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Background: Comparative effects on physical activity of mono and dual bronchodilators 
remain unclear in patients with treatment-naïve chronic obstructive pulmonary disease 
(COPD). We sought to compare the changes in physical activity before and after tiotropium 
and tiotropium/olodaterol treatment in treatment-naïve COPD patients.
Methods: A prospective, multicenter, randomized, open-labeled, and parallel interventional 
study was conducted. Eighty Japanese patients with treatment-naïve COPD were randomized 
to receive either tiotropium or tiotropium/olodaterol treatment for 12 weeks. Spirometry and 
dyspnea index were assessed, and COPD assessment test (CAT) and the 6-minute walk 
distance (6MWD) were conducted before and after treatment. Evaluation of physical activity 
was assessed by a triaxle accelerometer over a 2-week period before and after treatment.
Results: There were no differences in the mean age (69.8 vs 70.4 years), body mass index 
(BMI) (22.5 vs 22.6 kg/m2) and mean % forced expiratory volume in 1 second (%FEV1) at 
baseline (61.5 vs 62.6%) between the two groups. Changes in FEV1 (mean±standard error, 242.8 
±28.8 mL) and transient dyspnea index (TDI) (2.4±0.3 points) before and after tiotropium/ 
olodaterol treatment were greater than with tiotropium treatment (104.1±31.9 mL, p<0.01 and 
1.5±0.3, p=0.02, respectively). Changes in the duration of physical activity with 1.0–1.5 meta-
bolic equivalents (METs) estimated in the sedentary position following tiotropium/olodaterol 
treatment (−38.7±14.7 min) tended to be reduced more than with tiotropium treatment (−4.6 
±10.6 min) (p=0.06), although those with ≥2.0 METs numerically increased with both treatments 
(+10.8±7.6 min for tiotropium/olodaterol vs +8.3±7.6 min for tiotropium, p=0.82). Tiotropium/ 
olodaterol treatment reduced the duration of physical activity with 1.0–1.5 METs (regression 
coefficient, −43.6 [95% CI −84.1, −3.1], p=0.04) in a multiple regression model adjusted for 
cofounding factors such as age, FEV1, total CAT scores, 6MWD, and TDI.
Conclusion: This is the first study to report the impact of dual bronchodilator on physical 
activity in treatment-naïve COPD patients of Japanese with low BMI.
Keywords: chronic obstructive pulmonary disease, physical activity, long-acting muscarinic 
antagonist, long-acting beta 2 agonist

Introduction
Chronic obstructive pulmonary disease (COPD) ranked third among the global age- 
standardized death rates in 2015, with approximately 3 million deaths.1 The pre-
valence of COPD in the population over 40 years old is reported to be around 10%.2 

The estimated number of patients with COPD is reported to be more than 5 million 
in Japan.3
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Progressive airflow limitation causes dyspnea, decreas-
ing quality of life (QOL) exercise capacity, and physical 
activity in patients with COPD.1 Physical inactivity has 
been reported to be the strongest predictor of all-cause 
mortality in COPD.4 The Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) has recommended reg-
ular physical activity for COPD patients.5 Bronchodilators 
play an essential role in the treatment of COPD, and 
inhaled long-acting bronchodilator use is associated with 
improvement of lung function, reducing symptoms and 
fewer exacerbations.6,7 It has been reported that combina-
tion therapy of tiotropium, a long-acting muscarinic 
antagonist (LAMA), and olodaterol, a long-acting beta 2 
agonist (LABA), provides an improvement in pulmonary 
function and QOL compared with LAMA monotherapy.8

Although some studies have reported improvements in 
physical activity with bronchodilators in COPD patients, 
the effects of dual bronchodilators agent combination on 
physical activity are still unclear.9–12 Physical activity has 
been reported to be decreased not only in moderate to 
severe COPD but also in mild COPD cases.13 Early inter-
vention for milder COPD may make it possible to improve 
physical activity in patients with COPD.14 It has been 
reported that not only improvement in high-intensity phy-
sical activity but also low-intensity physical activity, such 
as sedentary time, was important.15 Sedentary behavior is 
considered an independent predictor of mortality in 
COPD, even when adjusting for moderate-to-vigorous 
physical activity. However, there is limited evidence to 
support whether dual-bronchodilator treatment allows for 
improvements in physical activity, especially in Japanese 
patients with treatment-naïve COPD.

