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Abstract. Combined therapy with tiotropium and olodaterol 
notably improves parameters of lung function and quality of 
life in patients with chronic obstructive pulmonary disease 
(COPD) compared to mono-components; however, its effect 
on physical activity is unknown. The present study evaluated 
whether combination therapy affects daily physical perfor-
mance in patients with COPD under a smart watch-based 
encouragement program. This was a non-blinded clinical 
trial with no randomization or placebo control. A total of 
20 patients with COPD were enrolled in the present study. 
The patients carried an accelerometer for 4 weeks; they 
received no therapy during the first 2 weeks but they were 
treated with combined tiotropium and olodaterol under a 
smart watch-based encouragement program for the last 
2 weeks. The pulmonary function test, COPD assessment 
test, 6-min walk distance and parameters of physical activity 
were significantly improved (P<0.05) by combination 
therapy under smart watch-based coaching compared with 
values prior to treatment. To the best of our knowledge, the 
present study for the first time provides evidence that smart 
watch-based coaching in combination with tiotropium and 
olodaterol may improve daily physical activity in chronic 
obstructive pulmonary disease.

Introduction

In general, habitual and daily physical activity has been 
associated with a healthy status, prolonged life expectance 
and reduced prevalence of chronic diseases (1,2). The grade 
of physical activity is also an important determinant factor 
of the clinical condition, progression and outcome in patients 
with chronic obstructive pulmonary disease (COPD) (3-5). 
Patients with COPD with reduced physical activity have been 
demonstrated to have a rapid decline of pulmonary function, 
weakened and reduced limb muscle mass, frequent hospital-
izations, poor quality of life and worse prognosis compared 
to patients with an active lifestyle (3-5). Therefore, one of 
the main goals of COPD therapy is to increase the physical 
participation during daily life activity.

The long-acting muscarinic antagonists (LAMAs) and 
the long-acting β2-agonists (LABAs) are bronchodilators 
that are presently recommended in clinical practice (6,7). 
The LAMA tiotropium and the LABA olodaterol, that 
require only once-a-day administration, have been indicated 
to be very effective at improving the clinical outcome in 
COPD (6,7). As inhaled bronchodilators are currently the 
mainstay for long-term maintenance therapy of patients 
with COPD with moderate to severe disease and combi-
nation of bronchodilators with different mechanisms of 
action may enhance efficacy and reduce the possibility of 
adverse events, clinical trials with combination of a fixed 
dose of tiotropium and olodaterol have been conducted, 
and the results have revealed significant improvement in 
parameters of pulmonary function tests and quality of life 
in comparison with each mono-component drug (6-9). 
However, whether this combined therapy may ameliorate 
the physical performance of patients with COPD remains  
elusive.

In the present investigation, the physical activity 
of patients with COPD before and after a combined 
therapy with tiotropium and olodaterol under a smart 
watch-based encouragement system was evaluated  
and compared.
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Patients and methods

Patients. A total of 20 patients with COPD (18 males and 
2 females; mean age, 70.3±6.4 years; age range, 58-83 years) 
with stable disease followed up at the Respiratory Center 
of Matsusaka Municipal Hospital (Matsusaka, Japan) from 
February-April 2016 were enrolled in the present study. 
COPD was diagnosed following the criteria of the American 
Thoracic Society (9). A volume-type spirometer (Super Spiro, 
DISCOM-21FX III; Chest M.I., Inc., Tokyo, Japan) was used 
to measure lung function parameters, including forced expira-
tory volume in 1 sec (FEV1) and forced vital capacity (FVC). 
The protocol and criteria for the 6-min walk test (6MWT) 
and the COPD Assessment Test (CAT) were previously 
described (10,11). All subjects provided informed consent 
prior to initiation of the study. The protocol was approved by 
the Matsusaka Municipal Hospital Ethics Board for Clinical 
Investigation (approval no. 150304-2-2) and the study was 
undertaken following the principles of the Declaration of 
Helsinki (clinical registration no. UMIN 23583). Table I 
summarizes the clinical and functional parameters of the 
subjects. All eligible patients were ex-smokers and none of 
them were receiving any smoking cessation pharmacotherapy, 
home oxygen therapy or pulmonary rehabilitation.

