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Summary: This study compared the efficacy and safety of tiotropium bromide inhalation powder 
(spiriva) and doxofylline oral tablet (doxofylline) in the treatment of chronic obstructive pulmonary 
disease (COPD). A multi-center, randomized, double-blind, double-dummy, parallel-controlled study 
involved 127 eligible stable moderate to severe COPD patients treated with inhaled tiotropium dry 
powder (18 μg/day) or oral doxofylline tablets (0.2 g/time, 2 times a day) for 12 and 24 weeks. Be-
fore and after treatment for 12 weeks and 24 weeks, respectively, pulmonary function, 6-min walking 
distance and dyspnea index were recorded. The results showed that in both tiotropium group and 
doxofylline groups, after 12-week treatment, FEV1, FEV1/FVC% and 6-min walk distance were sig-
nificantly higher than those before the medication, while dyspnea index decreased as compared with 
that before treatment. After 24-week treatment, a slight improvement in the measures was observed as 
compared with that of 12-weeks treatment, but the difference was not statistically significant. With 
both 12-week and 24-week treatment, the effect of tiotropium was slightly better than that of doxofyl-
line tablets, with the difference being statistically insignificant. The major adverse events in the ti-
otropium group and doxofylline group were observed in 9 cases (9.9%) and 12 cases (12.9%), respec-
tively, and no statistically significant difference was found between them. We are led to conclude that 
both tiotropium at 18 μg a day and doxofylline tablets at 0.2 g/day (two times a day) are effective and 
safe for the treatment of COPD. 
Key words: chronic obstructive pulmonary disease (COPD); tiotropium; doxofylline; 6-min walk 
distance; safety 
 
 
 

 Chronic obstructive pulmonary disease (COPD) is 
a serious health hazard and a common disease, charac-
terized by airflow limitation that is not fully reversible, 
which leads to progressive decline in lung function. 
This disease seriously affects the working ability and 
quality of life of the victims. The prevalence in Chinese 
over 40 years is more than 7%, and coupled with an 
aging Chinese society, the prevalence will only con-
tinue to increase[1]. The overwhelming majority of the 
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literature has agreed that COPD airway obstruction is 
partially reversible, and so in order to alleviate the 
breathing difficulties and to increase exercise tolerance, 
international guidelines have recommended use of a va-
riety of bronchodilators to achieve these two objec-
tives[2–4]. Short-acting bronchodilators which were 
commonly used in the past are of limited effect. The 
emergence of new long-acting bronchodilators clini-
cally relevant for treatment represents a significant pro-
gress. The 2003 COPD Global Initiative (GOLD) 
guidelines state that inhaled long-acting bronchodilators, 
compared with short-acting bronchodilators, are more 
effective and convenient[5–7]. 

At present, the clinically-used inhaled long-acting 
bronchodilators fell into two catogories: β2-long-acting- 
agonist (LABA), such as formoterol and salmeterol and 
long-acting anti-cholinergic drugs, such as, tiotropium 
bromide. The effect of LABA lasts 12 h and needs to be 
used twice a day, while for tiotropium bromide, the du-
ration of its action is more than 24 h and can thus be 
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used once a day. Some clinical studies have shown that 
tiotropium can improve lung function[8, 9],  reduce 
hyperinflation and improve breathlessness after the 
event and exercise endurance[10]. Two previous studies 
on tiotropium bromide for the treatment of COPD car-
ried out in China were found to improve lung function 
in patients[11, 12]. The course of treatment in these stud-
ies was shorter and possible side effects such as subjec-
tive symptoms, and motor function were not assessed. 
Thus, there is still a lack of information on the use of 
tiotropium bromide in the treatment of COPD in Chi-
nese patients, and a more comprehensive evaluation of 
the drug is needed.  

 Theophylline is a bronchodilator that has been 
used to treat COPD for many years[13, 14], and newly 
published clinical studies in China have also shown that 
long-term treatment with low-dose sustained-release 
theophylline in stable COPD is safe and effective[15, 16]. 
Therefore, in order to obtain a more comprehensive as-
sessment of tiotropium bromide in the treatment effi-
cacy of COPD, we used theophylline as a control drug. 
We thus aimed to assess and compare these two drugs 
for the long-term treatment of COPD in a Chinese 
population. 

