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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Use of b2 agonists has been associated with

tachycardia, an abnormal ECG and atrial
fibrillation.

• Previous observational studies of the
association between use of b2 agonists and
the risk of acute myocardial infarction (MI)
have demonstrated conflicting results.

• Instead of a causal effect, the positive
association between b2 agonist use and MI
may be explained by latent ischaemic heart
disease, which has symptoms that appear
similar to respiratory complaints in chronic
obstructive pulmonary disease.

WHAT THIS STUDY ADDS
• The majority of b2 agonist users in our study

population did not have an increased risk of
nonfatal acute MI.

• Only patients with ischaemic heart disease
and who had recently started b2 agonists
had an increased risk of acute MI.

• It is likely that this increased risk was related
to latent cardiovascular disease rather than
direct effects of b2 agonists.

AIM
Observational retrospective studies of the association between use of
b2 agonists and the risk of acute myocardial infarction (MI) have
demonstrated conflicting results, particularly among first-time users.
The aim of this study was to examine the association between b2

agonist use and first nonfatal acute MI.

METHODS
We conducted a case–control study (2476 cases) nested in a cohort of
antihypertensive drug users in the Dutch PHARMO RLS database.
PHARMO RLS consists of drug dispensing linked to the national
hospitalizations register. Each case of nonfatal acute MI was matched
with up to 12 control patients by gender, age and region. Drug and
disease history and the severity of the underlying respiratory disease
were adjusted for.

RESULTS
Risk of acute MI was increased in current b2 agonist users [crude odds
ratio (OR) 1.36, 95% confidence interval (CI) 1.15, 1.61]. However, this
excess risk was reduced after adjustment for severity of asthma and
chronic obstructive pulmonary disease (adjusted OR 1.18, 95% CI 0.93,
1.49). The risk was highest in patients with ischaemic heart disease and
low cumulative dose of b2 agonists (adjusted OR 2.47, 95% CI 1.60,
3.82).

CONCLUSION
Most users of b2 agonists did not have an increased risk of acute MI.
Only patients with ischaemic heart disease with low cumulative
exposure to b2 agonists had an increased risk of acute MI. It is likely
that this increased risk was related to latent cardiovascular disease
rather than to the direct effects of b2 agonists.
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Introduction

Beta-2 agonists are the most frequently used drugs in the
treatment of obstructive airway disease (OAD), which is
defined as asthma or chronic obstructive pulmonary
disease (COPD). Although b2 agonists are usually inhaled
with low systemic absorption, there have been reports of
increased plasma levels [1]. Beta-2 receptors are present
in the myocardium, where they mediate contraction [2].
Through this mechanism, use of b2 agonists has been asso-
ciated with tachycardia, an abnormal ECG and atrial fibril-
lation [3–5].

Observational retrospective studies of the association
between use of b2 agonists and the risk of acute myocar-
dial infarction (MI) have demonstrated conflicting results,
particularly among first-time users [6–8]. Explanations for
these discrepancies include a role of the underlying
disease (COPD or hypertension) in the aetiology of MI and
lack of statistical adjustment for use of b-blockers or nebu-
lized administration forms of respiratory medications. It
has also been suggested that b2 agonists may be pre-
scribed to patients with latent ischaemic heart disease,
which has symptoms that appear similar to respiratory
complaints in OAD [8].

However, none of these hypotheses have yet been
tested. Furthermore, previous studies have not quantified
b2 agonist exposure in a very detailed fashion [6–8].
Because cardiovascular disease is highly prevalent in
patients with COPD [9, 10], our study aimed to examine the
association between b2 agonists and first nonfatal acute MI
in antihypertensive drug users, who represent a popula-
tion at an increased risk of MI.