The present study aimed to clarify the efficacy of the 
tiotropium/olodaterol combination in terms of pulmonary 
function and physical activity when compared to tiotro-
pium monotherapy in patients with treatment-naïve 
COPD.

Patients and Methods
Study Subjects
Nine public hospitals located in Japan participated in the 
study. This study included patients with treatment-naïve 
COPD. Entry period of this study was July 2017 to 
February 2019. Inclusion criteria were as follows: treat-
ment-naive men or women aged between ≥40 and <85 
years old with airway limitation and post-bronchodilator 
(short-acting beta 2 agonist) forced expiratory volume in 

1 second (FEV1) less than 80% of predicted normal and 
post-bronchodilator FEV1/forced vital capacity (FVC) less 
than 70% at the point of screening and current or ex- 
smokers with a smoking history ≥10 pack-years of index. 
Patients with treatment-naive COPD were defined as those 
who had not been treated with inhaled corticosteroid 
(ICS), LABA, and/or LAMA in the last 12 months. 
Exclusion criteria were the presence or history of asthma, 
patients who had undergone surgery such as lung lobect-
omy, patients who impaired mobility, and patients with 
urination disorder by benign prostatic hyperplasia, glau-
coma, and dementia. Patients who had experienced an 
exacerbation of COPD within the previous 1 month were 
also excluded. Patients with paroxysmal tachycardia or 
life-threatening arrhythmias, those with a history of acute 
myocardial infarction or hospitalization for heart failure in 
the past year, and those with a history of malignancy 
within the past 5 years were excluded. Written informed 
consent was obtained from all patients prior to the study, 
which was approved by the institutional review board at 
each participating center (approval number: 2016–12-01, 
Table S1). The study was conducted according to the 
principles of the International Conference on 
Harmonization and Good Clinical Practice, Declaration 
of Helsinki, Japanese Good Clinical Practice, and all rele-
vant local regulatory, legal, and ethical requirements. This 
study was also approved by the Japan Registry of Clinical 
Trials (JRCT; jRCTs071180021). We named this study the 
Saga-naïve COPD Physical Activity Evaluation (SCOPE) 
Study.

Study Design
A prospective, multicenter, randomized, open-labeled, par-
alleled study was conducted (UMIN; UMIN000027190). 
Patients were randomized 1:1, using an electronic data 
capture system, according to 3 factors: respiratory function 
(%FEV1 predicted post-bronchodilator treatment), age, 
and smoking history (current or past smoking) to receive 
open-labeled tiotropium or tiotropium/olodaterol for 12 
weeks. Oral doses of tiotropium/olodaterol 5 μg/5 μg 
inhalation solution (2.5 μg/2.5 μg per actuation) and tio-
tropium 5 μg inhalation solution (2.5 μg per actuation) 
were administered using the RESPIMAT® (Nippon 
Boehringer Ingelheim Co., Ltd) soft mist inhaler based 
on the marketed dose in Japan. The sample size was set 
based on previous reports and calculated from the change 
of FEV1 (mean difference=126.0 mL) which was the 
primary endpoint, with an assumed standard deviation of 
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190 and 0.8 power to detect a significant difference (two- 
sided p=0.05). Therefore, we planned to enroll 40 patients 
in each group after considering dropouts.8

At visit 1, patients were screened by pulmonary function 
test after bronchodilator administration, and written 
informed consent was obtained. At visit 2, patients were 
randomly allocated to either the tiotropium/olodaterol or 
tiotropium group following factors; predicted %FEV1, age, 
and smoking status. At visits 3 and 4, patients returned to 
hospital to verify adherence to bronchodilator treatment and 
the presence of adverse effects. At visit 5, which occurred 
after the 12-week bronchodilators treatment, patients were 
examined for post-bronchodilator pulmonary function. 
Medications for the comorbidities such as hypertension, 
diabetes mellitus, dyslipidemia, reflux esophagitis, and 
osteoporosis were recorded, and there was no difference 
between the two groups in concomitant medications.

