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Eff ect of tiotropium on outcomes in patients with 
moderate chronic obstructive pulmonary disease (UPLIFT): 
a prespecifi ed subgroup analysis of a randomised 
controlled trial
Marc Decramer, Bartolome Celli, Steven Kesten, Theodore Lystig, Sunil Mehra, Donald P Tashkin, for the UPLIFT investigators*

Summary
Background The benefi cial eff ects of pharmacotherapy for chronic obstructive pulmonary disease (COPD) are well 
established. However, there are few data for treatment in the early stages of the disease. We examined the eff ect of 
tiotropium on outcomes in a large subgroup of patients with moderate COPD.

Methods The Understanding Potential Long-Term Impacts on Function with Tiotropium (UPLIFT) study was a 
randomised, double-blind, placebo-controlled trial undertaken in 487 centres in 37 countries. 5993 patients aged 
40 years or more with COPD were randomly assigned to receive 4 years of treatment with either once daily tiotropium 
(18 μg; n=2987) or matching placebo (n=3006), delivered by an inhalation device. Randomisation was by computer-
generated blocks of four, with stratifi cation according to study site. In a prespecifi ed subgroup analysis, we investigated 
the eff ects of tiotropium in patients with Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage II 
disease. Primary endpoints were the yearly rates of decline in prebronchodilator forced expiratory volume in 1 s 
(FEV1) and in postbronchodilator FEV1, beginning on day 30 until completion of double-blind treatment. The analysis 
included all patients who had at least three measurements of pulmonary function. This study is registered with 
ClinicalTrials.gov, number NCT00144339.

Findings 2739 participants (mean age 64 years [SD 9]) had GOLD stage II disease at randomisation (tiotropium, 
n=1384; control, n=1355), with a mean postbronchodilator FEV1 of 1·63 L (SD 0·37; 59% of predicted value). 
1218 patients in the tiotropium group and 1157 in the control group had three or more measurements of 
postbronchodilator pulmonary function after day 30 and were included in the analysis. The rate of decline of mean 
postbronchodilator FEV1 was lower in the tiotropium group than in the control group (43 mL per year [SE 2] vs 49 mL 
per year [SE 2], p=0·024). For prebronchodilator pulmonary function, 1221 patients in the tiotropium group and 
1158 in the control group had three or more measurements and were included in the analysis. The rate of decline of 
mean prebronchodilator FEV1 did not diff er between groups (35 mL per year [SE 2] vs 37 mL per year [SE 2]; p=0·38). 
Health status, measured with the St George’s Respiratory Questionnaire, was better at all timepoints in the tiotropium 
group than in the control group (p≤0·006 for all timepoints). Time to fi rst exacerbation and time to exacerbation 
resulting in hospital admission were also longer in the tiotropium group than in the control group (hazard ratio 0·82, 
95% CI 0·75–0·90, and 0·74, 0·62–0·88, respectively).

Interpretation Tiotropium seemed to reduce the rate of decline of postbronchodilator FEV1 in patients with GOLD 
stage II COPD. This fi nding and the other improvements in outcomes suggest that treatment of COPD should begin 
at an early stage of the disease.

Funding Boehringer Ingelheim and Pfi zer Pharmaceuticals.

Introduction
The introduction of longacting β2 agonists,1 inhaled 
steroids,1–5 fi xed combination products,1,6–8 and a long-
acting anticholinergic drug9–12 has substantially improved 
treatment of patients with chronic obstructive pulmonary 
disease (COPD). These agents improve pulmonary 
function and quality of life, and reduce the frequency of 
exacerbations.1–12 Reduction of exacerbations is especially 
important because they can accelerate the progression of 
the disease.13,14 There are also data to suggest that treatment 
with a longacting anticholinergic drug12 and a combination 
product6 might reduce mortality. Additionally, treatment 

with a longacting anticholinergic drug was shown to 
reduce cardiovascular morbidity12 and incidence of 
respiratory failure.12 Most of these studies, however (apart 
from some that investigated inhaled corticosteroids2–4), 
mainly included patients with Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) stage III and 
IV disease (mean forced expiratory volume in 1 s [FEV1] 
ranging from 36% to 45% of predicted value). By contrast, 
little is known about treatment of COPD at earlier stages, 
such as GOLD stage II (moderate disease).

