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Background: Prolonged sedentary behavior is associated with worse prognosis in patients
with chronic obstructive pulmonary disease (COPD). Our previous study found that first-line
dual therapy with tiotropium/olodaterol significantly reduces sedentary time compared to
tiotropium monotherapy in Japanese patients with treatment-naive COPD, although the
characteristics of responders to dual-therapy versus monotherapy for COPD are still unclear.
Methods: Patients with treatment-naive COPD were randomized to receive either tiotropium or
tiotropium/olodaterol treatment for 12 weeks. Physical activity was assessed using a triaxle accel-
erometer for 2 weeks before and after treatment. This analysis focused on the change in sedentary
time, indicated by physical activity of 1.0-1.5 metabolic equivalents (METs), with stratification for
the following factors: age, body mass index (BMI), pulmonary function, COPD assessment test
(CAT), the 6-minute walk distance (6MWD), and physical activity level at study entry.

Results: Thirty-five patients received tiotropium/olodaterol and 34 patients received tiotropium. In
patients with lower inspiratory capacity at study entry, a significant reduction in sedentary time was
observed in the tiotropium/olodaterol group compared with the tiotropium group (Tio: —12.8 £ 13.5
min, Tio/Olo: —65.1 £ 21.0 min, mean difference, —52.2 min, 95% CI —103.6 to 0.88, p = 0.046). In
patients with a shorter duration of physical activity of >2 METs at study entry, a significant reduction
of sedentary time was observed in the tiotropium/olodaterol group compared with the tiotropium
group (Tio: —3.3 £ 17.5 min, Tio/Olo: —72.9 + 23.1 min, mean difference, —69.7 min, 95% CI
—128.7 to —10.6, p = 0.02). There were no differences in terms of age, BMI, CAT score, Gt MWD,
FEV1, FVC, VC, and physical activity of 1.0-1.5 METs and >3.0 METs.

Conclusion: This study showed that COPD patients with lower inspiratory capacity or
shorter active time of >2.0 METs at study entry are likely to exhibit significantly greater
reduction in sedentary time with tiotropium/olodaterol treatment.

Keywords: chronic obstructive pulmonary disease, physical activity, sedentary time, long-
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Introduction

In patients with chronic obstructive pulmonary disease (COPD), airflow limitation
causes dyspnea, decreasing quality of life (QOL) and physical activity.! Physical
inactivity has been shown to be associated with increased risks of exacerbation of
COPD and mortality.>* Long-acting bronchodilator therapy results in an improve-
ment in lung function, along with reduction of symptoms and exacerbations.* ® The

dual bronchodilator combination of a long-acting muscarinic antagonist (LAMA)
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and a long-acting beta 2 agonist (LABA) reportedly pro-
vides greater improvement in pulmonary function and
QOL compared with LAMA monotherapy.’*

Physical activity is defined as any bodily movement
produced by skeletal muscles that leads to energy
expenditure.’ Physical activity includes all activities in
daily life, such as indoor activities, walking, and exercise.'’
A step count is one of the indicators of physical activity in
daily life, while the tri-axial accelerometer is used to assess
physical activity in clinical research.'""'> The intensity of
physical activity is measured in terms of metabolic equiva-
lents (METs)."? Patients with COPD have been reported to
have a decreased level of physical activity compared with
healthy adults, even at an early stage of the disease.'*'°

The global initiative for chronic obstructive lung disease
(GOLD) has recommended regular physical activity for
COPD patients."” A previous study showed that increasing
not only high-intensity physical activity, but also low-
intensity physical activity, including sedentary behavior,
was essential as a COPD treatment strategy.'® The Saga-
naive COPD Physical Activity Evaluation (SCOPE) Study
reported that
resulted in significantly greater improvement in forced

dual-therapy with tiotropium/olodaterol
expiratory volume in 1 s (FEV1) and dyspnea, and reduction
in sedentary time as compared to tiotropium monotherapy,
although the baseline clinical characteristics of the respon-
ders to such therapy among Japanese patients with treatment-
COPD
investigated.'® The aim of the present study was to clarify

naive receiving dual-therapy could not be
the baseline characteristics of responders to first-line dual-
therapy as compared to monotherapy by performing
a stratified analysis of data from the SCOPE study.

