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ABSTRACT: Over the past decade, several large-scale clinical trials have been performed to

assess the impact of pharmacological treatments on patient-centred outcomes such as dyspnoea,

exercise tolerance, exacerbations and health-related quality of life (HRQoL) in patients with

chronic obstructive pulmonary disease (COPD).

Tiotropium, a once-daily inhaled anticholinergic agent that works through prolonged muscarinic

M3 receptor blockade, has consistently been shown to provide sustained improvements in lung

function parameters. Furthermore, several prospective trials have shown that tiotropium improves

exercise tolerance and augments the beneficial effects of pulmonary rehabilitation. Beyond these

important physiological outcomes, tiotropium has been shown to reduce dyspnoea, decrease the

frequency of exacerbations and improve HRQoL in studies of f1 yr in duration. Such

improvements in patient-centred outcomes may allow patients to increase their activity levels,

thereby interrupting the downward spiral of chronic inactivity that leads to physical decondition-

ing and further reductions in exercise tolerance.

Recently, combination therapies of two long-acting bronchodilators have been examined more

closely regarding their potential to provide patients with superior symptom relief compared with

that provided by single-agent therapy.

Because maintenance treatment with tiotropium provides consistent and sustained improve-

ments in many relevant clinical outcomes of chronic obstructive pulmonary disease, it may reduce

the progression of the disease. This hypothesis is being tested in the ongoing Understanding the

Potential Long-term Impacts on Function with Tiotropium (UPLIFT) trial.

KEYWORDS: Bronchodilators, chronic obstructive pulmonary disease, dyspnoea, exercise

tolerance, quality of life, tiotropium

T
he physiological hallmark of chronic
obstructive pulmonary disease (COPD) is
expiratory flow limitation. However, it is

probably the resultant air trapping and asso-
ciated hyperinflation that provide the mechan-
istic link between the physiological impairment
and the characteristic symptoms of COPD, such
as dyspnoea, exercise intolerance, exacerba-
tions and reduced health-related quality of life
(HRQoL; fig. 1).

Expiratory flow limitation causes air trapping
and hyperinflation when there is insufficient
expiratory time to allow adequate lung emptying.
This causes the patient to feel dyspnoeic very
quickly when the minute ventilation or respira-
tion rate is increased, e.g. during exercise or an
exacerbation. Although dyspnoea is the primary
driver to seek medical attention, patients with
COPD may mask this symptom for some time
through lifestyle modifications, e.g. by avoiding
situations that demand physical activity [1].

Chronic inactivity leads to muscle decondition-
ing, which further impairs exercise performance
[2]. Avoiding exercise leads to worsening of the
disease and, ultimately, to further deterioration
of the patient’s HRQoL [3].

The Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guidelines recommend
tiotropium or long-acting b2-agonists (LABAs)
as first-line maintenance treatment in COPD [4].
Although the choice of agent may be influenced
by individual patient characteristics, the ability of
the therapy to improve not only lung function
but also patient-centred outcomes, such as
dyspnoea, exercise tolerance, exacerbations and
HRQoL, is an important consideration.

Effective bronchodilation reduces airflow limita-
tion, with consequent reductions in air trapping
and hyperinflation, which relieves dyspnoea and
improves exercise tolerance, thereby interrupting
the cycle of chronic inactivity and physical decon-
ditioning. This ultimately leads to improvements
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in patients’ HRQoL. The aim of this article is to review the
effects of LABAs and tiotropium on patient-centred outcomes.
The National Institute of Clinical Excellence (NICE) recently
published clinical guidelines on the management of COPD,
which included summary tables of the results from systemic
reviews or randomised controlled trials of long-acting bronch-
odilators on key clinical outcomes [5].

