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Background: A study was undertaken to record exacerbations and health resource use in patients with
COPD during 6 months of treatment with tiotropium, salmeterol, or matching placebos.
Methods: Patients with COPD were enrolled in two 6-month randomised, placebo controlled, double
blind, double dummy studies of tiotropium 18 µg once daily via HandiHaler or salmeterol 50 µg twice
daily via a metered dose inhaler. The two trials were combined for analysis of heath outcomes consist-
ing of exacerbations, health resource use, dyspnoea (assessed by the transitional dyspnoea index,
TDI), health related quality of life (assessed by St George’s Respiratory Questionnaire, SGRQ), and
spirometry.
Results: 1207 patients participated in the study (tiotropium 402, salmeterol 405, placebo 400). Com-
pared with placebo, tiotropium but not salmeterol was associated with a significant delay in the time to
onset of the first exacerbation. Fewer COPD exacerbations/patient year occurred in the tiotropium
group (1.07) than in the placebo group (1.49, p<0.05); the salmeterol group (1.23 events/year) did
not differ from placebo. The tiotropium group had 0.10 hospital admissions per patient year for COPD
exacerbations compared with 0.17 for salmeterol and 0.15 for placebo (not statistically different). For
all causes (respiratory and non-respiratory) tiotropium, but not salmeterol, was associated with fewer
hospital admissions while both groups had fewer days in hospital than the placebo group. The number
of days during which patients were unable to perform their usual daily activities was lowest in the tio-
tropium group (tiotropium 8.3 (0.8), salmeterol 11.1 (0.8), placebo 10.9 (0.8), p<0.05). SGRQ total
score improved by 4.2 (0.7), 2.8 (0.7) and 1.5 (0.7) units during the 6 month trial for the tiotropium,
salmeterol and placebo groups, respectively (p<0.01 tiotropium v placebo). Compared with placebo,
TDI focal score improved in both the tiotropium group (1.1 (0.3) units, p<0.001) and the salmeterol
group (0.7 (0.3) units, p<0.05). Evaluation of morning pre-dose FEV1, peak FEV1 and mean FEV1 (0–3
hours) showed that tiotropium was superior to salmeterol while both active drugs were more effective
than placebo.
Conclusions: Exacerbations of COPD and health resource usage were positively affected by daily
treatment with tiotropium. With the exception of the number of hospital days associated with all causes,
salmeterol twice daily resulted in no significant changes compared with placebo. Tiotropium also
improved health related quality of life, dyspnoea, and lung function in patients with COPD.

Chronic obstructive pulmonary disease is an unremitting
disease characterised by a decline in lung function over
time and insidiously progressive impairment in health

related quality of life (HRQoL). The most frequently reported
symptom is dyspnoea on exertion.1 Symptoms of the disease
result in the need for medication and treatment from health-
care providers. As the disease progresses, acute and subacute
increases in symptoms (exacerbations) become more frequent
and severe. Exacerbations may lead to hospital admissions
and have a major influence on the use of health resources.2

Treatment with pharmacotherapy can improve symptoms
and exercise tolerance.3 Treatment of exacerbations can
provide more rapid recovery4 but preventing the onset of an
exacerbation is preferable. Inhaled steroids have produced
inconsistent results in terms of lung function and control of
exacerbations.5 6 Inhaled bronchodilators such as anticholin-
ergics and long acting inhaled β agonists provide symptomatic
relief, possibly delay the onset of the first COPD
exacerbation,7 8 and may decrease the long term incidence of
exacerbations.8–10

Several anticholinergic formulations have been assessed in
patients with COPD. Ipratropium, the most widely used, has a
recommended dosing interval of four times daily. Oxitropium
has only a slightly longer duration of action11 and also requires

multiple daily dosing. Tiotropium is a novel anticholinergic

agent with a much longer duration of action (>24 hours),

presumably as a result of prolonged muscarinic receptor sub-

type (M3) occupancy.12 13 Large long term clinical trials in

patients with COPD have shown that once daily treatment

with tiotropium affords more sustained bronchodilation and

improvements in dyspnoea, HRQoL, and exacerbations than

four times daily treatment with ipratropium.14 15 These obser-

vations suggest that tiotropium may reduce the use of health-

care resources and improve the extent of disability from COPD.

