma
(8%, adjusted OR: 1.4 and 95% confidence interval [95%
CI]: 0.8–2.4). Tachycardia and PVCs were significantly
more common in asthma patients (age- and sex-adjusted
ORs: 5.5 [95% CI: 2.1–14.3] and 2.5 [95% CI: 1.1–6.0],
respectively; Table 2). The mean heart rate was nonsigni-
ficantly higher in patients with asthma (66 bpm) than those
without asthma (65 bpm, adjusted p ¼ .26). The preva-
lence of QTc interval prolongation was similar in patients
with asthma (2%) and without asthma (3%) (adjusted
OR: 0.6 and 95% CI: 0.2–2.0) and the mean QTc interval
length was comparable between both the groups (adjusted
p ¼ .94).

In 73 patients with asthma, who received β2-mimetics,
tachycardia was more common (7%) than those who did
not receive β2-mimetics (0%) and the group without
asthma (0.6%; adjusted OR β2-mimetic users with asthma
vs. no asthma 12.4 [95% CI 4.7–32.8]; Table 3). In addi-
tion, β2-mimetics-receiving asthma patients more often
showed PVCs on the ECG (6%) than those not prescribed

with β2-mimetics (2%) and than those without asthma
(2%) (adjusted OR β2-mimetic users with asthma vs. no
asthma 3.7 [95% CI: 1.3–10.5]).

With respect to possible misclassification of asthma,
first, we performed sensitivity analyses by repeating the
multivariable analyses after excluding the 28 asthmatics
(18%) who did not receive β2-mimetics in the period from
3 months to 2 years after the baseline assessments and,
second, excluding 18 asthmatics (11%) who did not receive
any respiratory medication in this 2.25-year period.
Exclusion of these two groups did not reveal any different
results; the shown effects were only marginally larger
when comparing asthma patients with participants with-
out asthma (Table 4). The exclusion of the two groups did
not change the association of tachycardia and PVCs in
asthma patients who did or did not receive β2-mimetics in
the 6-month period around the ECG measurements (data
not shown).

DISCUSSION

In this study, among the 158 asthma patients and 6303
participants without asthma, tachycardia and PVCs were
more prevalent in asthma patients (3% and 4%, respec-
tively) than those without asthma (0.6%; adjusted p < .001
and 2%; adjusted p¼ .03, respectively). In 73 patients with
asthma, who received β2-mimetics in the 6-month period
around the ECGmeasurements, tachycardia (7%) and PVCs
(6%) were more common (adjusted ORs vs. no asthma:
12.4 [95% CI: 4.7–32.8] and 3.7 [95% CI: 1.3–10.5],
respectively).

When patients have severe acute asthma, they have an
increased risk of potentially fatal arrhythmias and death due
to ischemic heart disease, caused by the effects of medica-
tions (predominantly high dosages of [oral] β2-mimetics),
but also by hypoxemia, acidosis, coronary vasospasm, and
hypercatecholaminemia (including Takotsubo-type cardio-
myopathies) (13–15). However, with stable disease, there is
conflicting evidence whether adult patients with asthma are
at increased risk of cardiovascular disease. Appleton et al.
showed that asthma was associated with cardiac and cere-
brovascular diseases in the general population (16), while
Schanen et al. reported that asthma was associated with an
increased risk of stroke, but not of coronary heart disease
(17). Other studies showed only an increased risk of cor-
onary heart disease in women, but not in men (18,19), and
finally the study of Enright et al. did not find an association
between asthma and cardiovascular disease (20). ECG
abnormalities, such as tachycardia, QTc interval prolonga-
tion, and PVC, may be the (early) indicators of increased
cardiovascular risk (4,21,22).

We demonstrated that the asthma patients had an
increased risk of PVCs (adjusted OR: 2.5; 95% CI:
1.1–6.0) and that this risk is even more pronounced in
asthma patients who received β2-mimetics in the 6-month
period around the ECG measurements. Although PVCs
are usually asymptomatic, the ECG appearance is related
to increased mortality risk in patients with no apparent

TABLE 3.—Tachycardia and PVC of participants with and without asthma,
receiving β2-mimetics or not during a time period of 3 months and until
3 months after the baseline assessments.

Total
number

Number of
events (%)

Adjusted
ORa (95% CI)

Tachycardia
No asthma 6303 37 (0.6%) Reference
Asthma, no β2-mimetics 85 0 (0%) –

Asthma, β2-mimetics 73 5 (7%) 12.4 (4.7–32.8)

PVC
No asthma 6303 97 (2%) Reference
Asthma, no β2-mimetics 85 2 (2%) 1.6 (0.4–6.5)
Asthma, β2-mimetics 73 4 (6%) 3.7 (1.3–10.5)

Note: aAdjusted for age and sex.

TABLE 2.—ECG characteristics of participants with and without asthma.

No asthma
N ¼ 6303

Asthma
N ¼ 158

Adjusted ORa

(95% CI) P-value

Tachycardia (>100/
min)

37 (0.6%) 5 (3%) 5.5 (2.1–14.3) <.001

Bradycardia (<50/min) 320 (5%) 5 (3%) 0.6 (0.2–1.5) .28
PVC 97 (2%) 6 (4%) 2.5 (1.1–6.0) .03
Atrial fibrillation

or flutter
34 (0.5%) 1 (0.6%) 1.2 (0.2–8.6) .89

Any arrhythmiab 473 (8%) 16 (10%) 1.4 (0.8–2.4) .21

Mean heart rate (bpm) 65 (11) 66 (11) – .26
Mean QTc length (ms) 415 (23) 415 (23) – .94
Prolonged QTc intervalc 194 (3%) 3 (2%) 0.6 (0.2–2.0) .42

Notes: Values are means (SD) for continuous variables and absolute numbers (%) for
dichotomous variables. Bpm, beats per minute; ms, milliseconds; QTc, corrected QT
interval.
aAdjusted for age and sex.
bIncluding tachycardia, bradycardia, PVC, atrial fibrillation, or flutter. Patients may
experience more than one electrocardiographic abnormality, numbers do not add up.
cProlonged QTc interval: QTc > 450 ms for males, QTc > 470 ms for females.
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cardiac disease (23,24). In patients with reduced
pulmonary function, this relation may be even more pro-
nounced (21).

