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Background: Inhaled long-acting bronchodilators are the mainstay of pharmacotherapy for 

chronic obstructive pulmonary disease (COPD). Both the twice-daily long-acting β
2
-adrenoceptor 

agonists (LABAs) salmeterol and formoterol and the once-daily LABA indacaterol are indicated 

for use in COPD. This review examines current evidence for the safety of LABAs in COPD, 

focusing on their effect on exacerbations and deaths.

Methods: We searched PubMed for placebo-controlled studies evaluating long-term ($24 weeks) 

use of formoterol, salmeterol, or indacaterol in patients with stable COPD, published between 

January 1990 and September 2012. We summarized data relating to exacerbations and adverse 

events, particularly events related to COPD.

Results: From 20 studies examined (8774 LABA-treated patients), there was no evidence of an 

association between LABA treatment and increased exacerbations, COPD-related adverse events, 

or deaths. Where analyzed as an efficacy outcome, LABA treatment was generally associated with 

significant or numerical reductions in COPD exacerbations compared with placebo. Incidences 

of COPD-related adverse events were similar for active and placebo treatments. The incidence 

of adverse events typically associated with the β
2
-agonist drug class such as skeletal muscle 

tremors and palpitations was low (often ,1% of patients), and there were no reports of increased 

incidence of cardiac arrhythmias. The systemic effects of β
2
-adrenoceptor stimulation, such as 

high glucose and potassium levels, were considered minor.

Conclusion: Current evidence from clinical studies of the safety and tolerability profile of 

LABAs supports their long-term use in COPD.
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Background
Chronic obstructive pulmonary disease (COPD) affects more than 200 million people 

worldwide, is currently the third-leading cause of mortality in the USA,1 and is 

predicted to become the third most frequent cause of death globally by 2030.2 COPD 

is characterized by alveolar destruction, loss of alveolar attachments, loss of elastic 

recoil, and increased airway resistance, which leads to expiratory flow limitation 

and inadequate lung emptying on expiration, resulting in lung hyperinflation.3 Static 

hyperinflation occurs during resting breathing, and dynamic hyperinflation is brought 

about by increased ventilation, such as occurs during exercise.4

Current guidelines for the treatment of patients with moderate or more severe 

COPD recommend the use of one or more long-acting bronchodilators.5 These 

agents are central to the management of COPD and are used on a regular basis for 

maintenance treatment. The inhaled long-acting bronchodilators include the long-acting 

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
53

R e v ie  w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/COPD.S39018

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

mailto:marc.decramer@uzleuven.be
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/COPD.S39018


International Journal of COPD 2013:8

β
2
-agonists (LABAs). LABAs act primarily to relax airway 

smooth muscle by stimulating β
2
-adrenergic receptors and 

providing functional antagonism to bronchoconstriction.6 

The resulting bronchodilation leads to increased functional 

lung capacity (via lung deflation), lessening the dyspnea and 

the limitations placed upon patients’ ability to undertake 

everyday activities.7–11

In COPD, LABAs have been shown to provide significant 

improvements to airway obstruction and patient-reported 

outcomes.7,12–14 Currently available inhaled LABAs include 

salmeterol and formoterol, which have a 12-hour duration of 

effect and are administered twice daily, and indacaterol, which 

provides 24-hour bronchodilation on once-daily dosing. While 

the older agents, salmeterol and formoterol, are indicated for 

use in both asthma and COPD,6,15–18 indacaterol (currently 

approved for use in all major markets, including the US) 

is indicated for use as monotherapy in COPD only.19 The 

position of LABAs in asthma and COPD therapy differs. In 

asthma, LABAs are used only as add-on therapy to inhaled 

corticosteroids (ICSs) in patients who are not well controlled on 

ICSs alone. In COPD, the use of long-acting bronchodilators, 

including LABA monotherapy, is considered as a first-line 

maintenance treatment option. Correct diagnosis is clearly 

important in determining the appropriate management 

strategy.20 The choice of treatment strategy should also take 

into consideration that the COPD population tends to be older 

and multiple comorbidities are common.21

In contrast to the treatment of COPD, f irst-line 

maintenance pharmacotherapy for asthma is ICSs, which, 

unlike in COPD, have been shown to reduce disease 

progression in asthma.22 Asthma is characterized by 

reversible bronchoconstriction6 and bronchodilators are used 

with the aim of reversing bronchoconstriction to provide 

symptom relief, as well as blocking the bronchoconstrictor 

effects of common triggers such as allergens and exercise.23 

While undoubtedly effective in this role, there is evidence 

that LABA monotherapy (ie, without ICSs) in asthma 

may increase the risk of life-threatening exacerbations and 

respiratory-related death.24–26 This led to the warning by 

the US Food and Drug Administration (FDA) that LABAs 

should be used in asthma only in combination with an ICS.27 

A warning to this effect was added to the labels of formoterol 

and salmeterol, which have common labeling for the two 

conditions. Not surprisingly, this has led to some confusion 

about whether the warning applies to COPD as well.

While the warnings about the use of LABA monotherapy 

in asthma have triggered concerns over the safety of 

LABAs in patients with COPD, the differences in etiology, 

pathophysiology, disease progression, and outcomes mean 

that the safety of LABAs in COPD and asthma needs to be 

evaluated separately. Further, the newer once-daily LABA 

indacaterol is indicated only in COPD. It is therefore timely 

to review the available literature on the safety of LABAs in 

patients with COPD, with the principal aim of determining 

if LABA use is associated with an increased level of COPD 

exacerbations or COPD-related adverse events in comparison 

with placebo.

Methods
To provide the basis for a comprehensive narrative review, 

we searched the literature to retrieve full-length articles 

published from January 1990 to date (end of September 

2012) relating to randomized, placebo-controlled clinical 

studies with a LABA (formoterol, salmeterol, or indacaterol) 

treatment arm and of at least 24 weeks’ duration. The limit 

of 24 weeks was chosen to provide the most robust data for 

the assessment of treatment effect on COPD exacerbations28 

and drug safety, and will likely better reflect drug use in 

clinical practice. Other treatment arms in the studies were not 

considered. Initially, a search of the PubMed database was 

performed then confirmatory database searches were made of 

Web of Science, Embase, and Biosis Previews. Results were 

checked against the PubMed results and duplicates deleted. 

Remaining results were checked manually for relevance. 

Articles were selected for inclusion based on the relevance of 

their abstracts. Studies meeting the criteria were not screened 

further for eligibility.

