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AIM
β-adrenoceptor blockers have been used with caution in patients with
obstructive lung diseases such as asthma or chronic obstructive pulmonary
disease (COPD), due to the potentially increased airway reactivity and risk
of bronchial obstruction. Cardioselective β-adrenoceptor blockers have a
more beneficial profile than non-cardioselective β-adrenoceptor blockers
and can be safely prescribed to patients with both cardiovascular disease
and COPD. We hypothesized that cardioselective β-adrenoceptor blockers
also affect pulmonary function.

METHODS
This study was performed within the Rotterdam Study, a prospective
population-based cohort study. Effects of cardioselective and
non-cardioselective β-adrenoceptor blockers on pulmonary function were
analysed using regression techniques with multivariable adjustment for
potential confounders.

RESULTS
Current use of non-cardioselective β-adrenoceptor blockers was
significantly associated with a lower forced expiratory volume in 1 s (FEV1)
of −198 ml (95% CI −301, −96), with a lower forced vital capacity (FVC) of
−223 ml (95% CI −367, −79) and with a decreased FEV1 : FVC of −1.38% (95%
CI −2.74, −0.13%). Current use of cardioselective β-adrenoceptor blockers
was significantly associated with a lower FEV1 of −118 ml (95% CI −157,
−78) and with a lower FVC of −167 ml (95% CI −222, −111), but did not
affect FEV1 : FVC. After exclusion of patients with COPD, asthma and heart
failure the effects of cardioselective β-adrenoceptor blockers remained
significant for FEV1 (−142 ml [95% CI −189, −96]) and for FVC (−176 ml [95%
CI −236, −117]).

CONCLUSION
In our study both non-cardioselective and cardioselective β-adrenoceptor
blockers had a clinically relevant effect on both FEV1 and FVC. In contrast to
cardioselective β-adrenoceptor blockers, use of non-cardioselective
β-adrenoceptor blockers was associated with a significantly lower
FEV1 : FVC.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Cardioselective β-arenoceptor blockers have

a more beneficial risk profile than
non-cardioselective β-adrenoceptor
blockers. We hypothesized that
cardioselective β-adrenoceptor blockers are
not free of pulmonary effects.

WHAT THIS STUDY ADDS
• Both cardioselective and

non-cardioselective β-adrenoceptor
blockers are associated with a lower FEV1

and FVC, but only non-cardioselective
β-adrenoceptor blockers are associated with
a lower FEV1 : FVC.
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Introduction

Several highly prevalent cardiovascular diseases, including
hypertension, ischaemic heart disease, heart failure and
arrhythmia, are important indications for β-adrenoceptor
blockers. Major adverse effects due to blockade of the
β-adrenergic system are fatigue, decreased peripheral cir-
culation and increased airway resistance. β-adrenoceptor
blockers have been used with caution in patients with
obstructive lung diseases such as asthma or chronic
obstructive pulmonary disease (COPD), due to the poten-
tially increased airway reactivity and subsequent risk of
bronchial obstruction in asthmatics [1]. β-adrenoceptor
blockade, especially β2-adrenoceptor blockade, can
provoke bronchospasm in patients with airway hyper-
reactivity.

These possible adverse effects of β-adrenoceptor
blockers may complicate treatment of patients with con-
comitant COPD and cardiovascular disease (CVD), since
both conditions often coexist [2–6]. Both diseases share
common risk factors such as smoking and ageing. Moreo-
ver, both CVD (in the case of heart failure) and COPD may
elicit similar symptoms such as dyspnoea, cough and
wheezing, which can make it difficult to distinguish
between both diseases. In the TORCH-study, 30% of mor-
tality in patients with COPD was due to CVD [7]. The World
Health Organization has estimated that CVD and COPD will
be amongst the top four causes of death in 2030 [8]. This
underlines that adequate treatment of both diseases is
highly relevant for reducing mortality and morbidity in the
general population.

