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Questions regarding the safety of bronchodilators 
in asthma go back to a report in 1948 of increased 
mortality associated with use of nebulized epineph‑
rine.1 Concern became widespread in the 1960s 
when England and Wales, Australia and New Zea‑
land experienced an increase in asthma mortal‑
ity among young people, associated in time with 
introduction of a high dose formulation of iso‑
prenaline.2 A further epidemic of asthma mortal‑
ity occurred in New Zealand from 1976 through 
the 1980s,3 and case‑control studies suggested 
a relationship to prescription of fenoterol, a more 
potent and slightly longer acting β‑agonist than 
salbutamol.4 A randomized placebo‑controlled clin‑
ical trial demonstrated that regular use of fenoterol 
could increase asthma severity.5 Asthma mortality 
in New Zealand decreased abruptly when fenoterol 
was severely restricted,6 just as mortality in the UK, 
Australia and New Zealand had decreased in the late 
1960s when use of high dose isoprenaline was dis‑
couraged. An accompanying substantial reduction 
in asthma morbidity with restriction of fenoterol 
suggested the epidemic was more likely mediated 

through increased asthma severity rather than 
through cardiac adverse effects, perhaps through 
down‑regulation of β‑receptors.3

Long‑acting β‑agonists (LABAs) were intro‑
duced in 1990, and over time have become a very 
common treatment in both asthma and chronic 
obstructive pulmonary disease (COPD). In both 
diseases, LABAs have been used as monotherapy 
or added to inhaled corticosteroid (ICS). This lat‑
ter strategy was shown in large randomized con‑
trolled trials in asthma to provide overall better 
outcomes (symptom control, improved lung func‑
tion, and reduced exacerbations) than doubling 
the dose of ICS.7,8 Some have inter preted these 
findings as indicating LABAs have anti‑inflam‑
matory activity, for which evidence is in fact 
weak, but most regard LABAs as providing sta‑
bility of airway function, increasing asthma con‑
trol and thus accounting for their “steroid‑spar‑
ing” properties in asthma. Notably, in one large 
study, the most substantial impact on reducing 
both mild and severe exacerbations in asthma 
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AbsTRACT

The safety of long‑acting β‑agonists (LABAs) has been hotly debated for several years, with surveil‑
lance studies suggesting increased risk of mortality, especially with use of LABA without inhaled 
corticosteroid (ICS). Meta‑analyses of selected trials, especially those dominated by one large study, 
report significantly increased risks for mortality and Serious Adverse Events (SAEs). Review of all 
of  the available evidence  from clinical  trials, and meta‑analyses using different selection criteria, 
suggests that LABA with ICS in fact significantly reduces SAEs. The risk of mortality is more difficult 
to assess, but post‑hoc analyses suggest the risk is increased with LABA monotherapy and not with 
concomitant use of  ICS. In both asthma and chronic obstructive pulmonary disease, concomitant 
use of ICS should be considered best practice whenever LABAs are used.
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A more likely factor was the lack of ICS, as post 
hoc analysis showed that deaths were dominan‑
tly among those not prescribed ICS at baseline. 
ICS use was not recorded throughout the study, 
but at baseline, only 38% of African Americans 
and 49% of Caucasians used ICS. Among those 
not using ICS at baseline, there were 9 deaths 
in the salmeterol arm and none in the placebo 
arm, whereas among those using ICS at base‑
line, no difference was seen in the risk of morta‑
lity (4 vs. 3 deaths).

Mann et al.12 reported safety data from a review 
of published13,14 and unpublished formoterol stu‑
dies conducted by Novartis for which the data 
had been provided to the Food and Drugs Admi‑
nistration (FDA). There were no deaths in the 2 
adult studies and one pediatric study revie‑
wed, each of about 500 individuals. Each study 
reported an increased risk of SAEs with exposure 
to the highest dose of formoterol (24 µg b.i.d.), 
particularly the pediatric study which reported 
6.3% SAEs with formoterol vs. 0% with placebo.14 
The authors of that pediatric study had however 
carefully explained in the discussion of their paper 
the reason for this unusual finding – in essence 
that children were withdrawn from the placebo 
arm when symptoms worsened making it virtu‑
ally impossible to have SAEs in that arm. A subse‑
quent multi‑dose study by Wolfe et al. to address 
these concerns showed no dose‑response rela‑
tionship between formoterol and SAEs, but 
rather there were fewer SAEs with all formoterol 
doses compared with the placebo arm.15 The use 
of ICS by patients in these studies was not cle‑
arly reported.

