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Resumo
Aproximadamente sete milhões de brasileiros acima de 40 anos são acometidos pela DPOC. Nos últimos anos,
importantes avanços foram registrados no campo do tratamento medicamentoso dessa condição. Foi realizada
uma revisão sistemática incluindo artigos originais sobre tratamento farmacológico da DPOC publicados entre
2005 e 2009, indexados em bases de dados nacionais e internacionais e escritos em inglês, espanhol ou português.
Artigos com tamanho amostral menor de 100 indivíduos foram excluídos. Os desfechos sintomas, função pulmonar,
qualidade de vida, exacerbações, mortalidade e efeitos adversos foram pesquisados. Os artigos foram classificados
segundo o critério da Global Initiative for Chronic Obstructive Lung Disease para nível de evidência científica
(grau de recomendação A, B e C). Dos 84 artigos selecionados, 40 (47,6%), 18 (21,4%) e 26 (31,0%) foram
classificados com graus A, B e C, respectivamente. Das 420 análises oriundas desses artigos, 236 referiam-se à
comparação de fármacos contra placebo nos diversos desfechos estudados. Dessas 236 análises, os fármacos mais
frequentemente estudados foram anticolinérgicos de longa duração, a combinação β2-agonistas de longa duração
+ corticosteroides inalatórios e corticosteroides inalatórios isolados em 66, 48 e 42 análises, respectivamente.
Nas mesmas análises, os desfechos função pulmonar, efeitos adversos e sintomas geraram 58, 54 e 35 análises,
respectivamente. A maioria dos estudos mostrou que os medicamentos aliviaram os sintomas, melhoraram a
qualidade de vida, a função pulmonar e preveniram as exacerbações. Poucos estudos contemplaram o desfecho
mortalidade, e o papel do tratamento medicamentoso nesse desfecho ainda não está completamente definido. Os
fármacos estudados são seguros no manejo da DPOC, com poucos efeitos adversos.
Descritores: Doença pulmonar obstrutiva crônica/terapia; Doença pulmonar obstrutiva crônica/mortalidade; Revisão.

Abstract
Approximately seven million Brazilians over 40 years of age have COPD. In recent years, major advances have been
made in the pharmacological treatment of this condition. We performed a systematic review including original
articles on pharmacological treatments for COPD. We reviewed articles written in English, Spanish, or Portuguese;
published between 2005 and 2009; and indexed in national and international databases. Articles with a sample
size < 100 individuals were excluded. The outcome measures were symptoms, pulmonary function, quality of life,
exacerbations, mortality, and adverse drug effects. Articles were classified in accordance with the Global Initiative
for Chronic Obstructive Lung Disease criteria for the determination of the level of scientific evidence (grade of
recommendation A, B, or C). Of the 84 articles selected, 40 (47.6%), 18 (21.4%), and 26 (31.0%) were classified
as grades A, B, and C, respectively. Of the 420 analyses made in these articles, 236 were regarding the comparison
between medications and placebos. Among these 236 analyses, the most commonly studied medications (in 66,
48, and 42 analyses, respectively) were long-acting anticholinergics; the combination of long-acting β2 agonists
and inhaled corticosteroids; and inhaled corticosteroids in isolation. Pulmonary function, adverse effects, and
symptoms as outcomes generated 58, 54, and 35 analyses, respectively. The majority of the studies showed that the
medications evaluated provided symptom relief; improved the quality of life and pulmonary function of patients;
and prevented exacerbations. Few studies analyzed mortality as an outcome, and the role that pharmacological
treatment plays in this outcome has yet to be fully defined. The medications studied are safe to use in the
management of COPD and have few adverse effects.
Keywords: Pulmonary disease, chronic obstructive/therapy; Pulmonary disease, chronic obstructive/mortality; Review.
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Introduction
In recent years, COPD has come to play a
prominent role on the international stage. In
a time series conducted in the United States
between 1970 and 2002,(1) the astounding
increase in mortality from COPD, when
compared with the reduction in mortality from
various other diseases, and the understanding
that COPD had erroneously been labeled
progressive, irreversible, and untreatable were
some of the key points that piqued the interest
of the scientific community.(2) In the last decade,
a new COPD-related paradigm emerged, and the
disease became the object of further studies, as
well as becoming more widely recognized and
identified, by health professionals, opening new
possibilities for the treatment of COPD. It has
been estimated that, in Brazil, COPD affects
approximately seven million adults aged ≥ 40
years.(3) Nevertheless, only 2% of that population
report having been diagnosed with the disease,
and only 18% report being under treatment.
(3)
Even in the most severe cases of COPD, i.e.,
stage III (severe COPD) and stage VI (very severe
COPD), as defined by the Global Initiative for
Chronic Obstructive Lung Disease (GOLD),(4)
COPD medication is used by only approximately
half of the patients.(5) This worrisome finding has
also been reported in high-income countries.
(6,7)
The lack of early, appropriate treatment for
COPD has disastrous consequences for patients,
including loss of pulmonary function and death.
(8)
In recent years, there has been an increase in
the number of medications designed specifically
for the treatment of COPD. Such medications act
on various aspects of the pathophysiology of the
disease. There has recently been an increase in
the number of studies investigating the various
outcomes and pharmacological treatment
options. Therefore, we deemed it appropriate
to conduct a systematic review of articles that
were published in recent years and addressed the
pharmacological treatment of COPD.

