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Introduction

Chronic obstructive pulmonary disease (COPD) is a highly 
prevalent disorder worldwide (1,2). In Japan, it was recently 
estimated that COPD affects 8.6% of the population (1), 
increasing to 22% in people with a history of smoking or 
respiratory symptoms. However, many individuals have 
undiagnosed COPD, despite routinely visiting medical 
clinics for the treatment of other diseases (1). 

COPD is associated with high mortality rates in many 
countries, although recent improvements in treatment have 
tended to reduce COPD-related mortality rates (3). The 
Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) (4) and the Japanese Respiratory Society (5) 
recommend improving and maintaining the improvements 
in exercise tolerability and physical activity as the main 
components of COPD management. However, lifestyle 
interventions are often inadequate, and many patients 
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require pharmacotherapy. Accordingly, β adrenergic 
agonists are also recommended as part of the treatment of 
COPD, and should be considered early in the treatment 
program.

Several clinical trials conducted in Japan (6,7) and in 
other countries (8-10) have shown that inhaled salmeterol, 
a long-acting β2 adrenergic agonist, improves respiratory 
function and exercise tolerability in patients with COPD. 
In Japan, a transdermal long-acting β2 agonist (transdermal 
tulobuterol) is also available. In a study of elderly Japanese 
COPD patients (11), it was reported that adherence to 
transdermal tulobuterol was significantly better than that to 
inhaled salmeterol (90.3%±1.6% vs. 75.5%±2.9%). In that 
study, the 6-min walk distance and quality of life [determined 
using the St. George’s Respiratory Questionnaire (SGRQ)] 
improved significantly in the transdermal tulobuterol 
group but not in the salmeterol group. In an open-label 
study of Japanese patients with stable COPD, transdermal 
tulobuterol was as effective as inhaled salmeterol in terms 
of improvements in spirometric parameters, and the 
improvement in SGRQ score was greater in the transdermal 
tulobuterol group than in the salmeterol group (12). 

Despite these findings, no studies have reported the 
effects of transdermal tulobuterol on exercise tolerability. 
It is important to evaluate these effects because inadequate 
ventilatory responses and the onset of dyspnea are 
significant barriers to exercise, and may limit the willingness 
of patients with COPD to perform regular exercise or 
physical activities. Therefore, the aim of this study was to 
examine the effects of transdermal tulobuterol on exercise 
tolerability, especially dyspnea, in Japanese COPD patients.

Methods

Patients

Japanese males with moderate to severe COPD and who 
showed good adherence to their COPD therapy were 
invited to participate in this study. Fifteen patients were 
initially enrolled, but two were subsequently excluded 
because they did not have dyspnea. The diagnosis of COPD 
was retrieved from the patient’s medical records, and was 
based on GOLD criteria (4) in terms of medical history, 
radiologic (including high-resolution computed tomography 
of the chest) and pulmonary (including spirometry) 
criteria, and the presence of persistent exertional dyspnea 
with signs of an overdistended lung volume. Moderate to 
severe COPD was defined as post-bronchodilator forced 

expiratory volume in 1 s (FEV1)/forced vital capacity 
(FVC) ratio of <70% and percent predicted FEV1 (%FEV1) 
<80%. Only patients whose condition had remained 
stable for ≥1 month were eligible. Patients with any of the 
following were excluded: respiratory tract infection within 
the preceding 4 weeks, bronchial asthma, hypertension, 
heart disease, thyroid disease, diabetes, or skin disease. 
Patients contraindicated to β2 agonists or who required 
corticosteroids were also excluded from the study. All 
patients gave written informed consent to participate in 
this study.