The “black‑box” warning The US Salmeterol 
study,11 together with the earlier salmeterol stu‑
dies and consideration of data from the formo‑
terol trials conducted by Novartis in the US, led 
the FDA to impose a “black‑box” warning on both 
salmeterol and formoterol, both as monothe‑
rapy and in combination with ICS.16 This action, 
and the safety concerns leading to it, has resul‑
ted in a number of reviews of published data and 
meta‑analyses examining safety of LABA therapy 
in both asthma and COPD.

Concerns regarding LAbAs in asthma – meta‑anal‑
yses and reviews In a high‑impact meta‑analy‑
sis, Salpeter et al. assessed the effect of LABAs 
on severe asthma exacerbations requiring hospi‑
talization, life‑threatening asthma attacks, and 
asthma‑related deaths in adults and children.17 
Randomized, placebo‑controlled asthma tri‑
als of LABAs (salmeterol, formoterol, and efor‑
moterol) with duration of more than 3 months 
were included, but those without placebo con‑
trol groups were excluded. Of the 33,826 sub‑
jects included, some 80% (26,353) were par‑
ticipants in the US salmeterol study11. ICS was 
used at baseline by 53% of included patients. 
The OR for asthma ‑related deaths for LABA com‑
pared to placebo over 6 months was 3.5 (95% CI 

occurred in the group given both increased ICS 
and formoterol.8

Concerns regarding LAbAs in asthma – original studies  
With the background of concern regarding 
adverse effects of regular or high‑dose or potent 
short‑acting β‑agonists, it was not surprising 
that the introduction of LABAs was accompanied 
by questions regarding their potential for adverse 
effects, leading to a number of surveillance and 
clinical studies addressing safety issues.

Castle et al. studied 25,180 patients who were 
considered to require regular bronchodilator the‑
rapy, 69% of whom used ICS.9 Patients were ran‑
domized 2:1 to salmeterol 50 µg b.i.d. or regu‑
lar salbutamol 200 µg q.i.d. in addition to their 
usual therapy for 16 weeks. There was a non‑si‑
gnificant but disconcerting numeric increase 
in deaths (0.07% vs. 0.02%, odds ratio [OR] 
3.0, 95% CI 0.7–20.0, p = 0.105) in the salme‑
terol group. The authors considered lack of ade‑
quate ICS a likely contributor to death, stating 

“for 10 of the patients who died from asthma, 
the independent consultants considered that their 
asthma could possibly have been more appropria‑
tely treated by earlier or higher doses of inhaled 
corticosteroid.”

Meanwhile, given the proven benefits of com‑
bination therapy, LABAs were seen as steroid‑spa‑
ring, and lower ICS doses were recommended 
for regular use. The concern that inflammation 
might increase because of insufficient ICS while 
concomitant LABA maintained apparent con‑
trol of asthma was addressed by McIvor et al.10 
Salmeterol effectively masked the clinical effects 
of inflammation by controlling symptoms and 
maintaining stable lung function as the sputum 
eosinophil count increased during steroid reduc‑
tion. While taking salmeterol, the mean sputum 
eosinophil count increased to over 20% before 
an exacerbation was evident. In contrast, exa‑
cerbation occurred at a mean eosinophil count 
of only 9% while taking placebo.