One fairly small (n=224) and short-term study showed 
that in patients with GOLD stage II COPD who were 
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recruited in general practice, treatment with tiotropium 
improved FEV1 and forced vital capacity (FVC) compared 
with placebo.15 Another recent study showed that exercise 
limitation and dyspnoea were present in patients with 

GOLD stage I disease.16 Studies on activity measurement 
have consistently shown inactivity early in the disease (ie, 
GOLD stage I and II).17–19 Since comorbidities also start 
early in COPD, there is a case for earlier treatment.20 
However, there is currently no clear evidence of the 
benefi t of earlier treatment of COPD, although a recent 
study suggested that dyspnoea and hyperinfl ation during 
exercise could be improved in patients with symptomatic 
stage I disease with inhaled ipratropium.21

We investigated the eff ect of long-term treatment with 
tiotropium on outcomes in patients with GOLD stage II 
COPD, by use of data from the recently published 
Understanding Potential Long-Term Impacts on Function 

with Tiotropium (UPLIFT) trial.12 The UPLIFT trial 
provided us with the largest group of patients with GOLD 
stage II disease treated with a longacting anticholinergic 
drug in a randomised placebo-controlled study.

Methods 
Patients 
The design and main results of the UPLIFT trial have been 
reported elsewhere.12,22 Briefl y, the study was a 4-year, 
randomised, double-blind, placebo-controlled, parallel-
group study in patients with moderate to severe COPD. 
Patients with a clear diagnosis of COPD, including a 
diff erential diagnosis with asthma, were eligible for 
inclusion. Eligibility criteria also included an age of 40 years 
or more, a smoking history of 10 pack-years or more, a 
postbronchodilator FEV1 of 70% or less of the predicted 
value, and an FEV1 of 70% or less of the FVC. Patients were 
recruited at 487 investigational centres in 37 countries. All 
patients gave written informed consent for participation in 
the study. The study protocol was approved by the local 
ethical review boards of the participating centres.

Figure 1: Trial profi le for patients with GOLD stage II COPD
GOLD=Global Initiative for Chronic Obstructive Lung Disease. COPD=chronic obstructive pulmonary disease. *Patients 
with three or more measurements of pulmonary function after day 30 were included in the analysis of lung function.

8020 patients assessed for eligibility

2027 withdrew during screening or
failed to meet entry criteria 

1384 GOLD stage II patients assigned
to tiotropium

1355 GOLD stage II patients assigned 
to placebo

424 discontinued study treatment
235 adverse event
117 consent withdrawn

20 protocol non-compliance
37 lost to follow-up
15 other

960 completed study 885 completed study

470 discontinued study treatment
241 adverse event
158 consent withdrawn

31 protocol non-compliance
27 lost to follow-up
13 other

5993 enrolled and randomised
3 GOLD stage I

2739 GOLD stage II   
2635 GOLD stage III

521 GOLD stage IV 
95 unknown 

Analysis populations*
1221 prebronchodilator lung function
1218 postbronchodilator lung function

Analysis populations*
1158 prebronchodilator lung function
1157 postbronchodilator lung function

GOLD stage II GOLD stage III GOLD stage IV

Tiotropium (n=1384) Control (n=1355) Tiotropium (n=1304) Control (n=1331) Tiotropium (n=250) Control (n=271)

Male 997 (72%) 979 (72%) 1021 (78%) 991 (74%) 194 (78%) 214 (79%)

Age (years) 65 (9) 64 (9) 65 (8) 65 (8) 62 (8) 63 (8)

FEV1 (L)

Prebronchodilator 1·36 (0·37) 1·36 (0·35) 0·93 (0·26) 0·92 (0·27) 0·59 (0·15) 0·59 (0·15)

Postbronchodilator 1·63 (0·37) 1·64 (0·36) 1·13 (0·27) 1·11 (0·28) 0·71 (0·17) 0·72 (0·16)

FEV1 (% predicted)

Prebronchodilator 49% (8) 49% (8) 33% (7) 33% (7) 21% (4) 21% (4)

Postbronchodilator 59% (6) 59% (6) 40% (6) 40% (6) 25% (4) 25% (4)

Body-mass index (kg/m²) 27 (5) 27 (5) 26 (5) 26 (5) 24 (5) 24 (5)

