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Tiotropium for Treatment of Stable COPD:
A Meta-analysis of Clinically Relevant Outcomes

Abebaw Mengistu Yohannes PhD MSc, Thomas George Willgoss MSc,
and Jørgen Vestbo DrMedSci

OBJECTIVE: To systematically review recent evidence on the effectiveness of tiotropium versus pla-
cebo, ipratropium, and long-acting �2 agonists on outcomes relevant to patients with stable COPD,
including health-related quality of life, dyspnea, exacerbations and hospitalizations. METHODS: Our
inclusion criteria for trials were: > 12 weeks; compared tiotropium to placebo, ipratropium, or long-
acting � agonists; patients > 40 y old and with stable COPD. Sixteen trials (16,301 patients) met the
inclusion criteria. RESULTS: Tiotropium improved health-related quality of life (measured with
St George’s Respiratory Questionnaire) compared to placebo (odds ratio [OR] 1.61, 95% CI 1.38–1.88,
P < .001) and ipratropium (OR 2.03, 95% CI 1.34–3.07, P � .001). Tiotropium also improved dyspnea
(measured with the Transitional Dyspnea Index) compared to placebo (OR 1.96, 95% CI 1.58–2.44,
P < .001) and ipratropium (OR 2.10, 95% CI 1.28–3.44, P � .003). Tiotropium decreased the likelihood
of an exacerbation (OR 0.83, 95% CI 0.72–0.94, P � .004) and related hospitalizations (OR 0.89,
95% CI 0.80–0.98, P � .02) but not serious adverse events (OR 1.06, 95% CI 0.97–1.17, P � .19),
compared to placebo. The cumulative incidence of dry mouth was 7.4% with tiotropium, compared to
3.9% with ipratropium, 1.6% with salmeterol, and 2.0% with placebo. CONCLUSIONS: In stable
COPD, tiotropium showed superior efficacy in improving quality of life and dyspnea, compared to
placebo and ipratropium. However, tiotropium’s differences with salmeterol were less clear. Key words:
dyspnea; exacerbations; hospitalization; meta-analysis; quality of life; tiotropium; COPD. [Respir Care 2011;
56(4):477–487. © 2011 Daedalus Enterprises]

Introduction

COPD is a major cause of morbidity, disability, and
mortality in old age. COPD was the fifth leading cause of

death worldwide in 2001, and is projected to be the third
leading cause of death by 2020.1,2 Recent findings suggest
a 5-year mortality rate, following a COPD exacerbation, as
high as 70%.3

The Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD, http://www.goldcopd.org) guidelines advo-
cate long-acting bronchodilators such as tiotropium for
patients with moderate to very severe COPD. Tiotropium
is a once daily, inhaled long-acting anti-cholinergic drug
with a pharmacokinetic selectivity for M3 and M1 recep-
tors.4 Tiotropium is the most widely prescribed medication
for COPD, and, since its approval in 2002, has been used
by more than 10 million users worldwide (http://www.
boehringer-ingelheim.com).

In the past few years there have been several large-scale
systematic reviews of the efficacy of tiotropium.5-7 Previous
meta-analyses evaluated a number of variables, including lung
function, clinical events, mortality and quality of life. Al-
though analysis of objectively measured physiological vari-
ables such as lung function has an important role, it can be
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argued that those variables are not of primary concern to the
patient. Lung function correlates poorly with exercise toler-
ance and activities of daily living, and narratives by COPD
patients suggest that subjective experiences such as dyspnea,
emotional well-being, and social functioning may be the most
important factors to the patient.8,9 Furthermore, in patients
with COPD, dyspnea and health-related quality of life are
better predictors of survival than are physiological measures.10

In a 5-year, prospective trial with 227 patients with COPD,
dyspnea (measured with the Medical Research Council dys-
pnea scale) was a significant predictor of survival. However,
FEV1 was not able to predict survival in that study.11 Studies
that have examined prognostic indicators for patients admit-
ted with COPD exacerbations found that after one year, qual-
ity of life (measured with St George’s Respiratory Question-
naire12 and the Breathing Problems Questionnaire13) were
strong predictors of mortality, compared to other outcome
variables. From a patient’s perspective, the effectiveness of a
drug is most likely to be judged on outcomes that matter to
them in their daily lives, such as ameliorating exertional dys-
pnea that feels disproportionate to the activity, reducing ad-
verse events, reducing healthcare use, and improving overall
quality of life.