Study Assessments
The primary endpoint was the difference in baseline FEV1 and 
FEV1 at 60 min post-dose (tiotropium/olodaterol or tiotro-
pium) after 12 weeks between tiotropium/olodaterol and tio-
tropium treatment groups. The secondary endpoints were the 
differences in inspiratory capacity (IC), Baseline Dyspnea 
Index/Transitional Dyspnea Index (BDI/TDI) score, total 
COPD assessment test (CAT) score, and physical activity 
between tiotropium/olodaterol and tiotropium treatment 
groups. Other endpoints were the 6-minute walk distance 
(6MWD) and Borg’s scales before (visit 2) and after treat-
ments (visit 5).

Analysis of Physical Activity
Physical activity was examined by tri-axis accelerometer 
(Active style PRO HJA-750C, OMRON, Kyoto, Japan) 
before (between visits 1 and 2) and after treatment 
(between visits 4 and 5) for 2 weeks. Each patient was 
required to wear the accelerometer on the waist from 
wakeup time to sleeping. The accelerometer screen was 
set to be not viewable by patients. Physical activity was 
evaluated as the average number of steps per day, aver-
age daily duration (minutes) of ≥3, ≥2, and 1.0–1.5 
metabolic equivalents (METs). This study used data col-
lected over 12 hours, from 9 am to 9 pm, to analyze 
physical activity. Activity data were excluded on rainy 
days, which have been shown to prevent outdoor 
activity.14,16 To obtain more reproducible data and assess 
activity reliably, the data relative to physical activity 
were measured for at least 3 valid days with 12 hours 

wearing time of activity,17 and physical activity with 
1.0–1.5 METs was adopted as representative for seden-
tary time.18 One patient in both groups was excluded due 
to mechanical failure of accelerometer, and 36 patients in 
both groups were analyzed as the physical activity ana-
lysis set (PAAS) (Figure 1).

Subgroup Analyses
Improvement of physical activity was defined as a greater 
reduction from baseline in the time of 1.0–1.5 METs, or 
a greater increase from baseline in the time of ≥2.0 METs or 
≥3.0 METs. Subgroup analyses were performed for factors 
associated with improvement in physical activity for each 
METs category. This study used factors relative to baseline 
characteristics, including age, body mass index (BMI), IC, 
FEV1, FVC, CAT score, 6MWD, TDI score, and physical 
activity (1.0–1.5 METs, ≥2.0 METs, and ≥3.0 METs).

Safety
Safety endpoints were all adverse events (AEs). If patients 
showed COPD exacerbation requiring antibiotics or sys-
temic corticosteroids during the study period, they were 
asked to drop out of the study. If a serious adverse event 
occurred due to a targeting drug, the secretariat was con-
tacted within 24 hours.

Statistical Analysis
The data are reported as mean and standard deviation 
(SD) or median and interquartile range (IQR). 
Differences between two groups for characteristics were 
tested with Student’s t-test, Fisher’s exact test, or χ2 test. 
Wilcoxon’s rank sum test was performed as 
a nonparametric analysis when it was inappropriate to 
assume a normal distribution from the histogram of the 
data. As analyses of primary outcomes, the difference of 
pulmonary function and daily activity duration in the two 
groups were compared using Welch’s t-test and reported 
as estimated mean difference, standard error (SE), and 
95% confidence intervals (95% CI). The effect of treat-
ment on time spent on activity levels of 1.0–1.5 METs, 
≥2.0 METs, and ≥3.0 METs was assessed using univariate 
linear regression models by subgroups. Thereafter, multi-
variate analysis was conducted by adjusting for the fol-
lowing potential covariate factors: age, BMI, IC, FEV1, 
FVC, CAT score, 6MWD, TDI, physical activity 1.0–1.5 
METs, physical activity ≥2.0 METs, and physical activity 
≥3.0 METs. Statistical significance was indicated as 
p-value <0.05, and the missing values were excluded. 
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Data were analyzed with SAS 13 (SAS Institute Inc., 
Cary, NC, USA) and R 3.6.1.

