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There  is  concern  about  the  safety  of  β-agonist  use 
for  obstructive  pulmonary  diseases.  β-Agonists  can 

improve  symptoms  and  airflow  in  asthma  and  chronic 
obstructive  pulmonary  disease  (COPD),  but  substantial 
tolerance  develops  with  regular  use.  In  trials  of  COPD, 
regular  β-agonist use was  found  to  increase  respiratory 
deaths twofold compared with placebo, while anticholin-
ergic agents  reduced  respiratory deaths by 70%. Clinical 
guidelines  should  be  revised  to  recommend  that  anti-
cholinergics be the bronchodilators of choice for patients 
with COPD and that β-agonist use be avoided.

β-Agonists for obstructive lung diseases
Controversy has surrounded β-agonists since their intro-
duction more than 50 years ago.1 Short-acting β-agonists 
became  widely  used  for  management  of  asthma  and 
COPD in the 1960s without good scientific data on long-
term  efficacy  and  safety.  In  the  1990s,  the  long-acting 
β-agonist  salmeterol  was  introduced,  despite  evidence 
that  it  might  be  associated  with  greater  risk  of  respira-
tory death than short-acting agents were.2 After  the US 
Food  and  Drug  Administration  received  postmarketing 
reports of several asthma-related deaths associated with 
salmeterol, the Salmeterol Multicenter Asthma Research 
Trial was conducted;  the  trial  found a  twofold  increase 
in  life-threatening  asthma  exacerbations  and  a  four-
fold increase in asthma deaths compared with placebo.3 
Recently,  some  have  asked  whether  long-acting  β-ago-
nists should be taken off the market.4

β-Agonists  worsen  control  of  obstructive  lung  dis-
eases  through  a  negative  feedback  mechanism  that 
is  an  adaptive  response  of  the  β-adrenergic  system.5 
Stimulation  results  in  uncoupling  and  internalization 
of  receptors,  known  as  desensitization,  followed  by  a 
decrease  in  receptor  density  and  receptor  gene  expres-
sion,  known  as  down-regulation.5  This  tolerance  to  β-
agonists  could  explain  the  counterintuitive  results  of 
trials that demonstrate adverse respiratory effects.

Cardiovascular outcomes
β-Blockers  reduce  morbidity  and  mortality  among 
patients with cardiovascular disease or other risk factors. 
β-Agonists exert physiologic effects opposite to those of 
β-blockers  and  might  be  expected  to  have  deleterious 
cardiovascular effects. Case-control studies demonstrate 
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Patients  with  moderate  or  severe  chronic  obstruc-
tive  pulmonary  disease  (COPD)  experience  chronic 

progressive airflow obstruction and chronic progressive 
dyspnea that can be disabling. β-Agonist bronchodilators 
work by binding to and relaxing the airway smooth mus-
cle. This  relaxation  results  in dilation of  the airway and 
allows more  trapped air  to escape with each exhalation. 
Reducing air trapping with β-agonists plays an important 
physiologic  role  in  relieving  dyspnea  for  patients  with 
COPD.1 Because of the impressive clinical and physiologic 
effects,  all  published  COPD  guidelines  advocate  using 
short- or long-acting β-agonist bronchodilators to reduce 
dyspnea, improve exercise tolerance, and improve quality 
of life for patients with symptomatic COPD.2,3

There would be only 2 reasons to abandon β-agonist 
bronchodilators for therapy of COPD: if they were shown 
to be  ineffective or  if  the risk of adverse events caused 
by  the  drugs  eclipsed  their  benefits.  In  the  following 
paragraphs  I will  summarize clinical  trial evidence  that 
proves β-agonist bronchodilators are effective and safe 
for treating COPD.

Effectiveness
Evidence supporting the effectiveness of short- and long-
acting β-agonists for treatment of COPD is overwhelming. 
A Cochrane Collaboration systematic review of 13 clinical 
trials evaluated  the clinical  effectiveness of  short-acting 
β-agonists. The meta-analysis of  these 13  trials  showed 
that  regular  use  of  short-acting  β-agonists  for  patients 
with stable COPD was associated with  improvements  in 
lung  function  and  a  significant  decrease  in  breathless-
ness compared with placebo. Trial patients were almost 
10  times more  likely  to prefer  treatment with  β-agonists 
over placebo. The authors of  the Cochrane  review  thus 
concluded  that  treatment with short-acting β-agonists  is 
beneficial for patients with COPD.4

The  newer  long-acting  β-agonists  have  a  prolonged 
duration  of  action.  These  drugs  have  been  shown  in 
clinical  trials  to  induce  substantial  lung  deflation  in 
COPD patients and to decrease dyspnea associated with 
exercise.  Patients  taking  salmeterol  (a  long-acting  β-
agonist) improved their peak exercise endurance by 58% 
compared with placebo.5

A  2006  Cochrane  Collaboration  systematic  review 
evaluated  the  clinical  effectiveness  of  long-acting 

Should we avoid β-agonists for moderate and 
severe chronic obstructive pulmonary disease?