A meta-analysis by Barr et al, of studies that included
6,548 patients, found that, compared to placebo, tiotro-
pium reduced exacerbations and frequency of hospitaliza-
tion and improved patient perceptions of dyspnea and
health-related quality of life.5,6 That meta-analysis focused
more on short-term trials with patients with stable COPD,
not designed to detect effects of exacerbations on health-
related quality of life in long-term trials. Since then there
have been several randomized clinical trials that further
examined the efficacy of tiotropium in long-term trials. Of
particular interest is the Understanding Potential Long-
Term Impacts on Function with Tiotropium (UPLIFT)
study, which observed the long-term effects of tiotropium
therapy in 4 years follow-up in almost 6,000 patients.14

Data from that study, alongside others, provides an oppor-
tunity for further analysis of tiotropium efficacy from an
increasingly large pool of COPD patients. Therefore, we
undertook a meta-analysis of randomized controlled trials
(RCTs) to evaluate the efficacy of tiotropium on clinically
relevant outcomes to patients with COPD, including health-
related quality of life, dyspnea, adverse events, and clini-
cal events (COPD exacerbations and related hospitaliza-
tions) compared to placebo, ipratropium bromide, and long-
acting �2 agonists (LABA).

Methods

Search Strategy and Eligibility Criteria

We searched MEDLINE, EMBASE, CINAHL, AMED,
Web of Knowledge, and the Cochrane Controlled Trials

Register (CENTRAL) for studies published between Jan-
uary 1, 1990 and January 25, 2010), with the key words
“tiotropium” OR “tiotropium bromide” OR “Spiriva” AND
“COPD” OR “COPD”. We also reviewed the reference
lists of all the primary studies and reviewed the articles for
additional references. We also searched for relevant files
from Boehringer Ingelheim (http://trials.boehringer-ingel
heim.com/com/home/trialresults/index.jsp) for unpub-
lished data and to explore the overlap between studies.

Study Selection

The selection criteria were:

• Population: adult patients � 40 y old with stable COPD
consistent with American Thoracic Society/European Re-
spiratory Society10 or GOLD diagnostic criteria,4 who
had not had an exacerbation in the 4 weeks before the
study

• Intervention: Tiotropium with placebo, ipratropium bro-
mide, or long-acting � agonists (LABA, salmeterol, or
formoterol)

• Duration of treatment: Studies that followed patients for
� 12 weeks after randomization

• Design: Parallel-group or crossover RCT

• Primary clinical outcomes: COPD exacerbations; related
hospitalizations; health-related quality of life (measured
with, for instance, St George’s Respiratory Question-
naire)15; dyspnea (measured with, for instance, the Tran-
sitional Dyspnea Index)16; and adverse events (eg, dry
mouth, blurred vision, urinary-tract obstruction, and con-
stipation)

• Publication language: English

For the sake of consistency, we followed a Cochrane re-
view5 in defining a COPD exacerbation as a complex of
respiratory symptoms of new onset, or an increase in at
least one of cough, sputum, dyspnea, and wheeze or chest
discomfort, that has lasted at least 3 days, and usually
associated with a therapeutic intervention.

Data Extraction and Assessment of Methodological
Quality

Titles, abstracts, and citations of potentially relevant
studies were independently analyzed by 2 reviewers (AMY
and TGW) for inclusion. Disagreements were resolved by
discussion with the third author (JV) to determine a group
consensus.