Study design

The study was conducted at a respiratory medicine 
outpatient clinic in Juntendo University Hospital in Japan. 
Patients who were using another β2 agonist were to enter 
a 2-week washout period before the baseline assessments. 
Patients who were using short- or long-acting muscarinic 
antagonists continued these drugs in the treatment period. 
No patients were on steroids (oral or inhaled) during the 
time of the study. After the baseline assessment, patients 
started treatment with 2 mg transdermal tulobuterol once 
daily for 4 weeks (Figure 1). Pulmonary function tests and 
exercise tests were performed at baseline and after 4 weeks 
of treatment with transdermal tulobuterol. The patients 
were given standard lifestyle advice consistent with clinical 

Figure 1 Study design. (A) Treatment protocol; (B) exercise 
protocol.
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practice in Japan.
The study was approved by the ethical committee of 

Juntendo University (approval number: 24-056) and was 
registered on the University Hospital Medical Information 
Network (identifier UMIN000012795). This study was 
performed between March 2011 and March 2013.

Pulmonary function test

Pulmonary function tests were performed at baseline and 
after 4 weeks of treatment with transdermal tulobuterol. 
The effects of transdermal tulobuterol on spirometry 
were assessed in terms of FEV1, %FEV1, FEV1/FVC, 
peak expiratory flow (PEF), and inhaled capacity (IC). For 
spirometry, the best of three maximal flow volume curves 
was analyzed. Respiratory function was measured using a 
multi-purpose spirometer (Autospirometer SYSTEM 21; 
Minato Medical Science Co., Ltd., Osaka, Japan).

Exercise test

Pulmonary function and exercise tests were performed at 
baseline and after 4 weeks of treatment with transdermal 
tulobuterol. We designed a suitable test for use in this study 
(Figure 1).

The exercise test consisted of two types of exercise (fixed 
load and incremental load) on a bicycle ergometer (Rehcor; 
Lode B. V., Groningen, the Netherlands). After a 2-min 
warm-up at 0 W, the patients cycled for 5 min at 30 W 
(fixed load test). After resting for 15 min, the patients cycled 
for a further 5 min starting at 10 W. In this phase of the 
test, the load was increased by 10 W at 1-min intervals to a 
maximum load of 50 W (incremental load test). This load 
used in the incremental load test was based on the load used 
in a prior study that examined the effects of anticholinergic 
drugs on dyspnea and gas exchange in COPD patients (13). 
The loads used in these tests were considered to represent 
lower levels of daily activity based on the estimated 
metabolic equivalents of these loads defined in an earlier 
report (14). The investigators did not provide any verbal 
encouragement during the tests.

Minute ventilation (V
4

E), oxygen uptake (V
4

O2), 
respiratory frequency, carbon dioxide output (V

4

CO2), SpO2, 
heart rate, blood pressure, and Borg scale were assessed 
during exercise. Blood pressure was measured using a 
sphygmomanometer and heart rate was measured by feeling 
the patient’s pulse every minute during the test. Respiratory 
function was measured using a SensorMedics Vmax229 

metabolic cart (CareFusion Corp., San Diego, CA, USA).
The Borg scale for dyspnea was assessed every minute 

during the exercise test using a scale ranging from 0 (no 
breathlessness) to 10 (maximal breathlessness) (15). We 
asked the patients to point out the grades of modified Borg 
scale on a panel by a finger during bicycle exercise at every 
1 min. Dyspnea was evaluated in terms of the Borg scale 
slope (BSS) and the threshold load of dyspnea (TLD), as 
previously described (13), by plotting the patient’s V

4

O2 
against the Borg scale, as illustrated in Figure 2. The slope 
of the regression line was calculated as the BSS. The 
intercept of the regression line on the x-axis was calculated 
as the TLD, and corresponds to V

4

O2 at the initial sensation 
of dyspnea during exercise. The largest Borg scale value 
reported by each patient was defined as BSmax. Changes in 
the BSS, TLD, and BSmax were compared before and after 
treatment to examine the impact of transdermal tulobuterol 
on dyspnea and exercise tolerance. 