β1-selective (cardioselective) β-adrenoceptor blockers
are supposed to have a more beneficial profile than non-
cardioselective β-adrenoceptor blockers and can be safely
prescribed to patients with both CVD and COPD or asthma
[9–11]. A systematic review of 22 randomized trials to
evaluate the effects of cardioselective β-adrenoceptor
blockers showed no significant change in respiratory
symptoms or spirometry parameters of interest in partici-
pants with obstructive syndromes. The forced expiratory
volume in 1 s (FEV1) did not change significantly nor did
the response in FEV1 to β2-adrenoceptor agonist treatment
[9]. Another meta-analysis analysed 19 randomized trials
on single dose administration of cardioselective
β-adrenoceptor blockers and 10 studies on continuous
treatment [10]. In this meta-analysis the authors concluded
that the first dose of a cardioselective β-adrenoceptor
blocker produces a small decrease in FEV1 that is not asso-
ciated with adverse respiratory effects compared with
placebo [10]. Sirak et al. stated that cardioselective
β-adrenoceptor blockers are routinely preferred to non-
cardioselective β-adrenoceptor blockers in the treatment
of congestive heart failure and can be safely prescribed
[12]. Recently, a large observational study suggested that
β-adrenoceptor blockers are well tolerated in patients with
COPD and may reduce mortality [11].

It is common knowledge that randomized clinical trials
predominantly include highly selected, relatively young
and healthy patients and that those results cannot always
be generalized to clinical care in real life circumstances.
Therefore, the objective of our study was to assess the
effects of non-cardioselective and cardioselective
β-adrenoceptor blockers on pulmonary function in the
general population.

Methods

Setting
This study was performed in the Rotterdam Study, a pro-
spective population-based cohort study which started in
1990 in Ommoord, a suburb of Rotterdam. The Medical
Ethics Committee of the Erasmus Medical Centre, Rotter-
dam, the Netherlands, approved the study. At baseline, all
participants were visited for a standardized questionnaire,
and were subsequently examined at the research centre.
The first cohort (RS I) consists of 7983 participants, aged
55 years and over. Since the start of the initial cohort, two
subsequent cohorts have been defined in the same area.
The second cohort (RS II) started in 2000 and included
3011 participants aged 55 years and over. The third cohort
(RS III) was enrolled in 2006 and included 3932 participants
aged 45 years and over. As of 2009 the total of the com-
bined cohorts encompasses 14 926 subjects aged 45 years
or over.The main focus of the Rotterdam Study is on study-
ing common diseases in the elderly. Every 3–5 years the
participants undergo a round of interviews and physical
examinations, and pulmonary function tests are routinely
performed during every study round as of 2002. To
monitor the cohort continuously for major diseases and
mortality, the database is linked to the electronic records of
the general practitioner and the municipality. All prescrip-
tions dispensed to the participants are periodically col-
lected by linking to the seven pharmacies covering the
Ommoord region.The main objectives and methods of the
Rotterdam Study have been described elsewhere [13, 14].

Study population
The study population consisted of all participants of the
Rotterdam Study with a pulmonary function test during
the fourth study round. These tests were analysed by two
research physicians and validated by a specialist in pulmo-
nary medicine. During the validation process the quality
control was performed by two researchers, of whom at
least one was a physician. Normal spirometry, airflow
obstruction and spirometry suggestive of restrictive syn-
dromes were classified.

Exposure
To assess exposure to β-adrenoceptor blockers, for partici-
pants with a pulmonary function test, prescription data
were collected from the pharmacies.We collected prescrip-

β-adrenoceptor blockers and pulmonary function

Br J Clin Pharmacol / 77:1 / 191



tion data on cardioselective and non-cardioselective
β-adrenoceptor blockers using the Anatomical Therapeu-
tic Chemical (ATC) classification system [15] for C07AB
(cardioselective β-adrenoceptor blockers) and C07AA
(non-cardioselective β-adrenoceptor blockers). For every
participant, the prescription period was calculated and if
the date of the pulmonary function test fell within the
prescription period of a β-adrenoceptor blocker, the study
participant was classified as exposed.

Outcome
Spirometry was performed by trained paramedical person-
nel using a SpiroPro® portable spirometer (Erich Jaeger,
Hoechberg, Germany), according to the American Thoracic
Society (ATS)/European Respiratory Society (ERS) guide-
lines [16]. FEV1, FVC and FEV1 : FVC ratio were measured.
Spirometry procedures that yielded results that did not
meet ATS/ERS criteria for acceptability and reproducibility
were classified as not interpretable [17]. For practical
reasons, reversibility testing could not be carried out. Par-
ticipants were asked to refrain from using any prescribed
pulmonary medication before the centre visit.