Two reviewers (AMY and TGW) extracted data from
the selected studies with a standardized protocol. They
recorded age, sex, COPD duration of the study (in weeks),
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smoking history (in pack-years), percentage of current
smokers who participated, and COPD severity (measured
as mean predicted FEV1), and assessed each study for
methodological quality.17 Randomization, blinding, and re-
porting of withdrawals and dropouts were rated, using a
validated checklist.17 A score of � 3 was regarded as
methodologically poor quality.

Data Analysis

Data were analyzed via meta-analysis with statistics soft-
ware (Stata IC 11, StataCorp, College Station, Texas). We
calculated fixed-effect odds ratio (OR) and 95% CI for
dichotomous variables of individual trials. Trials were
pooled using the fixed-effect OR. An I2 test was used to
test heterogeneity, with values of 25%, 50%, and 75%,
representative of low, moderate, and high heterogeneity,
respectively. I2 can be described as the percentage of total
variation between studies that is due to heterogeneity rather
than (chance) sampling error.18 A value of 0% indicates no
observed heterogeneity, and larger values show increasing
heterogeneity. When heterogeneity was found (� 25%), a
random-effect model was used. We performed a sub-group
analysis to determine whether duration of follow-up al-
tered the efficacy of tiotropium in the outcomes of clinical
variables of the studies that investigated 12–52 weeks ver-
sus over one-year follow-up. The validated Jadad tool was
employed to assess methodological quality.17 Significance
was set at P � .05.

Results

A total of 107 studies were examined for possible in-
clusion, of which 91 were excluded, for a number of rea-
sons (Fig. 1). No unpublished studies were found for this
review. Sixteen RCTs (16,301 randomized patients) met
the inclusion criteria and were selected for analysis.14,19-33

The main characteristics of these studies are described in
Table 1.

The methodological quality of the included studies was
good. Two studies scored 5 out of 5, 9 studies scored 4 out
of 5, and 5 studies scored 3 out of 5, using the Jadad
checklist (see Table 1).17

Eleven of the included trials compared tiotropium to
placebo; one compared tiotropium to ipratropium20; one
compared tiotropium to salmeterol22; one compared tiotro-
pium to placebo and to salmeterol21; one compared tiotro-
pium to placebo, to formoterol, and to a combination of
tiotropium and formoterol32; and one compared tiotropium
(5 �g) to tiotropium (10 �g), to placebo, and to ipratro-
pium.33 The protocols were very similar between the trials.
All the studies generally enrolled patients with stable mod-
erate to severe COPD according to the GOLD criteria. All
but one study excluded patients with a history of asthma or

allergic rhinitis.32 Seven studies excluded patients with a
raised eosinophil count. Eight studies excluded patients
with a recent history of myocardial infarct. Seven studies
excluded patients with unstable use of corticosteroids.

The demographic characteristics of COPD patients in-
cluded in the trials were very similar (Table 2). The
weighted mean duration of the trials was 95 weeks (mean
37 weeks, range 12–208 weeks). The weighted mean age
of participants was 65.1 years (mean 64.5 y, range 60–
68 y), and 76.9% of participants were male (mean 74.7%,
range 48–99%). Ten studies reported smoking status, and
33.0% of the patients were classified as current smokers.
The mean smoking history of patients was 45.3 � 24.4 pack-
years. On average, patients had been diagnosed with COPD
for 9.3 � 7.7 years.