Smoking status

Current smoker 425 (31%) 474 (35%) 371 (28%) 344 (26%) 67 (27%) 66 (24%)

Smoking history 
(pack-years)

48 (28) 47 (27) 51 (29) 49 (28) 47 (26) 51 (32)

Duration of COPD (years) 10 (8) 9 (7) 10 (7) 10 (7) 11 (8) 10 (6)

SGRQ total score* (units) 41 (17) 42 (17) 48 (16) 48 (16) 56 (15) 56 (16)

Data are n (%) or mean (SD). GOLD=Global Initiative for Chronic Obstructive Lung Disease. FEV1=forced expiratory volume in 1 s. COPD=chronic obstructive pulmonary 
disease. SGRQ=St George’s Respiratory Questionnaire. *Range 0–100, with lower scores indicating improvement.

Table 1: Baseline characteristics of study participants by GOLD stage



Articles

www.thelancet.com   Published online August 28, 2009   DOI:10.1016/S0140-6736(09)61298-8 3

Randomisation and masking
Boehringer Ingelheim arranged for the randomisation as 
well as packaging and labelling of study medication.  
Eligible patients were randomly assigned in a 1:1 ratio to 
receive either 18 μg of tiotropium or a matching placebo, 
once daily, delivered via the HandiHaler (Boehringer 
Ingelheim, Ingelheim, Germany). Randomisation was 
done in blocks of four and stratifi ed according to study 
site. The randomisation list was generated by use of a 
validated system, which involved a pseudo-random 
generator so that the resulting treatment sequence was 
both reproducible and non-predictable. An interactive 
voice response system service was used for patient 
randomisation and drug supply management. Each site 
was provided with a telephone number (with 24-h access) 
and password that connected them to a series of 
instructions on how to assign a medication kit to a patient.  
The powder capsules were provided in blister cards. The 
masking of the study drug was such that the treatments 
were indistinguishable. The treatment codes were kept by 
Boehringer Ingelheim and were not available to patients or 
investigators apart from in an emergency situation when 
the identity of the study drug was needed to be known by 
the investigator to provide appropriate medical treatment. 
All concomitant respiratory drugs, apart from inhaled 
anticholinergic drugs, were allowed during the trial.

Procedures 
After randomisation, patients were seen at the clinic at 
1 month and 3 months and then every 3 months until 
the end of the 4-year study period. Primary endpoints 
were the yearly rate of decline in prebronchodilator 
FEV1 and in postbronchodilator FEV1, beginning on 
day 30 until completion of double-blind treatment. 
Secondary endpoints were lung function at every visit, 
health status measured with the St George’s Respiratory 
Questionnaire (SGRQ), exacerbations and exacerbations 
requiring hospital admission, and mortality from all 
causes and from lower respira tory tract conditions. This 
subgroup analysis, which was prespecifi ed in the 
protocol and the statistical analysis plan, focused on 
patients with GOLD stage II COPD.

Spirometry was done according to the American 
Thoracic Society guidelines at randomisation, at 1 month, 
and then every 6 months until the end of the study period. 
Before spirometry testing, respiratory drugs were 
withheld. Prebronchodilator spirometry was done fi rst, 
followed by the masked administration of study drug. 
Immediately after, patients received 80 μg ipratropium, 
followed 60 min later by 400 μg salbutamol. 30 min after 
administration of salbutamol, postbronchodilator 
spirometry was done.

Health-related quality of life was measured by use of the 
SGRQ, which was administered before spirometry. 
Exacerbations were defi ned as an increase or new onset of 
more than one respiratory symptom (cough, sputum, 
sputum purulence, wheezing, or dyspnoea) lasting for at 

least 3 days and requiring treatment with an antibiotic, 
systemic steroid, or both. Data for exacerbations and 
associated hospital admissions were recorded on 
case-report forms at every visit.

For all patients who discontinued treatment pre maturely, 
data for vital status were requested on a recorded date 
determined as the full completion of the trial protocol. 
Mortality analysis was done with data for on-treatment 
mortality and for on-treatment mortality plus vital status.