The publications were scrutinized for deaths, all adverse 

events, and serious adverse events, with the focus on events 

related to COPD. We included data for exacerbations of 

COPD recorded as an efficacy outcome and for adverse 

events related to COPD. “COPD exacerbations” are usually 

rigorously defined as an efficacy endpoint in clinical 

studies, although definitions vary between studies. The most 

commonly used definition is a worsening of symptoms for 

2 or more days and requiring additional treatment (eg, oral 

corticosteroids and/or antibiotics). They can be graded for 

severity – for example, in terms of the need for emergency 

treatment or hospitalization. Episodes of “COPD-related 

adverse events”, including exacerbations captured as adverse 

events, may be self-reported or judged by clinicians on the 

basis of patient diaries. A “serious event” is formally defined 

in a clinical trial, for example, as an event that is fatal or 

life-threatening, results in persistent or significant disability/

incapacity, constitutes a birth defect, requires inpatient 

hospitalization or prolongation of existing hospitalization, 
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or is medically significant. We also considered the adverse 

events that may be regarded as typical of the β
2
-agonist class 

and the question of cardiovascular safety of these agents, 

given that patients with COPD often have cardiovascular 

comorbidities.29

Data were summarized and not subjected to further analysis. 

No calculations were performed for this narrative review, and 

all reported data are from the cited source material.

Results
The search strategy yielded 21 studies from PubMed (Table 1). 

The additional databases did not yield further articles of 

interest. One of the studies was excluded because of very 

small patient numbers (six patients treated with LABA).30 The 

studies included in this analysis (Table 2) had similar patient 

populations; that is, predominantly male (.60%), mean age 

between 60 and 64 years, and with moderate-to-severe COPD 

(defined as forced expiratory volume in 1  second [FEV
1
] 

of $30%–80% of predicted value).

Mortality
In the 3-year Towards a Revolution in COPD Health 

(TORCH) study,7 mortality in subjects taking the LABA was 

not significantly different from that in patients on placebo, 

with reported hazard ratios versus placebo of 0.88 (95% 

confidence interval [CI] 0.73–1.06) for all-cause mortality 

and 1.01 (95% CI 0.76–1.35) for respiratory-related death. 

Causes of death (LABA vs placebo) were cardiovascular (5% 

vs 3% of patients), pulmonary (5% vs 5%), and cancer (3% vs 

3%). Similar mortality results were observed for the LABA 

plus ICS combination versus placebo.7 A similar pattern was 

observed in most of the studies reviewed (Table 3), although 

not all publications reported causes of death. Only one study 

appeared to show an excess of deaths with LABA (formoterol) 

treatment compared with placebo (13 versus five deaths);31 the 

authors stated that most of these events were related to COPD, 

and that investigation into individual causes of death did not 

explain the apparent difference between the groups.

Elsewhere, there are reports of modest and occasionally 

significant reductions in mortality with LABA treatment 

in COPD. A meta-analysis of published mortality data 

(including many of the studies reviewed here) reported a 

nonsignificant reduction for LABA versus placebo (hazard 

ratio 0.9 [95% CI 0.77–1.06]),32 indicating that there was 

no increased risk of death associated with LABA therapy in 

COPD. Similar findings were reported by Donohue et al33 in 

an analysis of pooled data from the indacaterol clinical-trial 

database, with statistically significant or numerical reductions 

in relative risk with LABAs versus placebo.

Lee and colleagues analyzed a large cohort of outpatients 

with COPD (over 32,000 treated patients and 320,501 control 

patients) and reported that LABAs were associated with a 

significant reduction in all-cause mortality compared with 

no treatment or with short-acting β
2
-agonists alone (odds 

ratio 0.92 [95% CI 0.88–0.96]).34 A smaller analysis of 

longitudinal data from a US health care database also found 

significantly improved survival among 531 patients using a 

LABA alone compared with a cohort of 1832 patients using 

only a short-acting bronchodilator.35

COPD exacerbation as efficacy outcome 
and adverse event
Treatment effects on COPD exacerbations as an efficacy 

outcome are summarized in Table 2. Formoterol had some 

significant beneficial effects compared with placebo on 

outcomes defining milder exacerbations, with little difference 

versus placebo for more severe exacerbations. In the large 

3-year TORCH study, salmeterol significantly reduced 

the rate of all grades of exacerbations relative to placebo, 

including those requiring hospitalization;7 most of the other 

studies showed similar effects between active and placebo 

treatment or numerical reduction with salmeterol over 

placebo. Indacaterol treatment was associated with significant 

or numerical reductions in exacerbations versus placebo.

COPD-related adverse events were the most commonly 

reported adverse events in the studies reviewed (Table 3). 

Table 1 Study selectiona

FOR SLM IND

Retrieved (total) 154 225 42
Excluded 144 216 38
  Acute (eg, single dose) 30 30 6
  Already listed (eg, pooled studies) 2 1 –
  No LABA as single treatment arm – 10 –
  No LABA as single treatment, no placebo – 5 –
  No placebo 9 20 –
  Not relevant 50 65 7
  Of other interest (eg, meta-analysis) 1 2 2
  Other (eg, journal club) 1 2 –
  Review 9 9 7
  Secondary study report – 20 –
  Too short 23 28 14
 � Too short, no single treatment arm,  

no placebo
– 1 –

  Too short, no placebo 19 23 2
Included 10 9 4b

Notes: aOnly single reasons included here although articles may have qualified for 
exclusion for multiple reasons; btwo of these studies also feature in the FOR and 
SLM columns.
Abbreviations: FOR, formoterol; SLM, salmeterol; IND, indacaterol; LABA, long-
acting β2-agonist.
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The incidence of COPD-related adverse events was either very 

similar between active and placebo treatments or numerically 

higher with placebo than with a LABA in those studies that 

disclosed this information. The same pattern was observed for 

COPD-related serious adverse events, apart from in one study in 

which there were more events with formoterol (85 vs 66 events 

per year), although the incidence was similar with formoterol 

and placebo (29% vs 31% of patients, respectively).31

Most (17/20) of the clinical studies reviewed here were 

included in a formal meta-analysis by Wang et  al,36 who 

adopted similar search criteria ($6-month studies, LABA 

versus placebo) to evaluate the effect of LABAs on frequency 

of exacerbation, although the largest and longest study, 

TORCH, was excluded from the analysis. Results showed a 

significant reduction in exacerbations with individual LABAs 

versus placebo and for LABAs overall (odds ratio 0.81 [95% 

CI 0.75–0.88]). Donohue et  al33 examined a database of 

pooled clinical-trial data (all data from studies $12 weeks’ 

duration) with indacaterol and LABA comparators salmeterol 

and formoterol and found that the incidence of COPD-related 

adverse events with all LABAs was significantly lower than 

with placebo. Similarly, rates of COPD exacerbations (as an 

efficacy outcome) were significantly reduced with all LABAs 

compared with placebo.33

Cardiovascular safety
The studies reviewed here were inconsistent in their 

level of detail and do not provide a useful overview of 

Table 3 Reported safety outcomes (LABA versus PBO)

Study Deaths (n) SAEsa AEs

All COPD All COPD

FOR 9, 10 or 12 μg bid
Rossi et al68 3 vs 0 11% vs 15% ND 66% vs 67% 16% vs 15%
Szafranski et al69 6 vs 9 18% vs 18% ND ND 19% vs 26%
Calverley et al31 13 vs 5 85 vs 66 events 55 vs 38 events  