Health-Related Quality of Life

Six studies (n � 6,544) examined the proportion of
patients who obtained a clinically important change (4-
unit change) in the St George’s Respiratory Questionnaire
with tiotropium, compared to placebo. The proportion of
patients who achieved a clinically important improvement
was greater with tiotropium than with placebo (Fig. 2) and
was statistically significant (OR 1.61, 95% CI 1.38–1.88,
P � .001). A similar improvement was observed in one
study (n � 443) that compared tiotropium to ipratropium
(OR 2.03, 95% CI 1.34–3.07, P � .001).20 There was no
significant difference when tiotropium was compared to

Fig. 1. Identification and selection of studies.
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salmeterol in one study (OR 1.26, 95% CI 0.93–1.69,
P � .13).21

Dyspnea

Two studies (n � 1,489) examined the proportion of
patients who obtained a clinically important change (1-
unit change) in the Transitional Dyspnea Index with tiotro-

pium versus placebo (Fig. 3). There was a statistically
significant summary estimate in favor of tiotropium
(OR 1.96, 95% CI 1.58 –2.44, P � .001). There was a
similar, statistically significant OR compared to ipra-
tropium (OR 2.10, 95% CI 1.28 –3.44, P � .003), but
there was no significant difference when tiotropium was
compared to salmeterol (OR 1.08, 95% CI 0.80 –1.45,
P � .61).

Table 1. Studies Included in the Present Analysis

First Author Year n
Duration
(weeks)

Permitted Co-therapies Interventions and Control
Quality
Score

Briggs22 2005 635 12 Salbutamol, theophylline compounds, inhaled
steroids, modest oral steroids

Tiotropium 18 �g daily
Salmeterol 50 �g twice daily

4

Brusasco21 2003 1,207 26 NA Tiotropium 18 �g daily
Salmeterol 50 �g twice daily
Placebo

4

Casaburi19 2002 921 52 Albuterol, stable theophylline, inhaled
steroids*

Tiotropium 18 �g daily
Placebo

3

Casaburi23 2005 108 26 Albuterol, inhaled steroids, oral steroids,
theophylline

Tiotropium 18 �g daily
Placebo (plus pulmonary rehabilitation)

4

Chan27 2007 913 52 Stable oral steroids,* stable inhaled steroids,
theophylline, non-bronchodilator mucolytic
preparations

Tiotropium 18 �g daily
Placebo

4

Dusser25 2006 1,010 48 Short-acting � agonists, stable oral steroids,*
stable inhaled steroids

Tiotropium 18 �g daily
Placebo

3

Freeman28 2007 395 13 NA Tiotropium 18 �g daily
Placebo

4

Johansson29 2008 224 13 Salbutamol, oral steroids, and theophylline
only for exacerbations

Tiotropium 18 �g daily
Placebo

3

Moita30 2008 311 13 Salbutamol, long-acting � agonists,
theophylline, mucolytics, stable oral
steroids,* stable inhaled steroids

Tiotropium 18 �g daily
Placebo

4

Niewoehner24 2005 1,829 26 Any (except for other open-label
anticholinergic bronchodilators)

Tiotropium 18 �g daily
Placebo

4

Tashkin14 2008 5,993 208 Any (except other inhaled anticholinergic
bronchodilators)

Tiotropium 18 �g daily
Placebo

4

Tonnel31 2008 554 39 Salbutamol, stable theophylline, stable
mucolytics, stable oral steroids,* stable
inhaled steroids

Tiotropium 18 �g daily
Placebo

5

Verkindre26 2006 100 13 Salbutamol, theophylline, mucolytics, stable
oral steroids,* inhaled steroids

Tiotropium 18 �g daily
Placebo

3

Vincken20 2002 535 52 Salbutamol, stable theophylline, stable oral
steroids,* stable inhaled steroids

Tiotropium 18 �g daily
Ipratropium 40 �g 4 times daily

3

Vogelmeier32 2008 847 26 Salbutamol, stable inhaled steroids Tiotropium 18 �g � placebo twice daily
Formoterol 10 �g twice daily
Tiotropium 18 �g � formoterol 10 �g

twice daily
Placebo twice daily

5

Voshaar33 2008 719 13 Salbutamol, stable theophylline, stable
mucolytics, stable oral steroids,* stable
inhaled steroids

Tiotropium 5�g � placebo 4 times daily
Tiotropium 10 �g � placebo 4 times

daily
Ipratropium 36 �g 4 times daily
Placebo daily

4

* At a dose of � 10 mg/day prednisone or equivalent
NA � not applicable
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Exacerbations