Article selection
The selection of original studies and the
determination of the levels of scientific evidence
were the cornerstones of the present review.
The efficacy/effectiveness of the medications
in producing various outcomes was evaluated
with the purpose of contributing to the
J Bras Pneumol. 2011;37(4):527-543

continuing education of health professionals,
as well as to the future development of
consensuses, guidelines, and algorithms for
the pharmacological treatment of patients
with COPD. In view of the wide variety of
treatments available for COPD, we limited our
search to the pharmacological treatment of the
disease. Treatment components, such as the
use of oxygen therapy, ventilatory support, and
antibiotic therapy during exacerbations, as well
as the use of vaccines and specific treatment for
the prevention of smoking-related COPD, were
outside the scope of the present review.
We searched five databases: PubMed;
Web of Science; EMBASE; Cumulative Index
to Nursing and Allied Health Literature; and
LILACS. We selected articles published between
2005 and 2009, written in English, Spanish, or
Portuguese. We combined COPD descriptors
with the names of various COPD medications
described in the literature. We applied inclusion
and exclusion criteria in order to select articles
that were in conformity with the principal
objective of the present review. Chart 1 shows
the principal drug abbreviations used in the
present review. The description of the results
was based on the six outcome measures of
present review, namely symptoms, pulmonary
function, exacerbation, quality of life, mortality,
and adverse drug effects. For each outcome,
we evaluated the medications used and the
combinations thereof. Initially, we present the
results of the comparison between the various
COPD medications and placebos. Subsequently,
we present the results of the comparison
among the COPD medications. The results of
the comparison between the medications and
placebos are also presented as figures, the x axis
showing the number of analyses and the y axis
showing the classes of medications. The levels of
scientific evidence (grade of recommendation A,
B, or C) are shown in the figures, and each results
section is followed by a discussion of recent
evidence. The discussion sections were prepared
by specialists. For each discussion section,
we used, in addition to original articles, other
systematic reviews, as well as meta-analyses,
all of which were pertinent to the theme. The
methodology employed in the present review is
described in detail in the online supplement of
the journal (http://www.jornaldepneumologia.
com.br/english/artigo_detalhes.asp?id=1785).
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The process of selection allowed us to
include 84 original articles in the present review.
Many of those articles addressed more than
one class of medication and various outcomes,
which generated 420 analyses. Of those,
236 were regarding the comparison between
pharmacological treatment and placebo, and
184 were regarding the comparison of the
medications used. Below, we describe the
analyses of the six outcome measures evaluated
in our review.

Outcome measures
Symptoms
Symptom relief is one of the immediate
desires of patients with COPD. The results of the
present review show that the medications for
COPD symptom relief that were most commonly
investigated in placebo-controlled studies were
those aimed at treating moderate to severe
COPD, namely LABAs, LAMAs, and ICs. Most of
the studies showed that those medications, used
in isolation or in combination, were effective in
providing symptom relief (Figure 1). Of all studies
comparing COPD medications with placebos,
those involving LABAs, used in isolation or in
combination with ICs, were the ones that most
consistently demonstrated an improvement
in the symptoms of COPD. Although LAMAs
were shown to be effective in reducing COPD
symptoms, 4 analyses found no beneficial
effects; of those 4, 3 involved patients with mild
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to moderate COPD.(9-11) In four of the five studies,
the use of ICs in isolation was shown to have a
long-term beneficial effect on COPD symptoms.
However, Vestbo et al.(12) evaluated symptom
reduction at two weeks into IC treatment and
found that ICs had a beneficial effect only on
the patients who used them in combination
with LABAs. As can be seen in Figure 1, the use
of PDE4 inhibitors, as well as that of LAMAs
and ICs in combination, also had a beneficial
effect on COPD symptoms, as demonstrated
in well-conducted studies, although there
have been analyses of those medications. The
comparison of medications revealed that there
were no differences among the different classes
of SABAs(13) or among those of LABAs(14-16) in
terms of symptom reduction and the use of
rescue medication. Regarding different classes
of bronchodilators, Griffin et al. conducted a
cohort study in which they noted a reduction
in the use of rescue medications among a
group of patients receiving LAMAs, when
compared with a group of patients receiving
the SAMA-SABA combination.(17) In patients
with moderate or severe COPD, as determined
by the GOLD classification, the use of salmeterol
in combination with fluticasone was shown to
be superior to the use of SABAs in combination
with SAMAs,(18) as well as to the use of salmeterol
in isolation.(19-21) In patients with severe or
very severe COPD, as determined by the GOLD
classification, there were no differences between
the salmeterol-fluticasone and formoterolbudesonide combinations in terms of symptom

Figure 1 - Effects of the comparison between pharmacological treatment and placebo on symptoms as the
outcome measure, by level of scientific evidence (grade of recommendation).
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Chart 1 - Abbreviations used in the present review.
Abbreviation
Definition
LABA
long-acting β2 agonist
SABA
short-acting β2 agonist
SAMA
short-acting muscarinic anticholinergic
LAMA
long-acting muscarinic anticholinergic
IC
inhaled corticosteroid
PDE4
phosphodiesterase-4