(29% vs 31%)
6 vs 5 events/1000 days ND

Campbell et al70 2 vs 1 13 vs 9 pts ND 3.8 vs 4.5 events/1000 days ND
Tashkin et al71 1 vs 1 8% vs 8% 4% vs 4% 57% vs 51% 18% vs ND
Vogelmeier et al72 0 vs 1 8%–10% vs ND 2% vs 3% 34% vs 39% 10% vs 16%
Rennard et al73 4 vs 4 18% vs 12% 8% vs 6% 60% vs 56% 17% vs 16%
Dahl et al39 3 vs 4 16% vs 11% 7% vs 5% 65% vs 62% 31% vs 35%
Doherty et al74 4 vs 2 8% vs 9% 2% vs 5% 38% vs 40% ND
Tashkin et al75 3 vs 1 8% vs 6% 3% vs 3% 34% vs 32% ND
FOR 24 μg bid
Rossi et al68 1 vs 0 7% vs 15% ND 64% vs 67% pts 12% vs 15%
SLM 50 μg bid
Mahler et al76 0 vs 3 4%–7% overall ND 73% vs 69% ND
Chapman et al77 ND ND ND 72% vs 71% 20% vs 22%
Calverley et al78 ND ND ND 78%–81% overall ND
Brusasco et alb,44,79 6 vs 5 12% vs 14% 6% vs 6% 75% vs 77% 37% vs 41%
Hanania et al80 0 vs 0 3% vs 6% ND 69% vs 64% ND
Stockley et al81 6 vs 5 10% vs 12% ND 45% vs 51% ND
Calverley et al7 14 vs 15 40% vs 41% ND 90% vs 90% 0.76 vs 0.92 per yr
Kornmann et al40 0 vs 3 6% vs 8% 1% vs 3%c 46% vs 47% 15% vs 19%
IND 150 μg od
Donohue et al41 1 vs 0 8% vs 8% 3% vs 2% 67% vs 64% 18% vs 22%
Kornmann et al40 1 vs 3 9% vs 8% 2% vs 3%c 51% vs 47% 18% vs 19%
Chapman et al42 0 vs 1 10% vs 11% 3% vs 2% 76% vs 68% 24% vs 27%
IND 300 μg od
Dahl et al39 1 vs 4 14% vs 11%c 4% vs 5%c 71% vs 62% 32% vs 35%
Chapman et al77 1 vs 1 12% vs 11% 3% vs 2% 77% vs 68% 27% vs 27%
Donohue et al41 0 vs 0 8% vs 8% 2% vs 2% 66% vs 64% 18% vs 22%
IND 600 μg od
Dahl et al39 0 vs 4 12% vs 11%c 3% vs 5%c 65% vs 62% 28% vs 35%

Notes: Percentages are % of patients. aDefined variably between the studies, eg, the studies with indacaterol include deaths; badditional safety data from FDA.82 cdata supplied 
by Novartis Pharma AG.
Abbreviations: AE, adverse event; bid, twice daily; COPD, chronic obstructive pulmonary disease; FOR, formoterol; IND, indacaterol; LABA, long-acting β2-agonist;  
ND, not disclosed; od, once daily; PBO, placebo; pt, patient; SAE, serious adverse event; SLM, salmeterol; yr, year.
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the cardiovascular safety profile of LABA treatment in 

COPD, although this has been the subject of separate 

investigations. In a secondary analysis of the TORCH study 

data,37 the investigators found that the occurrence of a new 

cardiovascular event was no more frequent with a LABA 

than with placebo. In that analysis, for salmeterol and placebo 

respectively, similar proportions of patients had serious 

cardiovascular events (11% vs 11%), any cardiovascular 

event (18% vs 19%), and ischemic cardiovascular events 

(11% vs 11%). Fewer deaths with salmeterol were due to 

cardiovascular causes (3% vs 5% with placebo). The study 

population included 7% of patients who reported a history 

of previous myocardial infarction and 41% were taking 

cardiovascular medications.

The cerebro- and cardiovascular (CCV) safety of the 

once-daily LABA indacaterol was reviewed, using pooled 

6-month data from four clinical studies with 3035 patients 

treated with indacaterol and the twice-daily LABAs.38 Many 

patients (20%) had pre-existing CCV conditions, and CCV 

risk factors such as hypertension (50%) and high body 

mass index (23%) were common. Relative to placebo, no 

significant increase was detected in the risk of CCV adverse 

events or serious CCV adverse events with indacaterol. 

Electrocardiogram measurements of QTc interval were also 

reported, since QTc interval prolongation is an indication of 

possible arrhythmogenic effects. With all the LABAs, the 

incidence of notable values was low and similar to placebo. 

Increases of .60  ms occurred in 0.1%–0.3% of patients 

receiving indacaterol and 0.3% of placebo patients.38 An 

analysis of major cardiovascular adverse events (all terms 

relating to myocardial infarction, cerebrovascular events, 

and nervous system hemorrhages) with indacaterol and 

the twice-daily LABAs, using pooled data from all studies 

of $12 weeks’ duration, reported a nonsignificant reduction 

with all LABAs relative to placebo.33

Other adverse events
The overall proportion of patients experiencing all-cause 

adverse events was 60%–80% for the majority of studies, 

with a similar incidence between treatment groups for overall 

adverse events and serious adverse events (Table 3). Many 

of the other most common adverse events, when reported, 

may also be considered disease related and typically included 

respiratory tract infections, nasopharyngitis, and cough, 

although there was some variability, even between studies 

evaluating the same agents.

The adverse events typically associated with β
2
-adrenoceptor 

agonists were reported in very few of the studies reviewed. 

Although tremors, tachycardia, and palpitations are considered 

the more common adverse events associated with β
2
-agonists, 

they occurred at very low rates when reported, often in ,1% of 

patients in each treatment group. Headache and muscle spasms 

were occasionally reported in approximately 5% of patients 

but were not a consistent feature of LABA treatment.

The clinical studies with indacaterol consistently reported 

the effects of all three LABAs on plasma potassium and blood 

glucose,39–42 so provide a useful basis for comparison (as with 

the majority of studies in this analysis, patients with cardiac 

disorders judged to be clinically significant or uncontrolled 

were excluded from these studies). The incidence of clinically 

notable low levels of plasma potassium (,3.0  mmol/L) 

was 0%–0.7% of patients treated with indacaterol (at daily 

doses up to 600 µg, several times higher than licensed), 0% 

with formoterol, 0.6% with salmeterol, and 0%–0.7% with 

placebo. High blood glucose (.9.99  mmol/L) occurred 

in 6%–13% of patients treated with indacaterol, 7% with 

formoterol, 9% with salmeterol, and 6%–8% with placebo.