Materials and Methods
Study Subjects

This was a prospective, randomized, multicenter, open-
labeled, and parallel intervention study that was conducted
at 9 public hospitals located in Japan described in
a previous report (UMIN; UMIN000027190)."" In brief,
80 patients (age >40 and <85 years old) with treatment-
naive COPD were randomized 1:1, using electronic data
capture system, according to 3 factors: %FEV1, age, and
smoking history to receive either tiotropium alone or tio-
tropium/olodaterol treatment for 12 weeks. Entry period of
this study was July 2017 to February 2019. Sixty-nine of
the 80 patients were included in the study, among whom
34 received tiotropium monotherapy and 35 received dual-

therapy with tiotropium and olodaterol (Table 1).
A diagnosis of COPD was made based on a post-
bronchodilator (short acting beta 2 agonist) forced expira-
tory volume in 1 s (FEV1)/forced vital capacity (FVC)
ratio of less than 70% and presence of a smoking history
of >10 pack years. However, current and ex-smokers with
a post-bronchodilator less than 80% of predicted normal
and FEV1 were accepted at the screening visit. Treatment-
naive COPD patients were defined as those who had not
received inhaled corticosteroids (ICS), LABA and/or
LAMA in the previous 12 months (the full study protocol
is described in a previous report).'’

Ethics Approval

Written informed consent was obtained from all patients.
This study was approved by the institutional review board
of each participating center (approval number: 2016-12-
01, Supplementary Table 1). The SCOPE study was con-
ducted according to the principles of the International
and Good Clinical
Practice, Declaration of Helsinki, and Japanese Good

Conference on Harmonization
Clinical Practice, and complied with all relevant local
regulatory, legal, and ethical requirements (the Japan
Registry  of  Clinical  Trials  approval  no.;
jRCTs071180021). The inclusion criteria are described in
full in the primary report.'’

Study Protocol

To clarify the baseline characteristics of responders to
first-line dual-therapy (tiotropium/olodaterol group) versus
those receiving monotherapy (tiotropium group) in terms
of improvement in physical activity, analyses of the
change in physical activity levels after 12 weeks treat-
ments were performed in groups stratified according to
age, body mass index (BMI), total COPD assessment test
(CAT) scores, the 6-minute walk distance (6MWD),
respiratory functions such as FEV1, FVC, vital capacity
(VC), and inspiratory capacity (IC) at baseline, and the
amount of baseline physical activity, assessed as the daily
duration (in minutes) spent doing activity of >3, >2, and
1.0-1.5 metabolic equivalents (METSs) intensity, using the
data obtained in the SCOPE study.’>?' In each of the
tiotropium/olodaterol and tiotropium treatment groups,
patients were divided into two sub-groups based on the
median values of each confounding factor, ie, age, BMI,
total CAT scores, 6MWD and respiratory function, and
longer and shorter duration of physical activity before
treatment (baseline).
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Table | Characteristics of the Patients at the Baseline