Results
In the present study, 102 patients from 9 public hospitals 
located in Japan were assessed for eligibility. Twenty- 
two patients, 18 who declined to participate and 4 satis-
fying the exclusion criteria, were excluded by the 

screening test. Of the remaining patients, 80 were ran-
domly allocated to treatments either in combination with 
tiotropium and olodaterol or tiotropium monotherapy for 
12 weeks. Three patients of the tiotropium/olodaterol 
group and three patients of tiotropium group withdrew 
consent for participation. Finally, 37 patients in the 
tiotropium/olodaterol treatment group and 37 patients 
in the tiotropium monotherapy group completed the 

Figure 1 Flowchart of the SCOPE study. At visit 1, patients were screened and written informed consent was obtained. At visit 2, patients were randomly allocated to 
either the tiotropium/olodaterol or the tiotropium monotherapy group. At visits 3 and 4, patients visited to hospital to verify adherence to bronchodilator treatment and 
adverse effects. At visit 5, patients were examined for pulmonary function. Patients were fitted and wore an accelerometer for 2 weeks before and after treatments.
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study (Figure 1). No treatment was discontinued due to 
adverse effects.

Baseline characteristics are shown in Table 1. There were 
no differences in the proportion of male sex (97.3% vs 
89.2%), mean age (69.8 vs 70.4 years), BMI (22.5 vs 
22.6 kg/m2), and smoking status, or in the population of 
patients with hypertension, diabetes mellitus, and dyslipide-
mia in tiotropium/olodaterol compared with tiotropium. 
Baseline total CAT scores in the tiotropium/olodaterol 
group were higher than in the tiotropium group, although 
there was no difference in data relative to pulmonary func-
tions (%predicted normal FEV1, 61.5% vs 62.6%), 6MWD, 
and duration of different physical activity levels between the 
two groups (Table 2). Most patients enrolled in this study 
were characterized by moderate COPD with mild symptoms.

Changes in FEV1 after treatments showed an increase in 
both tiotropium/olodaterol (mean±SE, +242.8±28.8 mL) and 
tiotropium (+104.1±31.9 mL) groups (Figure 2A). 
Difference in FEV1 between the groups, which was the 
primary endpoint of this study, showed an increase (mean 
difference, 138.7 mL; 95% CI 52.8 to 224.6, p=0.002). 
Changes in IC with tiotropium/olodaterol showed a greater 
difference (mean difference, 115.3; 95% CI −35.9 to 266.6, 
p=0.13), than the tiotropium (Figure 2B), whereas those of 
the FVC and VC showed no significant differences between 
groups (Figure 2C; mean difference, 54.8; 95% CI −92.7 to 
202.3, and Figure 2D: mean difference, 7.8; 95% CI −134.0 
to 149.6). The TDI score was 2.4±0.3 for the tiotropium/ 

olodaterol vs 1.5±0.3 for tiotropium, which demonstrated 
tiotropium/olodaterol was more effective in improving dys-
pnea (Figure 3: mean difference, 0.9; 95% CI 0.2 to 1.8, 
p=0.02). The 6MWD at the study entry study showed no 
differences between the two groups (tiotropium/olodaterol, 
470.3 vs tiotropium, 438.8 m) (Table S2). Changes in 6MWD 
after treatment showed improvement (475.7 vs 445.7 m, 
respectively) though this was also not significantly different 
between two groups (p=0.10).