Methods

Base population
The setting of the study was the PHARMO record link-
age system (RLS, http://www.pharmo.nl). PHARMO RLS
includes the demographic details and complete medica-
tion history of more than two million community-dwelling
residents in the Netherlands. These pharmacy data are
then linked to hospital admission records as well as several
other health registries, including pathology, clinical labora-
tory findings and general practitioner data. Since virtually
all patients in the Netherlands are registered with a single
community pharmacy, independently of prescriber, phar-
macy records are virtually complete with regard to pre-
scription drugs. Patients are included in the database
regardless of their health insurance or socioeconomic
status, and represent about 13% of the general population.
Several independent validation studies have shown that
PHARMO RLS has a high level of completeness and validity.
For this study, only drug dispensing data and hospitaliza-
tion data from January 1991 through December 2003 were

used [11, 12]. PHARMO RLS has previously been used to
study drug-induced cardiovascular outcomes [13, 14].

Cohort definition
Patients registered in the PHARMO RLS for at least 1 year
and using antihypertensive drugs (thiazide diuretics,
b-blockers, calcium channel blockers, angiotensin-
converting enzyme inhibitors, angiotensin II receptor
blockers or centrally acting agents) were included in the
study population, as these patients are at increased risk of
acute MI.

Study design
A nested case–control analysis was conducted within the
cohort.The outcome of interest was the first nonfatal acute
MI [International Classification of Diseases 9 (ICD-9) code
410] that occurred within 100 days after the last dispens-
ing of antihypertensive drugs. A period of 100 days was
selected as Dutch health insurance policies cover the dis-
pensing of the majority of drugs for 3 months. We did not
include patients who suffered from a fatal MI because they
may have died before hospitalization and then their MI
data may not have been registered in PHARMO RLS. The
date of first admission for nonfatal acute MI was defined as
the index date. Only cases aged 18 years at the index date
were included in the analysis. Each case was matched with
up to 12 control patients by year of birth (�2 years),
gender and geographical area. Control patients had similar
eligibility criteria to cases.Controls were assigned the same
index date as the case with whom they were matched.

Exposure
Current users of b2 agonists were defined as patients who
received at least one dispensing within 100 days before
the index date. Recent users received their last dispensing
for b2 agonists in the 100 days up to 1 year before the index
date, and past users were patients with their last dispens-
ing at least 1 year before the index date. For current users,
we calculated the cumulative dose and the average daily
dose (calculated by division of the cumulative dose by the
treatment time, expressed as inhaled salbutamol equiva-
lents (eq.) using defined daily dosages [15, 16]: salbutamol
is a synonym of albuterol). Exposure to b2 agonists was also
examined in patients with a history of ischaemic heart
disease (i.e. patients who were exposed to at least one
nitrate prescription [17] or who had been hospitalized for
ischaemic heart disease, or who had undergone a percuta-
neous transluminal coronary angioplasty or coronary
artery bypass graft).

Covariates
The analysis was adjusted for cardiovascular risk factors,
defined as dispensings for antihypertensive drugs 100 days
before the index date, nonsteroidal anti-inflammatory
drugs or aspirin in the 2 months before, and loop diuretics,
digoxin, antiarrhythmics, spironolactone, nitrates, statins,
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fibrates, anticoagulants and antidiabetics in the 6 months
before the index date. In addition, we adjusted for hospi-
talizations for hypertensive disease, diabetes mellitus,
hyperlipidaemia, ischaemic heart disease, rheumatic heart
disease, diseases of the pulmonary circulation, other forms
of heart disease including heart failure and cardiac dys-
rhythmias, and cerebrovascular disease at any time prior
to the index date. Because of the reported inverse associa-
tion between lung function and coronary heart disease
[18, 19], we also adjusted for indicators of the severity of
the underlying respiratory disease, including hospitaliza-
tions for OAD in the 1 year before and exposure to inhaled
corticosteroids (ICS), inhaled anticholinergics, xanthine
derivatives, acetylcystein, nebulized medications and oral
corticosteroids (OCs, using the average daily dose) in the
6 months prior to the index date. Furthermore, we
adjusted for antibiotics (tetracyclines, penicillins, b-lactam
antibacterials, sulphonamides and macrolides) within
3 days of an OC dispensing (a marker for an exacerbation
of COPD [20]).