Discussion
This overview suggests that long-term LABA treatment in 

patients with COPD is well tolerated and has an acceptable 

safety profile. Overall, in the clinical trials reviewed, there 

were few deaths during the studies and no indication that 

LABAs were associated with increased mortality in these 

controlled settings. Further, the majority of studies reviewed 

reported reductions in exacerbations or exacerbations 

requiring hospitalization or additional medication during 

LABA treatment compared with placebo.

In the studies reviewed here, death was a primary outcome 

in only one. In the 3-year TORCH study,7 mortality with the 

LABA was not significantly different from placebo, and 

the overall causes of death (pulmonary and cardiovascular 

events and lung cancer) are typical of any population of 

patients with COPD, in whom deaths are primarily related 

to cardiovascular diseases, lung cancer, and, in more severe 

COPD, respiratory failure,43 a pattern that reflects the 

common comorbidities. Many of the reported deaths in the 

studies reviewed fall into the cardiovascular or respiratory 

categories. However, to investigate overall mortality, studies 

of longer duration than most of those considered here are 

required, and the small numbers of reported deaths prevent a 

clear picture emerging. Overall, from the clinical study data 

reviewed, we detected no indication of increased mortality 

with LABA treatment in patients with COPD.

Although some of the studies reviewed here did not 

disclose the cause of death, in those that did, the incidence of 
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cardiovascular deaths was low. The subject of cardiovascular 

safety is important, since concerns have been raised that 

β
2
-agonists may precipitate ischemia, congestive heart 

failure, arrhythmias, and sudden death via β
2
-adrenoceptor 

stimulation,44–46 especially because of the common 

occurrence of cardiovascular disease as a comorbidity in 

COPD.29 Data provided by the TORCH study37 and pooled 

clinical-trial databases33,38 suggest that LABAs incur little if 

any additional cardiovascular safety signal compared with 

placebo in the treatment of COPD. However, a retrospective 

cohort case-control analysis of elderly ($67 years) patients 

with COPD who developed severe cardiac arrhythmia 

(cases) compared with those who did not (controls) found 

that rate of arrhythmia was modestly elevated with use of 

the LABAs salmeterol or formoterol (rate ratio 1.47; 95% 

CI, 1.01–2.15),47 emphasizing the importance of considering 

comorbidities when treating patients with COPD.5

Furthermore, the more recent clinical studies with 

LABAs, unlike earlier studies, included patients with 

pre-existing cardiovascular morbidity.33,37,38 Nevertheless, 

LABAs should always be used with caution in patients with 

pre-existing cardiovascular disease. Many of the studies 

reviewed here did not separate out causes of serious adverse 

events. In the few that did, COPD-related serious adverse 

events (ie, including exacerbations leading to hospitalization) 

generally occurred in similar or slightly smaller proportions 

of patients treated with LABAs compared with placebo. 

COPD-related adverse events were, in nearly every study 

reviewed here, less common with LABA treatment than 

with placebo. Additional evidence may be gained from 

considering COPD exacerbations analyzed as an efficacy 

outcome, with many of the studies reviewed here reporting 

significant reductions in exacerbations with LABA treatment. 

One of the main objectives of COPD management is to reduce 

the severity and the frequency of exacerbations, which are 

among the commonest causes of hospital admission and 

death in patients with COPD.7,48,49 We could not detect any 

evidence of any association between LABA treatment and 

increased risk of COPD exacerbations in the clinical studies 

reviewed.

The difference in risk associated with LABA treatment 

in asthma and COPD remains to be explained but is 

perhaps not surprising, given that the two diseases differ in 

many aspects, including causes, sites, inflammatory cells, 

mediators, and inflammatory consequences. With so many 

differences between asthma and COPD, it also should not 

be surprising that they differ in their response to treatment. 

A key characteristic of asthma is the increased volume of 

airway smooth muscle,50,51 and the hyperresponsiveness to 

bronchoconstrictor mediators is more prominent in asthma 

than COPD.52 One important difference between asthma 

and COPD, which could also help explain the difference 

in safety, is the difference in mechanisms of progression 

of exacerbations. Exacerbations typically progress with a 

gradually increasing degree of airflow obstruction and need 

for rescue bronchodilator therapy in asthma, whereas a typical 

COPD exacerbation is associated with increased mucus 

production. A bronchodilator such as a LABA could therefore 

hide the early symptoms of an asthma exacerbation, delaying 

patients from intensifying their use of anti-inflammatory 

preventive medications. In the worst case scenario, the 

microenvironmental concentration of bronchoconstrictor 

mediators associated with the asthma attack could override 

the effects of the therapeutic bronchodilators, leading to 

catastrophic bronchoconstriction.53 This could also explain 

the protective effect of ICSs when given with LABA 

treatment in asthma. Another possible factor implicated 

in the negative effects of β
2
-agonist use in asthma is 

β
2
-adrenoceptor sub-sensitivity, which may become clinically 

important during conditions of increased bronchomotor 

tone such as an exacerbation.54 In contrast, in COPD, 

the benefits of β
2
-agonists may more largely depend on 

bronchodilator-induced reduction in hyperinflation rather 

than bronchodilation per se,55 and COPD exacerbations are 

not associated with excessive bronchoconstrictor mediators 

in the bronchial microenvironment.

Another hypothesis for the different risk associated 

with LABA treatment in asthma and COPD is that it is 

persistent activation (rather than desensitization) of the 

β
2
-adrenergic receptor that leads to the development of 

airway hyperresponsiveness and allergic inflammation, 

which are cardinal features of asthma but not of COPD. 

A study in transgenic mice overexpressing the airway smooth 

muscle β
2
-adrenoceptor found that chronic β

2
-activation 

led to cross-talk with the bronchoconstrictor pathway and 

a gain in contractile signaling, leading to enhanced airway 

responsiveness to bronchoconstrictor stimuli.56 In addition, 

in a mouse model, β
2
-adrenoceptor signaling was required 

for the development of an asthma phenotype.57 In further 

support of this hypothesis, chronic dosing with non-selective 

β-blockers in mice and in patients with mild asthma led to 

a reduction in airway hyperresponsiveness to methacholine 

challenge.58,59

In a clinical trial setting, inclusion criteria are very 

specific when studying either COPD or asthma, thus such 

studies exclude patients with mixed asthma and COPD, 
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estimated to coexist in approximately 10% of the COPD 

population,20 particularly in older patients.60 Given the lack 

of data for this small patient population, and considering the 

concerns over the safety of LABA monotherapy in asthma, 

patients with “true” mixed disease should not be managed 

solely with LABA monotherapy but should have background 

ICS therapy. Differential diagnosis of each condition is 

important for treatment.20 The use of ICSs in combination 

with LABAs in COPD is recommended for high-risk patients 

with severe airflow limitation and repeated exacerbations, on 

the basis of established efficacy in preventing exacerbations 

in patients with more severe disease.5 More widespread use 

is not recommended in patients with COPD, given that these 

agents are not effective anti-inflammatories in COPD and that 

the often-elderly population of patients with COPD may be 

more prone to suffer serious ICS-induced side effects such 

as pneumonia.7,48,49,61 Long-acting bronchodilators alone 

have been shown to provide effective protection against 

exacerbations in patients with COPD.7,61–63

Certain adverse events may be associated with β
2
-agonists 

as a class. Clinically notable reductions in plasma potassium 

were very rare in the studies reviewed here, suggesting little 

if any risk for hypokalemia-mediated adverse events with 

LABA treatment. Clinically notable high levels of blood 

glucose were more common but occurred at similar rates 

in LABA and placebo treatment groups and may simply 

reflect the common association between type II diabetes and 

COPD.64 Adverse events such as tremor and palpitations 

appeared to be relatively rare with LABAs in the studies 

reviewed and may reflect perceptions of the safety profile 

of older, short-acting β
2
-agonists.