reduction and rescue medication use.(22)
Celik et al.(23) noted that the use of a leukotriene
receptor antagonist in combination with
treatment with a bronchodilator (ipratropium
bromide and formoterol) produced a reduction
in the dyspnea score when compared with
that obtained with the use of bronchodilators
in isolation. The effect of the combination of
PDE4 inhibitors with LABAs and LAMAs was
compared with that of other medications in a
study conducted by Fabri et al.(24) In that study,
PDE4 inhibitors had a beneficial effect on
COPD symptoms and reduced the use of rescue
medications when used in combination with
LAMAs but not when used in combination with
LABAs. The use of such medications, either in
isolation or in combination, should be further
investigated in order to define their role in
relieving the symptoms of COPD.
A reduction in mortality and in the number
of exacerbations, together with functional
improvement, are important outcome measures
of studies investigating therapeutic approaches
to COPD. However, the immediate desire of
patients is relief of the symptoms of dyspnea,
with improvement in cough and in exercise
capacity/tolerance. A medication or combination
of medications that can bring these benefits to
patients can also improve treatment compliance
and increase patient confidence in the treatment.
Although symptom relief is relevant, studies in
which symptom relief is the primary outcome
measure are scarce, which makes it difficult to
interpret this outcome measure in the literature.
Our systematic review of the recent
literature underscores the importance of longacting bronchodilators (LABAs and LAMAs) for
symptom relief in patients with COPD that is
more severe. Although LABAs were shown to be
more consistently effective in reducing dyspnea
than were LAMAs, there is no consensus in the
literature as to which class of medication is
superior in terms of providing symptom relief
J Bras Pneumol. 2011;37(4):527-543

in patients with moderate to severe COPD. It
seems that the effect of LABAs, as well as that
of the combination of LABAs and ICs, is a classrelated effect, and no studies in the recent
literature have demonstrated the superiority
of any given commercial formulation. The
addition of ICs to the treatment regimen seems
to have a marginally positive effect in relation
to monotherapy with LABAs or LAMAs, the
latter having been evaluated in only one study.
However, it should be taken into consideration
that ICs increase the risk of side effects, such
as pneumonia and oral candidiasis. Therefore,
our review showed that the studies published
in recent years firmly established long-acting
bronchodilators (LAMAs and LABAs) as the firstline treatment for symptom relief in patients
classified as having GOLD stage II, III, or IV
COPD. There are knowledge gaps to be filled,
including the definition of the roles that nextgeneration LABAs, PDE4 inhibitors, and the
combination of bronchodilators with ICs and
mucolytics play in reducing dyspnea. These
questions can be answered by studies in which
COPD symptoms are evaluated objectively and
constitute the primary outcome measure.

Pulmonary function
The pharmacological treatment of COPD
can affect pulmonary function in two ways.
First, it increases FEV1 and FVC, reducing the
airway obstruction and air trapping seen in
patients with COPD. Second, it reduces the
progressive loss of pulmonary function. These
two outcome measures were evaluated in 58
analyses (Figure 2). Regarding the impact of
COPD medications on pulmonary function, the
use of ICs, either in isolation or in combination
(a total of 23 analyses), was shown to be
beneficial for patients with COPD. There has
been only one clinical trial—a nonrandomized
trial evaluating a combination of LABAs and ICs
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Figure 2 - Effects of the comparison between pharmacological treatment and placebo on pulmonary function
as the outcome measure, by level of evidence (grade of recommendation). AO: antioxidant.

in a subgroup of patients with severe COPD—
in which COPD medications were reported to
have no effect on pulmonary function.(25) In 14
of the 17 analyses identified, the use of LAMAs
was shown to improve pulmonary function. In
3 analyses of patients with moderate disease,
LAMAs were not found to be superior to
placebo.(26) Campbell et al. demonstrated that the
combination of SABAs and LABAs was superior
to placebo in terms of improving pulmonary
function.(27) Likewise, Hodder et al.(28) found
that the LAMA-IC and LABA-IC combinations
were superior to placebo in terms of improving
pulmonary function (FEV1 and FVC) during
a six-month study involving patients with
moderate or severe COPD, as determined by the
GOLD classification. The effects that a mucolytic
agent(29) and an antioxidant (N-acetylcysteine)(30)
have on pulmonary function have been shown
to be similar to that of placebo. The effect
of PDE4 inhibitors on pulmonary function
was shown to be superior to that of placebo.
(31)
Regarding the comparison of classes of
medications, two clinical trials showed that
LAMAs were superior to LABAs in terms of
improving pulmonary function.(28,32) However,
Aaron et al. conducted a study comparing
the use of LAMAs in isolation with the use of
LAMAs in combination with LABAs in terms of
their effects on pulmonary function and found
that the LAMA-LABA combination provided no
additional benefits.(33) In contrast, the use of
the LAMA-LABA-IC combination was found to
be superior to the use of LAMAs in isolation.(33)