Two 6-month studies were conducted to evaluate the

efficacy of tiotropium in comparison with salmeterol and pla-

cebo in COPD. The two studies were identical except for the

time of serial spirometric testing (12 hours v 3 hours). As

stated a priori in the protocol, data from the two studies were

combined to compare tiotropium and salmeterol with respect

to various other health outcome end points including exacer-

bations and health resource use.

METHODS
Study design
Two 6-month studies were performed to compare tiotropium

18 µg once daily delivered by the HandiHaler and salmeterol
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50 µg twice daily via a metered dose inhaler (MDI) in patients

with COPD. The studies were performed in 18 countries and

used a randomised, double blind, double dummy, parallel

group design. There was no difference in the time of year of

recruitment for the two trials.

Patients
Patients were required to have relatively stable airway

obstruction with forced expiratory volume in 1 second (FEV1)

<65% of predicted normal and <70% of forced vital capacity

(FVC), to be over 40 years of age, with a smoking history of

>10 pack years. Patients with a history of asthma, allergic

rhinitis, atopy, or with an increased total eosinophil count

were excluded. Other exclusion criteria included use of

supplemental oxygen or an upper respiratory tract infection in

the 6 weeks before screening. Those patients with a significant

disease other than COPD were not enrolled. A significant dis-

ease was defined as a disease that, in the opinion of the inves-

tigator, would put the patient at risk because of participation

in the study or a disease which would influence the results of

the study. The protocol was approved by independent ethics

committees and informed consent was obtained from all

patients.

Study protocol
A 2-week baseline period followed an initial screening visit.

On completion of the baseline period, patients were entered

into the 6-month randomised, double dummy period. At this

time they received either tiotropium 18 µg once daily plus

MDI placebo, salmeterol 50 µg twice daily plus HandiHaler

placebo, or a combination of placebos.
Spirometric tests were conducted according to ATS

guidelines16 before the start of treatment at 60 and 10 minutes
before dosing at the randomisation visit and at 30, 60, 120 and
180 minutes after dosing. The tests were repeated at the same
time intervals after 2, 8, 16 and 24 weeks of treatment. One of
the two studies included spirometric tests being performed up
to 12 hours following the morning dose during the aforemen-
tioned clinic days. The mean of the two FEV1 (or FVC) values
before the first dose of study medication was considered the
baseline value while the mean of the two measurements just
before dosing in the clinic at all other visits was considered as
the trough value—that is, 23–24 hours after tiotropium or
11–12 hours after salmeterol.

Questionnaires assessing dyspnoea and HRQoL were
administered at baseline and 8, 16 and 24 weeks following
treatment. Dyspnoea was evaluated using the baseline
dyspnoea index (BDI) and the transition dyspnoea index
(TDI).17 The BDI and TDI consist of three axes (functional
impairment, magnitude of task, and magnitude of effort) that
are summed to create a focal score. The BDI was administered
at the end of the baseline period and the TDI was administered
at each of the follow up visits noted above. HRQoL was deter-
mined using the St George’s Respiratory Questionnaire
(SGRQ).18 The SGRQ is a disease specific instrument that con-
tains 50 items in three subscales (symptoms, activity, and
impact). Each response has an empirically derived weight. The
total score is calculated from responses to all 50 items.

Detailed information on exacerbations of COPD, hospital
admissions, concomitant medications, non-scheduled con-
tacts with physicians and other healthcare providers, disability
days, and employment status were collected. Information on
exacerbations was reported as adverse events. Exacerbations
were defined as a complex of respiratory symptoms (new
onset or an increase in at least one of cough, sputum,
dyspnoea, wheeze, chest discomfort) lasting at least 3 days
and usually associated with a therapeutic intervention. Infor-
mation on days hospitalised and use of the intensive care unit
(ICU) was collected along with information on non-scheduled
visits to the physician or other healthcare provider, disability
days, and employment status.

Adverse events were assessed throughout the baseline and

24 week treatment periods. Laboratory testing, electrocardio-

grams, and physical examinations were conducted at baseline

and at the final visit.