Thirteen studies examined the effect of tiotropium on
the proportion of patients who experienced a COPD ex-
acerbation. Tiotropium significantly reduced the odds of
an exacerbation in 11 studies (n � 13,124) that compared
tiotropium to placebo (OR 0.83, 95% CI 0.72–0.94,

P � .004) (Fig. 4A) and one study (n � 443) that
compared tiotropium to ipratropium (OR 0.64,
95% CI 0.44 – 0.92, P � .02).20 Reductions in exacer-
bations were observed in 2 studies (n � 1,415) that
compared tiotropium to salmeterol (Fig. 4B), but that
difference was not statistically significant (OR 0.86,
95% CI 0.67–1.11, P � .25).

Table 2. Patients demographic characteristics of selected studies

First Author Year
Age

(mean � SD y)
Male
(%)

Current
Smoker (%)

Smoking
History

(mean � SD
pack-years)

COPD
Duration

(mean � SD y)

FEV1/FVC
(mean � SD %)

FEV1

(mean � SD
% predicted)

Briggs22 2005 64.4 � 8.2 67.0 35.5 55.9 � 28.8 9.4 � 6.7 43 � 10 38 � 12
Brusasco21 2003 64.2 � 8.4 76.3 NA 43.8 � 23.2 9.6 � 7.6 43 � 10 39 � 12
Casaburi19 2002 65.0 � 9.0 64.7 NA 61.0 � 30.5 8.4 � 7.1 46 � 12 39 � 14
Casaburi23 2005 66.6 � 7.9 56.5 24.0 58.7 � 33.0 9.3 � 7.1 43 � 11 34 � 12
Chan27 2007 66.9 � 8.9 60.0 31.0 50.6 � 24.5 9.9 � 8.9 46 � 12 39 � 14
Dusser25 2006 64.8 � 9.3 88.0 25.5 NA 8.4 � 7.8 55 � 12 48 � 13
Freeman28 2007 64.9 � 9.1 54.3 NA 37.4 � 17.3 NA 56 � 10 49 � 11
Johansson29 2008 61.6 � 8.3 48.0 60.0 31.5 � 12.1 4.8 � 4.2 62 � 7 73 � 13
Moita30 2008 64.3 � 8.7 94.5 NA 56.0 � 23.6 12.4 � 9.2 46 � 12 41 � 14
Niewoehner24 2005 67.9 � 8.6 99.0 30.0 68.4 � 36.0 12.1 � 10.5 48 � 11 36 � 13
Tashkin14 2008 64.5 � 8.4 74.7 29.6 48.7 � 28.0 9.8 � 7.5 42 � 11 39 � 12
Tonnel31 2008 64.2 � 9.9 86.0 27.0 43.7 � 21.9 8.0 � 7.8 55 � 11 47 � 13
Verkindre26 2006 60.4 � 9.9 94.0 28.5 43.7 � 20.6 9.3 � 6.8 NA 35 � 9
Vincken20 2002 64.1 � 8.2 85.0 NA 33.8 � 17.7 11.3 � 9.8 46 � 10 41 � 12
Vogelmeier32 2008 62.6 � 8.9 77.9 NA 38.0 � 19.6 7.0 � 6.4 54 � 10 51 � 11
Voshaar33 2008 64.0 � 8.8 69.3 39.3 51.0 � 29.0 9.8 � 7.8 48 � 11 41 � 12

FVC � forced vital capacity
NA � no data available

Fig. 2. Effects of tiotropium versus placebo on health-related quality of life, measured with St George’s Respiratory Questionnaire.
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Exacerbation-Related Hospitalizations