EFFECT OF LONG-ACTING BRONCHODILATORS ON
PATIENT-CENTRED OUTCOMES
Long-acting anticholinergic agents
Tiotropium, a once-daily inhaled anticholinergic agent that
works through prolonged muscarinic M3 receptor blockade,

has consistently been shown to have significant beneficial
effects on dyspnoea, exercise tolerance, HRQoL and exacerba-
tions in patients with COPD. Six publications were included in
the NICE guidelines, which examined the effect of tiotropium
versus placebo, ipratropium or salmeterol on patient-centred
outcomes (table 1) [5]. Since the publication of the guidelines,
seven further randomised, controlled, large-scale (i.e. o100
patients) trials of o4 weeks’ duration, focusing on patient-
centred outcomes, have been performed (table 2) [12–18].

Compared with placebo, tiotropium improved the transition
dyspnoea index (TDI) focal score, a measure of dyspnoea
during day-to-day activities, in seven out of the eight studies in
which this end-point was assessed (p,0.05) [8–10, 12, 13, 16].
The proportion of patients who achieved a score of o1
(corresponding to a clinically important difference) in TDI
focal score was also significantly greater in the tiotropium
group versus the placebo group (p,0.05) at study end in four of
the studies [8–10, 13]. Further, tiotropium decreased the Borg
score, a measure of exertional dyspnoea, at a standardised time
near end-exercise (isotime) after 6 weeks of treatment in both
studies that assessed this end-point (p,0.01) [12, 16]. The use
of short-acting bronchodilators for symptomatic relief also
provided an indication of the degree of dyspnoea experienced
by the patient. Rescue medication use was consistently
reduced in the tiotropium group compared with the placebo
group (p,0.05) [7–9, 12, 13, 16, 18].

As mentioned previously, such reductions in dyspnoea may
allow patients to increase their exercise tolerance. Indeed,
compared with placebo, tiotropium has been shown to increase
the constant work-rate cycle ergometry endurance time after
6 weeks of treatment (p,0.01) [12, 16], and increase the mean
distance walked during the shuttle walk test after 12 weeks of
treatment (p,0.05) [17]. The beneficial effects of pulmonary
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FIGURE 1. The clinical course of chronic obstructive pulmonary disease

(COPD).

TABLE 1 Summary of results of studies on long-acting anticholinergic agents

First author [ref.] Sample

size

Duration

weeks

Drug Dose

mg

FEV1 FVC Diary

symptoms

Night Rescue Dyspnoea Exercise

test

HRQoL Exacerbations

Versus placebo

LITTNER [6] 169 4 Tiotropium 4.5 q q NA NA NA NA NA NA NA

LITTNER [6] 169 4 Tiotropium 9 q q NA NA NA NA NA NA NA

LITTNER [6] 169 4 Tiotropium 18 q q NA NA NA NA NA NA NA

LITTNER [6] 169 4 Tiotropium 36 q q NA NA NA NA NA NA NA

CASABURI [7] 470 13 Tiotropium 18 q q q q q NA NA NA NA

CASABURI [8] 921 52 Tiotropium 18 q q q NA q q NA q q

DONOHUE [9] 623 26 Tiotropium 18 q q NA NA q q NA q NA

BRUSASCO [10] 1207 26 Tiotropium 18 q NA NA NA NA q NA q q

Versus ipratropium

VINCKEN [11] 535 52 Tiotropium 18 q q NA NA q q NA q q

Versus salmeterol

DONOHUE [9] 623 26 Tiotropium 18 q q NA NA q q NA NS NA

BRUSASCO [10] 1207 26 Tiotropium 18 q NA NA NA NA NS NA NS NS

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; HRQoL: heath-related quality of life; NS: no significant benefit versus comparator; NA: not

assessed; q: significant benefit versus comparator group (e.g. reduced dyspnoea, increased exercise tolerance, etc.); Q: significant inferiority versus comparator group.

Reproduced, with modifications, from [5] with permission from the publisher.
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rehabilitation on exercise tolerance were also significantly
enhanced with tiotropium [13].