1 MATERIALS AND METHODS 

1.1 Study Design 
We used a multi-center, randomized, double-blind, 

double-dummy comparative approach for this study. The 
research project was approved by the Institution’s Ethics 
Committee. A total of 127 cases were included, and the 
SAS 810 software package was used for generating a 
random number, which was placed on a sealed envelope. 
Subjects were selected according to the order of treat-
ment, and then, the envelope numbers were randomly 
assigned to either tiotropium bromide group or doxofyl-
line group. 
1.2 Study Objectives 
1.2.1 Inclusion Criteria[1] The inclusion criteria in-
cluded (1) having been diagnosed with a stable period of 
moderate to severe COPD[2], defined as forced expiratory 
volume in one second/forced vital capacity (FEV1/FVC) 
< 70%, forced expiratory volume in one second ac-
counted for the percentage of predicted value (FEV1% 
predicted) < 80%, and negative result of albuterol bron-
chodilator test (improvement rate < 15% and FEV1 in-
crease of the absolute value < 0.2 L); (2) either sex; (3) 
age ≥ 40 years old; (4) smoking history ≥ 10 pack years. 
Eligible patients had to be able to correctly use a sin-
gle-dose dry powder inhaler (HandiHalerTM, Spiriva, 
Germany) for inhalation study medication. Participants 
were required to sign an informed consent form before 
entering the study. 
1.2.2 Exclusion Criteria Exclusion criteria included: (1) 
bronchial asthma (referred to as asthma), allergic rhinitis, 
atopy, or eosinophils (EOS) counts higher (≥ 400/μL 
with males and female ≥ 320/μL with females); (2) fre-
quent need for oxygen during the day; (3) history of up-
per respiratory tract infection during the 6 weeks prior to 
the beginning of the study, and during the first 2 weeks 
of the study; (4) COPD associated with another serious 

illness; (5) history of myocardial infarction in the past 1 
year; (6) history of heart failure in the last 3 years or 
need for any arrhythmia drug therapy; (7) active tuber-
culosis; (8) history of breast cancer in the past five years ; 
(9) life-threatening obstructive pulmonary disease; (10) 
history of cystic fibrosis or bronchiectasis; (11) history 
of pulmonary resection; (12) suffering from benign 
prostatic hyperplasia, bladder neck stenosis; (13) nar-
row-angle glaucoma, allergy to cholinergic drugs, lactose, 
or any other inhaled MDI active ingredients; (14) use of 
cromolyn sodium or multi-chromium sodium; (15) use of 
antihistamine agents; (16) the need to change the dose of 
oral corticosteroids, or to stabilize the dosage to more 
than the equivalent of 10 mg/d of prednisone; (17) preg-
nant or lactating women, or women of childbearing age 
not using effective contraceptive measures; (18) history 
of alcohol and drug abuse; (19) routine blood test, blood 
biochemistry, urine abnormalities; (20) alanine ami-
notransferase/aspartate aminotransferase (ALT/AST) 
more than two times the upper limit of normal, blood 
bilirubin more than 1.5 times the upper limit of normal, 
serum creatinine more than 1.2 times the upper limit of 
normal; (21) patients who were enrolled in other clinical 
studies within 1 month before screening for this study. 
1.3 Treatment 

The study was divided into the whole elution period 
(2 weeks) and the treatment period (24 weeks). The 
treatment period was further divided in two stages. After 
screening by the washout period, eligible patients were 
randomly divided into two groups: (1) Tiotropium bro-
mide group: Patients were given a single dose of 18 μg 
tiotropium bromide dry powder capsules contained in-
haler (Spiriva, Boehringer Ingelheim, Germany); (2) 
doxofylline group: Patients took a slow-release oral 
doxofylline (brand name: An Timolol, Hangzhou Min-
sheng Pharmaceutical Co., China) at 0.2 g in the morning 
(8 am) and evening (8 pm). Throughout the study, pa-
tients were, if necessary, allowed to use salbutamol (100 
μg, 2 sprays/time) to relieve symptoms, antibiotics, and 
to temporarily increase the dose of or take oral corticos-
teroids (but no more than 4 d). If patients used these 
drugs, the follow-up would be delayed by 2–7 days. Oral 
glucocorticoid at a fixed dose (less than 10 mg/d predni-
sone or equivalent), inhaled corticosteroid drugs, as well 
as expectorants without effects of bronchodilation, were 
administrated at least 6 weeks prior to the medication or 
throughout the entire research period. 
1.4 Follow-up 

Patients were seen 4 times during the study: At the 
initial screening, a 2-week washout period (baseline), a 
12-week treatment period and a 24-week treatment pe-
riod. 
1.5 Outcome Measurement 
1.5.1 Efficacy  With the primary efficacy endpoint, 
FEV1 and FEV1/FVC% were spirometrically measured in 
each follow-up session before the first medication. Pul-
monary function tests in each subject were conducted in 
the morning between 8:00–10:00 at each visit. For the 
secondary efficacy endpoint, the UK Medical Research 
Council (Media Research Council, MRC) dyspnea in-
dex[8] and 6-min walk test (6MWT) were performed[14]. 
1.5.2 Safety  Adverse events were observed during the 
study period, follow-up period, immediately before the 
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study and at the end of physical examination, electrocar-
diography, chest X-ray and laboratory tests (full blood 
count, urine analysis, ALT, AST, total bilirubin, blood 
urea nitrogen, serum creatinine). 
1.6 Statistical Analysis 