Reduction in the duration of physical activity with 
1.0–1.5 METs and sedentary time, with the tiotropium/olo-
daterol combination, was greater than the tiotropium group, 
although the differences were not statistically significant 

Table 1 Patient Demographics and Characteristics

Tio/Olo Tio p-value

n 37 37
Male, (%) 36 (97.3) 33 (89.2) 0.16

Age, years, mean (SD) 69.8 (5.6) 70.4 (6.8) 0.73

Height, cm, mean (SD) 165.2 (6.4) 164.0 (8.8) 0.73
Weight, kg, mean (SD) 61.4 (12.2) 61.2 (12.2) 0.94

BMI, kg/m2, mean (SD) 22.5 (4.1) 22.6 (3.8) 0.94

Smoking status, n (%) 0.48

Ex-smoker 21 (56.8) 18 (48.6)
Current smoker 16 (43.2) 19 (51.4)

Smoking, pack-year, mean (SD) 45.8 (10.6) 44.7 (9.8) 0.64

Comorbidity, n (%)

Hypertension 19 (51.4) 16 (43.2) 0.48
Diabetes mellitus 10 (27.0) 8 (21.6) 0.59

Dyslipidemia 7 (18.9) 8 (21.6) 0.77

Note: p-values were estimated using the t-test or χ2 test. 
Abbreviations: Tio/Olo, tiotropium/olodaterol; Tio, tiotropium; BMI, body mass 
index.

Table 2 Pulmonary Function Test and Physical Activity at 
Baseline

Tio/Olo 
(n=37)

Tio 
(n=37)

p-value

FEV1, post-BD, mL, 

mean (SD)

1541 (354) 1570 (494) 0.77

% predicted normal 

FEV1, mean (SD)

61.5 (12.7) 62.6 (12.9) 0.72

FVC, post-BD, mL, 
mean (SD)

2914 (509) 2922 (794) 0.96

FEV1/FVC, %, mean 

(SD)

54.2 (10.1) 52.5 (8.3) 0.43

IC, post-BD, mL, 

mean (SD)

1981 (345) 2101 (514) 0.24

VC, post-BD, mL, 

mean (SD)

3087 (510) 3084 (775) 0.98

GOLD category, n (%) 1.00

GOLD2 31 (83.8) 31 (83.8)

GOLD3 5 (13.5) 4 (10.8)
GOLD4 1 (2.7) 2 (5.4)

CAT score 9.7 (6.1) 12.7 (6.5) 0.047*
6MWD, m, mean (SD) 470.3 (77.6) 438.8 (88.1) 0.11

Physical activity
1.0–1.5 METs, min, 

mean (SD)

299.6±92.40 287.0±97.1 0.58

> 2.0 METs, min, 
mean (SD)

138.5±63.30 141.2±68.5 0.86

> 3.0 METs, min, 

mean (SD)

41.0±29.00 36.1±24.2 0.44

Daily steps, step, 

mean (SD)

4359.2±2956.8 3972.4±2148.3 0.53

Notes: *p<0.05. p-values were estimated in GOLD categories using Fisher’s exact 
test, in others using the two sample t-test or χ2 test. 
Abbreviations: Tio/Olo, tiotropium/olodaterol; Tio, tiotropium; FEV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity; IC, inspiratory capacity; 
VC, vital capacity; CAT, COPD assessment test; 6MWD, 6-minute walk distance.
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between groups (tiotropium/olodaterol mean±SE, −38.7 
±14.7 min vs tiotropium, −4.6±10.6 min; mean difference, 
−34.1, 95% CI −70.4 to 2.2, p=0.06) (Figure 4A). Changes in 
the duration of physical activity with ≥2.0 METs (tiotropium/ 
olodaterol, +10.8±7.6 min vs tiotropium, +8.3±7.6 min; 
mean difference, 2.5, 95% CI −19.0 to 24.0, p=0.82) 
(Figure 4B) and with ≥3.0 METs (tiotropium/olodaterol, 
+5.2±3.9 min vs tiotropium +2.5±3.3 min; mean difference, 
2.7, 95% CI −7.4 to 12.8, p=0.60) (Figure 4C), and daily 

steps (tiotropium/olodaterol +168.1±392.5 steps vs tiotro-
pium +37.6±192.4 steps, mean difference 131, 95% CI 
−750 to 1011, p=0.77) (Figure 4D) showed no statistically 
significant differences between the two groups.