Large epidemiological studies showed that increased
heart rate is related to increased mortality (22). β2-
Mimetics, a cornerstone in asthma therapy, enhance the
sympathetic system and, thus, may cause increased heart
rates and arrhythmias. We demonstrated that asthma
patients have an increased risk of tachycardia compared
with those without asthma and that this risk is even higher
in asthma patients receiving β2-mimetics. Importantly,
several studies and meta-analyses showed that adult
asthma patients using β2-mimetics are at increased risk
of death (25,26) and cardiovascular complications (5,27).

This study has some limitations. Misclassification in the
diagnosis of asthma could have occurred, because not all
general practitioners performed spirometry with postdila-
torymeasurements and histamine provocation tests to estab-
lish the diagnosis of asthma. Such a misclassification,
however, would result in an underestimation of the true
association between asthma and cardiac arrhythmias.
Sensitivity analyses addressing the misclassification of
asthma did not reveal different results, only a tendency to
a larger effect of the association between asthma (with β2-
mimetics use) and arrhythmogenic effects. Next, there may
be somemisclassification on drug exposure as it is uncertain
whether the participants, who received a prescription for
inhalation medications, actually used these drugs on the day
that the ECGwas recorded, especially β2-mimetics, as these
are generally used intermittently as symptomatic treatment.
Subsequently, as we were not able to differentiate between
chronic use and “as needed” use of β2-mimetics, the results
shown are most likely an underestimation of the actual
association between β2-mimetics use and tachycardia and
PVCs. With respect to the outcome definition, arrhythmias
are often intermittently present and ECGs are a snapshot of
the cardiac situation, this too could result in underestimation
of the actual prevalence of arrhythmias. Finally, wewere not

able to fully distinguish between the effect of β2-mimetic
use and disease severity. However, after the correction of
the underlying disease severity, by adjusting the predilatory
values of FEV1/FVC ratio and FEV1 (% of predicted), and
(co)treatment by a pulmonologist, the results remained simi-
lar (data not shown).

CONCLUSION

Adult patients with a clinical diagnosis of asthma more
commonly show tachycardia and PVCs on the ECG than
those without asthma. In patients with asthma, who receive
β2-mimetics, the risk of tachycardia and PVCs is even more
pronounced. Elevated heart rate is associated with an
increased risk of cardiac mortality in epidemiological studies
in the population at large (22,28–30). Our study shows that
adult patients with asthma have increased heart rates when
comparedwith the population at large. Future research should
evaluate whether the increased heart rate is related to the
disease itself or the use of inhalers, notably β2-mimetics.
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TABLE 4.—Sensitivity analyses. Risk of various ECG abnormalities in asthma patients (n¼ 158, see Table 1), in asthma patients with exclusion of asthmatics who
did not receive β2-mimetics during the period 3 months before and 2 years after the ECG measurement compared with participants without asthma (n ¼ 130), in
asthma patients with exclusion of asthmatics who did not receive any pulmonary drug during this time frame (n¼ 140), compared with participants without asthma
(n ¼ 6303).

Asthma (n ¼ 158) vs. no asthma
(n ¼ 6303)

Asthma (n ¼ 130, excluding 28 patients who
did not receive β2-mimetics) vs. no asthma

(n ¼ 6303)

Asthma (n¼ 140, excluding 18 patients who did
not receive any respiratory drugs) vs. no asthma

(n ¼ 6303)

Adjusted OR (95% CI)a P-value Adjusted OR (95% CI)a P-value Adjusted OR (95% CI)a P-value

Tachycardia (>100/min) 5.5 (2.1–14.3) <.001 6.7 (2.6–17.3) <.001 6.1 (2.4–15.9) <.001
Bradycardia (<50/min) 0.6 (0.2–1.5) .28 0.8 (0.3–1.9) .58 0.7 (0.3–1.8) .46
PVC 2.5 (1.1–6.0) .03 2.5 (1.0–6.3) .05 2.3 (0.9–5.8) .08
Atrial fibrillation 1.2 (0.2–8.6) .89 1.4 (0.2–10.1) .77 1.2 (0.2–9.2) .83
Any arrhythmiab 1.4 (0.8–2.4) .21 1.6 (0.9–2.8) .08 1.5 (0.9–2.6) .15
Mean heart rate (bpm) – .26 – .10 – .15
Mean QTc length (ms) – .94 – .83 – .75
Prolonged QTc intervalc 0.6 (0.2–2.0) .42 0.8 (0.2–2.4) .63 0.7 (0.2–2.2) .51

Note: Bpm, beats per minute; ms, milliseconds; N, number; QTc, corrected QT interval; ECG, electrocardiogram; PVC, premature ventricular contraction.
aAdjusted for age and sex.
bIncluding tachycardia, bradycardia, PVC, atrial fibrillation, or flutter. Patients may experience more than one electrocardiographic abnormality, numbers do not add up.
cProlonged QTc interval: QTc > 450 ms for males, QTc > 470 ms for females.
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