The combination of PDE4 inhibitors with LAMAs
or LABAs was found to have a beneficial effect
on pulmonary function when compared with
the use of those medications in isolation.(24) A
subsequent analysis in one study showed that
the use of ICs, of LABAs, and of the LABA-IC
combination in patients with moderate to severe
COPD reduced the rate of decline in pulmonary
function(34) when compared with the use of a
placebo; in addition, there were no significant
differences among those medications regarding
their impact on the rate of decline in pulmonary
function. One long-term randomized, doubleblind trial showed that the use of LAMAs does
not reduce the rate of decline in pulmonary
function.(35) A study investigating patients with
moderate COPD found a slight but significant
reduction (6 mL per year) in the rate of decline
in FEV1 following bronchodilator use.(26)
Our review of recent studies showed that the
use of inhaled medications improves, although
only slightly, pulmonary function parameters in
patients with COPD. The use of LAMAs, LABAs,
and ICs, either in isolation or in combination,
was shown to increase FEV1, which ranged from
60 mL to 190 mL over various follow-up periods
(ranging from weeks to years). Considering that
the recommendations of the American Thoracic
Society/European Respiratory Society for
standardization of spirometry(36) state that only
short-term FEV1 changes of 20% and long-term
FEV1 changes of 15% are significant, the increase
in FEV1 observed in recent studies is of borderline
significance, and its clinical relevance remains
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open to debate. Combination therapy with the
three classes of medications apparently leads to
greater functional improvement than does the
use of each class of medication in isolation. The
use of PDE4 inhibitors significantly increased
FEV1 when compared with the use of a placebo.
In absolute terms, the increase, evaluated over
24 or 52 weeks, was slight, ranging from 24
mL to 74 mL. Clinical trials investigating this
new class of medication are required in order
to define the role of PDE4 inhibitors in the
treatment of COPD. The results of the articles
that
investigated
mucolytics/antioxidants
and were published in the study period were
negative, which reinforces the current view
of national and international consensus that
those classes of medications are of limited use
in improving pulmonary function in patients
with COPD. In COPD, the progressive decline
in pulmonary function is a major prognostic
marker. It seems that one way of changing the
natural evolution of COPD is by addressing
the rate of FEV1 reduction. At the end of the
1990s and in the beginning of this century,
various studies evaluated the effects of different
therapeutic regimens on that outcome measure.
Two of those studies—one evaluating the use of
N-acetylcysteine(30) and the other evaluating the
use of fluticasone(37)—are of note. The results of
those studies with regard to the rate of decline
in pulmonary function were negative, as were
those of other studies.(38) Two studies differ from
those published in the beginning of the decade,

for two reasons(26,34): the number of randomized
patients; and the follow-up period, which was
significantly longer. Post hoc analyses of those
two studies showed that reduction in the decline
in FEV1 was, in the first study, 13 mL/year, in all
three treatment arms,(34) and, in the second study,
6 mL/year in patients with moderate disease.(26)
Those findings have been used by those who
believe that the pharmacological treatment of
COPD should begin early; however, there is still
no definitive answer to the question of when it
is appropriate to begin the treatment.(39)

Exacerbation
One of the principal objectives of COPD
treatment is to prevent and treat COPD
exacerbations, given that COPD exacerbations
worsen the quality of life of patients, accelerate
the progressive decline in pulmonary function,
and increase mortality.(4,40) In the present
review, 35 analyses compared the effect of the
medications used in order to prevent COPD
exacerbations with that of placebo (Figure 3).
Most of the analyses of the effect of LAMAs—
involving patients with moderate to severe COPD,
as determined by the GOLD classification—have
suggested that LAMAs reduce the number of
exacerbations or increase the interval between
episodes of exacerbation. Two groups of
authors(41,42) found no beneficial effects, which
might be due to the inclusion of patients with
only one episode of exacerbation in the previous
year or to greater losses to follow-up in the