Statistical analysis
The sample size calculation for the study was based on 
the following assumptions: a diff erence in rate of decline 
of 15 mL per year between the two treatment groups,4 a 
standard deviation of 90 mL per year, discontinuation 
rate of 35%, power of more than 90%, and a signifi cance 

Baseline During study

Tiotropium 
(n=1384)

Control 
(n=1355)

Tiotropium 
(n=1384)

Control 
(n=1355)

Longacting β agonists* 771 (56%) 751 (55%) 955 (69%) 962 (71%)

Inhaled corticosteroids* 810 (59%) 772 (57%) 996 (72%) 989 (73%)

Combination longacting β agonist and 
inhaled corticosteroids

627 (45%) 598 (44%) 841 (61%) 827 (61%)

Anticholinergic drugs† 542 (39%) 516 (38%) 484 (35%) 474 (35%)

Data are n (%). GOLD=Global Initiative for Chronic Obstructive Lung Disease. COPD=chronic obstructive pulmonary 
disease. *Used alone or in combination. †Includes shortacting or longacting anticholinergic drugs (according to the 
protocol, the use of longacting anticholinergic drugs during the study was restricted to short-term emergency use for 
life-threatening exacerbations).

Table 2: Concomitant drugs at baseline and at any point during the study in patients with 
GOLD stage II COPD

Tiotropium Control Diff erence between 
tiotropium and control 
(mL per year [95% CI])

p value

n Mean decline 
(mL per year 
[SE]])

n Mean decline 
(mL per year 
[SE])

Primary analysis*

FEV1

Prebronchodilator 1221 35 (2) 1158 37 (2) 2 (–3 to 7) 0·38

Postbronchodilator 1218 43 (2) 1157 49 (2) 6 (1 to 11) 0·024

FVC

Prebronchodilator 1221 44 (4) 1158 43 (4) –1 (–12 to 9) 0·82

Postbronchodilator 1218 53 (4) 1157 58 (4) 6 (–5 to 16) 0·29

SVC

Prebronchodilator 1221 45 (4) 1158 43 (4) –1 (–12 to 9) 0·83

Postbronchodilator 1218 55 (4) 1157 60 (4) 5 (–5 to 16) 0·32

Sensitivity analysis†

FEV1

Prebronchodilator 1347 35 (2) 1310 37 (2) 2 (–3 to 7) 0·36

Postbronchodilator 1344 43 (2) 1305 49 (2) 6 (1 to 11) 0·019

FEV1=forced expiratory volume in 1 s. FVC=forced vital capacity. SVC=slow vital capacity. *Analysis included patients 
with three or more measurements of pulmonary function after day 30. †Analysis included patients with at least one 
measurement of pulmonary function after day 30.

Table 3: Annual rates of decline in prebronchodilator and postbronchodilator FEV1, FVC, and SVC
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level of 5% with a two-tailed test.22 1166 patients per group 
were needed for the primary analysis. The sample size 
was increased to approximately 6000 patients to allow 
additional analyses of important patient subgroups.

Decline in pulmonary function versus time was analysed 
with random coeffi  cient regression in which the FEV1 
changed linearly after 30 days for each patient, intercepts 
and slopes were random, and the treatment eff ect was 
fi xed. The population for the primary analysis included all 
patients who had at least three measurements of pulmonary 
function after day 30. As a sensitivity analysis, we analysed 
the patients who had at least one measurement of FEV1 
after day 30. The model used in the primary analysis was 
also used for decline in SGRQ versus time (from 6 months 

until completion of the study). All patients who had at least 
two measurements of SGRQ were analysed. SGRQ values 
from Turkey were excluded because of an error in the 
translation of the questionnaire.

Cox regression was used to calculate hazard ratios 
(HRs). Kaplan-Meier curves of the probability of no 
exacerbation and consequent admission to hospital were 
constructed. The number of events and event days were 
compared between the study groups with relative risks 
through the use of Poisson regression with correction for 
overdispersion.

Analyses were done with SAS software, version 8.2. All 
reported p values are two-sided and not corrected for 
multiple testing. This study is registered with 
ClinicalTrials.gov, number NCT00144339.

Role of the funding source 
A joint advisory committee, which included academic 
scientists and employees of the study sponsor, was 
responsible for study design, monitoring of the conduct 
of the trial, data review and interpretation, approval of 
the statistical analyses, writing of the report, and the 
decision to publish the report. Statistical analyses were 
done by employees of Boehringer Ingelheim. All authors 
had full access to all the data in the study. The 
corresponding author had fi nal responsibility for the 
decision to submit the report for publication.