Statistical analysis
Conditional logistic regression (SAS version 9.1.3, PHREG
procedure; SAS Inc., Cary, NC, USA) was used to quantify the
association between use of b2 agonists and the risk of non-
fatal acute MI. We conducted two differently adjusted
analyses: first, we adjusted the results for the indicators of
the severity of the underlying respiratory disease. Second,
we also adjusted for cardiovascular risk factors using back-
ward elimination. In order to visualize the relationship
between the risk of acute MI and recency of b2 agonist use
(i.e. the time between the index date and the most recent
dispensing) and cumulative b2 agonist use, we used
smoothing spline regression plots (SAS version 9.1.3). In a
sensitivity analysis, analysis was restricted to patients who
were likely to have had a previous diagnosis of COPD. We
used a COPD definition that has previously been used by
Suissa et al. [8]. These patients were 55 years old at the
index date and had filled at least three dispensings for
bronchodilators at two or more different dates in any
1-year period before the index date.

Results

A total of 2476 subjects was identified with an acute MI
during follow-up. The mean age at the index date was
67 years and 59% of the cases were male. Almost all cases
were matched with 10 controls. Table 1 shows their base-
line characteristics. As expected, cases were more likely to
receive antidiabetics and drugs for the treatment of
ischaemic heart disease. Indicators of the severity of OAD
were associated with an increased risk of acute MI [crude
odds ratio (OR) 1.35, 95% confidence interval (CI) 1.10, 1.64
with use of inhaled anticholinergics, OR of 1.37, 95% CI

1.15, 1.63 with use of ICS, and OR of 1.69, 95% CI 0.91, 3.10
with hospitalization for OAD].

As shown in Table 2, the risk of acute MI was increased
in current users of b2 agonists (crude OR 1.36, 95% CI 1.15,
1.61). After adjustment for severity of OAD, the excess risk
was reduced and was statistically comparable to nonusers
(adjusted OR 1.18, 95% CI 0.93, 1.49). There was no differ-
ence between current exposure to short-acting b2 agonists
(adjusted OR 0.98, 95% CI 0.74, 1.30) and to long-acting b2

agonists (adjusted OR 1.28, 95% CI 0.92, 1.78). The results
also did not change when restricting the study population
to patients with COPD (adjusted OR 1.35, 95% CI 0.52,
3.51 for exposure to <200 mg salbutamol equivalent/day,
adjusted OR 0.89, 95% CI 0.48, 1.67 for exposure to 200–
500 mg salbutamol equivalent/day, and adjusted OR 0.97,
95% CI 0.62, 1.52 for >500 mg salbutamol equivalent/day).
Concomitant use of b-blockers and b2 agonists did not
increase risk of acute MI, yielding an adjusted OR of 1.31
(95% CI 0.97, 1.87), whereas current b2 agonist users who
had never been exposed to b-blockers had an adjusted of
OR 0.87 (95% CI 0.64, 1.19) for risk of acute MI.

Figure 1 shows that the risk of acute MI was increased
particularly in patients who had received their last b2

Table 1
Baseline characteristics of cases and controls

Characteristic
Cases
(n = 2476) (%)

Controls
(n = 24 252) (%)

Mean age (years) 67.3 67.2
Women 1008 40.7 10 014 41.3

Antihypertensive drug use in the 100 days before
Thiazide diuretics 668 27.0 8 275 34.1
b-Blockers 1331 53.8 11 401 47.0
Calcium channel blockers 869 35.1 6 232 25.7
ACE-inhibitors 685 27.7 7 773 32.1
Angiotensin II receptor blockers 233 9.4 2 507 10.3
Other antihypertensive drugs 20 0.8 174 0.7

Cardiovascular drug use in the 6 months before
Lipid-lowering drugs 526 21.2 5 028 20.7

Statins 512 20.7 4 876 20.1
Fibrates 31 1.3 268 1.1

Antidiabetic agents 406 16.4 2 937 12.1
Loop diuretics 299 12.1 2 413 9.9
Spironolactone 37 1.5 361 1.5
Potassium sparing diuretics 268 10.8 3 049 12.6
Anticoagulants 283 11.4 2 838 11.7
Digoxin 105 4.2 1 243 5.1
Antiarrhythmics other than digoxin 147 5.9 1 625 6.7
Nitrates 792 32.0 3 276 13.5