Treatment with tiotropium consistently delayed the time to
first exacerbation and reduced the number of exacerbations
compared with placebo in two studies (p,0.05) [8, 10].
Furthermore, a recent prospectively designed study has shown
that tiotropium is effective in reducing exacerbations in
patients with moderate-to-severe COPD over a 6-month
treatment period (p,0.05) [15]. More recent data confirmed
previous findings, demonstrating that tiotropium significantly
delayed the time to first exacerbation, as well as being
significantly more effective at reducing the incidence of
exacerbations, compared with placebo (p,0.001 for both)
[18]. The reduction in exacerbations with tiotropium main-
tenance treatment may be partially explained by the sustained
bronchodilation and consequent reduction in lung hyperinfla-
tion afforded by maintenance tiotropium treatment. Whereas
patients may previously have perceived an acute deterioration
in their condition as an exacerbation, after recalibration of their
operating lung volumes with tiotropium treatment, their
symptoms become better tolerated.

These improvements in patient-centred outcomes are accom-
panied by significant improvements in HRQoL versus placebo,
as assessed by the St George’s Respiratory Questionnaire
(SGRQ), in five out of six studies [8–10, 13, 14, 17]. However, in
the only study that failed to show a significant improvement in
HRQoL with tiotropium versus placebo, the difference between
the groups exceeded the minimal clinically important differ-
ence of four units in the SGRQ total score and approached
statistical significance (p50.055) at study end [13].

Two studies have compared the long-term efficacy and safety
of tiotropium versus the short-acting anticholinergic agent,
ipratropium. Because the study designs for each of the studies
were identical, data were combined and published together
[11]. Compared with ipratropium, tiotropium significantly
reduced dyspnoea, the use of rescue medication and the
number of exacerbations, and improved HRQoL [11].

Similarly, data were combined from two studies, which
compared the long-term efficacy and safety of tiotropium

versus a LABA, salmeterol and placebo [10]. Compared with
salmeterol, tiotropium significantly reduced dyspnoea and the
use of rescue medication in one study [9]. However, in the
combined study, there were no significant differences between
the tiotropium and salmeterol groups in terms of rescue
medication use, dyspnoea, HRQoL or exacerbations [10].

LABAs
Sixteen studies that examined the effects of LABAs, salmeterol
or formoterol on patient-centred outcomes in patients with
COPD, were included in the NICE guidelines (table 3).

Although salmeterol consistently reduced the use of rescue
medication compared with placebo, its effects on dyspnoea,
exercise tolerance, exacerbations and HRQoL were inconsis-
tent. For instance, compared with placebo, salmeterol
improved the TDI focal score in two studies (p,0.05) [10, 21]
and improved the Borg score after the 6-min walk test at study
end in two further studies (p,0.01) [22, 23]. However, it did
not significantly improve dyspnoea versus placebo at study end
in three other studies that assessed this end-point [9, 19, 28].
Despite the improvement in dyspnoea in several studies,
salmeterol failed to show an effect on exercise tolerance,
measured using the 6-min walk test in two studies [19, 22].
Furthermore, salmeterol did not reduce the number of
exacerbations versus placebo in five out of seven studies [10,
20, 19, 22, 23]. Finally, compared with placebo, salmeterol
failed to improve HRQoL, as assessed by the SGRQ or the
Chronic Respiratory Disease Questionnaire, in six out of eight
studies [9, 10, 19, 28, 29, 31].

Similarly, formoterol, another LABA, provided a consistent
reduction in rescue medication use [25–27]. However, for-
moterol 6 or 12 mg failed to show an effect on dyspnoea, and all
doses failed to improve exercise tolerance [25]. Furthermore,
formoterol did not reduce the number of exacerbations versus
placebo in three out of four studies [25, 27, 30]. By contrast,
treatment with formoterol had a positive effect on HRQoL in
patients with COPD [26, 27].