The patterns of changes in the BS-V
4

O2 regression 
line in patients with decreases in BSmax after treatment 
with transdermal tulobuterol are shown in Figure 2B-D. 
In Figure 2B, BSS is unchanged, but TLD increases and 
BSmax decreases. This indicates that the onset of dyspnea 
during exercise was reduced, but dyspnea sensitivity was 
unchanged. Figure 2C shows a patient whose BSS and BSmax 
decrease, but TLD remains unchanged. This indicates that 
the onset of dyspnea during exercise was not influenced 
by transdermal tulobuterol, but dyspnea sensitivity was 
decreased after treatment. Figure 2D shows a patient 
whose BSS and BSmax decrease, but TLD increases. This 
indicates that the onset and sensitivity of dyspnea during 
exercise were reduced following treatment with transdermal 
tulobuterol.

The results of the exercise tests were calculated for the 
constant load and incremental load separately.

Statistical analyses

Date are expressed as means ± standard deviation (SD). 
Because of the small number of patients enrolled, we 
assumed that the variables would be non-normally 
distributed. Therefore, the variables were compared 
between before and after treatment using Wilcoxon’s 
matched-pair test for pairwise comparisons. For all analyses, 
P<0.05 was considered statistically significant. Statistical 
analyses were conducted using Graphpad PRISM® software 
version 6.0 (GraphPad Software, San Diego, CA, USA). 
Sample size and power calculations were not performed.
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Results

Patients

The characteristics of the 13 patients enrolled in the 
study are summarized in Table 1. The mean ± SD age was 
69.5±9.7 years. Twelve were smokers (55.9±27.8 pack-years) 
and one was a passive smoker. Most of the patients were 
being treated with a short-acting muscarinic antagonist 
or a long-acting muscarinic antagonist (tiotropium). 
Eight patients were using salmeterol before enrollment 
and entered a washout period before starting transdermal 
tulobuterol. The patients verbally confirmed that they used 
the study drug between each visit.

Effects of transdermal tulobuterol on spirometry

As shown in Table 2, there were no significant changes in 

any of the spirometric parameters measured at rest between 
baseline and after 4 weeks of treatment with transdermal 
tulobuterol.

Effects of transdermal tulobuterol on exercise tolerability

The changes in BSmax, BSS, and TLD between before 
and after treatment are shown in Figure 3 for individual 
patients and the mean values are presented in Table 2. BSmax 
(Figure 3A, Table 2) decreased significantly from 3.5 to 
2.3 in the constant load test (P=0.02) and from 3.8 to 2.5 
in the incremental load test (P=0.01). BSS also decreased 
significantly after treatment with transdermal tulobuterol, 
from 9.1 to 7.1 BS/L/min in the constant load test and from 
10.4 to 5.6 BS/L/min in the incremental load exercise test 
(P=0.009) (Figure 3B, Table 2). TLD increased slightly, albeit 
non-significantly, from 303.9 to 352.4 mL/min during the 

Figure 2 Assessment of exercise tolerability. (A) Calculation of BSmax, BSS, and TLD from the Borg scale scores and V
4

O2 during the exercise 
protocol; (B-D) typical patterns of the changes in BSmax, BSS, and TLD between before and after treatment with tulobuterol patch for 
4 weeks. The dashed line indicates BSmax. BSmax, maximum Borg scale value; BSS, Borg scale slope; TLD, threshold load for dyspnea; V

4

O2, 
oxygen uptake.
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Table 1 Patient characteristics

Patient 

number

Age 

(years)
Pack-years Combined treatment BMI (kg/m2) FEV1 (L) FEV1/FVC (%) %FEV1 (%) %VC (%) FVC (L)