Figure 3 - Effects of the comparison between pharmacological treatment and placebo on exacerbation as the
outcome measure, by level of evidence (grade of recommendation). AO: antioxidant.
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untreated group. Regarding the use of LABAs,
Campbell et al.(27) found no differences between
patients treated with formoterol and those
treated with placebo in terms of the effect of
the treatment on the number of exacerbations.
However, Calverley et al.(43) reported that the
number of exacerbations was lower in the
individuals who were treated with salmeterol
than in those who received placebo; it is of note
that we found only 2 analyses of the use of
salmeterol. Although the combination of LABAs
and SABAs was not shown to reduce the number
of exacerbations, patients who received the
combination required rescue medications less
frequently than did those who received placebo.
(27)
One study reported that neither SAMAs nor
the SABA-LABA combination had a beneficial
effect on the number of hospitalizations(44);
however, that study received a grade C
recommendation. Of the 7 analyses of the
effect of ICs on COPD exacerbations, 4 found
a reduction in the number of exacerbations in
comparison with that seen in the placebo group.
Choudhury et al.(45) reported an increase in the
interval between exacerbations but observed
no additional benefits. Macie et al.(44) found
no differences between patients receiving ICs
and those receiving placebo in terms of the
number of hospitalizations (exacerbations) for
cardiovascular disease, whereas Ernst et al.
(46)
showed that the risk of hospitalizations
for pneumonia was higher in COPD patients
receiving ICs. All of the analyses of the effect of
the LABA-IC combination found that the number
of exacerbations was lower in patients receiving
the combination than in those receiving placebo.
According to Rennard et al.,(47) the formoterolbudesonide combination increased the interval
between exacerbations and reduced the number
of exacerbations by approximately 40% in
comparison with placebo. Most of the analyses
of the effect of PDE4 inhibitors on the number of
COPD exacerbations found that PDE4 inhibitors
had a beneficial effect. In 2007, Calverley et al.(48)
studied patients with severe or very severe COPD
receiving PDE4 inhibitors or placebo and found
no differences between PDE4 inhibitors and
placebo in terms of their effect on the number
of exacerbations. However, in 2009, the same
group of authors(31) investigated a larger sample
and found a 17% reduction in the annual rate
of moderate to severe exacerbations per patient
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among patients receiving PDE4 inhibitors in
comparison with that found among those
receiving placebo, specifically in symptomatic
cases. In addition, the authors noted longer
intervals between exacerbations and less need
for corticosteroid and antimicrobial use in order
to treat COPD exacerbations. As can be seen
in Figure 3, in 2 of the 3 analyses compared
(all with a grade A recommendation), the use
of mucolytics and antioxidants was shown to
have a beneficial effect in terms of preventing
exacerbations. Aaron et al.(33) conducted a study
investigating the use of LAMAs in combination
with other medications in patients with moderate
or severe COPD, as determined by the GOLD
classification. The authors noted that, among
the patients receiving LAMAs in isolation, the
proportion of patients who presented with
exacerbations requiring the use of systemic
corticosteroids or antimicrobials did not differ
from that observed among those receiving the
LAMA-LABA combination or the LAMA-LABA-IC
combination. In contrast, the LAMA-LABA-IC
combination reduced the rate of hospitalizations
for COPD by nearly 40% in comparison with that
observed for LAMAs in isolation. We found no
studies comparing formoterol and salmeterol
in terms of their effect on COPD exacerbations.
Donohue et al.(16) found no significant
differences between patients treated with
formoterol and those treated with salmeterol
regarding the number of exacerbations occurring
in one year. In the analyses evaluated, the use
of LABAs and ICs in combination was shown to
be superior to that of LABAs or ICs in isolation
for the following outcome measures(19-21,43,47):
number of exacerbations; severe exacerbations
requiring hospitalization; and use of systemic
corticosteroids.
The management of COPD exacerbations,
especially that of those requiring hospitalization,
accounts for approximately half of all COPDrelated treatment costs.(49) In addition,
exacerbations in COPD patients can worsen
quality of life, impair pulmonary function,
and increase mortality.(4,40) The lack of a
consensus regarding the definition of COPD
exacerbation and how to grade the severity of
COPD exacerbation is responsible for certain
discrepancies among the results of clinical
studies.(50) Therefore, some studies included
only exacerbations characterized by worsening
J Bras Pneumol. 2011;37(4):527-543
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of the symptoms for at least three days,
requiring systemic corticosteroids, antibiotics, or
hospitalization.(35,43) Pharmacological treatment
with bronchodilators used in isolation or in
combination with corticosteroids can reduce the
frequency of exacerbations, increase the interval
between exacerbations, or reduce the severity of
the exacerbations. The studies included in our
review were highly heterogeneous in terms of
sample size, drug doses, drug combinations,
COPD severity, length of follow-up, and
parameters used in order to evaluate treatment
response. The number of analyses of the use of
LABAs, SAMAs, or the SABA-LABA combination
was small, and the analyses yielded conflicting
results, only 1 analysis having shown that the
use of LABAs had a beneficial effect on COPD
exacerbations. A review published in 2008 and
including studies conducted before 2005 showed
that the use of LABAs in isolation reduced the
rate of exacerbations by 22% when compared
with the use of a placebo.(51) The effect of ICs
on COPD exacerbations is beneficial, although a
recent review showed that the benefit is minimal
and is seen only in patients with severe COPD.(52)
Guidelines for COPD management recommend
that ICs be used only in patients with severe
COPD and two or more exacerbations per year.
(4,40)
Although various analyses in the present
review demonstrated that the use of ICs and
LABAs in combination has a greater beneficial
effect on COPD exacerbations than does the
use of those drugs in isolation, the clinical
relevance is debatable. In comparison with

the use of a placebo, the use of the LABA-IC
combination resulted in a 25% reduction
in COPD exacerbations,(34) whereas the use
of a LAMA resulted in a 15% reduction.(26)
According to Cazzola et al.,(50) such statistical
differences have clinical value only when COPD
exacerbations are reduced to one episode per
year or when there is a ≥ 22% reduction in the
number of exacerbations. Most of the studies
evaluating the effects of PDE4 inhibitors have
also reported beneficial effects. It is of note that
PDE4 inhibitors reduced the number of COPD
exacerbations only in patients with clinical
characteristics of intense chronic bronchitis
accompanied by chronic cough and numerous
exacerbations. In the present review, there was a
relatively small number of analyses from studies
comparing the various COPD medications.
Aaron et al. found no differences among groups
of patients receiving a LAMA, a LAMA-LABA
combination, or a LAMA-LABA-IC combination,
in terms of the proportion of patients with
exacerbations.(33) The rate of hospitalization was
lower when LAMAs, LABAs, and ICs were used
in combination than when LAMAs were used in
isolation, although further studies are needed
before definitive conclusions can be drawn.
The choice of medications for reducing COPD
exacerbations, as well as the decision of whether
to use monotherapy or combination therapy,
should be made on a case-by-case basis and
should take into consideration disease severity,
potential adverse drug effects, and costs.(4,40)
The combination of medications with other

Figure 4 - Effects of the comparison between pharmacological treatment and placebo on quality of life as the
outcome measure, by level of evidence (grade of recommendation). AO: antioxidant.
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measures, such as pulmonary rehabilitation,
vaccination, and smoking cessation, is extremely
important for the success of the treatment.