This review may have several limitations. “Exacerbations” 

were defined in different ways by different studies, ranging 

from periods of worsening symptoms to the need to use oral 

steroids and hospitalization. However, all definitions reflect 

some degree of COPD worsening and our interest was in 

providing an overview of the effect of a LABA compared 

with placebo, rather than presenting a formal analysis of a 

consistently defined outcome. The outcomes reviewed here 

were rarely primary outcomes of the individual studies, 

although again this would be more of a limitation for a formal 

analysis. The amount and level of detail of safety information 

disclosed varied widely among the included studies, leading 

us to supplement the review with data from analyses 

specifically directed at questions such as cardiovascular 

safety. Finally, the studies varied in whether they permitted 

concomitant ICS treatment. We observed similar trends in 

the effect of LABAs on exacerbations and COPD-related 

adverse events in both types of study; indeed, some have 

pointed out that any beneficial effect of combined ICS and 

LABA treatment on mortality in COPD is due to the LABA 

component.65–68 This is a narrative review, so no attempt at 

meta-analysis or statistics was made.

Conclusion
LABAs provide an important means of improving symptoms 

and health status of patients with COPD.5,7,12–14 They may 

also have a useful effect in reducing COPD exacerbations, as 

observed here and by others.33,36 Our overview suggests that 

LABA treatment is not associated with an increased incidence 

of COPD-related adverse events. It will be important to 

continue to evaluate the safety of LABA treatment in patients 

with COPD and this will require assessment of all available 

data from many sources.

Acknowledgments
Writing and editorial assistance was provided by Claire 

Chinn and Sarah Filcek (CircleScience) and David Young 

(Novartis). This assistance was funded by Novartis Pharma 

(Basel, Switzerland).

Authors’ contributions
All authors contributed to the concept, design, and writing of 

this manuscript and approved the final contents. All authors 

are responsible for the decision to submit.

Disclosure
MD has been part of advisory boards for Boehringer-Pfizer, 

GlaxoSmithKline (GSK), Nycomed, and Altana. He has 

performed consulting work for Boehringer-Pfizer, GSK, 

AstraZeneca, and Dompé. He also received lecture fees 

from these companies. All of the above amounted to less 

than €10,000 per annum. He received a research grant of 

€45,000/year from AstraZeneca.

NAH has received honoraria for serving on the speakers’ 

bureau of GSK and Boehringer Ingelheim, as a member of 

advisory boards or as a consultant for GSK, Novartis, Forest 

Labs, Dey, and Pfizer. He has also received research grant 

support that went to his institution from GSK, Novartis, 

Pfizer, Boehringer Ingelheim, and Sunovion.

JL has received honoraria for consultations and lectures 

from AstraZeneca, GSK, Merck, Novartis, Oriel Pharmaceutics, 

and UCB. JL/University of Gothenburg has received financial 

support for clinical studies and research from Actelion, 

AstraZeneca, GSK, and Novartis, as well as different contract 

research organizations and related commercial entities.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

61

Safety of long-acting β2-agonists in COPD

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2013:8

BPY has served as a consultant and on advisory boards 

for Novartis, Boehringer Ingelheim, Pfizer, Merck, and GSK 

in the areas of asthma and COPD. She has research funding 

from Boehringer Ingelheim, Novartis, Merck, the Agency 

for Healthcare Research and Quality, and the National Heart, 

Lung, and Blood Institute in the areas of asthma and COPD. 

She does not serve on any speakers’ bureaus.

References
	 1.	 Centers for Disease Control and Prevention. Deaths: preliminary data 

for 2009. National Vital Statistics Reports. 2011;59(4). Available from: 
http://www.cdc.gov/nchs/data/nvsr/nvsr59/nvsr59_04.pdf. Accessed 
September 28, 2012.

	 2.	 World Health Organization (WHO). Chronic respiratory diseases: 
chronic obstructive pulmonary disease [web page on the Internet]. 
Geneva: WHO Chronic Diseases and Health Promotion Department; nd.  
Available from: http://www.who.int/respiratory/copd/en/. Accessed 
December 3, 2012.

	 3.	 O’Donnell DE. Hyperinflation, dyspnea, and exercise intolerance in 
chronic obstructive pulmonary disease. Proc Am Thorac Soc. 2006;3(2): 
180–184.

	 4.	 O’Donnell DE. Dynamic lung hyperinflation and its clinical implication 
in COPD. Rev Mal Respir. 2008;25(10):1305–1318. French.

	 5.	 Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global 
Strategy for the Diagnosis, Management, and Prevention of Chronic 
Obstructive Pulmonary Disease. Rev ed. GOLD; 2011. Available from: 
http://www.goldcopd.org/uploads/users/files/GOLD_Report_2011_
Feb21.pdf. Accessed June 14, 2012.

	 6.	 Norris SL, Yen PY, Dana TL, Care BR, Burda BU. Drug Class Review: 
Beta

2
-agonists. Portland, OR: Oregon Health and Science University; 

2006. Available from: http://www.ncbi.nlm.nih.gov/books/NBK10429/. 
Accessed September 28, 2012.

	 7.	 Calverley PM, Anderson JA, Celli B, et al. Salmeterol and fluticasone 
propionate and survival in chronic obstructive pulmonary disease.  
N Engl J Med. 2007;356(8):775–789.

	 8.	 Calverley PM. New options for bronchodilator treatment in COPD. 
Thorax. 2010;65(6):468–469.

	 9.	 Hanania NA, Sharafkhaneh A, Celli B, et  al. Acute bronchodilator 
responsiveness and health outcomes in COPD patients in the UPLIFT 
trial. Respir Res. 2011;12:6.

	10.	 Tashkin DP, Celli B, Senn S, et  al; UPLIFT Study Investigators. 
A 4-year trial of tiotropium in chronic obstructive pulmonary disease. 
N Engl J Med. 2008;359(15):1543–1554.

	11.	 O’Donnell DE, Webb KA. The major limitation to exercise performance 
in COPD is dynamic hyperinflation. J Appl Physiol. 2008;105(2): 
753–755; discussion 755–757.