1 77 60 Oxitropium bromide 19.6 1.36 40.8 54.6 118.8 3.33

2 66 47 Oxitropium bromide 25.0 0.76 25.7 26.9 87.9 2.96

3 66 46 Oxitropium bromide 22.1 1.63 43.6 59.9 117.2 3.74

4 78 58 Tiotropium 21.2 0.72 56.7 32.4 71.4 1.27

5 62 65 Oxitropium bromide 23.6 1.20 36.1 44.0 102.5 3.32

6 72 90 Tiotropium 18.9 1.83 46.9 73.2 113.1 3.9

7 73 53 Tiotropium 21.2 0.97 42.7 39.9 74.3 2.27

8 78 42 Tiotropium 19.6 0.56 34.4 25.1 73.0 1.63

9 70 60 Tiotropium 19.9 1.26 45.7 51.4 85.4 2.76

10 44 46 None 22.7 2.23 46.4 61.6 116.0 4.81

11 63 40 None 21.8 1.75 50.6 62.1 106.0 3.46

12 79 120 None 23.8 1.62 49.5 68.4 111.2 3.27

13 76 0* Tiotropium 20.2 1.84 56.4 72.8 93.4 3.26

Mean ± SD 69.5±9.7 55.9±27.8 21.5±1.9 1.4±0.5 44.3±8.7 51.7±16.7 97.7±17.8 3.1±0.9

Median 72.0 53.0 21.2 1.4 45.7 54.6 102.5 3.3

Range 44.0-79.0 0.0-120.0 18.9-25.0 0.6-2.2 25.7-56.7 25.1-73.2 71.4-118.8 1.3-4.8

*, passive smoker. FEV1, forced expiratory volume in 1 s; FVC, forced ventilatory capacity; %FEV1, percent predicted forced 

expiratory volume in 1 s; %VC, percent predicted vital capacity; SD, standard deviation.

Table 2 Effects of 4 weeks of treatment with transdermal tulobuterol on spirometry and exercise tolerability

Types Baseline After treatment P value

FEV1 (L) 1.3±0.1 1.3±0.1 0.800

FEV1/FVC (%) 44.3±2.4 42.1±2.3 0.340

%FEV1 (%) 50.9±4.8 50.6±4.5 0.940

FVC (L) 3.0±0.3 3.1±0.3 0.380

%VC (%) 95.4±4.8 97.9±5.0 0.250

PEF (L) 4.6±0.4 4.7±0.5 0.460

IC (L) 2.2±0.2 2.2±0.2 0.900

ATI (%) 13.8±3.4 10.9±1.9 0.420

BSmax

Constant load 3.5±0.4 2.3±0.4 0.020

Incremental load 3.8±0.4 2.5±0.3 0.010

BSS (BS/L/min)

Constant load 9.1±1.3 7.1±1.4 0.049

Incremental load 10.4±2.3 5.6±1.1 0.009

TLD (mL/min)

Constant load 303.9±27.3 352.4±16.0 0.060

Incremental load 348.9±27.6 342.1±25.4 0.920

Values are means ± standard error. FEV1, forced expiratory volume in 1 s; FVC, forced ventilatory capacity; %FEV1, percent 

predicted forced expiratory volume in 1 s; %VC, percent predicted vital capacity; PEF, peak expiratory flow; IC, inspiratory 

capacity; ATI, air trapping index; BSmax, maximum Borg scale value; BSS, Borg scale slope; TLD, threshold load for dyspnea.
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constant load test (P=0.06), but remained unchanged in the 
incremental load test (Figure 3C, Table 2).

There were no marked changes in SpO2, respiratory 
frequency, tidal volume, or V

4

E between before and after 
treatment in the constant load test (data not shown).

Effects of transdermal tulobuterol on blood pressure and 
heart rate

The blood pressures and heart-rates measured at rest before 
constant load exercise test and at the end of the exercise are 
shown in Figure 4 for individual patients. Blood pressure 
(systolic and diastolic) and heart rate at rest showed no 
significant difference 4 weeks after the administration of 
transdermal tulobuterol patch. However, both systolic and 
diastolic pressures at the end of exercise were significantly 
decreased after treatment with the transdermal tulobuterol 
from 163±5.3 to 155±5.8 mmHg for systolic and from 
87.3±1.8 to 81±3.6 mmHg for diastolic (P<0.05) although 
the sign was not expected because of the effects of beta 
agonist. Heart rate had not significantly been changed from 
102±4.6 to 103±4.6/min (P=0.59). The same tendency was 
showed as the incremental load exercise (data not shown).