Results
Of 5993 randomised patients, 2739 (46%) had GOLD 
stage II COPD (fi gure 1). A higher proportion of patients 
in the control group (35%) discontinued study treatment 
than did patients in the tiotropium group (31%; p=0·024). 
Table 1 shows the baseline characteristics of study 
participants in the tiotropium and control groups by 
disease stage. The most relevant concomitant drugs used 
by patients with GOLD stage II disease at baseline and 
during the study are shown in table 2.

In the tiotropium group, 1221 patients and 1218 patients 
were included in the primary analyses for pre broncho-
dilator and postbronchodilator pulmonary function, 
respectively. In the control group, 1158 patients and 
1157 patients were analysed, respectively. Table 3 shows 
the rates of decline in lung function in the study groups.

Prebronchodilator FEV1 declined by a mean of 35 mL 
per year (SE 2) in the tiotropium group compared 
with 37 mL per year (SE 2) in the control group (p=0·38). 
For postbronchodilator FEV1, the rate of decline was lower 
in the tiotropium group than in the control group (43 mL 
per year [SE 2] vs 49 mL per year [SE 2], p=0·024). For 
FVC and slow vital capacity (SVC), the rates of decline of 
prebronchodilator values did not diff er between groups. 
However, the rates of decline after bronchodilation were 
lower in the tiotropium group than in the control group, 
although not signifi cantly so.

In an additional sensitivity analysis, we included all 
patients who had at least one measurement of FEV1 after 
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Figure 2: Mean prebronchodilator and postbronchodilator FEV1 and FVC during the study in patients with 
GOLD stage II COPD
FEV1=forced expiratory volume in 1 s. FVC=forced vital capacity. GOLD=Global Initiative for Chronic Obstructive 
Lung Disease. COPD=chronic obstructive pulmonary disease. *p<0·0001 versus control. †p<0·01 versus control. 
Repeated measure ANOVA was used to estimate means, which are adjusted for baseline measurements. Patients 
with three or more pulmonary function tests after day 30 were included in the analysis. Error bars show SEs. 
(A) FEV1. Month 0: tiotropium, n=1196; control, n=1142. Month 48: tiotropium, n=925; control n=859. Mean 
diff erences between groups range from 101 mL to 119 mL for prebronchodilator FEV1 and from 52 mL to 82 mL for 
postbronchodilator FEV1. (B) FVC. Month 0: tiotropium, n=1196; control, n=1142. Month 48: tiotropium, n=925; 
control, n=859. Mean diff erences between groups range from 164 mL to 194 mL for prebronchodilator FVC and 
from 42 mL to 68 mL for postbronchodilator FVC. 
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day 30. The results of this analysis were consistent with 
those seen in the primary analysis (table 3).

Mean values of prebronchodilator and postbroncho-
dilator FEV1 were higher in the tiotropium group than in 
the control group at all timepoints during the trial 
(p<0·0001 for all timepoints), with diff erences between 
groups ranging from 101 mL to 119 mL and from 52 mL 
to 82 mL, respectively (fi gure 2). Mean prebronchodilator 
FVC was 164–194 mL higher (fi gure 2) and mean 
prebronchodilator SVC was 44–175 mL higher in the 
tiotropium group than in the control group (p<0·001 at 
all timepoints). Diff erences for postbronchodilator FVC 
and SVC ranged from 42 mL to 68 mL (p<0·01 at all 
timepoints) and from 15 mL to 35 mL (p>0·05 at all 
timepoints), respectively.

In both groups, SGRQ scores decreased relative to 
baseline over the fi rst 6 months, corresponding with an 
improvement in health status (fi gure 3). Thereafter, 
there was a progressive increase in the scores in both 
groups, corresponding with a deterioration in health 
status. This deterioration occurred at similar rates in the 
two groups (total SGRQ score: tiotropium, 0·89 units 
per year [SE 0·13]; control, 0·99 units per year [SE 0·13]; 
p=0·58). Health status was better at all timepoints in 
the tiotropium group than in the control group (p≤0·006 
at all timepoints, for the total score and three subscores; 
fi gure 3). Diff erences in SGRQ scores between groups 
ranged from 2·7 to 4·0 units for the total score and from 
2·3 to 3·9 units, 2·7 to 4·1 units, and 3·1 to 4·4 units 
for the subscores of impact, symptom, and activity, 
respectively.