	12.	 Brienza NS, Amor-Carro O, Ramos-Barbón D. An update on the use 
of indacaterol in patients with COPD. Ther Adv Respir Dis. 2011;5(1): 
29–40.

	13.	 Rodrigo GJ, Nannini LJ, Rodríguez-Roisin R. Safety of long-acting 
beta-agonists in stable COPD: a systematic review. Chest. 2008;133(5): 
1079–1087.

	14.	 Tashkin DP, Fabbri LM. Long-acting beta-agonists in the management 
of chronic obstructive pulmonary disease: current and future agents. 
Respir Res. 2010;11:149.

	15.	 Allen and Hanburys Ltd. Serevent Accuhaler [summary of product 
characteristics]. electronic Medicines Compendium (eMC); updated 
May 17, 2012. Available from: http://www.medicines.org.uk/EMC/
medicine/91/SPC/Serevent+Accuhaler/. Accessed September 11, 
2012.

	16.	 Allen and Hanburys Ltd. Serevent Diskus [summary of product 
characteristics]. eMC; updated May 17, 2012. Available from: http://
www.medicines.org.uk/EMC/medicine/92/SPC/Serevent+Diskhaler/. 
Accessed September 11, 2012.

	17.	 Allen and Hanburys Ltd. Serevent Evohaler [summary of product 
characteristics]. eMC; updated May 24, 2012. Available from: 
ht tp: / /www.medicines.org.uk/EMC/medicine/17201/SPC/
Serevent+Evohaler/. Accessed September 11, 2012.

	18.	 Novartis Pharmaceuticals UK Ltd. Foradil [summary of product 
characteristics]. Available from: http://www.medicines.org.uk/
EMC/medicine/1286/SPC/Foradil/. eMC; updated October 12, 2012. 
Accessed September 11, 2012.

	19.	 Novartis Pharmaceuticals UK Ltd. Onbrez Breezhaler 150 and 
300 microgram inhalation powder, hard capsules [summary of product 
characteristics]. eMC; updated August 14, 2012. Available from: 
http://www.medicines.org.uk/EMC/searchresults.aspx?term=onbrez. 
Accessed September 11, 2012.

	20.	 Price DB, Yawn BP, Jones RC. Improving the differential diagnosis 
of chronic obstructive pulmonary disease in primary care. Mayo Clin 
Proc. 2010;85(12):1122–1129.

	21.	 Blanchette CM, Berry SR, Lane SJ. Advances in chronic obstructive 
pulmonary disease among older adults. Curr Opin Pulm Med. 2011; 
17(2):84–89.

	22.	 Lange P, Scharling H, Ulrik CS, Vestbo J. Inhaled corticosteroids and 
decline of lung function in community residents with asthma. Thorax. 
2006;61(2):100–104.

	23.	 Global Initiative for Asthma (GINA). Global Strategy for Asthma 
Management and Prevention. NIH Publication No 02-3659. Bethesda, 
MD: National Institutes of Health; 1995 [updated 2005]. Available from: 
http://www.ginasthma.org/pdf/archived/GINAWorkshop05Clean.pdf. 
Accessed June 14, 2012.

	24.	 Nelson HS, Weiss ST, Bleecker ER, Yancey SW, Dorinsky PM; 
SMART Study Group. The Salmeterol Multicenter Asthma Research 
Trial: a comparison of usual pharmacotherapy for asthma or usual 
pharmacotherapy plus salmeterol. Chest. 2006;129(1):15–26.

	25.	 Sears MR, Ottosson A, Radner F, Suissa S. Long-acting beta-agonists: 
a review of formoterol safety data from asthma clinical trials. Eur 
Respir J. 2009;33(1):21–32.

	26.	 Beasley R, Martinez FD, Hackshaw A, et al. Safety of long-acting beta-ago-
nists: urgent need to clear the air remains. Eur Respir J. 2009;33(1):3–5.

	27.	 US Food and Drug Administration (FDA). FDA Drug Safety Communication: 
Drug labels now contain updated recommendations on the appropriate 
use of long-acting inhaled asthma medications called Long-Acting Beta-
Agonists (LABAs) [web page on the Internet]. Silver Spring, MD: FDA; 
updated April 15, 2011. Available from: http://www.fda.gov/Drugs/
DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/
ucm213836.htm. Accessed September 28, 2012.

	28.	 Jenkins CR, Celli B, Anderson JA, et al. Seasonality and determinants 
of moderate and severe COPD exacerbations in the TORCH study. Eur 
Respir J. 2012;39(1):38–45.

	29.	 Feary JR, Rodrigues LC, Smith CJ, Hubbard RB, Gibson JE. Prevalence 
of major comorbidities in subjects with COPD and incidence of 
myocardial infarction and stroke: a comprehensive analysis using data 
from primary care. Thorax. 2010;65(11):956–962.

	30.	 Dal Negro RW, Pomari C, Tognella S, Micheletto C. Salmeterol and 
fluticasone 50 microg/250 microg bid in combination provides a better 
long-term control than salmeterol 50 microg bid alone and placebo in 
COPD patients already treated with theophylline. Pulm Pharmacol 
Ther. 2003;16(4):241–246.

	31.	 Calverley PM, Boonsawat W, Cseke Z, Zhong N, Peterson S, Olsson H.  
Maintenance therapy with budesonide and formoterol in chronic 
obstructive pulmonary disease. Eur Respir J. 2003;22(6):912–919.

	32.	 Kliber A, Lynd LD, Sin DD. The effects of long-acting bronchodilators 
on total mortality in patients with stable chronic obstructive pulmonary 
disease. Respir Res. 2010;11:56.

	33.	 Donohue JF, Singh D, Kornmann O, Lawrence D, Lassen C, Kramer B.  
Safety of indacaterol in the treatment of patients with COPD. Int J 
Chron Obstruct Pulmon Dis. 2011;6:477–492.

	34.	 Lee TA, Pickard AS, Au DH, Bartle B, Weiss KB. Risk for death 
associated with medications for recently diagnosed chronic obstructive 
pulmonary disease. Ann Intern Med. 2008;149(6):380–390.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

62

Decramer et al

Powered by TCPDF (www.tcpdf.org)

http://www.cdc.gov/nchs/data/nvsr/nvsr59/nvsr59_04.pdf
http://www.who.int/respiratory/copd/en/
http://www.goldcopd.org/uploads/users/files/GOLD_Report_2011_Feb21.pdf
http://www.goldcopd.org/uploads/users/files/GOLD_Report_2011_Feb21.pdf
http://www.ncbi.nlm.nih.gov/books/NBK10429/
http://www.medicines.org.uk/EMC/medicine/91/SPC/Serevent+Accuhaler/
http://www.medicines.org.uk/EMC/medicine/91/SPC/Serevent+Accuhaler/
http://www.medicines.org.uk/EMC/medicine/92/SPC/Serevent+Diskhaler/
http://www.medicines.org.uk/EMC/medicine/92/SPC/Serevent+Diskhaler/
http://www.medicines.org.uk/EMC/medicine/17201/SPC/Serevent+Evohaler/
http://www.medicines.org.uk/EMC/medicine/17201/SPC/Serevent+Evohaler/
http://www.medicines.org.uk/EMC/medicine/1286/SPC/Foradil/
http://www.medicines.org.uk/EMC/medicine/1286/SPC/Foradil/
http://www.ginasthma.org/pdf/archived/GINAWorkshop05Clean.pdf
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm213836.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm213836.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm213836.htm
www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2013:8

	35.	 Mapel DW, Nelson LS, Lydick E, Soriano J, Yood MU, Davis KJ. 
Survival among COPD patients using fluticasone/salmeterol in 
combination versus other inhaled steroids and bronchodilators alone. 
COPD. 2007;4(2):127–134.