Vol 53: august • août 2007  Canadian Family Physician • Le Médecin de famille canadien  1291

Debates

NO YES 

an association between β-agonist use and increased risk 
of  myocardial  infarction,  congestive  heart  failure,  car-
diac  arrest,  and  acute  cardiac  death,  with  odds  ratios 
ranging from 1.3 to 3.4.6

A meta-analysis pooled results from 33 randomized 
placebo-controlled  trials  of  patients  with  obstructive 
lung disease and found that a single dose of β-agonist 
increased  heart  rate  by  9  beats/min  and  reduced 
potassium  concentration  by  0.4  mmol/L  compared 
with  placebo.7  For  trials  that  lasted  from  3  days  to  1 
year,  β-agonist  treatment  increased  the  risk  of  car-
diovascular events more than twofold compared with 
placebo.  Adverse  events  included  sinus  and  ventricu-
lar  tachycardia,  syncope,  atrial  fibrillation,  conges-
tive heart failure, myocardial infarction, cardiac arrest, 
and sudden death.

Respiratory outcomes
β-Agonists and anticholinergics are generally considered 
to be equivalent choices for treatment of COPD. Many tri-
als of these agents have concentrated on short-term end 
points,  such  as  airflow  or  symptoms.  Anticholinergics 
have  been  shown  to  have  equal  or  superior  efficacy 
to  β-agonists  in  improving  lung-function  parameters.8 
Surveys show, however, that prescriptions for β-agonists 
are 2  to 10  times more  common  than prescriptions  for 
anticholinergics.9  Anticholinergics  have  been  shown  to 
reduce  severe  COPD  exacerbations  by  40%  (P < .001), 
hospitalizations by 30% (P = .001), and respiratory deaths 
by  70%  (P = .02)  compared  with  placebo,  without  toler-
ance  to  their  effects  over  time10;  significant  tolerance 
develops to the effects of β-agonists in COPD.11

Two  meta-analyses9,10  pooled  the  results  of  random-
ized  placebo-controlled  trials  of  β-agonists  or  anticho-
linergics  for  COPD  published  through  December  2005 
and  showed  that  β-agonist  use  increased  respiratory 
deaths more than twofold compared with placebo, with-
out significantly affecting hospitalization or total mortal-
ity. Approximately 50% of participants were also  taking 
inhaled  corticosteroids.  When  directly  compared  with 
other  treatments,  β-agonists  caused a  twofold  increase 
in COPD hospitalizations and a fivefold increase in total 
mortality compared with anticholinergics, and a twofold 
increase  in  total mortality compared with  inhaled corti-
costeroids.9,10 Adding of β-agonists to anticholinergics or 
inhaled  corticosteroids  had  no  beneficial  effect  on  any 
long-term clinical outcomes.9

Conflicts of interest
Why has it not been clearer to clinicians that β-agonists 
have  such  adverse  effects  on  people  with  obstructive 
lung diseases? Conflicts of interest can arise from phar-
maceutical company sponsorship of trials, as has been 
found  with  other  medications.  A  systematic  review  of 

β-agonists.6 Twenty-three clinical  trials  that  randomized 
6061 patients were assessed. The meta-analysis of these 
23  trials  showed  that  there  was  a  significant  improve-
ment in lung function in favour of salmeterol (50 µg twice 
daily)  compared  with  placebo.  There  were  also  signifi-
cant differences in health-related quality of life in favour 
of salmeterol (50 µg twice daily) compared with placebo. 
Regular use of salmeterol reduced the incidence of COPD 
exacerbations  compared  with  placebo  (number  needed 
to  treat = 21).  Long-acting  β-agonists  clearly  have  been 
shown to be effective for treating COPD.

Safety
A  recent  meta-analysis  by  Salpeter  et  al  questioned 
whether  β-agonists might be associated with  increased 
risk  of  respiratory  death  compared  with  placebo.7  A 
closer look at the data used in the Salpeter meta-analysis 
reveals  several  important  flaws. Only 4 published  trials 
were  included.  No  attempts  were  made  by  the  authors 
to  obtain  mortality  data  from  large  randomized  trials 
of  β-agonist  therapy  for  COPD  that  might  have  contrib-
uted  important  information (such as the 2003 Calverley 
study,8  which  randomized  1465  patients  with  COPD). 
Sixty percent of the weight of the Salpeter meta-analysis 
came from the results of only 1 study. Most importantly, 
the Salpeter meta-analysis contains data from duplicate 
publications.  Data  from  the  Donohue  trial  were  dupli-
cated  in  the  Brusasco  study.  Duplicate  publication  of 
results  from  exactly  the  same  patients  inappropriately 
influenced  the  results  of  the  Salpeter  meta-analysis.  In 
short,  because  of  flawed  methodology  and  inclusion  of 
dubious  studies,  the  results of  the Salpeter meta-analy-
sis are unreliable.