Data analysis
For the spirometry measurements, SGRQ total score, and TDI

focal score, analysis of covariance was performed with the

baseline being used as a covariate. In order to be able to

include the same patients at each time point in the spirometry

summaries, missing values were estimated using other values

recorded for the patient on that test day. Linear interpolation

between the two adjacent measurements was used to estimate

random, middle, and missing spirometric measurements. For

values at the end of the profiles that were missing because

rescue medication was taken, the minimum observed FEV1

value on that test day was used as the estimate. The last avail-

able value was used as the estimate for data that were missing

for reasons unrelated to the patient’s response to treatment.

For the SGRQ, missing individual questions were imputed

according to the guidelines established by the questionnaire

developer. Data from missing SGRQ questionnaires were

imputed using the last observation carried forward. Missing

TDI questions were imputed using the last observation carried

forward unless the patient discontinued due to worsening of

COPD, in which case the least favourable observation was car-

ried forward.

The percentage of patients with an improvement of at least

4 units (minimal clinically important difference) in SGRQ

total score,18 an improvement in TDI focal score of at least 1

unit (minimally clinically important difference),17 adverse

events, steroid bursts for COPD exacerbations, and with added

theophylline for COPD exacerbations were analysed using

Fisher’s exact test. Each pair of treatments was examined

separately.

The percentage of patients with at least one COPD

exacerbation and the percentage with at least one hospital

admission for a COPD exacerbation were analysed using

logistic regression adjusted for the extent of exposure.

Combining the two trials for evaluation of exacerbations was

stated a priori in the trial protocols. The time to first COPD

exacerbation and time to first hospital admission due to a

COPD exacerbation were analysed using a log rank test. The

number of exacerbations, number of exacerbation days,

number of hospital admissions for an exacerbation, and

number of days in hospital were analysed using the

Wilcoxon-Mann-Whitney test. In all of these analyses each

pair of treatments was considered separately.

For hospital admissions for any reason, unscheduled visits

to a physician, and days unable to perform daily activities,

missing data were estimated using multiple imputation with

the Markov chain Monte Carlo method.19 In multiple imputa-

tion, rather than replacing each missing value with a single

number, each is replaced with a set of numbers (for the

present study, 10 imputations were done). The results of each

imputation were analysed as complete data sets and the

results of these analyses were combined. The number of hos-

pital admissions and days in hospital due to all causes, the

number of unscheduled visits and number of days unable to

perform daily activities were analysed using analysis of

variance with terms for treatment and centre. The percentage

of patients with at least one hospital admission was analysed

using the normal approximation to the binomial distribution.

In all of the above a p value of <0.05 was considered statisti-

cally significant.

RESULTS
A total of 1207 patients participated in the studies; 402 were

randomised to receive tiotropium, 405 to salmeterol, and 400

to placebo. Figure 1 shows a flow diagram of the number of
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patients screened, randomised, and completing the study for

each treatment group. A significantly higher percentage of

patients in the tiotropium group (84.6%) completed all visits

than in the salmeterol (81.2%) and placebo (74.3%) groups

(p<0.05). This was principally due to a significantly smaller

percentage of patients in the tiotropium group failing to com-

plete because of adverse events (7.2%) compared with the sal-

meterol (14.8%) and placebo (16.0%) groups (p<0.01).

Demographic data
The baseline demographic data of the patients were similar in

all the groups (table 1). There were no differences in smoking

history (mean for all patients 43.7 pack years). The mean

screening FEV1 was 1.12 l (39% of predicted) in the tiotropium

group, 1.07 l (38% of predicted) in the salmeterol group, and

1.09 l (39% of predicted) in the placebo group.

Exacerbations
Tiotropium significantly delayed the time to the first COPD

exacerbation compared with placebo (p<0.01, fig 2). The pro-

portion of patients with at least one exacerbation was 32%,

35% and 39% in the tiotropium, salmeterol, and placebo

groups, respectively (p>0.05). Patients treated with tiotro-

pium had significantly fewer COPD exacerbations (and exac-

erbation days) per patient year than those treated with

placebo (p<0.05 for both, fig 3). The difference between salm-

eterol and placebo was not significant.