In summary, the majority of findings from published studies
on the effects of LABAs on patient-centred outcomes are not
significant. However, compared with placebo, the combination

TABLE 2 Summary of results from more recent studies on long-acting anticholinergic agents

First author [ref.] Sample

size

Duration

weeks

Drug Dose

mg

FEV1 FVC Diary

symptoms

Night Rescue Dyspnoea Exercise

test

HRQoL Exacerbations

Versus placebo

O’DONNELL [12] 187 6 Tiotropium 18 q q NA NA q q q NA NA

CASBURI [13] 91 25 Tiotropium 18 q q NA NA q# q q NS" NA

TONNEL [14] 554 36 Tiotropium 18 q q NA NA NA NA NA q NA

NIEWOEHNER [15] 1829 24 Tiotropium 18 q q NA NA NA NA NA NA q

MALTAIS [16] 261 6 Tiotropium 18 q q NA NA q q q NA NA

VERKINDRE [17] 100 12 Tiotropium 18 q q NA NA NA NS q q NA

DUSSER [18] 1010 52 Tiotropium 18 q q NA NA q NA NA NA q

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; HRQoL: heath-related quality of life; NS: no significant benefit versus placebo; NA: not

assessed; q: significant benefit versus placebo (e.g. reduced dyspnoea, increased exercise tolerance etc.). #: difference between treatment groups was statistically

significant in 17 of the 25 weeks; ": difference of 4.44 units in the St George’s Respiratory Questionnaire total score (p50.055).
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of salmeterol or formoterol with inhaled corticosteroids (ICSs)
tends to have favourable effects on all patient-centred out-
comes with the exception of exercise tolerance [28, 29, 30, 33,
34], which has not been studied to date (table 3).

LONG-ACTING BRONCHODILATOR COMBINATION
STUDIES
As the disease progresses, single-bronchodilator therapy may
not adequately control COPD symptoms. In this situation,
guidelines recommend optimisation of bronchodilator therapy
using a combination of two long-acting bronchodilators with
different pharmacological mechanisms of action [35].

Two recent studies have assessed whether a free combination
of tiotropium plus a LABA provides superior bronchodilator
efficacy compared with single-agent therapy [36, 37]. A total of
71 patients with moderate-to-severe COPD participated in a
randomised, double-blind, three-way, 6-week cross-over study

and received tiotropium 18 mg once daily, formoterol 12 mg
twice daily or both once daily for three 6-week periods [36].
Pulmonary function was monitored for 24 h at the end of each
treatment period. Although comparative improvements in
peak forced expiratory volume in one second (FEV1) and
forced vital capacity (FVC) were achieved following the
morning dose of the individual treatment regimens, tiotropium
was superior (p,0.05) to formoterol in terms of the average
FEV1 and FVC during the daytime (0–12 h after the morning
dose). This is probably due to the substantially longer duration
of action of tiotropium [38]. During the night-time period (12–
24 h after the morning dose), no significant differences were
found between the single drugs. Higher trough (i.e. 24 h after
the last dose of tiotropium or tiotropium plus formoterol, and
12 h after the last dose of formoterol) FEV1 values were also
observed for tiotropium compared with formoterol (p,0.05).
Significantly higher peak and average FEV1 and FVC
responses were observed with the combination regimen