Tio Tio/Olo P
n 34 35
Age, years, mean (SD) 70.6 (6.8) 69.7 (5.8) 0.54
Male, (%) 30 (88.2) 34 (97.1) 0.34
Height, cm, mean (SD) 164.1 (9.0) 165.2 (6.6) 0.58
Weight, kg, mean (SD) 61.3 (12.6) 62.3 (11.8) 0.72
BMI, kg/m?, mean (SD) 22.7 (3.9) 22.8 (3.9) 0.87
Smoking status, n (%) 0.40
Ex-smoker 16 (47.1) 21 (60.0)
Current smoker 18 (52.9) 14 (40.0)
Smoking, year, mean (SD) 45.2 (10.0) 45.3 (10.5) 0.97
Comorbidity, n (%)
Hypertension 16 (47.1) 19 (54.3) 0.72
Diabetes mellitus 7 (20.6) 10 (28.6) 0.62
Dyslipidemia 7 (20.6) 7 (20.0) 1.00
Pulmonary function
%FEVI, mean (SD) 62.03 (13.3) 62.20 (12.5) 0.96
FEVI, mL, mean (SD) 1526 (476) 1547 (346) 0.83
FVC, mL, mean (SD) 2867 (786) 2930 (497) 0.69
VC, mL, mean (SD) 3031 (771) 3115 (491) 0.59
IC, mL, mean (SD) 2057 (511) 1992 (341) 0.53
CAT score, mean (SD) 12.9 (6.6) 9.9 (6.1) 0.047*
6MWD, mean (SD) 443.0 (90.1) 478.3 (65.9) 0.07
Physical activity
I.0-1.5 METs, min, mean (SD) 292.9 (96.9) 296.4 (92.2) 0.88
2 2.0 METs, min, mean (SD) 146.7 (70.9) 147.1 (64.9) 0.98
2 3.0 METs, min, mean (SD) 37.0 (24.9) 43.8 (31.3) 0.33

Notes: p-values were estimated using the t-test or y” test. The characteristics of the patients, there were no significant differences between the two groups in terms of age,
gender, BMI, respiratory function, baseline physical activity, except for the total CAT score. * p<0.05.
Abbreviations: Tio/Olo, tiotropium/olodaterol; Tio, tiotropium; BMI, body mass index; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; IC,
inspiratory capacity; VC, vital capacity; CAT, COPD assessment test; 6MWD, 6-minute walk distance.

The average duration of daily physical activity from 8
a.m. to 8 p.m. of three valid days with evaluable data for
12 hours of the day was assessed before and after treat-
ment using a tri-axis accelerometer (Active style PRO
HJA-750C, OMRON, Kyoto, Japan).”® Physical activity
of 1.0-1.5 METs was considered representative of seden-
tary time and changes in sedentary time were compared
before and after treatment.

Statistical Analysis
The data are presented as mean and standard deviation
(SD). Differences between the two treatment groups and

the two sub-groups stratified according to each

characteristic in each treatment group were evaluated
using the Student’s ¢-test or y* test.

First, the correlation coefficient matrix was calculated to
examine the correlation between each factor. Figure 1 shows
a graphical representation of the correlation coefficient matrix
using the graph theory. In the graph theory, connecting lines
(edges) are used to show the relationship between factors
(nodes). In this figure, factors with an absolute value of corre-
lation coefficients of 0.2-0.4 are linked by thin lines, and those
with correlation coefficients greater than 0.4 are linked by
thick lines, thus graphically showing the strength of the corre-
lation between each factor. The Plotly Python graphing library
was used to create this figure.
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Figure | Graphical representation of the factors related to reduction of sedentary time created using a graphical model. Factors with a direct link are connected by lines.
The thickness of the line represents the strength of the relationship. The thick lines indicate an absolute value of the correlation coefficient of > 0.4, and the thin line
represents a correlation coefficient of 0.2-0.4. The red circle stands for changes in physical activity of 1.0-1.5 METs. The green circle shows treatment with tiotropium/
olodaterol, the Orange circles show pulmonary function, the blue circles show clinical characteristics, and the yellow circles represent baseline physical activities.

Abbreviations: IC, inspiratory capacity; FEVI, forced expiratory volume in | s; BMI, body mass index; 6MWD, 6-minute walk distance; CAT, COPD assessment test; Tio/
Olo, tiotropium/olodaterol; PA 1.0-1.5, baseline physical activity of 1.0-1.5 METs intensity; PA 22.0, baseline physical activity of 2 2.0 METs intensity; METs, metabolic

equivalents.

Next, mean changes in daily sedentary time after treatment
were compared between tiotropium/olodaterol and tiotropium
treatment groups stratified according to the median baseline
value of each confounding factor (ie, higher and lower than the
median value), or shorter and longer daily physical activity of
>3, >2, and 1.0-1.5 METs at baseline using Welch’s #-tests.
Confounding factors and duration of physical activity of dif-
ferent intensities in patients with a significant reduction of
daily sedentary time following tiotropium/olodaterol treatment
were identified as baseline characteristics possibly predictive
of treatment responders in terms of improvement in sedentary
time with dual-therapy compared to tiotropium monotherapy.