Covariables
Information on several potential confounders or effect
modifiers such as age, gender, height, weight and body
mass index (BMI) was gathered at the study round in which
the pulmonary function test was performed. We collected
data on medication prescribed for obstructive pulmonary
diseases such as asthma and COPD. For our analyses, we
included inhaled short acting β-adrenoceptor agonists
(SABAs), long acting β-adrenoceptor agonists (LABAs),
anticholinergic agents, inhaled glucocorticosteroids and
combinations of the above mentioned substances. Fur-
thermore, we collected information on use of oral
glucocorticosteroids, xanthine derivatives and leukotriene
receptor antagonists. Data on smoking were collected
from the questionnaires and subjects were classified as
current, former or never smokers. As a quantitative
measure of tobacco exposure, we used the number of
pack-years, with 1 pack-year defined as smoking 20 ciga-
rettes day–1 for 1 year. We assessed COPD using spirometry
and classified according to the GOLD criteria [18, 19]. Heart
failure at baseline in the Rotterdam Study was assessed
using a validated score based on the definition of heart
failure of the European Society of Cardiology [20]. As
described previously, cases of incident heart failure were
obtained by continuously monitoring participants of the
Rotterdam Study during follow-up [21]. For these analyses,
we assessed if participants were cases at the time of the
pulmonary function test and considered cases defined
before the test as prevalent heart failure patients. Using
echocardiography, fractional shortening and E : A ratio
were calculated as measures of systolic and diastolic
cardiac function, respectively [22]. Echocardiography was
done on the same day as the spirometry. The methods for

echocardiography in the Rotterdam Study have been
described elsewhere [22]. Systolic and diastolic blood pres-
sures were measured twice from the right upper arm with
a random-zero sphygmomanometer with the patient in a
sitting position.The mean of the two readings was used to
determine blood pressure levels.

Data analysis
Differences in baseline characteristics between
cardioselective and non-cardioselective β-adrenoceptor
blocker users, and non-users were tested using a χ2-test for
dichotomous variables and a t-test for continuous vari-
ables.The effect of cardioselective and non-cardioselective
β-adrenoceptor blockers on pulmonary function measures
was evaluated using linear regression analyses for FEV1 and
for FVC, selecting covariables by assessing whether there
was a higher than 10% change in point estimate. Further-
more, we tested for possible interaction by using multipli-
cative interaction terms. We adjusted for gender, age,
height, systolic blood pressure, smoking status, pack-years,
heart failure, obstructive and restrictive syndromes and
concomitant respiratory medication,with pulmonary func-
tion in non-users of β-adrenoceptor blockers as a reference
group. To avoid potential confounding by indication, we
also performed analyses excluding patients with COPD
and heart failure. We preferred this over adjustment
because the occurrence of these conditions was consid-
ered as a contra-indication for β-adrenoceptor blockers for
a substantial number of years within the study period.

In 784 participants, consecutive measurements were
available, with a mean follow-up of 6.1 years (± 0.5)
between consecutive centre visits. In this subanalysis,
exposure categories were classified as ‘never exposed’ (no
use of β-adrenoceptor blockers at the first as well as the
second measurement), ‘starters’ (no use of β-adrenoceptor
blockers at the first measurement but use at the second
measurement), ‘continuous users’ (use of β-adrenoceptor
blockers at the first as well as the second measurement)
and ‘discontinued use’ (use of β-adrenoceptor blockers
at the first measurement but no use at the second
measurement).

All analyses above were repeated for non-
cardioselective β-adrenoceptor blockers. All statistical
analyses were performed with SPSS PASW software (IBM
Corporation, Armonk, New York, USA).

P values <0.05 were considered statistically significant.
All graphs were made using R 2.9.1 [23].