Respiratory drug use in the 6 months before
Beta-2 agonists 216 8.7 1 728 7.1
Inhaled corticosteroids 196 7.9 1 503 6.2
Anticholinergics 138 5.6 1 088 4.5
Xanthine derivatives 32 1.3 217 0.9
Acetylcystein 84 3.4 721 3.0

Oral corticosteroids by daily dose
<7.5 mg 44 1.8 339 1.4
7.5–15 mg 15 0.6 173 0.7
�15 mg 10 0.4 72 0.3
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agonist prescription shortly before the index date. The
adjusted OR for patients with a b2 agonist dispensing in the
30 days prior to the index date was 1.45 (95% CI 1.10, 1.92).
High cumulative exposure to b2 agonists was not associ-
ated with an increased risk of acute MI (Figure 2). Recent
starters [i.e. patients with low cumulative exposure
(<0.25 g)] had the highest risk of acute MI (adjusted OR
1.38, 95% CI 0.98, 1.94).

In order to explore further the higher risks in patients
who received b2 agonists shortly before the index date and
who had low cumulative exposure, the study population
was stratified by history of ischaemic heart disease. It was

found that current users of b2 agonists with a history of
ischaemic heart disease had a twofold increased risk of
acute MI compared with nonusers (Table 3). This risk was
highest in patients with ischaemic heart disease who had a
low cumulative dose of b2 agonists (i.e. recent starters,
adjusted OR of 2.47, 95% CI 1.60, 3.82).

Figure 3 shows that current b2 agonist users with a
history of ischaemic heart disease who had recently
started nitrates had a fourfold increased risk of acute MI
(adjusted OR 3.80, 95% CI 1.74, 8.30). The risk was reduced

Table 2
Use of b2 agonists and risk of acute myocardial infarction (MI)

Exposure to b2 agonists before
index date

Cases
(n = 2476)

Controls
(n = 24 252)

Crude OR
(95% CI)

Adjusted OR
(95% CI)*

Adjusted OR
(95% CI)†

Never use 2109 21 231 1.00 referent 1.00 referent 1.00 referent
Current use 166 1 272 1.36 (1.15, 1.61) 1.18 (0.93, 1.49) 1.16 (0.91, 1.47)

First time use 15 98 1.57 (0.91, 2.72) 1.45 (0.83, 2.53) 1.29 (0.74, 2.27)
Average daily dose, inhaled salbutamol eq.

�400 mg 50 372 1.37 (1.01, 1.85) 1.19 (0.85, 1.67) 1.13 (0.80, 1.59)
400–800 mg 48 370 1.37 (1.01, 1.86) 1.17 (0.82, 1.66) 1.20 (0.84, 1.72)
800–1600 mg 45 355 1.33 (0.97, 1.82) 1.08 (0.74, 1.57) 1.12 (0.76, 1.65)
>1600 mg 8 77 1.11 (0.53, 2.30) 0.88 (0.41, 1.91) 0.88 (0.41, 1.90)

Recent use 68 596 1.16 (0.90, 1.50) 1.09 (0.84, 1.43) 1.07 (0.82, 1.41)
Past use 133 1 153 1.17 (0.97, 1.42) 1.15 (0.95, 1.39) 1.13 (0.93, 1.36)