Finally, the decision tree method was used to identify
baseline factors associated with changes in activity time
for each treatment group. The classification and regression
tree (CART) algorithm was used to create this decision
tree, and mean squared error (MSE) was used as the loss

function. The CART algorithm calculates the MSE when
the data are divided by a certain factor and cut-off value,
and then applies this operation to all candidate factors and
cut-off values to find the pair of factors and cut-off values
with the minimum MSE. This pair of factors and cut-off
values divides the data into two sub-groups, and this
operation is repeated recursively to generate further sub-
groups. The results can be illustrated as a dendrogram,
creating a profile for changes in activity time.

Statistical significance was indicated by a p-value of
<0.05, and the missing values were excluded. Data were
analyzed with R 3.6.1 software (The R Project for
Statistical Computing).

Results
First, graphical representation of the correlation coefficient
matrix was used to investigate the association between
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baseline patient characteristics, pulmonary function, phy-
sical activity, treatment, and reduction of sedentary time.
Reduction of sedentary time was found to have a direct
correlation with treatment with tiotropium/olodaterol,
duration of physical activity at baseline of 1.0-1.5 METs
and >2.0 METs, IC, FEV1, and BMI. Other factors also
showed a correlation with reduction of sedentary time,
although the correlation was indirect (Figure 1).

Next, the effect of patient characteristics at study entry
on the reduction of sedentary time with treatment was
analyzed by subdividing the two treatment groups into
two groups stratified by the median value of the character-
istic (Supplemental Figure 1). Subgroup analyses found no
correlation between age, BMI, CAT score, or 6 MWD and
reduction of sedentary time.

Changes in daily sedentary time following treatment in
terms of pulmonary function parameters at baseline are
shown in Figure 2. In the subgroup of patients with lower
baseline IC, but not those with higher IC, tiotropium/
olodaterol treatment (—65.1 + 21.0 min) significantly
reduced daily sedentary time compared with tiotropium
monotherapy (—12.8 + 13.5 min) (Mean difference, —52.2
min [95% CI —103.6 to 0.88], p = 0.046) (Figure 2A). On
the other hand, there were no significant differences in
changes in sedentary time between tiotropium/olodaterol
and tiotropium treatment groups in the sub-groups of
patients with lower and higher baseline FEVI
(Figure 2B), FVC (Figure 2C), and VC (Figure 2D).

Comparison of reduction of sedentary time with treatment
in terms of the intensity of physical activity at baseline
(Figure 3) showed that a significant reduction of sedentary
time was observed in the tiotropium/olodaterol treatment
group (—72.9 + 23.1 min) compared with the tiotropium
treatment group (—3.3 = 17.5 min) in patients with a shorter,
but not longer, duration of baseline physical activity of >2
METs intensity (Mean difference —69.7 min [95% CI —128.7
to —10.6], p = 0.02) (Figure 3B). There were no significant
differences in changes in sedentary time between tiotropium/
olodaterol and tiotropium treatment groups in the subgroup of
patients with shorter and longer baseline physical activity of
1.0-1.5 (Figure 3A) and >3.0 METs (Figure 3C).

Decision tree analyses were performed to show the
most influential factors among patient characteristics, pul-
monary function, and physical activity at baseline for
reduction of sedentary time with tiotropium (Figure 4A)
4B).
Tiotropium monotherapy was found to be most effective

and tiotropium/olodaterol  treatment (Figure

for reduction of sedentary time in patients in whom the

daily duration of physical activity of 1.0-1.5 METs at
study entry was more than 339.4 min. On the other hand,
tiotropium/olodaterol was most effective in patients in
whom the duration of physical activity of >2.0 METs
intensity at study entry was shorter than 111.0 min.
Therapeutic efficacy was also observed in the group with
baseline daily activity of >2.0 METs intensity for more
than 111.0 min and in those with a CAT score of <6.5.