Results

Of the 14 926 subjects from the Rotterdam Study cohorts,
a total of 6489 pulmonary function tests were performed
and 4324 spirometry tests were of sufficient quality to
be validated as interpretable and could be used for our
analyses.
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Subject characteristics
The population consisted of 1880 men (43.5%) and 2444
women (56.5%) (Table 1). The mean age at lung function
examination was 66 years (range 46–97 years). In our
cohort 651 persons were exposed to cardioselective
β-adrenoceptor blockers at the time of the pulmonary
function test.The mean FEV1 in the cohort was 3.23 l (± 0.9
l) for men and 2.34 l (± 0.6 l) for women.The mean FVC was
4.27 l (± 1.03 l) for men and 3.03 l (± 0.74 l) for women. We
defined airflow limitation according to the GOLD defini-
tion (FEV1 : FVC ratio < 0.70). In our sample there were 308
subjects with COPD GOLD stage I (7.1%), 330 with COPD
GOLD stage II (7.6%) and 63 with COPD GOLD stage III
(1.5%). There were no subjects with COPD GOLD stage IV.

Furthermore, we identified 301 participants (7.1%) with
lung function results suggestive of a restrictive syndrome.
Of the participants with pulmonary function tests we had
full data, including smoking history, for 4033 subjects.
These were included in our analyses. Missing values were
independent of β-adrenoceptor blocker use and multiple
imputations followed by combined analyses did not
change effect estimates.

Cardioselective β-adrenoceptorblockers
Exposure to cardioselective β-adrenoceptor blockers was
significantly associated with a lower FEV1 in our population
of −118 ml (95% CI −157;−78 ml).To investigate the effect of
cardioselective β-adrenoceptor blockers on FVC we tested

similar models. Current use of cardioselective
β-adrenoceptor blockers was significantly associated with a
lower FVC with a decrease of −167 ml (95% CI −222,
−111 ml) (Table 2; Figures 1 and 2). Testing for interaction
between gender, age or COPD and β-adrenoceptor blocker
exposure was non-significant but with suspected pulmo-
nary restrictive disease interaction seemed to be present.
When we subsequently analysed the dataset stratified, the
significant effect on FEV1 only persisted in the non-diseased
group and was stronger (–145, 95% CI −188, −103).

To assess the effect in subjects without known heart
failure and an obstructive or a restrictive syndrome, we
separately analysed participants without these diseases.As
asthma or COPD patients might be prone to a prescription
of cardioselective β-adrenoceptor blockers because of
the possible adverse effects of non-cardioselective β-
adrenoceptor blockers, we also excluded participants with
a prescription for inhalation medication and/or oral
glucocorticosteroids.

In this sample (n = 3157), the associations of
cardioselective β-adrenoceptor blocker exposure and a
lower FEV1 and FVC are comparable with the complete
sample. Exposure to cardioselective β-adrenoceptor block-
ers was associated with a lower FEV1 of −142 ml (95% CI
−189, −96 ml) and a change of FVC of −176 ml (95% CI
−236, −117 ml). To minimize the effect of misclassification
of heart failure, we performed a sensitivity analysis in
which we also adjusted for echocardiography, which was

Table 1
Baseline characteristics of the study population

Characteristics Total group Unexposed β1-selective Non-selective

Number of participants 4324 3585 651 88
Gender n (%) Male (%) 1880 (43.5%) 1533 (42.8%) 303 (46.5%) 44 (50%)

Female (%) 2444 (56.5%) 2052 (57.2%) 348 (53.5%) 44 (50%)

Age (years) (SD) 65.9 (9.5) 65.2 (9.5) 68.9 (9.0) 71.8 (9.3)*
Height (cm) (SD) 168.9 (9.3) 169.0 (9.3) 168.1 (9.2)* 169.5 (8.7)

Smoking status*† n (%) Never 1418 (32.8%) 1208 (32.9%) 210 (32.2%) 22 (25%)
Past 2074 (48.0%) 1734 (47.2%) 340 (52.2%)* 50 (56.8%)
Current 828 (19.1%) 727 (19.8%) 101 (15.5%)* 16 (18.2%)

Pack-years (SD) 15.5 (21.1) 14.9 (20.8) 18.5 (22.7)* 16.3 (19.1)

Prevalent heart failure n (%) 140 (3.2%) 93 (2.5%) 47 (7.3%)* 7 (8%)*
Blood pressure (mmHg) (SD) Systolic 142 (21) 141 (21) 150 (22)* 143 (20)