A total of 11.2% of patients in the tiotropium group used

oral steroid bursts for the management of COPD exacerbations

compared with 13.8% of patients in the salmeterol group and
14.5% in the placebo group (p>0.05 for all treatment
comparisons). There was no statistically significant difference
in the addition of or use of theophylline to treat exacerbations
between treatment groups.

The time to first hospital admission for a COPD exacerba-
tion did not differ between any two treatment groups. The
percentages of patients with one or more hospital admissions
associated with COPD exacerbations over the 6-month
treatment period were 3%, 5%, and 5% for the tiotropium, sal-
meterol and placebo groups, respectively (p>0.05 for all treat-
ment comparisons). Patients treated with tiotropium had
fewer hospital admissions related to COPD exacerbations than
those treated with placebo or salmeterol. Patients treated with
both tiotropium and salmeterol had fewer days in hospital for
COPD exacerbations than the placebo group. However, the
difference between the treatment groups for both the number
of hospital admissions and the number of days in hospital was
not statistically significant (table 2).

Health resource use and restricted activity
The number of hospital admissions and days in hospital for

any cause was lower in both the tiotropium and salmeterol

groups than in the placebo group; however, the difference for

salmeterol was not statistically significant (table 2). A signifi-

cantly lower proportion of patients required admission to hos-

pital in the tiotropium group (12.0%) than in the placebo

group (22.5%) but not the salmeterol group (16.0%). In addi-

tion, tiotropium was associated with fewer unscheduled phy-

sician visits for all causes. The lowest number of days on which

patients were unable to perform their usual daily activities due

to any cause was observed in the tiotropium group (8.3 (0.8)

days) compared with 11.1 (0.8) days in the salmeterol group

and 10.9 (0.8) days in the placebo group (p<0.05).

HRQoL and dyspnoea
In the combined studies the SGRQ total score improved by 4.2

(0.7), 2.8 (0.7), and 1.5 (0.7) units during the 6 month trial for

the tiotropium, salmeterol and placebo groups, respectively. A

significant difference was observed for tiotropium v placebo

(p<0.01). The percentage of patients achieving an improve-

ment of at least 4 units was 48.9%, 43.2%, and 39.3% for the

tiotropium, salmeterol, and placebo groups, respectively

(p<0.05 for tiotropium v placebo). In both studies only tiotro-

pium was associated with a statistically significant improve-

ment in the proportion of patients achieving a change in the

Figure 1 Flow diagram showing the number of patients screened,
randomised, and completing the trial.
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Table 1 Baseline demographic and lung function
data of study patients. Data are expressed as mean
(SD) unless otherwise noted.

Tiotropium
(n=402 )

Salmeterol
(n=405)

Placebo
(n=400)

% Male 77.4 75.1 76.3
Age (years) 63.8 (8.0) 64.1 (8.5) 64.6 (8.6)
Duration of COPD
(years)

9.0 (7.3) 9.9 (8.0) 9.8 (7.4)

Range 0.1–53 0.1–49 0.1–45
Smoking history (pack
years)

44.1 (22.9) 44.8 (24.1) 42.4 (22.7)

FEV1 (l) 1.12 (0.39) 1.07 (0.38) 1.09 (0.40)
FEV1/FVC (%) 43.7 (9.7) 42.2 (9.5) 42.3 (9.2)
FEV1 (% predicted)* 39.2 (11.6) 37.7 (11.7) 38.7 (12.1)
FVC (l) 2.59 (0.75) 2.55 (0.77) 2.60 (0.78)

FEV1=forced expiratory volume in 1 second; FVC=forced vital
capacity.
*Based upon ECCS.

Figure 2 Kaplan-Meier estimates of the probability of no COPD
exacerbations over 6 months of treatment. *p=0.005 tiotropium
versus placebo (log rank test).
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SGRQ total score of at least 4 units, while salmeterol was

associated with this finding in one of the two studies.

In the combined study TDI focal score improved in both the

tiotropium (1.1 (0.3) units) and salmeterol (0.7 (0.3) units)

groups compared with placebo (p<0.001 and p<0.05, respec-

tively), without a significant difference between the tiotro-

pium and salmeterol groups (p=0.17). A higher percentage of

patients achieved a change of at least 1 unit with the active

drugs (tiotropium 43.1%, salmeterol 41.2%) than with placebo

(29.8%, p<0.01). In both studies only tiotropium was associ-

ated with a statistically significant improvement in the

proportion of patients achieving a change in the TDI focal

score of at least 1 unit, whereas salmeterol was associated with

this finding in one of the two studies.