	36.	 Wang J, Nie B, Xiong W, Xu Y. Effect of long-acting beta-agonists on 
the frequency of COPD exacerbations: a meta-analysis. J Clin Pharm 
Ther. 2012;37(2):204–211.

	37.	 Calverley PM, Anderson JA, Celli B, et  al; TORCH Investigators. 
Cardiovascular events in patients with COPD: TORCH study results. 
Thorax. 2010;65(8):719–725.

	38.	 Worth H, Chung KF, Felser JM, Hu H, Rueegg P. Cardio- and 
cerebrovascular safety of indacaterol vs formoterol, salmeterol, 
tiotropium and placebo in COPD. Respir Med. 2011;105(4):571–579.

	39.	 Dahl R, Chung KF, Buhl R, et  al; INVOLVE (INdacaterol: Value 
in COPD: Longer Term Validation of Efficacy and Safety) Study 
Investigators. Efficacy of a new once-daily long-acting inhaled beta2-
agonist indacaterol versus twice-daily formoterol in COPD. Thorax. 
2010;65(6):473–479.

	40.	 Kornmann O, Dahl R, Centanni S, et  al; INLIGHT-2 (Indacaterol 
Efficacy Evaluation Using 150-µg Doses with COPD Patients) study 
investigators. Once-daily indacaterol versus twice-daily salmeterol for 
COPD: a placebo-controlled comparison. Eur Respir J. 2011;37(2): 
273–279.

	41.	 Donohue JF, Fogarty C, Lötvall J, et al; INHANCE Study Investigators. 
Once-daily bronchodilators for chronic obstructive pulmonary disease: 
indacaterol versus tiotropium. Am J Respir Crit Care Med. 2010;182(2): 
155–162.

	42.	 Chapman KR, Rennard SI, Dogra A, Owen R, Lassen C, Kramer B;  
INDORSE Study Investigators. Long-term safety and eff icacy 
of indacaterol, a long-acting β

2
-agonist, in subjects with COPD:  

a randomized, placebo-controlled study. Chest. 2011;140(1):68–75.
	43.	 Mannino DM, Doherty DE, Sonia Buist A. Global Initiative on 

Obstructive Lung Disease (GOLD) classification of lung disease and 
mortality: findings from the Atherosclerosis Risk in Communities 
(ARIC) study. Respir Med. 2006;100(1):115–122.

	44.	 Insulander P, Juhlin-Dannfelt A, Freyschuss U, Vallin H. 
Electrophysiologic effects of salbutamol, a beta2-selective agonist. 
J Cardiovasc Electrophysiol. 2004;15(3):316–322.

	45.	 Salpeter SR, Ormiston TM, Salpeter EE. Cardiovascular effects of 
beta-agonists in patients with asthma and COPD: a meta-analysis. 
Chest. 2004;125(6):2309–2321.

	46.	 Cazzola M, Matera MG, Donner CF. Inhaled beta2-adrenoceptor 
agonists: cardiovascular safety in patients with obstructive lung disease. 
Drugs. 2005;65(12):1595–1610.

	47.	 Wilchesky M, Ernst P, Brophy JM, Platt RW, Suissa S. Bronchodilator 
use and the risk of arrhythmia in COPD: part 2: reassessment in the 
larger Quebec cohort. Chest. 2012;142(2):305–311.

	48.	 Ernst P, Gonzalez AV, Brassard P, Suissa S. Inhaled corticosteroid use 
in chronic obstructive pulmonary disease and the risk of hospitalization 
for pneumonia. Am J Respir Crit Care Med. 2007;176(2):162–166.

	49.	 Garcha DS, Thurston SJ, Patel AR, et al. Changes in prevalence and 
load of airway bacteria using quantitative PCR in stable and exacerbated 
COPD. Thorax. 2012;67(12):1075–1080.

	50.	 Hurst JR, Vestbo J, Anzueto A, et al; Evaluation of COPD Longitudinally 
to Identify Predictive Surrogate Endpoints (ECLIPSE) Investigators. 
Susceptibility to exacerbation in chronic obstructive pulmonary disease. 
N Engl J Med. 2010;363(12):1128–1138.

	51.	 Cazzola M, MacNee W, Martinez FJ, et al; American Thoracic Society; 
European Respiratory Society Task Force on outcomes of COPD. 
Outcomes for COPD pharmacological trials: from lung function to 
biomarkers. Eur Respir J. 2008;31(2):416–469.

	52.	 Lambert RK, Wiggs BR, Kuwano K, Hogg JC, Pare PD. Functional 
significance of increased airway smooth muscle in asthma and COPD. 
J Appl Physiol. 1993;74(6):2771–2781.

	53.	 Mcivor RA, Pizzichini E, Turner MO, Hussack P, Hargreave FE, Sears MR.  
Potential masking effects of salmeterol on airway inflammation in 
asthma. Am J Respir Crit Care Med. 1998;158(3):924–930.

	54.	 Lipworth BJ. Antagonism of long-acting beta2-adrenoceptor agonism. 
Br J Clin Pharmacol. 2002;54(3):231–245.

	55.	 O’Donnell DE. Is sustained pharmacologic lung volume reduction now 
possible in COPD? Chest. 2006;129(3):501–503.

	56.	 McGraw DW, Almoosa KF, Paul RJ, Kobilka BK, Liggett SB. 
Antithetic regulation by beta-adrenergic receptors of Gq receptor 
signaling via phospholipase C underlies the airway beta-agonist 
paradox. J Clin Invest. 2003;112(4):619–626.

	57.	 Nguyen LP, Lin R, Parra S, et al. Beta2-adrenoceptor signaling is 
required for the development of an asthma phenotype in a murine 
model. Proc Natl Acad Sci U S A. 2009;106(7):2435–2440.

	58.	 Hanania NA, Singh S, El-Wali R, et al. The safety and effects of the 
beta-blocker, nadolol, in mild asthma: an open-label pilot study. Pulm 
Pharmacol Ther. 2008;21(1):134–141.