Diastolic 81 (11) 81 (11) 82 (12) 78 (11)*

BMI (kg m–1) (SD) 27.6 (4.3) 27.3 (4.2) 29.0 (4.4)* 28.0 (3.6)
History of myocardial infarction (%) 223 (5.2) 111 (2.6) 100 (15.4)* 12 (13.6%)*

Echocardiography§ Fractional shortening % (SD) 39.7 (6.7) 40.2 (6.3) 38.0 (7.8)* 35.0 (7.7)*
E : A ratio 1.0 (0.3) 1.0 (0.3) 1.0 (0.3) 0.9 (0.3)

Total cholesterol (mmol l−1) (SD) 5.6 (1.0) 5.6 (1.0) 5.2 (1.0)* 5.3 (1.1)*

HDL cholesterol (mmol l−1) (SD) 1.4 (0.4) 1.5 (0.4) 1.3 (0.3)* 1.3 (0.3)*
Chronic obstructive pulmonary disease

GOLD classification n (%)
No obstruction‡ 3623 (83.8%) 3025 (84.4%) 530 (81.5%) 68 (77.3%)

I 308 (7.1%) 261 (7.3%) 41 (6.3%) 6 (6.8%)

II 330 (7.6%) 248 (6.9%) 69 (10.6%)* 13 (14.8%)*

III 63 (1.5%) 51 (1.4%) 11 (1.7%) 1 (1.1%)

*P value < 0.05 for difference, exposed vs. unexposed. †Smoking status missing: n = 4. ‡Spirometry suggestive for a restrictive syndrome: unexposed n = 215, exposed to β1-selective
n = 72, exposed to non-selective n = 14. §Available in a random subset: n = 3629. BMI: body mass index, E : A ratio: ratio of early and late ventricular filling velocity, n: number of
participants.
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available in a random subset of 3629 participants. Frac-
tional shortening and E : A ratio were used as measures
of systolic and diastolic function, respectively. Of these
measures only fractional shortening was of influence in
our models. The effect estimate of cardioselective
β-adrenoceptor blockers changed less than 5% and
remained significant in this analysis.

Non-cardioselective β-adrenoceptor blockers
In our cohort, exposure to non-cardioselective β-
adrenoceptor blockers was low and only 88 participants
(2.2%) of our cohort of 4033 participants had a prescription
for non-cardioselective β-adrenoceptor blockers. The
majority of these users (75%) had a prescription for sotalol.
Exposure of non-cardioselective β-adrenoceptor blockers
was also associated with lower FEV1 and FVC (Table 2;
Figures 1 and 2). The effect of non-cardioselective
β-adrenoceptor blockers was −198 ml (95% CI −301,
−96 ml) on FEV1 and −223 ml (95% CI −367, −79 ml) on FVC.
We also analysed the effect in the subset of participants
without obstructive and restrictive syndromes, heart
failure and inhalation medication. For FEV1 the effect was
−219 ml (95% CI −343, −94 ml) and for FVC the effect was
−179 ml (95% CI −339, −19 ml).

FEV1 : FVC
No significant association was shown on the FEV1 : FVC ratio
in participants exposed to cardioselective β-adrenoceptor
blockers compared with unexposed participants, namely
an effect of 0.12% (95% CI −0.41, 0.65). In the adjusted
analysis, a significantly lower ratio of FEV1 : FVC of −1.38%
(95% CI −2.74, −0.13%) was seen in participants exposed to
non-cardioselective β-adrenoceptor blockers compared
with unexposed subjects (Figure 3). Compared with users
of cardioselective β-adrenoceptor blockers, the adjusted
effect was −1.28% (95% CI −2.49, −0.76).

Longitudinal effects
For one cohort (RS-I), consecutive spirometry measure-
ments were available in 784 participants (Table 3). Partici-
pants starting cardioselective β-adrenoceptor blockers
showed a significantly stronger percentual decrease in FVC
than never users of β-adrenoceptor blockers, i.e. respec-
tively 13.8% vs. 9.6% (Figure 3).