Discussion

The results of this study showed that 4 weeks of treatment 
with transdermal tulobuterol significantly reduced 
subjective assessments of exercise-induced dyspnea (i.e., 
BSmax and BSS) in constant and incremental load exercise 
tests in Japanese patients with COPD. Treatment with 
transdermal tulobuterol also slightly, albeit not significantly, 
increased TLD during the constant load test but not in the 
incremental load test. These changes in exercise tolerability 
occurred in the absence of changes in objective spirometry 
or SpO2, suggesting that transdermal tulobuterol improved 
exercise tolerability while maintaining lung function. 

β2 agonists and muscarinic antagonists are generally used 
as the first-choice drugs for COPD because of their abilities 
to improve obstruction, lung overexpansion, dyspnea, 
quality of life, and exercise tolerability, and because they 
may prevent exacerbation of disease. Long-acting β2 agonists 
may offer some advantages over short-acting β2 agonists 
in terms of adherence, ease of use, and patient acceptance. 
Transdermal patches may also improve quality of life and 
nocturnal symptoms compared with inhaled products.

Although transdermal long-acting β2 agonists (e.g., 

Figure 3 Effects of 4 weeks of treatment with transdermal 
tulobuterol on (A) BSmax, (B) BSS, and (C) TLD during exercise 
in individual patients during exercise tests at a constant or 
incremental load. BSmax, maximum Borg scale value; BSS, Borg 
scale slope; TLD, threshold load for dyspnea.
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transdermal tulobuterol) are currently only available in 
Japan and Korea, several studies have documented their 
clinical efficacy and acceptability relative to inhaled 
products (11,12,16,17). For example, in a 12-week open-
label study of Japanese patients with stable COPD, 
Fukuchi et al. (12) reported that transdermal tulobuterol 
and inhaled salmeterol significantly improved FEV1, FVC, 
and PEF relative to baseline levels. The SGRQ total score 

improved significantly in the transdermal tulobuterol group at 
8 weeks, but not in the salmeterol group at any time point. 
Treatment compliance was also significantly greater in the 
transdermal tulobuterol group (98.5% vs. 94.1%; P<0.05). 

Transdermal formulations may overcome some barriers 
to the use of inhaled products in elderly patients in 
particular, who may experience difficulty using inhaled 
devices. For example, in such patients, cognitive disorders 

Figure 4 Blood pressure and Heart rate change before and after tulobuterol. (A) At rest; (B) after exercise.
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may hinder effective treatment, and poor lung function may 
limit the bioavailability of the drug (11,18). Considering 
that inhaled salmeterol was also reported to improve 
respiratory function and exercise tolerability in COPD 
patients (8-10), it is apparent that there are multiple 
effective treatment options for COPD, and the choice of 
drug may depend on the individual patient’s condition and 
self-care abilities.

Our results differ slightly from those reported by 
O’Donnell et al. (9) who conducted a study in which 
23 patients were treated with salmeterol or placebo in a 
randomized, double-blind crossover manner. They found 
that treatment with salmeterol for 2 weeks improved 
objective respiratory parameters (e.g., IC, tidal volume, 
and V

4

O2) compared with placebo, and increased peak 
exercise endurance. However, they observed no change 
in the subjective BS for dyspnea in either the constant 
or incremental load exercise tests. There are several 
possible reasons for the absence of changes in objective 
spirometry results in the present study, including the short 
study period, a smaller study population in our study than 
O’Donnell et al. (9) and the wide variation in responses that 
potentially masked the changes in spirometry. On the other 
hand, there is a difference in the constant load exercise 
protocol between theirs and our study’s; we used a constant 
load of 30 W, which was maintained for 5 min, whereas a 
work-rate of 75% of the subject’s maximal work capacity 
was maintained until the point of symptom limitation in 
their study. We speculate that a mild exercise load might be 
more sensitive to disclose symptomatic improvement by a 
long-acting β2 agonist in COPD.