Spirometric tests
Following the first dose of study medication, both tiotropium

and salmeterol showed equal efficacy compared with placebo

in trough, peak and mean FEV1. Following multiple dosing,

tiotropium was more effective than salmeterol (fig 4). The

mean improvement in trough FEV1 for tiotropium and

salmeterol was 0.12 (0.1) l and 0.09 (0.1) l, respectively

(p<0.01 for both) compared with placebo on the last day of

the study, while trough FEV1 in the tiotropium group was

improved compared with salmeterol (p<0.05). In the com-

bined and individual studies tiotropium was statistically

superior to salmeterol in peak FEV1 and the area under the

curve from 0 to 3 hours. For trough FEV1 values tiotropium

Figure 3 Number of (A) COPD exacerbations and (B)
exacerbation days.
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Table 2 Mean (SE) health resource use and days of restricted activity during 6
months of treatment

Tiotropium Salmeterol Placebo

Exacerbations†
Hospital admissions 0.10 0.17 0.15
Days in hospital 0.98 1.14 1.88
Unscheduled physician visits 1.51 (0.22) 1.73 (0.22) 1.51 (0.22)

All cause†
Hospital admissions 0.43* (0.22) 0.65 (.00) 0.86 (0.22)
Days in hospital 2.38*(0.65) 3.46** (0.65) 4.97 (0.65)
Unscheduled physician visits 2.16 (0.22) 2.59 (0.22) 2.59 (0.22)

Days of restricted activity‡ (all cause) 8.3* (0.8) 11.1 (0.8) 10.9 (0.8)

*p<0.05 tiotropium v placebo; **p<0.05 salmeterol v placebo.
†Expressed as events per patient year.
‡Expressed as events per 24 patient weeks

Figure 4 Mean FEV1 before and after treatment on days 1, 15 and
169 of study; p<0.001 for tiotropium versus placebo on all test days
after treatment; p<0.05 for tiotropium versus salmeterol on all test
days except day 1 and –1 hour on day 15.
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was statistically superior in the combined studies and one of

the two studies.

Adverse events
Dryness of the mouth was the only event that was statistically

higher with tiotropium (8.2%) than with salmeterol (1.7%) or

placebo (2.3%). Mouth dryness led one patient to discontinue

treatment with tiotropium. There was one death reported in

the tiotropium group, six in the salmeterol group, and five in

the placebo group. The one death in the tiotropium group was

due to a ruptured abdominal aortic aneurysm. Two of the six

deaths in the placebo group were due to cardiac arrest (one

associated with a COPD exacerbation) and three of the six

deaths in the salmeterol group resulted from respiratory fail-

ure.

DISCUSSION
COPD is, by definition, a disease of airflow limitation.

However, the evaluation of patients with COPD is no longer

limited to short term improvements in objective measures of

airflow but it is also recognised that the progressive

physiological impairment will ultimately result in symptoms

of breathlessness, limitations in activity, and adverse conse-

quences on health status.