Quality of life
Disability and low quality of life are conditions
that have both been associated with COPD. In
numerous studies in the literature, quality of life
has been one of the outcome measures of COPD
treatment. In the present review, the 32 placebocontrolled analyses of medications (Figure 4)
showed that the use of ICs in isolation, as well
as the use of LABAs and LAMAs in isolation or
in combination with ICs, improved the quality of
life of COPD patients, as assessed, in most cases,
by the St. George’s Respiratory Questionnaire
(SGRQ). Neither antioxidants, mucolytics, LABASABA combination, nor PDE4 inhibitors had no
beneficial effect on quality of life. It should be
borne in mind that we evaluated only a small
number of analyses of the effect that PDE4
inhibitors have on quality of life. In 6 analyses of
patients with moderate to very severe COPD, the
use of LAMAs was shown to have a beneficial
effect on quality of life when compared with
the use of a placebo.(9,26,35,41,53,54) However, two
groups of authors(11,42) evaluated patients with
mild to moderate COPD, as determined by the
GOLD classification, and found no such effect.
Only one study evaluated the effect of the
LAMA-IC combination on quality of life, and
it was shown to be superior to that of placebo
during the six-month study period.(28) The use of
LABAs in isolation was compared with the use
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of a placebo and was shown to have a beneficial
effect on quality of life in 4 of the 6 analyses with
a grade A recommendation. In the remaining 2,
no beneficial effect was found. Regardless of the
association studied, all of the analyses comparing
the LABA-IC combination with placebo showed
that the former had positive effects on quality
of life. Aaron et al.(33) compared various classes
of medications and found that the use of LABAs
in combination with LAMAs, as well as the use
of LABAs and ICs in combination with LAMAs,
had beneficial effects on the quality of life of
patients with moderate to severe COPD, when
compared with those observed for the use of
LAMAs in isolation. Similar results were reported
by Welte et al.(55) when comparing the use of
LAMAs in isolation with the use of LAMAs in
combination with LABAs and ICs. However,
Hanania et al.(56) reported that the use of LAMAs
in combination with LABAs had no beneficial
effects on quality of life when compared with
the use of LAMAs in isolation.
Health-related quality of life has played
an increasingly more important role in studies
evaluating
the
effectiveness/efficacy
of
therapeutic interventions. The use of diseasespecific questionnaires, such as the SGRQ, has
the advantage of obtaining results with the
detection of small changes in the course of the
disease after interventions. Regarding the SGRQ,
variations ≥ four points in any domain or in the
total score are considered clinically significant. A
meta-analysis comparing LAMAs with placebo(57)
found that the former had a beneficial effect

Figure 5 - Effects of the comparison between pharmacological treatment and placebo on mortality as the
outcome measure, by level of evidence (grade of recommendation).
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on the quality of life, as demonstrated in
the studies evaluating the differences in the
mean SGRQ score and in those analyzing the
proportion of patients whose SGRQ scores were
reduced by four points or more. In another
meta-analysis, in which the effect of LABAs
on COPD patients with minimally reversible
obstruction was evaluated,(58) LABAs were shown
to be significantly superior to placebo in terms
of their effects on the quality of life of patients,
as assessed by the SGRQ. However, conflicting
results were obtained when quality of life was
assessed by other instruments. Yang et al.(59)
conducted a meta-analysis of studies comparing
ICs with placebo and found a lower rate of
decline in quality of life. In general, the results
of that review, as well as those of other reviews,
showed that the use of LABAs, LAMAs, and ICs
(the last either in isolation or in combination with
LABAs or LAMAs) had a beneficial effect on the
quality of life of patients with COPD. However,
those results should be interpreted with caution.
Although statistically significant, the reduction
in the mean SGRQ found in most of the studies
was inferior to that which is considered clinically
significant (≥ four points). Another important
finding is that quality of life was not the primary
outcome measure in any of the studies included,
with the exception of a study conducted by
Tonnel et al.(54) This underscores the need for
caution when interpreting the recent data from
the literature.

Mortality
Although the available evidence demonstrates
that many of the medications recommended for
the treatment of COPD are effective regarding
various clinically relevant aspects of the disease,
the effects of COPD medications on mortality
have yet to be well defined. As can be seen
in Figure 5, 22 analyses evaluated the effect
of pharmacological treatment on mortality in
COPD patients. Of those 22 analyses, over half
compared the use of a placebo with the use of
ICs or LAMAs in isolation or with that of LABAs
and ICs in combination. Two of the analyses
showed an increase in mortality, whereas
some others showed a reduction in mortality.
However, most showed that the medications had
no effect on mortality. In the analyses showing
that the use of COPD medications reduced
mortality when compared with the use of a
J Bras Pneumol. 2011;37(4):527-543