With efficacy analysis, the target population were 
divided into treatment, or intension-to-treat (ITT) popu-
lation and per-protocol population (PP). Safety assess-
ment study population was designated as safe analysis 
population (SP). All randomizedly assigned patients who 
were given target drug with efficacy data were included 
in ITT population and patients without major deviation 
from the treatment protocol were classified as PP popu-
lation. Deviation refers to failure to meet selection crite-
ria and exclusion conditions, or non-compliance to 
medication less than 80% or, taking drugs not allowed by 
the protocol. All patients that were given the drug once 
or more and had safety data were classified as SP popu-
lations. SAS 8.0 software package was used for statisti-
cal analysis. All efficacy measures were subjected to 
variance analysis in terms of groups, settings and base-
line data of the subjects. With the endpoint of major ef-

ficacy measures, a P less than 0.05 was considered to be 
statistically significant. Safe measures were of descrip-
tive nature. 
 
2 RESULTS 
 
2.1 General Information 

Four centers (Tongji Hospital, Wuhan First Hos-
pital, Wuhan Second Hospital and Wuhan Sixth Hospi-
tal) participated in the research. A total of 127 patients 
were randomly assigned to tiotropium bromide treat-
ment group (tiotropium group, n=63) or doxofylline 
treatment group (doxophylline group, n=64). Six cases 
and 11 cases were lost in tiotropium group and doxo-
phylline group, respectively. As a result, tiotropium 
group had 57 cases, doxofylline group had 53 cases. 
The baseline demographic data in the ITT population, 
medical history and lung functions were comparable 
between the two group, with their FEV1 being 
47%–48% of predicted values, indicating that the pa-
tients in the two group were mostly moderate to severe 
COPD patients (table 1).

 
Table 1 The main features of subjects (ITT population, ±s) 

Groups n 
Male/ 

Female 
Age (years) 

Smoking  

history 

(packs /year)

COPD his-

tory (years) 

 

FEV1 FEV1％ 
6-min walking 

distance (m) 

Dyspnea 

index 

Tiotropium 63 46/11 70.40±10.02 13.24±12.68 22.22±8.08 0.85±0.39 47.08±20.46 315.39±133.68 3.3±0.81 

Doxofylline 64 44/09 69.51±10.12 14.23±12.55 21.56±7.17 0.90±0.45 48.31±20.76 320.37±127.61 3.2±0.76 

t   0.434 0.633 0.669 0.616 0.878 0.424 0.272 0.511 

P  0.510 0.527 0.504 0.539 0.381 0.672 0.786 0.409 

 
2.2 Efficacy Analysis 
2.2.1 Primary Efficacy The change of FEV1 and 
FEV1/FVC% in tiotropium group and doxofylline 
group 12 and 24 weeks after the treatment are shown in 
table 2 and table 3. After 12-week treatment, the FEV1 
and FEV1/FVC% of the two groups were significantly 
improved compared with those before treatment. After 

24- week treatment, the FEV1 and FEV1/FVC% of the 
two groups were slightly higher than those after 
12-week treatment, but the difference was not statisti-
cally significant. With both 12- or 24-week treatment, 
the effect of tiotropium was slightly better than that of 
doxofylline, but the differences were not statistically 
significant.

 
Table 2 The FEV1 values of tiotropium group and doxofylline group after 12- and 24-week treatment ( ±s) 

FEV1 Groups n 
Before treatment 12-week treatment 24-week treatment 

Tiotropium 57 0.73±0.26 0.92±0.37* 0.96±0.45* 
Doxofylline 53 0.75±0.28 0.87±0.39* 0.93±0.37* 
*P<0.05 vs that before treatment 

 
Table 3 The FEV1/FVC％ values of tiotropium group and doxofylline group after 12- and 24-week treatment ( ±s) 

FEV1/FVC% 
Groups n 

Before treatment 12-week treatment 24-week treatment 
Tiotropium 57 49.87±16.94 60.62±20.64* 64.53±19.06* 
Doxofylline 53 52.46±19.24 61.85±20.79* 63.99±22.27* 
*P<0.05 vs that before treatment 