We have compared treatment with tiotropium 18 µg (a once

daily inhaled anticholinergic that has its effect through

prolonged M3 receptor antagonism), salmeterol 50 µg twice

daily (a long acting inhaled β2 agonist), and placebo in 1207

patients with COPD. The results indicate that, compared with

placebo, tiotropium reduced exacerbations, reduced health

resource usage, and improved HRQoL and dyspnoea. Sal-

meterol, on the other hand, did not have a meaningful impact

on exacerbations, HRQoL, or use of health resources compared

with placebo except for a higher proportion of patients

achieving an improvement in TDI of at least 1 unit. Both active

drugs provided improvements in bronchodilation with tiotro-

pium being superior to salmeterol. These results confirm those

of earlier trials in which tiotropium has been compared over a

1 year period with placebo and ipratropium.14 15

Several recent publications have highlighted the impact of

pharmacotherapy on exacerbations of COPD. Inhaled cortico-

steroids in the ISOLDE and Lung Health II trials were associ-

ated with reduced exacerbations in subpopulations of severe

patients.5 6 There are few data on the role of bronchodilator

treatment in reducing the frequency of COPD exacerbations,

although Friedman et al8 reported that, compared with

albuterol, both ipratropium monotherapy and the combina-

tion of ipratropium and albuterol decreased exacerbations by

33%. The effect of treatment with long acting β2 adrenergic

bronchodilators on COPD exacerbations has been

conflicting.9 10 The present study found reductions in exacer-

bations and associated health care usage. While the data on

hospital admissions were generally confirmed by hospital

records, data on other treatment visits (apart from those

involving the investigator) were based on self-recall and sub-

ject to potential under or over reporting. The definition of

exacerbations used in this study differs somewhat from other

publications. However, the requirement for a minimum time

frame (3 days) should have reduced the reporting of simple

daily fluctuations in underlying COPD as exacerbations and

the definition itself does not necessarily explain the differ-

ences in the number of events in the placebo population

observed in other reports.8–10

In addition to the somewhat conflicting results for exacer-

bations, studies on the effect of long acting β2 adrenergic

bronchodilators on other health outcomes in COPD have also

provided inconsistent results.9 10 20 21 We found that a high pro-

portion of placebo treated patients (39%) had a clinically

meaningful improvement in health status. The results of the

present trial are consistent, albeit somewhat higher, than

those reported in the tiotropium 1-year placebo controlled

trial14 in which 30% of patients treated with placebo were

observed to have an improvement in health status of at least 4

units at the end of the trial. The difference from the present

study may reflect the longer duration in the 1-year trials as

COPD is associated with a progressive decline in health

status.5 However, it is possible that the high placebo response

may indicate a limitation in the instrument or may reflect a

bias related to a population willing to participate in clinical

trials.

The mechanism by which bronchodilators might reduce

exacerbations and hospital admissions for COPD remains to

be defined. A major feature of most COPD exacerbations is an

increase in dyspnoea which is often a consequence of the

worsening hyperinflation characteristic of advanced COPD.22

Bronchodilators such as β agonists and anticholinergics

improve FEV1 but also improve FVC and can reduce the degree

of hyperinflation. Such improvements are also associated with

a reduction in dyspnoea in patients with COPD, particularly

during exercise.23

Whatever the underlying mechanism, a symptomatic

improvement is likely to alter the patient decision making

process—particularly on the need for seeking help—and this

may have an impact on the use of health resources. A

reduction in the frequency of exacerbations or on the time to

exacerbation, for example, would probably be associated with

a reduction in the cost of COPD management24 as well as an

improvement in the HRQoL of patients.25 Similarly, more

stable lung function and symptomatic baseline would be

expected to reduce the need for unscheduled physician visits

and contacts with healthcare facilities. Whether or not effec-

tive and continuous bronchodilation alters the intensity or

type of inflammatory response in the airways, which might

modulate exacerbations in COPD, is not known. Seemungal et
al have noted an association between increasing frequency of

exacerbations and declining HRQoL.26 Indeed, such a pattern

has been documented with tiotropium in previous 1-year

trials.25 In this regard, it was interesting to note that

tiotropium was associated with a decrease in exacerbations in

the current trial. Furthermore, patients receiving tiotropium

in this study had the smallest number of days when they were

unable to perform their usual daily activities due to poor

symptom control.

In the present study both tiotropium and salmeterol

improved FEV1 and FVC. Consistent with the results on health

outcomes, the improvements in FEV1 and FVC with tiotro-

pium were superior to those with either salmeterol or placebo,

and these bronchodilator effects were maintained over time.

However, there appeared to be tachyphylaxis to the effects of

salmeterol. Such a phenomenon with salmeterol has not been

shown previously in other published trials, but generally such

trials have been of a shorter duration (12–16 weeks).

In summary, we have shown that tiotropium 18 µg once

daily is associated with improved dyspnoea, improved

bronchodilation, reduced exacerbations, and improvements in

HRQoL compared with placebo. The effect of salmeterol on

these outcomes was modest compared with placebo and gen-

erally was neither clinically nor statistically meaningful.
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