placebo, the medications that were evaluated
were ICs in isolation, LAMAs, and the LABA-IC
combination. Cohort studies and case-control
studies compared the use of ICs with the use
of a placebo and found that the former had a
beneficial effect on mortality.(60-62) Those results,
however, were not confirmed by prospective
clinical trials.(43,63) In a case-control study
comparing an IC (fluticasone) with a placebo,
Ernst et al. noted an increase in mortality from
pneumonia.(46) In a clinical trial, Calverley et al.
compared patients receiving placebo with those
receiving a LABA-IC combination.(43) The authors
found no reduction in mortality, although the
difference was borderline significant (p = 0.052).
A subsequent analysis of that study revealed
that the use of salmeterol and fluticasone in
combination reduced mortality in patients with
moderate or severe COPD but not in those with
very severe COPD.(64) Two clinical trials compared
LAMAs with placebo and found that the former
had no beneficial effects on mortality from
COPD.(26,35) However, a subsequent analysis of
one of the clinical trials revealed a reduction in
mortality in patients with moderate or severe
COPD, as determined by the GOLD classification;
nevertheless, the reduction was not maintained
30 days after the end of the study.(65) Only
one case-control study compared the regular
use of SABAs in isolation with the use of a
placebo and found an increase in mortality in
the group of patients who received treatment.
(66)
Studies comparing placebo with LABAs(43) and
PDE4 inhibitors(31) found that the medications
had no impact on mortality in COPD patients.
The evidence that is currently available is
inconclusive with regard to the impact that the
various bronchodilators have on COPD-related
mortality. One cohort study found that mortality
at post-discharge month 6 was 20% lower
among those receiving LAMAs than among
those receiving LABAs,(67) a result that was
even more significant when LAMAs were used
in combination with ICs. Another longitudinal
study, however, found no such differences
between LAMAs and LABAs.(68) Nevertheless, a
clinical trial comparing LAMAs with the LABA-IC
combination found that the latter reduced the
two-year mortality.(69) Observational studies
comparing the use of SABAs with the use of
LABAs in isolation or in combination with ICs
showed that LABAs were superior to SABAs in
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terms of reducing mortality.(70,71) There is no
evidence that the use of xanthines has any effect
on COPD-related mortality when compared with
the use of SABAs.(71)
For many years, smoking cessation and
oxygen therapy for patients with severe
hypoxemia were considered to be the only
interventions that had any effect on COPDrelated mortality. Since the late 1990s, there has
been a qualitative leap in the development of
medications, new treatment modalities having
become available for the treatment of COPD.
Although large-scale, prospective controlled
studies have been conducted, mortality was
the primary outcome measure in only one, and
the difference between the groups under study
was borderline significant (p = 0.052).(43) In the
other studies, mortality was evaluated either as
a secondary outcome measure or as a means of
determining drug safety. Post hoc and subgroup
analyses of two studies(26,34) showed that the use
of LABAs and ICs in combination, as well as
the use of LAMAs in isolation, had a beneficial
effect on mortality, especially in patients with
moderate or severe disease (GOLD stages II or III).
Those data should be interpreted in view of the
limitations imposed by the methods employed.
It is possible that the large loss to follow-up
among the controls compromised the results and
made it difficult to detect that benefit among
the patients who received treatment. Two recent
meta-analyses compared various therapeutic
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regimens (ICs, LABAs, LABA-IC combinations,
and LAMAs), and the various studies produced
conflicting results. The first meta-analysis
compared the use of LABAs in isolation with the
use of LABA-IC combinations and found that
the addition of ICs to the habitual therapy did
not reduce mortality.(51) The second(72) concluded
that only LABA-IC combinations had a beneficial
effect on mortality, and that effect was small
(relative risk = 0.80 [95% CI: 0.69-0.94]), a
result that remained consistent even after the
exclusion of patients investigated in another
study included in the meta-analysis.(34) Of the
22 articles analyzed in the present systematic
review, only 7 demonstrated beneficial effects
on mortality. All of the positive analyses from
the articles included are based on post hoc or
subgroup analyses, mortality being a secondary
outcome measure in most of such analyses. The
two abovementioned meta-analyses and our
review demonstrated that the pharmacological
treatment of COPD has little or no impact on
mortality. Further studies should be conducted
in order to determine whether treatment at
earlier stages of the disease can reduce mortality
and whether it is advantageous to focus the
treatment on specific phenotypes, such as
patients with frequent exacerbations or those
presenting with higher levels of the markers of
systemic inflammation. Aggressive treatment
of comorbidities, especially cardiovascular
comorbidities, as well as rehabilitation and

Figure 6 - Effects of the comparison between pharmacological treatment and placebo on adverse drug effects
as the outcome measure, by level of evidence (grade of recommendation). AO: antioxidant; and SC: systemic
corticosteroid.
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therapies aimed to reduce lung volumes,
together with the optimal use of medications,
should also be studied as a way of reducing
mortality in COPD.

Adverse drug effects
The adverse effects of the medications
commonly used in the treatment of COPD
were evaluated in 54 analyses, in which such
medications were compared with placebo (Figure
6). Most of the adverse drug effects reported in
the studies included in the present review were
not severe; nevertheless, some analyses showed
arrhythmias,(73) cardiac ischemic events,(74) and
fractures.(75-77) Of those analyses, 21 showed
that the adverse effects of COPD medications
were worse than were those of placebo. Only 3
analyses—2 involving the use of LAMAs(35) and
1 involving the use of ICs(78)—showed that the
medications had fewer adverse effects than did
placebo. Placebo-controlled analyses of PDE4
inhibitors, SABAs, and systemic corticosteroids
showed that all of the medications had harmful
effects. Although 1 analysis showed that LABAs
had worse adverse effects than did placebo,
most of the studies found no differences
between LABAs and placebo, between the SABALABA combination and placebo, or between
mucolytics/antioxidants and placebo in terms of
adverse effects. In various clinical trials, the use
of ICs in isolation or in combination with LABAs
increased the adverse effects, principally the
risk of developing pneumonia, when compared
with the use of a placebo.(43,64,79) However, a
study evaluating those same drug combinations
showed that the medications had no impact on
the risk of developing pneumonia.(47) The use of
ICs has not been shown to increase the risk of