For FEV1 a similar effect was seen with a decrease
of 13.5% for starters of β-adrenoceptor blockers vs. 9.4%

Table 2
Effect estimates

Pulmonary function test Effect, crude 95% CI Effect, adjusted‡ 95% CI P value, adjusted

FEV1

No use Reference Reference
Non-cardioselective* −503 ml −685, −321 −198 ml −301, −96 <0.001
Cardioselective† −307 ml −378, −236 −118 ml −157, −78 <0.001

FVC
No use Reference Reference
Non-cardioselective −524 ml −752, −296 −223 ml§ −367, −79 0.001
Cardioselective −379 ml −468, −290 −167 ml −222, −111 <0.001

FEV1/FVC
No use Reference Reference
Non-cardioselective −3.52% −5.37, −1.66 −1.38%¶ −2.74, −0.13 0.048
Cardioselective −0.63% −1.36, 1.01 0.12% −0.41, 0.65 0.654

*n exposed non-cardioselective = 8, n unexposed = 3585. †n exposed cardioselective = 651, n unexposed = 3585. ‡Adjusted for: gender, age, height, pack-years, smoking status,
inhalation medication, oral glucocorticosteroids, heart failure, obstructive or restrictive syndromes and systolic blood pressure and cohort. §As above plus BMI. ¶Adjusted for: age,
height, BMI, pack-years, smoking status, obstructive or restrictive lung diseases and inhalation medication and cohort.
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Figure 1
Effect of β-adrenoceptor blocker exposure on mean FEV1. Exposure is
divided in three classes: no use, current use of cardioselective
β-adrenoceptor blockers and current use of non-cardioselective
β-adrenoceptor blockers. *P = 0.001. The whiskers represent the 95% CI
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for never users.When prescriptions ended between the
measurements, participants who had been using
cardioselective β-adrenoceptor blockers showed less of a
decrease in both FEV1 and FVC compared with starters
(Figures 4 and 5). Linear regression with adjustment for

age, gender, follow-up time, current smoking and pack-
years, showed a statistically significant stronger percent-
age decrease for both FEV1 and FVC compared with never
users (Figure 6).
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Figure 2
Effect of β-adrenoceptor blocker exposure on mean FVC. Exposure is
divided in three classes; No use, current use of cardioselective
β-adrenoceptor blockers and current use of non-cardioselective
β-adrenoceptor blockers. *P < 0.001. The whiskers represent the 95% CI
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Figure 3
Effect of β-adrenoceptor blocker exposure on mean FEV : FVC.Exposure is
divided in three classes; No use, current use of cardioselective
β-adrenoceptor blockers and current use of non-cardioselective
β-adrenoceptor blockers. *P < 0.05. The whiskers represent the 95% CI

Table 3
Baseline characteristics of the subgroup with two spirometry tests

Characteristics Total Unexposed β1-selective

Number of participants 784 648 136
Gender n (%) Male (%) 337 (43.0%) 278 (43.0%) 59 (43.4%)

Female (%) 447 (57.0%) 370 (57.0%) 77 (56.6%)

Age baseline (years) (SD) 72.3 72.3 (4.5) 72.7 (4.1)
Height (cm) (SD) 167.6 (9.0) 167.7 (8.9) 166.9 (9.4)

Smoking status n (%) Never 259 (33.0%) 209 (32.3%) 50 (36.8%)
Past 453 (57.8%) 376 (58.0%) 77 (56.6%)
Current 72 (9.2%) 63 (9.7%) 9 (6.6%)

Pack years (SD) 15.5 (21.1) 15.6 (21.5) 14.8 (18.6)

Prevalent heart failure n (%) 23 (2.9%) 15 (2.3%)* 8 (5.9%)*
Blood pressure mmHg (SD) Systolic 149 (20) 148 (20)* 156 (20)*

Diastolic 80 (10) 80 (10) 81 (10)

BMI kg m−2 (SD) 27.3 (3.9) 27 (3.8)* 28.6 (3.8)*
History of myocardial infarction (%) 52 (6.6%) 33 (5.1%)* 19 (14.0%)*

Chronic obstructive pulmonary disease
GOLD classification, n (%)

No obstruction† 579 (73.9%) 483 (74.5%) 96 (70.6%)
I 65 (8.3%) 54 (8.3%) 11 (8.1%)
II 89 (11.4%) 70 (10.8%) 19 (14.0%)
III 8 (1.0%) 8 (1.2%) 0

Follow-up time (years) (SD) 6.6 (0.4)

*P value < 0.05 for difference, exposed vs. unexposed. †Spirometry suggestive for a restrictive syndrome: n unexposed = 33, exposed = 10. BMI, body mass index; n, number of
participants; SD, standard deviation.