Because of the inconclusive findings in the 
post‑marketing study of Castle et al. in the UK,9 
a large study of salmeterol vs. placebo added 
to usual therapy was conducted in the US, powe‑
red on death as the primary outcome.11 The study 
was terminated prematurely, in part because 
of preliminary findings of a higher proportion 
of deaths and serious adverse events with salme‑
terol. The OR for respiratory ‑related deaths was 
2.16 (95% CI 1.06–4.41), and for asthma related 
deaths 4.37 (95% CI 1.25–15.34). African Ame‑
ricans in this study appeared to be at higher risk, 
and the question arose regarding the possible 
impact of β‑receptor genotype, as African Ameri‑
cans have a higher prevalence of Arg ‑Arg at posi‑
tion 16. However the apparent higher risk in Afri‑
can Americans reflected their higher baseline 
risk of mortality, as the actual mortality rate 
in the study in both African‑Americans and Cau‑
casians was about 3‑fold higher than that expec‑
ted in their age‑ and race‑matched population. 
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deaths (0.34 per 1000 patient‑years) among 
49,906 formoterol‑randomized patients (92% 
using ICS), and 2 (0.22 per 1000 patient‑years) 
among 18,098 patients (83% using ICS) not ran‑
domized to formoterol (relative risk [RR] 1.57, 
95% CI 0.31–15.1). Asthma‑related SAEs, over 90% 
of which were hospitalizations, were significantly 
lower among formoterol‑randomized patients 
(0.75% vs. 1.10%, RR 0.68, 95% CI 0.57–0.81). 
There was no increase in asthma‑related SAEs with 
increased daily doses of formoterol (9 vs. 18 vs. 36 
µg) but rather a significant trend in the opposite 
direction. There was no statistically significant 
difference in cardiac mortality (RR 0.34, 95% CI 
0.12–1.02) or non‑cardiac, non‑asthma‑related 
mortality (RR 2.35, 95% 0.69–12.5). Examining 
data in those studies in which ICS was mandated, 
OR for mortality was 2.32 (95% CI 0.30–150) but 
for SAEs was reduced (OR 0.63, 95% CI 0.52–0.76) 
indicating protection from SAEs by formoterol 
with ICS. The authors concluded that, despite 
reviewing data on over 68,000 patients, the power 
was insufficient to conclude no increased morta‑
lity with formoterol, but that cardiac‑related SAEs 
were not increased, and asthma‑related SAEs were 
significantly reduced with formoterol.

A meta‑analysis of all studies in which formote‑
rol or salmeterol was used with concomitant ICS 
was completed by Jaeschke et al.22 Based on 62 
studies with over 29,000 participants, the authors 
concluded that in patients with asthma using ICS, 
LABA use did not increase the risk of asthma‑re‑
lated hospitalizations. There were 3 asthma‑rela‑
ted deaths and 2 asthma‑related non‑fatal intuba‑
tions (all in LABA groups, no more than 1 event 
per study), too few to establish the effect of LABA 
on these outcomes. Decreases in asthma‑related 
hospitalizations (OR 0.74, 95% CI 0.53–1.03) and 
asthma‑related serious adverse events (mostly 
hospitalizations, OR 0.75, 95% CI 0.54–1.03) 
failed to reach statistical significance. The OR 
for total mortality was 1.26, 95% CI 0.58–2.74, 
reflecting 14 deaths in LABA groups and 8 deaths 
in control groups respectively.

A further meta‑analysis by Jaeschke et al. spe‑
cifically examined the safety of formoterol with 
ICS.23 Among over 11,000 participants (6405 
taking formoterol with over 4000 patient‑years 
observation) there were 2 asthma‑related deaths 
(both in formoterol groups) and no asthma‑rela‑
ted non‑fatal intubations. Asthma‑related hospi‑
talizations were significantly reduced (OR 0.58, 
95% CI 0.37–0.92) as were asthma‑related serious 
adverse events which were mainly hospitaliza‑
tions (OR 0.56, 95% CI 0.36–0.87). The OR for 
total mortality was 1.22, 95% CI 0.38–3.90, reflec‑
ting 7 deaths in formoterol groups and 3 deaths 
in control groups respectively.