Although the 6-min walk test is frequently used to 
evaluate respiratory function in patients with COPD, it is 
difficult to assess physiological indices (e.g., V

4

O2 and blood 
pressure) using this method unless walking on a treadmill, 
which could be disorientating for some patients. Therefore, 
we used a cycle ergometer method instead, with some 
similarities to the method used by O’Donnell et al. (9) in 
terms of the incremental load test. 

The exercise protocol used in our study was conducted 
at a similar level to the 6-min walk test and reflects daily life 
activities based on the metabolic equivalents reported for 
the loads used in this study and other physical activities (14). 
With the exercise test used in our study, we could record 
the patient’s perceived level of dyspnea and as well as other 
ventilatory responses to exercise, which may not be possible 

during the 6-min walk test. Accordingly, the reductions in 
BSS and BSmax observed in this study are clinically relevant 
in terms of reducing the likelihood of subjective dyspnea 
during daily life activities, and that light exercise can be 
achieved at home during treatment with transdermal 
tulobuterol, which may improve the prognosis of patients.

Some limitations of this study warrant mentioning, 
including the small sample size, continuation of another 
drug during the study, the lack of an objective measure 
of quality of life, and the fact that it was conducted at 
a single center. The exercise protocol is dedicated to 
evaluate dyspnea during exercise and thus may not be a 
standardized one in clinical practice. In addition, because 
this study lacked a control group and was conducted in an 
open-label manner, we cannot exclude the possibility of a 
placebo or trial-related effect on the changes in subjective 
parameters, especially BSmax and BSS. It is possible that 
the improvements in these parameters are related to the 
patient’s desire to please the investigators by overestimating 
the improvements in symptoms since it could be hard to 
set up the comparing placebo control of tulobuterol patch. 
However, this is unlikely, as these subjective assessments 
were conducted during a fairly demanding series of tests 
that were expected to cause discomfort. We did not perform 
a sample size calculation, so some comparisons may be 
underpowered. Nevertheless, the results for the main 
outcomes were statistically significant despite the small 
number of patients enrolled in this study. 

Gagnon et al.  (19) reviewed the pathogenesis of 
hyperinflation in COPD. This showed that reduced lung 
elastic recoil combined with expiratory flow limitation leads 
to lung hyperinflation during the course of the disease. 
Hyperinflation is clinically a key factor of dyspnea, exercise 
intolerance, skeletal muscle limitations, morbidity, and 
reduced physical activities levels associated with the disease. 
In fact, although measurement of expiratory flows is a 
prerequisite for the diagnosis and staging of COPD, the 
effects of the disease on static and dynamic lung volumes 
correlate better with patient symptoms and impairment in 
functional capacity than spirometric indices of the disease. 
Moreover, dynamic hyperinflation can occur independently 
of static hyperinflation. Guenette et al. (20) evaluated the 
effects of dynamic hyperinflation on dyspnea by comparing 
a group of well characterized COPD patients who did not 
acutely increase their end-expiratory lung volume (EELV) 
during the exercise (nonhyperinflators) with those that did 
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increase their EELV (hyperinflators). The authors were 
not able to show that the hyperinflators experienced more 
dyspnea than the nonhyperinflators. Therefore, when these 
reports were considered to reference, in the present study 
which pulmonary function indices had not necessarily 
show an improvement intentionally after treatment with 
tulobuterol patch in COPD patients, these tulobuterol 
patch may improve the dyspnea (Borg scale) and quality of 
life for COPD patients.

Conclusions

In conclusion, the results of the present study indicate 
that treatment with transdermal tulobuterol for 4 weeks 
improved self-assessed dyspnea, which was evaluated 
using a modified Borg scale, in Japanese COPD patients 
during constant and incremental exercise tests compared 
with baseline levels. This improvement in dyspnea may 
encourage patients to perform daily life activities or regular 
physical activity, which may improve their prognosis. Larger 
studies with an appropriate control group are warranted to 
confirm the present findings.
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