*Adjusted for indicators of the severity of obstructive airway disease (OAD) included exacerbations, the use of inhaled glucocorticoids (GCs), anticholinergics, xanthine derivatives,
nebulized medication, daily dose of oral GCs (<7.5, 7.5–15, �15 mg), and acetylcystein 6 months before index date. Hospitalizations for OAD 1 year before the index date were also
considered an indicator of the severity of OAD. †Adjusted for indicators of the severity of OAD (*) and general risk factors of MI including the use of antidiabetics, statins, fibrates,
nitrates, digoxin, thiazide diuretics, calcium-channel blockers, b-blockers, ACE inhibitors and angiotensin II receptor blockers 6 months prior to the index date, use of nonsteroidal
anti-inflammatory drugs 2 months before index date, and a history of cardiovascular disease, pulmonary disease and rheumatoid arthritis at any time before the index date.
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Figure 1
Risk of acute myocardial infarction (MI) and time between index date and
last dispensing for b2 agonists.Adjusted for confounders in Table 2 (model
under footnote †). Adjusted odds ratio ( ); Crude odds ratio ( )
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Risk of acute myocardial infarction (MI) and cumulative dose of b2 ago-
nists use among current users.Adjusted for confounders in Table 2 (model
under footnote †). Adjusted odds ratio ( ); Crude odds ratio
( )
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in those with long-term nitrate use (adjusted OR 1.53, 95%
CI 1.00, 2.33) with 10 prior nitrate dispensings.

Discussion

In our study population of patients receiving treatment for
hypertension, those using b2 agonists were not associated
with an increased risk of acute MI compared with nonusers
after adjustment for underlying respiratory disease sever-
ity. However, the risk was increased in recent starters of b2

agonists who had a history of ischaemic heart disease.

There are several possible explanations for our finding
of an increased risk of acute MI in recent starters of b2

agonist use with a history of ischaemic heart disease. A
likely explanation is that the dyspnoea-like symptoms
were caused by latent cardiovascular disease rather than
OAD. Acute ischaemia or cardiomyopathy can increase the
left ventricular end-diastolic volume. This mechanism has
been associated with an increase in pulmonary vascular
pressure, leading to dyspnoea either by producing
hypoxaemia or by stimulation of pulmonary vascular
and/or interstitial receptors [21]. Thus, these patients may
have been prescribed b2 agonists due to a similarity in
clinical presentation.

An alternative explanation for our findings is direct
effects of b2 agonists in this subgroup of patients with
ischaemic heart disease. It has been described that stimu-
lation of cardiac b2 receptors may result in tachycardia, ECG
changes and atrial fibrillation [2–5]. In dose–response
studies, it has been demonstrated that higher b2 agonist
dosages cause more severe cardiac side-effects [22, 23].
Through this mechanism, we would expect a positive asso-
ciation between daily or cumulative doses of b2 agonists
and risk of acute MI. However, none of our dose analyses
supported this hypothesis. Higher daily doses of b2 ago-
nists were not associated with higher risks of acute MI, and
the cumulative dose was inversely correlated with the risk
of acute MI. The lack of direct effect of b2 agonists on the
risk of acute MI is also supported by a meta-analysis of
randomized controlled clinical trials that compared b2

agonist users with placebo. Although the risk of sinus
tachycardia was increased threefold, no significantly
increased risk of major cardiovascular outcomes (including
acute MI) was found [24, 25].

Although our main finding of a lack of association
between use of b2 agonists and risk of acute MI is similar to
the results from a Canadian case–control study [8], the

Table 3
Use of b2 agonist and risk of acute myocardial infarction stratified by history of ischaemic heart disease

Use of b2 agonists

No history of ischaemic heart disease History of ischaemic heart disease

Cases
n = 1616

Controls
n = 20 295

Adjusted OR*
(95% CI)

Cases
n = 860

Controls
n = 3957

Adjusted OR*
(95% CI)

Current use (100 days before) 88 977 0.88 (0.67, 1.17) 78 295 1.93 (1.41, 2.65)
First time use 9 74 1.13 (0.56, 2.29) 6 24 1.69 (0.67, 4.27)

Average daily dose, inhaled salbutamol eq.
�400 mg 19 282 0.66 (0.41, 1.08) 31 90 2.38 (1.50, 3.76)
400–800 mg 27 294 0.92 (0.59, 1.43) 21 76 2.11 (1.24, 3.59)
800–1600 mg 30 271 1.10 (0.71, 1.71) 15 84 1.33 (0.73, 2.43)
>1600 mg 3 56 0.49 (0.15, 1.61) 5 21 1.84 (0.66, 5.11)