A contrasting Cochrane review of formot‑
erol was also recently published examining rates 
of serious adverse events during regular treat‑
ment with formoterol versus placebo or short‑act‑
ing β2‑agonists.24 In 22 studies, 3 deaths were 
identified on formoterol treatment compared 

1.3–9.3), p = 0.013, primarily reflecting data from 
the study of Nelson et al.11 The OR for hospi‑
talization for asthma for LABA was 2.6 (95% CI 
1.6–4.3), p <0.001, based on 5091 subjects in 12 
studies (the study of Nelson et al.11 was excluded 
from this analysis since it did not collect data 
on hospitalizations related to exacerbations). Sub‑
group analyses within this dataset found signifi‑
cantly increased risks associated with LABA use 
in children (OR 3.9, 95% CI 1.7–8.8), adults (OR 
2.0, 95% CI 1.0–3.9), salmeterol (OR 1.7, 95% CI 
1.1–2.7) and formoterol (OR 3.2, 95% CI 1.7–6.0). 
The risk of life‑threatening asthma exacerbation 
for LABA over 6 months (based on 29,981 sub‑
jects in 7 studies including Nelson et al.)11 was 1.8 
(95% CI 1.1–2.9). The authors suggested, based 
on these data, that up to 80% of the 5000 asthma 
deaths reported annually in the USA might be due 
to the introduction of LABAs.

Major criticisms of this meta‑analysis were 
the dominance of the study of Nelson et al.,11 
the exclusion of pivotal studies on the addi‑ of pivotal studies on the addi‑
tion of LABAs to ICS because these studies did 
not have a placebo controlled arm, and the lack 
of verification of concomitant use of ICS during 
therapy with LABAs. Ernst et al. from the Can‑
adian Asthma Guidelines committee compared 
the analysis of Salpeter et al. with that reported 
in previous Cochrane reviews, and concluded that 
LABA used with ICS was safe.18

A Cochrane review was published in 2008 exa‑
mining serious adverse events during regular tre‑
atment with salmeterol versus placebo or short‑

‑acting β2‑agonists, after excluding trials that 
included randomization to treatment containing 
ICS.19 An increased risk of serious adverse events 
was reported with regular salmeterol compared 
with placebo. The increased risk of asthma‑rela‑
ted mortality in patients not using ICS was driven 
primarily by the studies of Castle et al.9 and Nel‑
son et al.11 Although the increase in asthma‑rela‑
ted mortality was smaller in patients taking ICS 
at baseline, the authors could not conclude that 
ICS abolished the risks of salmeterol therapy.

In response, Bateman et al.20 reported data 
from 20,966 participants in 66 studies of >1 week 
duration conducted by GlaxoSmithKline involving 
use of ICS with or without salmeterol in standard 
dosage (50 µg b.i.d.) examining asthma‑related 
serious adverse events including hospitalizations 
and exacerbations requiring oral corticosteroids. 
Only one death and one intubation were reported, 
both in patients using salmeterol with ICS, but 
there was no difference in hospitalizations (35 
among 10,400 using salmeterol plus ICS vs. 34 
among 10,566 using ICS alone, p = 0.84). Among 
US trials in which data on exacerbations requiring 
oral corticosteroids was available, exacerbations 
were significantly reduced.

Safety data relating to formoterol exposure in 
all AstraZeneca randomized, controlled, parallel‑

‑group asthma trials of 3–12 months duration 
involving formoterol were recently reported 
by Sears et al.21 There were 8 asthma‑related 
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However an accompanying editorial highligh‑
ted the finding that while LABA did not incre‑
ase adverse events compared with placebo, LABA 
accompanied by ICS decreased adverse events 
compared with LABA monotherapy.30 Further‑
more, COPD and asthma may not be well diffe‑
rentiated in practice, and treating both diseases 
with concomitant ICS should add to the margin 
of safety if a patient with “COPD” in fact has unre‑
cognized asthma.

COnCLusIOn The dominant conclusion to draw 
from these original studies, meta‑analyses and 
reviews of clinical trial data in asthma and COPD 
is that questions remain regarding use of LABA as 
monotherapy. Used with ICS, LABAs are not only 
very effective in controlling asthma in the more 
severe patient, but reduce asthma‑related SAEs. 
In the view of the writer, in both asthma and 
COPD, LABA should always be accompanied with 
adequate ICS. Use of a combination inhaler in all 
circumstances has been advocated to ensure that 
the patient cannot use LABA alone.31
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LABA was safe in COPD compared with placebo. 
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