β-adrenoceptor blockers and pulmonary function

Br J Clin Pharmacol / 77:1 / 195



Discussion

In this population-based study, exposure to cardioselective
β-adrenoceptor blockers was associated with a lower FEV1

of −118 ml and FVC of −167 ml, respectively. For non-
cardioselective β-adrenoceptor blockers we found an
association with a marginally lower FEV1 : FVC of −1.38%
(95% CI −2.74, −0.13), a measure to assess airflow obstruc-
tion. For cardioselective β-adrenoceptor blockers,
although the sample was much larger, no such association
was found. When we compared the effect on FEV1 : FVC
within users of non-cardioselective β-adrenoceptor block-
ers vs. cardioselective β-adrenoceptor blockers, the asso-
ciation remained significant. Longitudinal effects of
exposure showed a stronger decrease of FVC over time in
participants starting on β-adrenoceptor blockers vs. never
users. For FEV1 a similar pattern was seen. When prescrip-
tions ended between the two measurements, the decrease
in FEV1 and FVC was less in quitters than in never users.
However this was not significant. Although our results
suggest negative effects of cardioselective β-adrenoceptor
blockers on pulmonary function which can be defined as a
clinically important difference [24, 25], several studies
suggest beneficial effects on mortality in patients with
concomitant CVD and COPD.Therefore, negative effects on
pulmonary function may very well be outweighed by the
positive effects of cardioselective β-adrenoceptor blockers
on CVD with respect to morbidity and mortality. Appar-
ently, cardioselective β-adrenoceptor blockers are also
not completely free of pulmonary effects. Importantly,
non-cardioselective β-adrenoceptor blockers seem to
have greater association with an airflow obstruction
than cardioselective β-adrenoceptor blockers. Only non-
cardioselective β-adrenoceptor blockers had a significant
association with a reduced FEV1 : FVC compared with non-
exposed participants and compared to users of
cardioselective β-adrenoceptor blockers.

To our knowledge, this is the first population-based
cohort study solely investigating the effects of
β-adrenoceptor blockers on pulmonary function. To deal
with potential confounding by indication, we separately
analysed the participants with heart failure and/or
obstructive pulmonary disease. The results in this subset
were consistent with the results in the complete set, sug-
gesting that underlying obstructive pulmonary disease did
not influence the magnitude of the effects.To minimize the
possible misclassification of heart failure, we did a sensitiv-
ity analysis in which we adjusted for cardiac function,
defined by fractional shortening and E : A ratio. These
measures hardly influenced the effect estimate. The
decreased spirometry measures can possibly be explained
by increased airway resistance as has been stated in the
past [1]. Another possible reason could be that some par-
ticipants with a prescription for β-adrenoceptor blockers
might have already developed heart failure, which was still
unknown at the time of pulmonary function test. However
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as participants in The Rotterdam Study were also screened
for heart failure this seems less likely [13, 14].

Our findings suggest that cardioselective β-
adrenoceptor blockers also have an adverse effect on
pulmonary function in the general elderly population,
although this is less pronounced than with non-
cardioselective β-adrenoceptor blockers and there is no
effect on airflow obstruction. One, somewhat similar, study
by Schnabel et al. showed a trend for a lower FEV1 in
people taking β-adrenoceptor blockers and a significantly
reduced FVC, but since the study focused on other objec-
tives, the association was not extensively investigated [26].
Our study confirms this association with FVC and shows an
association with FEV1.