Nine studies reported the proportion of patients who
were hospitalized at least once due to an exacerbation. The
summary estimate for the 7 studies (n � 11,844) that
compared tiotropium to placebo favored tiotropium
(Fig. 5A) and the difference was significant (OR 0.89,
95% CI 0.80–0.98, P � .02). A similar but nonsignificant
reduction in the odds of an exacerbation-related hospital-
ization was also found in 2 studies (n � 1,415) that com-
pared tiotropium to salmeterol (OR 0.54, 95% CI 0.29–
1.00, P � .051) (see Fig. 5B), and to lesser extent one
study (n � 535) that compared tiotropium to ipratropium
(OR 0.59, 95% CI 0.32–1.09, P � .09).20 One study com-
pared tiotropium to formoterol and found a nonsignificant
difference (OR 4.98, 95% CI 0.58–42.96, P � .15)

Adverse Events

The most commonly reported adverse event was dry
mouth: 10 studies reported the incidence of dry mouth.
The cumulative incidence was 7.4% with tiotropium, 3.9%
with ipratropium, 1.6% with salmeterol, and 2.0% with
placebo. The incidence of dry mouth was over 3-fold higher
in 8 studies (n � 4,998) that compared tiotropium to pla-
cebo (OR 3.19, 95% CI 1.79–5.70, P � .001) (Fig. 6A), in
2 studies (n � 1,415) that compared tiotropium to salme-
terol (OR 4.60, 95% CI 2.37–8.93, P � .001) (see Fig. 6B),
and in 2 studies that compared tiotropium to ipratropium
(OR 3.09, 95% CI 1.68–5.66, P � .001) (see Fig. 6C).

The summary odds estimate for the number of patients
who experienced a serious adverse event was not statisti-
cally significant when tiotropium was compared to pla-
cebo (OR 1.06, 95% CI 0.97–1.17, P � .19) (Fig. 7). One
study (n � 608) that compared tiotropium to salmeterol
found a statistically significant lower risk of a serious

adverse event with tiotropium (OR 0.39, 95% CI 0.16–
0.95, P � .04).

Analysis With Longer Studies Excluded

To compare the effects of longer-term studies on out-
comes, we performed a secondary analysis in which we
removed studies longer than one year.14 Although there
were slight changes in the OR values, significant positive
findings remained for health-related quality of life (OR 1.68,
95% CI 1.44–1.95, P � .001), exacerbations (OR 0.8,
95% CI 0.72–0.88, P � .001), and exacerbation-related
hospitalizations (OR 0.76, 95% CI 0.62–0.93, P � .009)
when tiotropium was compared to placebo. The summary
odds estimate for serious adverse events remained nonsig-
nificant (OR 1.09, 95% CI 0.88–1.35, P � .43) when
tiotropium was compared to placebo.

Discussion

This systematic review and meta-analysis incorporates
16 RCTs and includes data from 16,301 COPD patients.
To our knowledge, to date this is the largest analysis of the
efficacy of tiotropium on clinically relevant outcomes in
patients with stable COPD. Tiotropium increased the odds
of achieving a clinically relevant change on the St George’s
Respiratory Questionnaire (4 points) and the Transitional
Dyspnea Index (one point), compared to both placebo and
ipratropium. The odds of an exacerbation or related hos-
pitalization were reduced with tiotropium, compared to
placebo, with the mean 37 weeks, which ranged between
12 and 208 weeks of follow-up.

The results of this review are consistent with previous
data.5-7 Barr et al found that patients using tiotropium were
more likely to achieve a clinically important change in
St George’s Respiratory Questionnaire, compared to pla-