Discussion

The SCOPE study demonstrated that tiotropium/olodaterol
treatment improves physical activity, especially in terms of
reduction of sedentary time, in treatment-naive COPD
patients. The present study showed that COPD patients
with lower IC and shorter active time (>2.0 METs) at
study entry experience a significantly greater reduction of
sedentary time with tiotropium/olodaterol treatment. This
is the first report to show patient characteristics that are
likely associated with reduced sedentary time following
treatment with dual bronchodilator therapy. Elucidation of
the characteristics of patients in whom tiotropium/oloda-
terol treatment is likely to be more effective will help
tailor the pharmacological treatment strategy in patients
with COPD.

Patients with COPD are known to have significantly
lower levels of physical activity as compared with healthy
subjects.”! The duration of walking is significantly shorter
in COPD patients compared with healthy, age-matched
subjects.”” Even if patients with mild COPD decreased
a level of physical activity, since dyspnea is known to
lead to diminished activity levels.”'* Furthermore, physi-
cal inactivity is an essential predictor of mortality in
chronic diseases, including diabetes mellitus and cardio-
vascular disease.”>* In patients with COPD, physical
activity is known to be the strongest prognostic factor for
survival compared with pulmonary function.’

Sedentary behavior represents physical activity of 1.0—
1.5 METs intensity, standing or walking at a pace of less
than 55 m/min is considered physical activity of 2 METs
intensity, and walking faster than 55 m/min is considered
physical activity of 3 METs intensity.> Sedentary beha-
vior has also been reported to be an independent predictor
of mortality in COPD, even adjusting for moderate-to-
vigorous physical activity. Mortality was higher in patients
with COPD who spend >8.5 h per day in activities requir-
ing <1.5 METs.*®

The World Health Organization (WHO) published
guidelines on physical activity and sedentary behavior in

International Journal of Chronic Obstructive Pulmonary Disease 2021:16
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Figure 2 Changes in sedentary time before and after treatment stratified according to pulmonary function. Patients were stratified into two groups by a median IC of
1970 mL (A), FEVI of 1510 mL (B), median FVC of 2840 mL (C), and median VC of 3010 mL (D), for stratified analysis of a reduction in sedentary time with Tio or Tio/Olo
treatment. The error bars represent standard errors. p values show differences between two groups. In the subgroup of patients with lower baseline IC, Tio/Olo treatment

significantly reduced sedentary time compared with Tio treatment.

Abbreviations: METs, metabolic equivalents; Tio, tiotropium; Tio/Olo, tiotropium/olodaterol; FEVI, forced expiratory volume in | s; FVC, forced vital capacity; VC, vital

capacity; IC, inspiratory capacity.

2020.%” The guidelines provide general recommendations
to reduce sedentary time, which accords with the growing
concern regarding the negative health effects of sedentary
behavior.”® The recommendations also state that older
adults should limit the amount of sedentary time, since
replacing sedentary time with physical activity of any

intensity (including light health

benefits.>” Hence, improving physical activity levels is

intensity) provides

one of the management goals of COPD guidelines.”
Further, pulmonary rehabilitation programs, including
patient education, have been reported to be effective in
improving physical activity.’® In the SCOPE study,
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Figure 3 Changes in sedentary time before and after treatment stratified by the duration and intensity of physical activity at study entry. Patients were divided into two
groups based on a median duration of PA of 1.0—1.5 METs intensity of 282.7 min (A), median duration of PA of = 2.0 METs intensity of 125.1 min (B), and median duration of
PA of 2 3.0 METs intensity of 31.1 min (C), for stratified analysis of reduction in sedentary time with Tio or Tio/Olo treatment. The error bars represent standard errors.
p values show differences between two groups. In the subgroup of patients with a shorter duration of baseline physical activity of 22 METs, Tio/Olo treatment significantly

reduced sedentary time compared with Tio treatment.