	59.	 Lipworth BJ, Williamson PA. Beta blockers for asthma: a double-edged 
sword. Lancet. 2009;373(9658):104–105.

	60.	 Gibson PG, McDonald VM, Marks GB. Asthma in older adults. Lancet. 
2010;376(9743):803–813.

	61.	 Wedzicha JA, Calverley PM, Seemungal TA, Hagan G, Ansari Z, 
Stockley RA; INSPIRE Investigators. The prevention of chronic 
obstructive pulmonary disease exacerbations by salmeterol/fluticasone 
propionate or tiotropium bromide. Am J Respir Crit Care Med. 2008; 
177(1):19–26.

	62.	 Vogelmeier C, Hederer B, Glaab T, et al; POET-COPD Investigators. 
Tiotropium versus salmeterol for the prevention of exacerbations of 
COPD. N Engl J Med. 2011;364(12):1093–1103.

	63.	 Wedzicha J, Decramer M, Seemungal T. The role of bronchodilator 
treatment in the prevention of exacerbations of COPD. Eur Respir J. 
Epub July 26, 2012.

	64.	 Tiengo A, Fadini GP, Avogaro A. The metabolic syndrome, diabetes 
and lung dysfunction. Diabetes Metab. 2008;34(5):447–454.

	65.	 Rabe KF. Treating COPD – the TORCH trial, P values, and the Dodo. 
N Engl J Med. 2007;356(8):851–854.

	66.	 La Vecchia C, Fabbri LM. Prevention of death in COPD. N Engl J Med. 
2007;356(21):2211–2212.

	67.	 Suissa S, Ernst P, Vandemheen KL, Aaron SD. Methodological issues 
in therapeutic trials of COPD. Eur Respir J. 2008;31(5):927–933.

	68.	 Rossi A, Kristufek P, Levine BE, et  al; Formoterol in Chronic 
Obstructive Pulmonary Disease (FICOPD) II Study Group. Comparison 
of the efficacy, tolerability, and safety of formoterol dry powder and 
oral, slow-release theophylline in the treatment of COPD. Chest. 2002; 
121(4):1058–1069.

	69.	 Szafranski W, Cukier A, Ramirez A, et  al. Efficacy and safety of 
budesonide/formoterol in the management of chronic obstructive 
pulmonary disease. Eur Respir J. 2003;21(1):74–81.

	70.	 Campbell M, Eliraz A, Johansson G, et al. Formoterol for maintenance 
and as-needed treatment of chronic obstructive pulmonary disease. 
Respir Med. 2005;99(12):1511–1520.

	71.	 Tashkin DP, Rennard SI, Martin P, et  al. Efficacy and safety of 
budesonide and formoterol in one pressurized metered-dose inhaler in 
patients with moderate to very severe chronic obstructive pulmonary 
disease: results of a 6-month randomized clinical trial. Drugs. 
2008;68(14):1975–2000.

	72.	 Vogelmeier C, Kardos P, Harari S, Gans SJ, Stenglein S, Thirlwell J.  
Formoterol mono- and combination therapy with tiotropium in 
patients with COPD: a 6-month study. Respir Med. 2008;102(11): 
1511–1520.

	73.	 Rennard SI, Tashkin DP, McElhattan J, et al. Efficacy and tolerability 
of budesonide/formoterol in one hydrofluoroalkane pressurized 
metered-dose inhaler in patients with chronic obstructive pulmonary 
disease: results from a 1-year randomized controlled clinical trial. 
Drugs. 2009;69(5):549–565.

	74.	 Doherty DE, Tashkin DP, Kerwin E, et  al. Effects of mometasone 
furoate/formoterol fumarate fixed-dose combination formulation on 
chronic obstructive pulmonary disease (COPD): results from a 52-week 
Phase III trial in subjects with moderate-to-very severe COPD. Int J 
Chron Obstruct Pulmon Dis. 2012;7:57–71.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

63

Safety of long-acting β2-agonists in COPD

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/international-journal-of-copd-journal

The International Journal of COPD is an international, peer-reviewed 
journal of therapeutics and pharmacology focusing on concise rapid 
reporting of clinical studies and reviews in COPD. Special focus is given 
to the pathophysiological processes underlying the disease, intervention 
programs, patient focused education, and self management protocols. 

This journal is indexed on PubMed Central, MedLine and CAS. The 
manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

International Journal of COPD 2013:8

	75.	 Tashkin DP, Doherty DE, Kerwin E, et  al. Efficacy and safety of a 
fixed-dose combination of mometasone furoate and formoterol fumarate 
in subjects with moderate to very severe COPD: results from a 52-week 
Phase III trial. Int J Chron Obstruct Pulmon Dis. 2012;7:43–55.

	76.	 Mahler DA, Wire P, Horstman D, et  al. Effectiveness of fluticasone 
propionate and salmeterol combination delivered via the Diskus device 
in the treatment of chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med. 2002;166(8):1084–1091.

	77.	 Chapman KR, Arvidsson P, Chuchalin AG, et al; International study 
group. The addition of salmeterol 50  microg bid to anticholinergic 
treatment in patients with COPD: a randomized, placebo controlled 
trial. Chronic obstructive pulmonary disease. Can Respir J. 2002;9(3): 
178–185.

	78.	 Calverley P, Pauwels R, Vestbo J, et  al; TRial of Inhaled STeroids 
ANd long-acting beta2 agonists study group. Combined salmeterol and 
fluticasone in the treatment of chronic obstructive pulmonary disease: 
a randomised controlled trial. Lancet. 2003;361(9356):449–456.

	79.	 Brusasco V, Hodder R, Miravitlles M, Korducki L, Towse L, Kesten S.  
Health outcomes following treatment for six months with once daily 
tiotropium compared with twice daily salmeterol in patients with COPD. 
Thorax. 2003;58(5):399–404.

	80.	 Hanania NA, Darken P, Horstman D, et  al. The efficacy and safety 
of fluticasone propionate (250  microg)/salmeterol (50  microg) 
combined in the Diskus inhaler for the treatment of COPD. Chest. 
2003;124(3):834–843.

	81.	 Stockley RA, Chopra N, Rice L. Addition of salmeterol to existing 
treatment in patients with COPD: a 12 month study. Thorax. 2006;61(2): 
122–128.

	82.	 FDA. FDA Pulmonary-allergy Drugs Advisory Committee Meeting 
September 6, 2002: Spiriva® (tiotropium bromide) Inhalation 
Powder. NDA 21-395. Silver Spring, MD: FDA; 2002. Available 
from: http://www.fda.gov/ohrms/dockets/ac/02/briefing/3890B1_01_
Boehringer%20Ingelheim.pdf. Accessed April 30, 2012.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

64

Decramer et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/international-journal-of-copd-journal
http://www.dovepress.com/testimonials.php
http://www.fda.gov/ohrms/dockets/ac/02/briefing/3890B1_01_Boehringer%20Ingelheim.pdf
http://www.fda.gov/ohrms/dockets/ac/02/briefing/3890B1_01_Boehringer%20Ingelheim.pdf
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