fracture,(76,77,80) except in one study.(75) However,
the use of systemic corticosteroids has been
shown to increase that risk.(75,76) It is of note
that most of those analyses originated from
observational studies, which underscores the
need for specific clinical trials. The comparison
among long-acting bronchodilators in terms of
adverse effects was inconclusive. Briggs et al.(32)
reported that the comparison between LAMAs
and salmeterol in a randomized clinical trial
revealed a higher prevalence of mild adverse
effects, such as dry mouth, and a lower
prevalence of serious adverse effects, particularly
those related to the lower respiratory tract.(32) In
contrast, an observational study compared those
same medications and found no differences
regarding cardiac ischemic events, arrhythmias,
or pneumonia.(68) The use of fluticasone
was compared with that of salmeterol in
isolation,(19,20,43,79) as well as with that of LAMAs
in isolation,(69) and was shown to increase the
risk of developing pneumonia.
The analyses in the present review showed that
the medications that are currently available for
COPD control are safe and have minimal adverse
effects. In addition, most of the studies showed
that the adverse effects of the medications did
not require treatment discontinuation. However,
the adverse effects of active drugs, particularly
those of ICs and systemic corticosteroids, were
more common than were those of placebo.
Ernst et al.(46) noted an increase in the risk of
hospitalization for pneumonia. A large-scale
review of the topic showed that the relative risk
for pneumonia in a group of patients receiving
ICs was 1.57, with no increase in the mortality
risk.(81) The risk of developing pneumonia was
highest among elderly patients and those with
COPD that was more severe. Such studies

Table 1 - Summary of the results of the principal pharmacological treatments for COPD in relation to the
various outcome measures and the grade of recommendation.a,b
Treatments
Symptoms Pulmonary Prevention of Quality of
Mortality
Adverse drug
function exacerbations
life
effects
LABA
Yes (A)
Yes (A)
Yes (A)
Yes (A)
No (A)
Minimal
LAMA
Yes (A)
Yes (A)
Yes (A)
Yes (A)
No (B)
Minimal
IC
Yes (A)
Yes (A)
Yes (A)
Yes (A)
No (B)
Some
LABA+IC
Yes (A)
Yes (A)
Yes (A)
Yes (A)
No (B)
Some
Mucolytic+antioxidant
No (B)
No (B)
Yes (B)
No (B)
Minimal
PDE4 inhibitor
Yes (B)
Yes (B)
Yes (B)
No (B)
No (B)
Some
“Yes” means that the drug(s) produced favorable results regarding the outcome measure, whereas “No” means that the
drug(s) produced unfavorable results regarding the outcome measure. The categorization was also based on the number of
analyses. bGrade of recommendation shown in parentheses.
a
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raised important questions regarding the lack
of a precise definition of pneumonia and the
surprising absence of an increase in mortality
in patients with COPD and pneumonia. One
study(82) demonstrated that the use of ICs
had local effects, such as oral candidiasis.
Regarding the systemic effects of ICs, various
prospective randomized trials have reported a
higher frequency of bruising and of cataracts.
(83,84)
Another study(43) showed that the number
of nonfatal cases of pneumonia was higher
among patients who received ICs than among
those who did not. It is generally accepted that
the use of doses ≤ 800 mg/day of budesonide
(or equivalent drugs) does not increase the risk
of decreased bone density or fracture. However,
that risk becomes significantly higher when
doses > 1,000 mg/day of budesonide are used.
(83)
Studies of bone density in COPD patients
treated with ICs have produced conflicting
results, which might be due to the difficulty in
adjusting for confounding factors, such as oral
steroid use, smoking, sedentary lifestyle, diet,
and type of IC. In general, the adverse effects
of LABAs are of little importance.(85) For some
time, the cardiovascular safety of such drugs was
questioned. In two recent large-scale clinical
trials—one evaluating LABAs(86) and the other
evaluating LAMAs(87)—that problem was not
considered to be serious, even after follow-up
periods of 3 and 4 years, respectively. However, a
subsequent evaluation, which corrected certain
information, demonstrated that the patients who
received LAMAs were at a higher risk for acute
myocardial infarction and stroke. Some of the
most common adverse effects of PDE4 inhibitors
include diarrhea and nausea. Weight loss is also
relatively common in patients receiving PDE4
inhibitors (occurring in 6-12% vs. 1-3% of those
receiving placebo), the weight loss being 2 kg,
on average, and most often occurring in the first
months of treatment. Cazzola et al. reported
that the frequency of cardiac arrhythmias and
cardiovascular effects in patients receiving PDE4
inhibitors was similar to that seen in patients
receiving placebo.(88) Table 1 summarizes
the effects of the various medications for the
treatment of COPD in relation to the principal
outcomes of interest and the respective levels
of scientific evidence. The summary presented
in Table 1 refers to the comparisons between
COPD medications and placebo, as well as

539

to the comparisons among the various COPD
medications.

Final considerations
The present systematic review included
original articles that were published in the 20052009 period and evaluated LABAs, LAMAs, ICs,
mucolytics, antioxidants, and PDE4 inhibitors, as
well as the combinations thereof, in patients with
COPD, the outcome measures being symptoms,
pulmonary function, exacerbation, quality of
life, mortality, and adverse drug effects. The 84
original articles that were selected generated
420 analyses, of which approximately 55%
compared COPD medications with placebo. Of
the classes of medications studied, mucolytics
and antioxidants were the least studied, which is
probably due to the fact that those medications
play a nearly insignificant role in the treatment
of COPD. The number of analyses of PDE4
inhibitors was also low, which is due to the
fact that those are new drugs. Therefore, the
analyses of mucolytic-antioxidant combinations
and of PDE4 inhibitors received grade B
recommendations. The bronchodilators that
were most commonly studied were the two types
of long-acting bronchodilators—LABAs and
SAMAs—and there was no conclusive scientific
evidence of the superiority of one over the other.
The effects of ICs were positive or negative,
depending on the outcome measure, and some
adverse effects were observed. Mortality was
the outcome measure for which there is still no
conclusive evidence, and each of the medications
evaluated in the present review received a grade
A recommendation in that respect.
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