Fig. 3. Effects of tiotropium versus placebo on dyspnea, measured with the Transitional Dyspnea Index.
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cebo (OR 1.92, 95% CI 1.36–2.71).6 This review extends
those findings with twice the number of RCTs and over 4
times as many patients than were included by Barr and
co-workers (6,544 vs 1,622 COPD patients).6 Our findings
for clinically important change in dyspnea are the same as
in previous reviews, as no new data have become avail-
able.5,6 Other important findings include the benefit of
tiotropium on COPD exacerbations and related hospital-
izations. A recent analysis by Rodrigo and Nannini found

that, compared to placebo, patients receiving tiotropium
had a reduced risk of exacerbation (OR 0.76, 95% CI 0.68–
0.87).9 The present review also found a significant, but
smaller, reduced risk of exacerbation (OR 0.83,
95% CI 0.72–0.94). That difference may be attributable to
the fact that Rodrigo and Nannini included studies with a
shorter treatment duration (one week), whereas we in-
cluded only studies of at least 12 weeks.7 However, de-
spite our stringent inclusion criteria, we included data from

Fig. 4. Effects of tiotropium versus (A) placebo and (B) salmeterol on COPD exacerbations.
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11 studies, compared to 8 in the earlier review. We found
that tiotropium also reduced the odds of an exacerbation-
related hospitalization, compared to placebo. Again, this is
consistent with earlier reviews.6,7

Tiotropium’s safety profile is well established, not least
from the recent findings in the UPLIFT trial.14 Our analysis
found no significant difference in serious adverse events be-
tween tiotropium and placebo. However, there was a notably
high prevalence of dry mouth in patients receiving tiotro-
pium. The cumulative incidence of dry mouth was 7.4% with
tiotropium, compared to 3.9% with ipratropium, 1.6% with
salmeterol, and 2.0% with placebo. Previous reviews report a

similarly high incidence (11.7%) of dry mouth with tiotro-
pium, and elevated risks of over 4 times that of placebo.6,7

The main strength of our study is that it includes a large
pool of COPD patients, which allowed us to perform ro-
bust analysis of outcomes relevant to patients and clini-
cians, in comparison to previous studies.6,7,34 The trials we
included used very similar designs and recruited patients
with almost identical physiological and socio-demographic
data (see Table 2). The trials were also of good quality,
with a statistical homogeneity present in most outcomes.
However, there were differences in the trial durations, which
ranged from 12 weeks to 208 weeks, so our data analysis

Fig. 5. Effects of tiotropium versus (A) placebo and (B) salmeterol on hospitalizations.
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and interpretation should be treated with caution, as cer-
tain outcomes may be more likely to occur in longer stud-

ies. For example, it is likely that many COPD patients will
experience at least one exacerbation in a 4-year period,

Fig. 6. Effects of tiotropium versus (A) placebo, (B) salmeterol, and (C) ipratropium on dry mouth.
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regardless of their medication use. However, our second-
ary analysis, in which we excluded studies longer than
52 weeks,14 found that the lower exacerbation rate and
improved quality of life with tiotropium, compared to pla-
cebo, remained significant. Dichotomous outcomes, such
as the occurrence at least one exacerbation, may not truly
reflect the efficacy of a drug, and in such cases an outcome
such as number of hospitalizations per patient per year
may be an appropriate addition to future reviews. Further-
more, it is important to consider that the included studies
had different criteria for the use of co-medications. Cau-
tion must be exercised when extrapolating these findings
to a clinical population.

Limitations

First, for the comparisons of tiotropium to ipratropium or
LABA, there were often just one or two trials on which to
conduct rigorous analysis. This indicates a lack of recent
studies of tiotropium versus ipratropium or LABA, so this
review does not add any new findings about certain outcomes
(eg, dyspnea). Second, we included only published studies
that followed patients with COPD over a minimum 3-month
period, so we may have missed some unpublished literature.
However, we made every attempt to minimize bias by using
a systematic search strategy, and we specified the inclusion
andexclusioncriteria.Furthermore,2 reviewers independently
evaluated selected studies, and a third reviewer was added to
reach consensus if necessary. Third, previous meta-analyses
reported the problem of double-counting of patients from
overlapping publications; we addressed this issue by access-