 
2.2.2 Secondary Efficacy The change of 6-min walking 
distance and dyspnea index in tiotropium group and 
doxofylline group after 12- and 24-week treatment are 
shown in table 4 and 5. After 12-week treatment, the 
6-min walking distance in the two groups of patients was 
increased, while dyspnea index was significantly de-
creased as compared with those before treatment. After 
24-week treatment, the 6-min walking distance and 
dyspnea index of the two groups of patients were not 

statistically different from those after 12-week treatment. 
With both 12 week- or 24-week treatment, the effect of 
tiotropium was slightly better than that of doxofylline, 
but the differences were not statistically significant. 
2.3 Safety Analysis 

In tiotropium group, 6 cases (9.5%) reported ad-
verse events while in doxofylline group, 5 cases (7.8%) 
had adverse events. Adverse events in the tiotropium 
group mainly included dry mouth, constipation, diffi-
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culty with urination, and no abnormalities in liver or 
kidney were found. Adverse events in the doxofylline 
group mainly included palpitations, gastrointestinal dis-

turbances, insomnia and no abnormalities in liver or 
kidney were observed either. No subjects withdrew from 
the study due to adverse events.

 
Table 4 The 6-min walking distance of tiotropium group and doxofylline group after 12- and 24-week treatment ( ±s) 

6-min walking distance (m) 
Groups n 

Before treatment 12-week treatment 24-week treatment 
Tiotropium 57 315.38±122.46 404.64±123.76* 420.03±127.37* 
Doxofylline 53 311.71±124.81 363.48±130.66* 380.72±129.00* 

*P<0.05 vs that before treatment 
 

Table 5 The dyspnea index of tiotropium group and doxofylline group after 12- and 24-week treatment ( ±s) 
Dyspnea index 

Groups n 
Before treatment 12-week treatment 24-week treatment 

Tiotropium 57 3.54±0.22 2.61±0.36* 2.52±0.29* 
Doxofylline 53 3.68±0.24 2.68±0.41* 2.64±0.37* 

*P<0.05 vs that before treatment 
 

 
3 DISCUSSION 

 
Human airway smooth muscle in the muscarinic re-

ceptor (M) has three subtypes: M1, M2 and M3. Among 
them, M2 receptor regulates release of acetylcholine 
through a negative feedback mechanism. Tiotropium 
bromide is a new, powerful and long-lasting selective 
M1, M3 cholinergic receptor antagonist, which reduces 
the excitability of the vagus nerve, thereby resulting in 
bronchodilation[17]. Tiotropium bromide and its M2 re-
ceptors dissociate in short order, while M1 and M3 re-
ceptors dissociate much more slowly (about one hun-
dredth of the dissociation rate of M2 receptor). Espe-
cially, the dissociation half-life with M3 receptor is as 
long as 34.7 h. Thus, the effect of tiotropium at one time 
a day for COPD patients can last 24 h. Since life-long 
treatment is required for COPD patients, compared with 
other bronchodilators, tiotropium bromide is more con-
venient and more effective[18, 19]. 

Theophylline has long been used as a bronchodila-
tor for the treatment of COPD, and newly published 
clinical studies have also shown that long-term treatment 
with low-dose slow-release theophylline for stable 
COPD is safe and effective. Aminophylline is a phos-
phodiesterase inhibitor that prevents cAMP from being 
metabolized into 5-AMP, thereby increasing cAMP level. 
Therefore, it also works as a bronchodilator. Doxofylline 
possesses stronger bronchodiating effect than amino-
phylline, works faster and has fewer side effects. 

This study showed that tiotropium and doxofylline 
could significantly improve pulmonary function, includ-
ing FEV1, FEV1/FVC%, 6-min walk distance and dysp-
nea index, and several other indicators in COPD patients. 
Compared with doxofylline, these indicators in tiotro-
pium group were better than those of doxofylline group, 
but no statistically significant differences were found 
between them.  

Tiotropium bromide inhalation has a wide range of 
safe dosages (about 4.5–36.0 μg/d)[20], and the incidence 
of adverse reactions was not dose-dependent. Even when 
the dose was increased to 200 μg/d, no significant ad-
verse reactions developed[21]. This study showed that the 
COPD patients well tolerated tiotropium during a 
24-week treatment. Similarly, timolol has a wide range 

of safe oral dosage, and the incidence of adverse events 
was similar to that with tiotropium bromide inhalation. 
Therefore, daily use of tiotropium bromide, or a daily 
oral administration of slow-release doxofylline tablets is 
feasible for maintenance treatment for COPD patients. 

The research provides a new cost-effective alterna-
tive for the drug treatment for stable COPD, especially 
for price-conscious people. However, clinical studies 
involving more cases and longer follow-up time are re-
quired to further assess and compare the efficacy and 
safety of tiotropium and doxofylline. 
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