A more reliable assessment of the safety of long-term 
β-agonists  for COPD can come  from  the  largest  clinical 
trial of COPD therapy performed to date, which assessed 
mortality as  its primary outcome.9 The TORCH (Towards 
a  Revolution  in  COPD  Health)  study  randomized  6112 
patients  with  moderate  or  severe  COPD  to  3  years  of 
double-blinded therapy with salmeterol (n = 1521), flutica-
sone  (n = 1534),  fluticasone and  salmeterol  (n = 1533), or 
placebo  (n = 1524).  The  primary  outcome  was  all-cause 
mortality.9  Importantly,  the  risk  of  death  in  the  group 
treated with  salmeterol monotherapy was  slightly  lower 
than the risk  in  the group that received placebo (hazard 
ratio of death with salmeterol versus placebo = 0.88, 95% 
confidence  interval 0.73-1.06). Clearly,  in  this very  large, 
3-year  clinical  trial  there was  no  signal  to  suggest  that 
therapy with salmeterol  led  to excess  respiratory deaths 
compared  with  placebo;  in  fact,  the  odds  ratio  of  0.88 
suggests  that  salmeterol  might  have  had  a  small  (but 
not statistically significant) protective effect on mortality. 
The  TORCH  trial  contained  more  patients  in  its  salme-
terol and placebo arms than all the studies in the Salpeter 
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β-agonist  trials  found  that  75%  of  industry-sponsored 
trials  but  only  10%  of  trials  without  industry  support 
reported  that β-agonists were beneficial.12 The P  value 
for  interaction  was  <.00001,  indicating  a  very  strong 
association  between  pharmaceutical  company  fund-
ing  and  reporting  beneficial  results.  Most  of  the  trials 
longer  than  3  months  were  industry  sponsored.  It  is 
essential  to  evaluate  hard  clinical  outcomes,  such  as 
hospitalizations or deaths.

Conclusion
In  patients  with  COPD,  β-agonists  are  associated  with 
a twofold increase in respiratory deaths compared with 
placebo, a fivefold  increase  in  total mortality compared 
with  anticholinergic  bronchodilators,  and  a  more  than 
twofold  increase  in adverse cardiovascular events com-
pared  with  placebo.  With  the  accumulated  evidence 
on  the  serious  adverse  effects  of  β-agonists  in  asthma 
and COPD (Table 13,7,9,10), I do not use any β-agonists in 
my  clinical  practice.  β-Agonists  should  be  avoided  for 
patients  with  COPD.  Anticholinergic  agents  should  be 
the bronchodilators of choice. 

meta-analysis  taken  together.  Thus  results  of  this  trial 
would overwhelm the results of the Salpeter meta-analy-
sis. The TORCH study has  clearly  established  that  long-
term β-agonist therapy is safe and is not associated with 
excess mortality in patients with COPD.9

In  summary,  long-term  therapy  with  β-agonist  bron-
chodilators is effective and safe for treatment of dyspnea 
associated with COPD. There is no justification for avoid-
ing β-agonists for patients with symptomatic COPD. 
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CLOSING ARGUMENTS

•  Anticholinergics have equal or superior efficacy to 
β-agonists in improving lung-function parameters 
without creating tolerance over time; substantial 
tolerance develops to regular use of β-agonists.

•  Regular β-agonist use increases respiratory deaths 
twofold compared with placebo, while anticholin-
ergic agents reduce respiratory deaths by 70%.

•  Anticholinergics should be the bronchodilators of 
choice in patients with chronic obstructive pulmo-
nary disease. β-Agonist use should be avoided.

CLOSING ARGUMENTS

• Physiologic studies show that β-agonists dilate the 
airways and reduce air trapping in chronic obstruc-
tive pulmonary disease, and this leads to improved 
lung function and improved exercise tolerance for 
patients.

• Clinical trials clearly show that short- and long-
acting β-agonists improve dyspnea and quality of 
life and reduce respiratory exacerbations in patients 
with chronic obstructive pulmonary disease.

• A very large new clinical trial has unequivocally 
demonstrated that long-term use of long-acting 
β-agonists over a period of 3 years is safe and is 
associated with a slightly lower risk of mortality 
compared with placebo.

Table 1. Clinical outcomes associated with β-agonist 
use for patients with obstructive lung disease 

CliniCAl OutCOMe COMPARiSOn

RelAtive RiSk 
(95% COnFiDenCe 
inteRvAl)

Cardiovascular events in 
patients with 
obstructive lung 
disease7

β-agonist vs  
placebo

2.5 (1.6-4.0)

Respiratory deaths in 
patients with asthma3

β-agonist vs  
placebo

4.4 (1.3-15.3)

Respiratory deaths in 
patients with COPD10

β-agonist vs 
placebo

2.5 (1.1-5.5)

Total mortality in 
patients with COPD9

β-agonist vs  
anticholinergic

5.0 (1.1-22.5)

COPD—chronic obstructive pulmonary disease.
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