To investigate the effect of tiotropium/olodaterol 
combination vs tiotropium treatment in time spent on 
1.0–1.5 METs, ≥2.0 METs and ≥3.0 METs physical 
activity levels, subgroup and multivariable analyses 
were performed. The subgroups were considered by the 
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Figure 2 Difference in pulmonary function before and after 12 weeks of tiotropium/olodaterol or tiotropium treatment. (A). FEV1, (B). IC, (C). FVC, and (D). VC. Error 
bars represent standard errors. p values show differences between two groups. 
Abbreviations: FEV1, forced expiratory volume in 1 second; IC, inspiratory capacity; FVC, forced vital capacity; VC, vital capacity; Tio, tiotropium; Tio/Olo, tiotropium/ 
olodaterol.
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following baseline factors; age, BMI, IC, FEV1, VC, 
CAT score, 6MWD, TDI, and the respective time cate-
gory of physical activity at baseline (1.0–1.5, ≥2.0 and 
≥3.0 METs) (Figure 5). In the subgroup analyses, com-
pared with the tiotropium and tiotropium/olodaterol com-
bination treatments, a decrease in the duration of 1.0–1.5 
METs was observed in the subgroups with the following 
baseline characteristics: FEV1, FVC, 6MWD and TDI 
values greater than or equal to the median. These rela-
tionships were not observed in the duration of the other 
≥2.0 and ≥3.0 METs activity levels. Multiple regression 
model analyses were performed in the times for 1.0–1.5 
METs, ≥2.0 METs and ≥3.0 METs, considering baseline, 
age, FEV1, CAT, 6MWD, and TDI values as adjusting 
factors. The tiotropium/olodaterol combination treatment 
reduced the duration of physical activity 1.0–1.5 METs 
(regression coefficient, −43.6 [95% CI −84.1 to −3.1], 
p=0.04), and then the following baseline factors; age, 
FEV1, CAT, 6MWD and TDI were not related with the 
duration of activity 1.0–1.5 METs (Table 3). Concerning 

the duration of activity ≥2.0 and ≥3.0 METs, any correla-
tions with the considered factors were not observed.

In terms of safety, there were no severe AEs in either 
group during the study period. Mild to moderate AEs are 
shown in Table S3. There was no exacerbation during the 
study period.

Discussion
The SCOPE study demonstrated that both dual- 
bronchodilator treatment with tiotropium/olodaterol and 
mono-bronchodilator treatment with tiotropium improved 
pulmonary function, dyspnea levels, and physical activity 
from baseline to 12 weeks after treatment in patients with 
treatment-naïve COPD. In addition, dual-bronchodilator 
treatment resulted in greater improvements in FEV1, TDI 
score, and reduction of physical activity at 1.0–1.5 METs 
than tiotropium treatment. This is the first report to show 
that tiotropium/olodaterol treatment impacts on physical 
activity in treatment-naïve COPD patients. Dual broncho-
dilation may represent the first opportunity to change the 
lifestyle in untreated Japanese patients with COPD.

In Japan, more than 90% of COPD patients are undiag-
nosed and untreated by long-acting bronchodilators, 
although an epidemiologic survey found that the preva-
lence of COPD was reported to be 8.4% (5.3 million) in 
the general population.19 A previous study showed that 
undiagnosed, untreated, and asymptomatic COPD had an 
increased risk of exacerbations and pneumonia.20 There is 
limited evidence on the efficacy and safety of dual bronch-
odilation on the untreated and asymptomatic COPD 
patients.21 Therefore, our SCOPE study was conducted to 
investigate the efficacy and safety of dual bronchodilation 
on patients with undiagnosed and untreated COPD. It is 
notable that all newly, but not previously, diagnosed 
COPD patients were selected and covered in the study.

The SCOPE study found that the mean change of 
FEV1 after 12-week treatment was 243 mL with tiotro-
pium/olodaterol and 104 mL with tiotropium administra-
tion, respectively. A previous study compared the 
difference in peak FEV1 in patients treated with tiotro-
pium/olodaterol and tiotropium was 114 mL (289 mL in 
tiotropium/olodaterol vs 175 mL in tiotropium, p<0.01) in 
a treatment-naïve subgroup of patients with COPD. The 
differences in peak FEV1 in the SCOPE study were com-
parable to those of previous studies.22,23