Abbreviations: METs, metabolic equivalents; Tio, tiotropium; Tio/Olo, tiotropium/olodaterol; PA, physical activity; METs, metabolic equivalents.

however, since only a simple leaflet was used to provide
a basic explanation of COPD, reduction of sedentary time
was considered to be the pure effect of tiotropium/oloda-
terol rather than patient education.

Stratified analysis showed significant reduction of
sedentary time in the low IC group with tiotropium/

olodaterol treatment. IC is an index of pulmonary hyper-
inflation, and the effect of reduction in sedentary time with
treatment was probably because the low IC is related to
dyspnea and decreased exercise tolerance.’' >* Dynamic
hyperinflation is also reported to have an effect on physical
activity, regardless of the severity of COPD.** In the
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Figure 4 Decision tree about treatment with Tio or Tio/Olo in treatment-naive COPD patients. The decision tree was obtained by statistical analysis including patient characteristics
(age, BMI, CAT, and 6MWD), pulmonary functions (FEV I, FVC, VC, and IC), and baseline physical activity of 1.0—1.5 METs, PA = 2.0 METs, and PA 2 3.0 METs intensity as confounding
factors. The decision trees show treatment with Tio (A), and Tio/Olo (B). Tio treatment was most effective for reduction of sedentary time in patients in whom the daily duration of
baseline PA of 1.0-1.5 METs was more than 339.4 min. Tio/Olo treatment was most effective in patients in whom the duration of baseline PA of 2 2.0 METs was shorter than | | 1.0 min.
Abbreviations: METs, metabolic equivalents; BMI, body mass index; CAT, COPD assessment test; 6MWD, 6-minute walk distance; FEV, forced expiratory volume in | s;
FVC, forced vital capacity; VC, vital capacity; IC, inspiratory capacity; PA, physical activity; Tio, tiotropium; Tio/Olo, tiotropium/olodaterol.
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VESUTO study of patients treated with tiotropium/oloda-
terol, a reduction of sedentary time was observed in the
group with higher pulmonary function at baseline, which
was contrary to the results observed in our study.*>=°
However, baseline pulmonary function of patients in the
VESUTO study (%FEV1 52.6%) was lower than in
patients in the SCOPE study (%FEV1 62.9%), and the
difference in the results could have been due to differences
in patient characteristics and COPD treatment at the time
of study entry. Furthermore, a significant reduction of
sedentary time was observed in patients with a shorter
duration of physical activity of above 2.0 METs with
tiotropium/olodaterol treatment in the SCOPE study.
These data show that tiotropium/olodaterol is more effec-
tive in COPD patients with reduced activity levels. These
data suggest the efficacy of tiotropium/olodaterol treat-
ment in reducing sedentary time in inactive COPD
patients.

A decrease in physical activity time of above 2.5 METs
has been reported even in mild COPD patients.>> The
previous study showed that replacing sedentary time with
other physical activity leads to significant improvements in
lung function in COPD patients, suggesting that physicians
should pay more attention to the physical activity levels of
patients with mild COPD.?’ The time spent watching tele-
vision is also reportedly longer in patients with COPD as
compared to healthy older subjects.*® Our results suggest
that patients might benefit from even low-intensity exer-
cise, such as standing up during television commercials.
Further, since LAMA monotherapy might not be enough
to reduce sedentary time in patients with treatment-naive
COPD, treatment with dual-bronchodilator therapy should
be considered in patients with low inspiratory capacity and
shorter durations of physical activity.

The present study has certain limitations. First, this
study included a small sample size and was limited to
Japanese patients, which limits its generalizability to
other populations. Second, since the duration of treatment
was only 12 weeks, we could not show the effects of
therapy for more than 12 weeks. Third, this study did not
involve intensive patient education regarding COPD and
the need for increased physical activity. In clinical settings,
pulmonary rehabilitation might result in further behavior
modification.

Conclusions
Dual bronchodilator therapy with tiotropium/olodaterol treat-
ment reduced sedentary time in patients with treatment-naive

COPD. Patients with a lower inspiratory capacity and shorter
active time of >2.0 METs intensity are more likely to benefit
from dual tiotropium/olodaterol treatment rather than tiotro-
pium monotherapy.
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