Table 4 shows the number of exacerbations and table 5 
shows the number of exacerbations resulting in hospital 
admission in patients with GOLD stages II–IV. Data for 
the total study population have been reported elsewhere.12 
In patients with COPD that was GOLD stage II or III, 
risk of exacerbation and number of exacerbations per 
patient-year were lower in the tiotropium group than in 
the control group. Despite the low event rates, these 
diff erences reached statistical signifi cance because of the 
high power of this study. There was no interaction 
between the treatment eff ect on exacerbations and GOLD 
stage (p=0·237) or baseline SGRQ score (p=0·677).

The risk of an exacerbation requiring admission to 
hospital in patients with GOLD stage II COPD was also 
lower in the tiotropium group than in the control 
group. The mean number of exacerbation-related 
hospital admissions per patient-year was also lower, 
but the diff erence was not signifi cant. A further 
subgroup analysis suggested that the risk of an 
exacerbation was lower in the tiotropium group than in 
the control group in patients taking inhaled 
corticosteroids at baseline (HR 0·85, 95% CI 0·76–0·96, 
p=0·0098) and in patients not taking these agents at 
baseline (0·76, 0·65–0·89, p=0·0006). 

The eff ects of tiotropium on mortality for the whole 
study population have been reported elsewhere.12 In 

patients with GOLD stage II COPD, risks of mortality 
from lower respiratory tract conditions and from all 
causes were lower for the tiotropium group than for the 
control group during treatment (table 6). Similar results 
were obtained in analyses that included data for vital 
status from patients who had discontinued study 
treatment before the end of the study (table 6). However, 
diff erences between groups were not signifi cant. 
Similar reductions were seen in patients with GOLD 
stage III and IV: at day 1470, the HRs for all-cause 
mortality were 0·86 (0·71–1·05) and 0·76 (0·53–1·09), 
respectively.

Serious adverse events associated with tiotropium 
treatment have been reported elsewhere.12 

Tiotropium Control Ratio (95% CI)* p value

One or more COPD exacerbations (n/N [%])

GOLD stage II 824/1384 (60%) 882/1355 (65%) ·· ··

GOLD stage III 944/1304 (72%) 942/1331 (71%) ·· ··

GOLD stage IV 200/250 (80%) 188/271 (69%) ·· ··

Median time to fi rst exacerbation (months [95% CI])

GOLD stage II 23·1 (21·0–26·3) 17·5 (15·9–19·7) 0·82 (0·75–0·90) <0·0001

GOLD stage III 13·2 (11·5–14·6) 9·8 (8·8–11·3) 0·87 (0·79–0·95) 0·002

GOLD stage IV 9·7 (8·2–12·0) 8·8 (6·9–11·7) 0·99 (0·81–1·21) 0·956

Mean number of exacerbations (per patient-year [95% CI])

GOLD stage II 0·56 (0·52–0·60) 0·70 (0·65–0·75) 0·80 (0·72–0·88) <0·0001

GOLD stage III 0·85 (0·80–0·90) 0·97 (0·91–1·03) 0·88 (0·80–0·95) 0·003

GOLD stage IV 1·05 (0·92–1·21) 1·15 (1·00–1·31) 0·92 (0·76–1·12) 0·397

GOLD=Global Initiative for Chronic Obstructive Lung Disease. COPD=chronic obstructive pulmonary disease. *Hazard 
ratio for time to fi rst exacerbation and rate ratio (tiotropium to control) for number of exacerbations.