Previous studies did not show a significant effect on
FEV1 or respiratory symptoms in meta-analyses of
randomized clinical trials [9, 10]. However, these meta-
analyses included primarily small randomized placebo
controlled studies. In these studies, 80% of the participants
were male and COPD severity was mild to moderate and
according to the authors this could be a limitation of the
study [9]. In a crossover trial, Jabbour et al. showed a differ-

ence in FEV1 between patients with cardioselective and
non-cardioselective β-adrenoceptor blockers for chronic
heart failure (CHF) with COPD. The authors reported a
150 ml lower FEV1 in patients with CHF and COPD receiv-
ing non-cardioselective β-adrenoceptor blocker than in
patients receiving cardioselective β-adrenoceptor block-
ers. No such difference could be detected for FVC [27].This
study in 51 males showed differences between patients
receiving either of the β-adrenoceptor blockers, but did
not compare pulmonary function with non-users. Another
study by Çamsari et al. in 50 patients showed that
metoprolol did not change pulmonary function according
to symptoms, clinical findings and FEV1 changes [28].Other
studies focused on morbidity and mortality in patients
with CVD and COPD. Rutten et al. performed a large obser-
vational study using general practitioners records. The
authors assessed all cause mortality and exacerbations
of COPD in the complete sample and in subsets. Rutten
et al. showed a possible beneficial effect on survival
and a reduced risk on COPD exacerbation in patients
taking cardioselective β-adrenoceptor blockers [11].
Misclassification of patients could be an issue, according to
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the authors, and patients could have had concealed
cardiac disease instead of COPD, which would show a posi-
tive effect of β-adrenoceptor blockers on survival [2, 11].
On the other hand, since heart failure and COPD exacerba-
tions were suggested to be closely linked with regard to
mortality [29, 30], treating patients with a multidrug
regimen might provide disease-specific benefits and
reduce mortality [31].

Chen et al. found that β-adrenoceptor blocker use after
an acute myocardial infarction, in patients with COPD
without β-adrenoceptor agonist use, significantly reduced
1 year mortality. The authors suggest that these patients
may have a mild form of COPD and that the benefits of
β-adrenoceptor blocker therapy outweigh the risk of bron-
chospasm [32].

In a recent paper by Short et al. [33], the investigators
defined a cohort of COPD patients and compared mortal-
ity across different treatment regimens for COPD and CVD.
The investigators found a 22% overall reduction of all
cause mortality for patients with COPD if the treatment
regimen included β-adrenoceptor blockers. Spirometry
measurements were available in a subset of patients. The
authors found no deleterious effect of β-adrenoceptor
blockers on FEV1 and FVC.This observational study, like any
observational study, is at risk for confounding by indication
and post hoc treatment changes by physicians can influ-
ence the results [34]. Furthermore, the analysis of a subset
with spirometry tests could be influenced by some form of
selection bias in a retrospective database study.

The strengths of our study are the prospective,
population-based cohort design and the large number
of study subjects with pulmonary function tests. The
population-based character and high participation rate
makes selection bias less likely. Due to the prospective
nature of the data collection, information bias is also
unlikely and information about several covariables was
collected. Another strong point is that in the Rotterdam
study we have both prescription and interview data to
check adherence to therapy. An earlier analysis in the
Rotterdam Study showed that there was a very high
concordance between pharmacy dispensing data of
β-adrenoceptor blockers and actual use during interview
[35]. Although longitudinal data show interesting patterns,
numbers of repeated measurements were limited. Due to
the observational character of our data, residual confound-
ing can not be ruled out completely. We adjusted for con-
founding by (contra-) indication by excluding participants
with COPD, and as a proxy for asthma, we excluded
patients with prescriptions for inhalation medication to
study the effects in patients without obstructive pulmo-
nary disease. Since spirometry was introduced in 2002,
some form of survival bias could have occurred, but our
expectation is that this would not explain the fact that we
observed a difference between users and non-users of
β-adrenoceptor blockers. Lastly we could not include
disease-specific mortality data into these analyses to see if

this reduction in FEV1 and FVC was associated with a
higher mortality rate.

In conclusion, in this population-based study, we dem-
onstrated that not only non-cardioselective, but also
cardioselective β-adrenoceptor blockers had a clinically
significant effect on both FEV1 and FVC in some patients.
Unlike cardioselective β-adrenoceptor blockers, non-
cardioselective β-adrenoceptor blockers were, beside FEV1

and FVC, significantly associated with a marginally
decreased FEV : FVC.
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