Both mono- and dual-bronchodilator treatment 
improved TDI by more than 1.0 point in the present 
study. The minimal clinically important difference 
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Figure 3 TDI score in tiotropium/olodaterol or tiotropium after the 12-week 
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pium/olodaterol.
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(MCID) of the TDI score is 1.0 point.24 It was considered 
that all patients received bronchodilators for the first time, 
so there was likely an improvement in both groups. 
Additive bronchodilator effects of adding LABA such as 
including olodaterol,8 vilanterol,25 and indacaterol26 had 
already been reported in COPD patients using LAMA 

monotherapy.27 Since LAMA and LABA have different 
mechanisms of action than that of bronchodilation,28,29 

dual-bronchodilator treatment with a LAMA/LABA com-
bination is more effective than doubling the amount of 
mono bronchodilator in improving pulmonary function 
and dyspnea.30
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Figure 4 Physical activity after a 12-week treatment with tiotropium/olodaterol or tiotropium. (A). Average daily duration of activity 1.0–1.5 METs. (B) Average daily 
duration of activity ≥ 2.0 METs. (C). Average daily duration of activity ≥ 3.0 METs. (D). Average number of steps per day. Error bars represent standard errors. p values 
show differences between two groups. 
Abbreviations: PA, physical activity; METs, metabolic equivalents; Tio, tiotropium; Tio/Olo, tiotropium/olodaterol.
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Physical activity is an important predictor of mortality 
in several chronic diseases including COPD.4,21,31 

Physical activity in COPD has been reported as the stron-
gest prognostic factor for survival rather than pulmonary 
function, exercise tolerance, or dyspnea scale.4 A physical 
activity of 1.0–1.5 METs means sedentary position, phy-
sical activity at 2 METs means standing position or walk-
ing less than 55 m/min, and physical activity at 3 METs 
means walking faster than 55 m/min.32 A recent study 
demonstrated that not only improvement from high- 
intensity physical activity but also the positive impact of 
low-intensity physical activity, which included sedentary 
behavior improvement, was essential as a COPD treatment 
strategy.15

Strikingly, the SCOPE study demonstrated that reduc-
tion of sedentary time in dual bronchodilator rather than 
mono-bronchodilator in Japanese patients with treatment- 
naïve COPD in multivariate analyses with baseline factors 
including age, FEV1, CAT, 6MWD, and TDI. Sedentary 
behavior has also been reported to be an independent 
predictor of mortality in COPD, even adjusting for mod-
erate-to-vigorous physical activity. Mortality was higher in 
patients with COPD who spend ≥8.5 hours per day in 
activities requiring <1.5 METs.33 Even in mild-to- 
moderate COPD, physical activity was lower than that in 
healthy subjects.13 Increasing physical activity at low 
intensity rather than that at high intensity contributes to 
a reduction in the risk of hospitalization in patients with 

severe COPD.34 Thus, the guidelines on physical activity 
aim to reduce sedentary time for patients with COPD.35 

A previous study reported a slight improvement in physi-
cal activity of more than moderate intensity following 
dual-bronchodilator tiotropium/olodaterol compared to 
mono-bronchodilator tiotropium.11 COPD patients who 
participated in the SCOPE study were mostly character-
ized by moderate COPD with mild symptoms. 
Interestingly, it was predicted that physical activity with 
moderate to vigorous intensity would improve due to mild 
symptoms, and indeed, a reduction of time for physical 
activity at 1.0–1.5 METs was observed. The reduction in 
sedentary time with behavior modification and pharmaco-
logical intervention is considered to be important in all 
patients with severe COPD. Since the clinically significant 
reduction in sedentary time for patients with COPD is 
unknown, further studies are needed in this regard.