Table 4: Exacerbations in patients with GOLD stage II, III, or IV COPD in the tiotropium and control groups

Figure 3: Mean SGRQ score during the study in patients with GOLD stage II COPD
SGRQ=St George’s Respiratory Questionnaire. GOLD=Global Initiative for Chronic Obstructive Lung Disease. 
COPD=chronic obstructive pulmonary disease. The SGRQ scale ranges from 0 to 100, with lower scores indicating 
improvement. *p<0·0001 versus control. Repeated measure ANOVA was used to estimate means, which are 
adjusted for baseline measurements. Patients with two or more SGRQ total scores after month 6 were included in 
the analysis. Error bars show SEs. Month 0: tiotropium, n=1179; control, n=1119. Month 48: tiotropium, n=908; 
control, n=839. Mean diff erences between groups range from 2·7 to 4·0 units.
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Discussion 
This subgroup analysis of the UPLIFT trial showed that 
in patients with GOLD stage II COPD, tiotropium 
seemed to reduce the rate of decline of postbronchodilator 
FEV1 and the risk of exacerbations. Additionally, lung 
function and health-related quality of life were better in 
the tiotropium group than in the control group 
throughout the trial. Our fi ndings suggest that treatment 
with a longacting anticholinergic drug has substantial 
benefi ts in patients with moderate COPD, and therefore 
provide a rational basis for starting treatment in patients 
with this stage of the disease. The reduction in the rate of 
decline in postbronchodilator FEV1 is of particular 
interest because it has potential to alter the natural course 
of the disease in this early stage, although the eff ect in 
this study was small and might not be clinically 
signifi cant.

A substantial proportion of patients with COPD diag-
nosed by spirometry receive suboptimum treat ment.23–25 

In a prospective study, patients admitted to a general 
medicine service were asked to undergo spirometry and 
answer a questionnaire. Of the 153 participants, 40 (26%) 
had airfl ow obstruction, of whom only 14 (35%) were 
diagnosed with COPD at the time of admission to 
hospital. Only 14 (35%) patients with airfl ow obstruction 
were receiving maintenance bronchodilator treatment at 
hospital admission or discharge.24 In a study in a 
primary-care setting in Japan that included 194 patients 
who had chronic cough and sputum but no previous 
diagnosis of respiratory disease, 96 had at least moderate 
(GOLD stage II) COPD. However, 30 (31%) did not 
receive any clinical intervention, defi ned as advice to stop 
smoking or pharmacotherapy, or both.25 Data showing 
that patients with stage II disease can benefi t from 
treatment might encourage health-care providers to 
accurately diagnose and treat patients according to 
international guidelines.

This analysis has several limitations. First, although 
the subgroup analyses were prespecifi ed, this study is a 
subgroup analysis of a large trial and therefore is 
associated with all the typical methodological concerns of 
such an analysis. Second, although all patients in this 
analysis had GOLD stage II COPD, they might not have 
been representative of all patients with this stage of the 
disease. Because we recruited patients from pulmonary 
practices, they might have more severe disease than do 
patients that usually present to general practice. 
Additionally, the inclusion criteria required patients to 
have a postbronchodilator FEV1 of 70% or less than the 
predicted value and therefore patients with less severe 
GOLD stage II disease (FEV1 between 70% and 80% of 
the predicted value) were excluded. This hypothesis is 
supported by the mean postbronchodilator FEV1 of 59% 
of the predicted value recorded in this study. Moreover, 
because the patients in this analysis were seen by 
pulmonary specialists, they were also likely to present 
with symptoms; therefore, asymptomatic patients with 
GOLD stage II disease might have been excluded. 
However, symptomatic patients with GOLD stage II 
disease pose a substantial clinical problem because of the 
clear impairment in health status as shown by the high 
baseline SGRQ score and the propensity for exacerbations 
of COPD. Notably, most patients in both groups were on 
concomitant treatment with inhaled corticosteroids, 
longacting β2 agonists, or both, suggesting that the 
treatment eff ects were obtained irrespective of other 
active agents. 

A prospective, double-blind, placebo-controlled trial in 
patients with GOLD stage II COPD who are identifi ed in 
general practice by use of spirometry and symptom 
questionnaires26 would provide the strongest possible 
rationale for earlier intervention with a longacting 
bronchodilator. Nevertheless, this report provides strong 
evidence for such an intervention. Other published 
reports provide indirect evidence that lends support to 
earlier treatment. Ofi r and colleagues16 showed that 

Tiotropium 
(n=1384)

Control 
(n=1355)

HR (95% CI)

All-cause mortality

Patients on treatment 117 (8%) 130 (10%) 0·85 (0·66–1·09)

Patients on treatment and discontinued patients

Protocol-defi ned treatment period (up to day 1440) 128 (9%) 147 (11%) 0·84 (0·66–1·07)