TABLE 3 Summary of results of studies on long-acting b2-agonists

First author [ref.] Sample

size

Duration

weeks

Drug Dose

mg

FEV1 FVC Diary

symptoms

Night Rescue Dyspnoea Exercise

test

HRQoL Exacerbations

Versus placebo

RENNARD [19] 405 12 Salmeterol 50 q q NS NS q NS NS NS NS

VAN NOORD [20] 144 12 Salmeterol 50 q NS q NS q – NA NA NS

MAHLER [21] 411 12 Salmeterol 50 q q NS NS q q NA q q

BOYD [22] 674 16 Salmeterol 50 q NA q q q q NS NA NS

BOYD [22] 674 16 Salmeterol 100 q NA q q q q NS NA NS

GROVE [23] 29 4 Salmeterol 50 q NS NA NA NA q NA NA NS

ULRIK [24] 63 4 Salmeterol 50 NS NS q q q NA NA NA NA

DONOHUE [9] 623 26 Salmeterol 50 q q NA NA q NS NA NS NA

AALBERS [25] 687 12 Formoterol 6 q NA q NS q NS NS NA NS

AALBERS [25] 687 12 Formoterol 12 q NA q NS q NS NS NA NS

AALBERS [25] 687 12 Formoterol 24 q NA q q q q NS NA NS

ROSSI [26] 854 52 Formoterol 12 q q NS NA q NA NA q q

ROSSI [26] 854 52 Formoterol 24 q q NS NA q NA NA q q

DAHL [27] 780 12 Formoterol 12 q NA q NA q NA NA q NS

DAHL [27] 780 12 Formoterol 24 q NA q NA q NA NA q NS

BRUSASCO [10] 1207 26 Salmeterol 50 q NA NA NA NA q NA NS NS

MAHLER [28] 691 24 Salmeterol 50 q NA NA q q NS NA NS NA

CALVERLEY [29] 1465 52 Salmeterol 50 NA NA NS NS q NA NA NS q

SZAFRANSKI [30] 812 52 Formoterol 12 q q NA NA NA NA NA NA NS

RUTTEN-VAN

MÖLKEN [31]

144 12 Salmeterol 50 NA NA NA NA NA NA NA NS NA

JONES [32] 283 16 Salmeterol 50 NA NA NA NA NA NA NA q NA

JONES [32] 283 16 Salmeterol 100 NA NA NA NA NA NA NA NS NA

Versus ipratropium

RENNARD [19] 405 12 Salmeterol 50 NS NS NS NS NS NS NS NS NS

DAHL [27] 780 12 Formoterol 12 q NA q NA q NA NA q NS

DAHL [27] 780 12 Formoterol 24 q NA NS NA q NA NA q NS

Versus tiotropium

DONOHUE [9] 623 26 Salmeterol 50 Q Q NA NA Q Q NA NS NA

BRUSASCO [10] 1207 26 Salmeterol 50 Q NA NA NA NA NS NA NS NS

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; HRQoL: health-related quality of life; NS: no significant benefit versus comparator; NA: not

assessed; q: significant benefit versus comparator group (e.g. reduced dyspnoea, increased exercise tolerance etc.); Q: significant inferiority versus comparator group.

Reproduced, with modifications, from [5] with permission from the publisher.
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compared with either single-agent therapy. The combination
regimen provided additive FEV1 and FVC bronchodilator
effects compared with either tiotropium or formoterol alone
(p,0.0001) during the daytime (0–12 h after the morning dose)
when patients are most active. The value of a once-daily
tiotropium plus LABA combination as a therapeutic option is
further strengthened by the additive effect during the night-
time period of the 24-h dosing interval, as reflected by the
superior average FEV1 (12–24 h after the morning dose)
response versus the single agents (p,0.02) and a trend for
higher trough FEV1 compared with formoterol (p,0.001) or
tiotropium (p50.08) alone.

In another double-blind, four-way, 6-week cross-over study, 97
patients with moderate-to-severe COPD were randomised to
receive tiotropium 18 mg once daily, salmeterol 50 mg twice
daily, or the free combinations of tiotropium 18 mg plus
salmeterol 50 mg once daily or tiotropium 18 mg once daily
plus salmeterol 50 mg twice daily [37]. Comparative improve-
ments in peak FEV1 and FVC were achieved following the
morning dose of the individual treatment regimens; however,
tiotropium was superior (p,0.05) to salmeterol in terms of the
average FEV1 and FVC during the daytime (0–12 h after the
morning dose). There was no significant difference between
the single drugs during the night-time period (12–24 h after the
morning dose). Both combination therapies significantly
improved trough, peak and average (0–12 h, 0–24 h and 12–
24 h after the morning dose) FEV1 and FVC compared with
either of the single-agent therapies (p,0.01). Combination
therapy with tiotropium once daily plus salmeterol twice daily
produced a further increase in FEV1 and FVC during the night-
time period (12–24 h after the morning dose) compared with
the tiotropium plus salmeterol once daily combination regimen
(p,0.01). However, there was no significant difference
between the two combination regimens during the period of
daily activities (0–12 h after the morning dose). The effects of
the combination versus single-agent therapies on dynamic
hyperinflation, induced by an increase in breathing frequency,
were also compared in this study [39]. Inspiratory capacity and
functional residual capacity, surrogate markers of dynamic
hyperinflation, were measured at baseline and at the end of
each 6-week treatment period in 15 patients. Tiotropium
combined with salmeterol once daily or twice daily provided
a greater reduction in dynamic hyperinflation compared with
either tiotropium or salmeterol alone.