ing the trial database of the manufacturer of tiotropium.6

Fourth, there is always a risk of publication bias, because
negative or nonsignificant findings are less likely to be pub-
lished. We have not analyzed this assertion in this review.
Finally, our review did not capture sub-analysis of pneumo-
nia-related exacerbations, cardiovascular events, mortality,
and intention-to-treat analysis; although these are important,
we believe they were adequately reported in 3 recent system-
atic reviews.34-36 Despite these limitations, the long-term ef-
ficacy of tiotropium makes it worthy of consideration for
first-line therapy and the maintenance of COPD. In addition,
in further analysis of the UPLIFT37 trial (n � 5,993), COPD
patients demonstrated that tiotropium increased the time to
first exacerbation and time to exacerbation resulting in hos-
pital admission, compared to the control group (OR 0.82 and
0.74, 95% CI 0.75–0.90 and 0.62–0.88, respectively), and
reduced the risk of exacerbation and related hospitalization.34

Conclusions

COPD patients treated with tiotropium had better health-
related quality of life and dyspnea than patients who re-
ceived placebo or ipratropium. Tiotropium also signifi-
cantly reduced the frequency of COPD exacerbations and
related hospitalizations. Further studies are needed to com-
pare the efficacy of tiotropium against other treatments,
especially when added to a LABA. However, the results of
this review and analysis suggest that tiotropium has pos-
itive superior effects in the long-term on clinically relevant
outcomes in patients with stable COPD.

Fig. 7. Effects of tiotropium versus placebo on serious adverse events.

META-ANALYSIS OF TIOTROPIUM FOR TREATMENT OF STABLE COPD

486 RESPIRATORY CARE • APRIL 2011 VOL 56 NO 4



ACKNOWLEDGMENTS

We are most grateful to Gindo Tampubolon PhD, Institute for Social
Change, University of Manchester, Manchester, United Kingdom, for
support and statistical advice.

REFERENCES

1. Pauwels RA, Rabe KF. Burden and clinical features of chronic ob-
structive pulmonary disease (COPD). Lancet 2004;364(9434):613-
620.

2. Murray CJ, Lopez AD. Alternative projections of mortality and dis-
ability by cause 1990-2020: Global Burden of Disease Study. Lancet
1997;349(9063):1498-1504.

3. Ai-Ping C, Lee KH, Lim TK. In-hospital and 5-year mortality of
patients treated in the ICU for exacerbation of COPD. Chest 1997;
128(2):518-524.

4. Disse B, Speck GA, Rominger KL, Witek TJ Jr, Hammer R. Tiotro-
pium (Spiriva): mechanistical considerations and clinical profile in
obstructive lung disease. Life Sci 1999;64(6-7):457-464.

5. Barr RG, Bourbeau J, Camargo CA. Tiotropium for stable COPD.
Cochrane Database Syst Rev 2005;(2):CD002876.

6. Barr RG, Bourbeau J, Camargo CA, Ram FS. Tiotropium for stable
COPD: a meta-analysis. Thorax 2006;61(10):854-862.

7. Rodrigo GJ, Nannini LJ. Tiotropium for the treatment of stable COPD:
a systematic review with meta-analysis. Pulm Pharmacol Ther 2007;
20(5):495-502.

8. Yohannes AM, Roomi J, Waters K, Connolly MJ. Quality of life in
elderly patients with COPD: measurement and predictive factors.
Respir Med 1998;92(10):1231-1236.

9. Fraser DD, Kee CC, Minick P. Living with COPD: insiders’ per-
spectives. J Adv Nurs 2006;55(5):550-558.

10. Celli BR, MacNee W. Standards for the diagnosis and treatment of
patients with COPD: a summary of the ATS/ERS position paper. Eur
Respir J 2004;23(6):932-946.

11. Nishimura K, Izumi T, Tsukino M, Oga T. Dyspnoea is a better
predictor of 5-year survival than airway obstruction in patients with
COPD. Chest 2002;121(5):1434-1440.

12. Almagro P, Calbo E, Ochoa de Echagüen A, Barreiro B, Quintana S,
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