The present study had some limitations. First, it was 
prospective in nature; furthermore, the study population 
was small and limited to Japanese patients who were mostly 
men with COPD. These characteristics limit generalizability 
to other populations and to female patients. Second, the 
duration of the study was set for 12 weeks. We consider 
that adding pulmonary rehabilitation and behavior modifica-
tion to the protocol or prolonging the treatment period may 
have even greater effects.36 Third, the CAT score showed 
differences in baseline levels between the two groups. We 
considered that the differences in CAT scores were because 

A B C

Figure 5 Univariate analysis of tiotropium/olodaterol versus tiotropium with regard to time spent on 1.0–1.5 METs (A), ≥2.0 METs (B), and ≥3.0 METs (C). Physical activity 
levels (change from baseline) by subgroups are shown by baseline factors including age, BMI, IC, FEV1, FVC, CAT score, 6MWD, TDI, PA 1.0–1.5 METs, PA > 2.0 METs and 
PA > 3.0 METs. 
Abbreviations: BMI, body mass index; IC, inspiratory capacity; FEV1, forced expiratory volume in 1.0 second; FVC, forced vital capacity; CAT, COPD assessment test; 
6MWD, 6-minute walk distance; PA, physical activity; Tio, tiotropium; Tio/Olo, tiotropium/olodaterol; METs, metabolic equivalents.
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they were not assessed as a randomization factor for the 
treatment groups. Although multiple regression model ana-
lyses were performed baseline CAT score as adjusting fac-
tors, the difference of CAT score in two groups may have 
some effects improve in physical activity.

Conclusions
Dual bronchodilator with tiotropium/olodaterol treatment 
improved FEV1 and TDI compared with tiotropium in 
patients with treatment-naïve COPD. Tiotropium/olodaterol 
also decreased the amount of time spent in the sedentary 
position. These data indicate that dual bronchodilator may 
improve not only lung function and respiratory symptoms 
but also the lifestyle of Japanese patients with treatment- 
naïve COPD. Dual-bronchodilator treatment may be recom-
mended more than mono bronchodilators as the first-line 
approach in patients with treatment-naïve COPD.

Abbreviations
METs, metabolic equivalents; 6MWD, 6-minute walk dis-
tance; AE, adverse events; BDI/TDI, Baseline Dyspnea 
Index/Transitional Dyspnea Index score; CAT, chronic 
obstructive pulmonary disease assessment tests; COPD, 
chronic obstructive pulmonary disease; FEV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity; 
GOLD, Global Initiative for Chronic Obstructive Lung 
Disease; IC, inspiratory capacity; LABA, long-acting 
beta 2 agonist; LAMA, long-acting muscarinic antagonist; 
QOL, quality of life; TDI, transient dyspnea index.
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Table 3 Multivariate Analysis of Effect with Tiotropium/ 
Olodaterol versus Tiotropium in Time Spent on 1.0–1.5 METs, 
≥2.0 METs and ≥3.0 METs

Coefficient SE p-value

1.0−1.5 METs

Treatment with Tio/Olo −43.63 20.25 0.04*

%FEV1 > median 27.46 22.21 0.22

Age > 65 years −16.38 25.77 0.53
CAT at entry > median −0.23 22.15 0.99

6MWD at entry > median 12.41 21.05 0.56
TDI > median 5.26 21.78 0.81

≥ 2.0 METs

Treatment with Tio/Olo −0.64 11.63 0.96

%FEV1 > median −8.98 12.75 0.48
Age > 65 years 19.95 14.80 0.18

CAT at entry > median −9.24 12.72 0.47

6MWD at entry > median −0.18 12.09 0.99
TDI > median −20.55 12.51 0.11

≥ 3.0 METs

Treatment with Tio/Olo 1.51 5.62 0.79

%FEV1 > median −1.80 6.17 0.77
Age > 65 years 13.81 7.16 0.06

CAT at entry > median −4.78 6.15 0.44

6MWD at entry > median −4.13 5.84 0.48
TDI > median −6.38 6.05 0.30

Notes: *p<0.05, Multiple regression model applied in the duration of 1.0–1.5, ≥2.0, 
and ≥3.0 METs activity, considering baseline, age, FEV1, CAT, 6MWD, and TDI 
values as adjusting factors. 
Abbreviations: Tio/Olo, tiotropium/olodaterol; Tio, tiotropium; METs, metabolic 
equivalents; %FEV1, %FEV1 predicted at post bronchodilator; CAT, COPD assess-
ment test; 6MWD, 6-minute walk distance.
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