Period including 30-day washout period (up to 
day 1470)

134 (10%) 148 (11%) 0·88 (0·69–1·11)

Mortality from lower respiratory tract conditions

Patients on treatment 15 (1%) 23 (2%) 0·62 (0·32–1·18)

Patients on treatment and discontinued patients

Protocol-defi ned treatment period (up to day 1440) 20 (1%) 24 (2%) 0·81 (0·45–1·46)

Period including 30-day washout period (up to 
day 1470)

20 (1%) 25 (2%) 0·77 (0·43–1·39)

GOLD=Global Initiative for Chronic Obstructive Lung Disease. COPD=chronic obstructive pulmonary disease.

Table 6: Deaths in patients with GOLD stage II COPD, by analysis population

Tiotropium Control Ratio (95% CI)* p value

One or more COPD exacerbations resulting in admission to hospital (n/N [%])

GOLD stage II 211/1384 (15%) 264/1355 (19%) ·· ··

GOLD stage III 421/1304 (32%) 413/1331 (31%) ·· ··

GOLD stage IV 112/250 (45%) 116/271 (43%) ·· ··

Median time to fi rst exacerbation resulting in admission to hospital, fi rst quartile (months [95% CI])

GOLD stage II Not estimable Not estimable 0·74 (0·62–0·88) 0·001

GOLD stage III 25·2 (22·3–29·2) 22·7 (18·9–26·3) 0·93 (0·81–1·06) 0·270

GOLD stage IV 13·6 (10·6–18·3) 11·1 (7·8–17·1) 0·85 (0·66,1·10) 0·225

Mean number of exacerbations resulting in admission to hospital (per patient-year [95% CI])

GOLD stage II 0·08 (0·07–0·09) 0·10 (0·08–0·12) 0·80 (0·63–1·03) 0·082

GOLD stage III 0·20 (0·18–0·22) 0·21 (0·18–0·23) 0·97 (0·81–1·15) 0·705

GOLD stage IV 0·35 (0·28–0·44) 0·35 (0·28–0·45) 0·99 (0·72–1·37) 0·963

GOLD=Global Initiative for Chronic Obstructive Lung Disease. COPD=chronic obstructive pulmonary disease. *Hazard 
ratio for time to fi rst admission and rate ratio (tiotropium to control) for number of admissions.

Table 5: Exacerbations resulting in hospital admissions in patients with GOLD stage II, III, and IV COPD in 
tiotropium and control groups
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symptomatic patients with GOLD stage I disease had 
exercise limitation and dyspnoea16 and that 
pharmacotherapy reduced hyperinfl ation and dyspnoea 
in these patients.21 Hyperinfl ation and dyspnoea during 
exercise might contribute to inactivity in the early stages 
of the disease—a frequent fi nding in other recent 
studies.17–19 Comorbidities such as cardiovascular disease, 
osteoporosis, and diabetes20 are also present in patients 
with early stages of COPD. These comorbidities could be 
alleviated through more active treatment of COPD, in 
addition to specifi c treatment.

Recent studies have suggested that the annual decline 
in FEV1 is greater in GOLD stage II than in later stages of 
the disease.14,27 If the decline in pulmonary function 
predominantly occurs early in the course of the disease, 
then it is logical that intervention aimed at reducing the 
progression of the disease should mainly occur in the 
early stages of the disease. The eff ectiveness of aggressive 
early treatment needs to be assessed in prospective 
studies that compare this approach with treatment of 
symptoms alone. 

The mean age of patients with GOLD stage II COPD 
was similar to that for the whole study population and for 
patients with GOLD stage III and IV disease. Although it 
is not known how representative the present study 
populations are for the entire COPD populations in the 
diff erent GOLD stages, this fi nding suggests that COPD 
does not progress from one GOLD stage to the other. 
Longitudinal cohort studies could provide further 
understanding of the mechanisms of progression of 
COPD.

Thus, in patients with GOLD stage II COPD, long-term 
treatment with tiotropium seemed to reduce the rate of 
decline of postbronchodilator FEV1 and the risk of 
exacerbations. Since we also found that lung function 
and health-related quality of life were better in the 
tiotropium group than in the control group throughout 
the trial, treatment of COPD should begin in symptomatic 
patients with moderate disease.
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