The results of the first prospective study to compare the
bronchodilator efficacy of tiotropium combined with a LABA
versus a LABA and an ICS were presented at the annual 2005
European Respiratory Society Congress [40]. A total of 592
patients with moderate COPD were randomised to receive a
free combination of tiotropium 18 mg once daily plus for-
moterol 12 mg twice daily or a free combination of salmeterol
50 mg twice daily plus fluticasone propionate 500 mg twice
daily. Compared with patients receiving treatment with
salmeterol plus fluticasone, patients receiving tiotropium plus
formoterol experienced greater improvements in FEV1 and
FVC over a 12-h period after 6 weeks of treatment. The average
FEV1 over 12 h in the tiotropium plus formoterol group
improved by 78 mL compared with the salmeterol plus
fluticasone group (1.64 L versus 1.56 L; p,0.001). In addition,
compared with salmeterol plus fluticasone, tiotropium plus

formoterol improved peak FEV1 by 103 mL (1.67 L versus
1.78 L; p,0.0001). Trough FEV1 was marginally higher in the
tiotropium plus formoterol group compared with the salme-
terol plus fluticasone group (1.51 L versus 1.49 L; not sig-
nificant). Compared with the salmeterol plus fluticasone
group, the average FVC over 12 h, peak FVC and trough
FVC in the tiotropium plus formoterol group improved
significantly, by 173 mL (3.14 L versus 2.99 L; p,0.0001),
214 mL (3.38 L versus 3.16 L; p,0.0001) and 79 mL (2.95 L
versus 2.87 L; p,0.05), respectively.

The results of these studies suggest that maintenance treatment
with tiotropium combined with a LABA should be considered
in patients with moderate-to-severe COPD whose symptoms
are not adequately controlled with a single long-acting
bronchodilator. The sustained improvements in bronchodila-
tion and consequent reductions in dynamic hyperinflation
with the combination regimens may provide greater improve-
ments in patient-centred outcomes compared with single-agent
therapies in this subgroup of patients.

CONCLUSIONS
Although LABAs have been shown to improve lung function,
the efficacy of these agents on patient-centred outcomes, such
as dyspnoea, exacerbations and HRQoL, is not consistent
across trials, and significant benefits on exercise tolerance have
not yet been described. By contrast, the weight of evidence
from randomised, controlled clinical trials shows that main-
tenance treatment with tiotropium provides consistent and
sustained improvements in all patient-centred outcomes.

Furthermore, post hoc analyses of the 1-yr trials with tiotropium
suggest that tiotropium may reduce the rate of decline in lung
function compared with placebo [41]. However, due to the
limits of the accuracy and precision by which forced expiratory
volume in one second can be measured, a follow-up of o3 yrs
is required to estimate the decline in forced expiratory volume
in one second [42]. Therefore, the 4-yr multinational Under-
standing the Potential Long-term Impacts on Function with
Tiotropium (UPLIFT) trial was launched in January 2003 [43].
UPLIFT is the largest study of its kind and the most globally
inclusive, involving ,6,000 chronic obstructive pulmonary
disease patients in 37 countries. The primary objective of
UPLIFT is to examine whether tiotropium affects the long-term
progression of chronic obstructive pulmonary disease, as
estimated by the annual decline in forced expiratory volume
in one second. Other important outcome measures, including
health-related quality of life, exacerbations and mortality, will
also be assessed. The first results are expected in 2008.
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