Cumulative dose, inhaled salbutamol eq.
�0.25 g 28 329 0.83 (0.55, 1.25) 33 94 2.47 (1.60, 3.82)
0.25–1.00 g 23 330 0.72 (0.45, 1.15) 28 106 1.91 (1.19, 3.05)
>1.00 g 37 318 1.14 (0.76, 1.72) 17 95 1.29 (0.72, 2.29)

*Adjusted for the same confounders as in Table 2 (see footnote †), excluding the use of nitrates. Reference: nonusers of b2 agonists.
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dispensing in current users of both b2 agonists and nitrates. Adjusted for
confounders in Table 2 (model under footnote †), excluding nitrates.
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differences in the statistical approaches of the two studies
must be noted: the Canadian study evaluated three expo-
sure categories by counting the number of dispensed
canisters, and its analyses were stratified by history of
cardiovascular disease. We chose to quantify the cumula-
tive dispensed dose and the recency of use in a very
detailed way using smoothing spline visualizations. We
stratified our analysis by ischaemic heart disease and
number of nitrate prescriptions in order to identify high-
risk patients. Our findings contradict those of a US case–
control study that reported increased risk of acute MI in
first-time users of b2 agonists.The American study adjusted
only for cardiovascular risk factors and not for the severity
of OAD and use of respiratory medications and b-blockers.
Also, it did not evaluate the possibility that b2 agonists may
be prescribed to patients with symptoms of latent
ischaemic heart disease rather than asthma/COPD [7]. In
our study, increased risk of acute MI was most apparent in
patients who had a low cumulative exposure of b2 agonists
and a history of ischaemic heart disease. Our finding of the
lack of effect of long-term use of b2 agonists and risk of
acute MI is consistent with all other published studies [7,8].

The major limitation of our study is probably the inabil-
ity to adjust fully for underlying disease, because only hos-
pital records and drug dispensing records were available.
Severity of the underlying respiratory disease could only
be determined with proxy indicators rather than the lung
function parameters [18, 19].However, the initially elevated
crude MI risk dropped towards the null value after adjust-
ment for the proxy indicators of the severity of the under-
lying respiratory disease; we expect that better adjustment
would direct the OR further towards null.Unfortunately,we
did not have data on smoking, which may be an important
confounder. For this study, data on fatal MIs could not be
used because these are not routinely registered in the
Dutch national hospitalization registry. However, there is
no particular reason to suspect that outcome for the type
of acute MI (fatal/nonfatal) is likely to be influenced by b2

agonist exposure. Another limitation is that our findings
apply to users of antihypertensive drugs and cannot be
extrapolated to all users of b2 agonists. Due to the nested
study design, changes of MI risk over calendar time were
difficult to track. Lastly, some of our subgroup analyses
contain small numbers, and have therefore limited statisti-
cal power to detect effects.

Nevertheless, our study is the largest study to have
examined the association between use of b2 agonists and
risk of acute MI in a high-risk population. Unlike other
studies, we were able to analyse small exposure groups
(using spline regression) rather than lumping different
exposures in a few categories.Therefore, we were also able
to stratify patients with a history of ischaemic heart disease
in a very detailed fashion. Another strength of our study is
the virtually complete drug-dispensing records that gave
us the opportunity to calculate dispensed dosages, instead
of counting canister numbers.This is important in the light

of the wide variety in administration forms (e.g. metered
dose inhalers, inhalation powder in capsules and disks)
that had been available during the period of data collec-
tion. In the Netherlands,drug dispensings were reimbursed
regardless of socioeconomic status or employment. More-
over, drug-dispensing data were routinely collected, since
94% of Dutch patients always receive their drug dispensing
from the same pharmacy [26].

In conclusion, we have found that the majority of b2

agonist users in our study population did not have an
increased risk of nonfatal acute MI. Only patients with
ischaemic heart disease with low cumulative exposure to
b2 agonists had an increased risk of acute MI. It is likely that
this increased risk was related to latent cardiovascular
disease rather than direct effects of b2 agonists. Cardiovas-
cular risk assessment should be considered in users of b2

agonists and antihypertensive medication who suffer from
latent ischaemic heart disease.
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