Study protocol. All patients with COPD carried a Lifecorder 
(Suzuken Co., Ltd., Nagoya, Japan), a uniaxial accelerometer 
sensor, fixed to their belts during the entire study period of 
4 weeks in order to record the daily physical activity, including 
the number of steps, energy expenditure and the walking 
distance. A smart watch (Apple, Inc., Cupertino, CA, USA) 
worn by the patients during the 4-week study was used to 
encourage exercise performance. A moderate grade of physical 
activity (number of steps) was set up in the smart watch based 
on the height and weight of the patients. When the patient's 
physical activity was below or near the established goal, the 
smart watch vibrated and provided real-time motivational cues 
in the form of text messages, for example ‘time to stand up and 
stay active for 1 min’ or ‘you are almost there.’ The patients 
were instructed to take fixed‑dose combination of tiotropium 
(5 µg) + olodaterol (5 µg) once daily using the Respimat inhaler 
(Spiolto™, Respimat; Boehringer Ingelheim, am Rhein, 
Germany) during the last 2 weeks of the study period. Rescue 
therapy with short-acting β agonist was not used during the 
study. All patients received sufficient instruction on how to fix 
and use the devices in the morning when they woke up and to 
remove them at night.

Stat ist ical analysis. Data were expressed as the 
mean ± standard deviation. The non-parametric Wilcoxon rank 
test was employed to assess the difference among the means 
of two variables. Statistical analyses were performed using 
the StatView 4.5 package for Macintosh (Abacus Concepts, 
Piscataway, NJ, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Lung function and symptomatic parameters. Comparative 
assessment of pulmonary function tests before and after 

treatment with combination therapy demonstrated a significant 
increase of FEV1 and FVC after 2 weeks (P<0.001; Fig. 1) 
in all treated patients. In addition to spirometric findings, 
symptom burden indicators, such as CAT, have also been 
recently recommended by the Global Initiative for COPD 
for follow-up and management of patients with COPD (7). 
The CAT score was significantly improved in all patients by 
combination therapy compared to values before initiation of 
the treatment (P<0.05; Fig. 2).

Physical activity parameters. The distance walked during the 
6MWT was significantly increased in all patients following 
treatment compared to that before starting the combination 
therapy with tiotropium and olodaterol (P<0.01; Fig. 2). The 
number of steps, energy expenditure expressed in kilocalories 
and the metabolic equivalent of task (MET) from 1-9 METs 
(total activity), 1-3 METs (low-intensity activity), 4-6 METs 
(moderate-intensity activity) and 7-9 METs (high-intensity 
activity), were measured using the Lifecorder. The mean 
number of steps and the mean energy expended in kilocalo-
ries for all patients were significantly increased (P<0.01 and 
P<0.05, respectively) following treatment compared to the 
mean values before treatment (Fig. 3). The total, low-intensity 
and moderate-intensity activities were significantly higher 
(P<0.01, P<0.05 and P<0.05, respectively) following combina-
tion therapy than values before therapy (Fig. 4). No significant 
difference was observed in physical activity parameters when 
patients were under smart watch-based encouragement but 
without receiving combination therapy with bronchodilators 
(data not shown).

Discussion

To the best of our knowledge, the present study demon-
strated for the first time that combination therapy with 
tiotropium + olodaterol administered once daily significantly 
ameliorates physical activity parameters, including 6-min 
walking distance, number of steps, energy expenditure and 
metabolic equivalent of task, in patients with COPD.

Accumulating evidence supports the critical importance 
of enhancing physical activity in COPD (12). One strong 
illustrative example is the reported beneficial effects of the 
formal pulmonary rehabilitation program on health status, 
exercise performance and life expectancy of patients with 
COPD (13,14). Unfortunately, pulmonary rehabilitation is not 
accessible to all patients as it is costly, time-consuming and 
requires an interdisciplinary professional team and special 
facilities (15-17). Therefore, alternative methods, including 
pharmacological and non-pharmacological approaches, have 
been undertaken to encourage physical activity in patients 
with COPD (18). LABA and LAMA are included among the 
pharmacological approaches. However, despite the beneficial 
effects of LABA or LAMA on subjective symptoms, pulmo-
nary function and quality of life, the impact of LABA or 
LAMA on daily life physical activity in patients with COPD 
is controversial (19,20). Short-term studies have demonstrated 
amelioration of physical activity by individual bronchodilators; 
however, long-term clinical trials have shown no effect (19,20). 
Non-pharmacological incentives, including the use of pedom-
eters, phone calls, web-based support or smartphone-based 
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activity stimulators, have also been trialled but without any 
conclusive results (21-24).

In the present study, to further address this question, 
a combined pharmacological and non-pharmacological 
approach was used to motivate physical activity in patients 
with COPD. In the present study, the patients were 

Table I. Baseline demography data of patients with chronic 
obstructive pulmonary disease.
 
Variable Value
 
Number of patients 20
Age, years 70.3±6.4 (58-83)a

Sex (male/female) 18/2
Body mass index 21.59±0.72
Global Initiative for Chronic Obstructive 
Lung Disease scale (n) 
  2 11
  3 9
FVC, l  3.12±0.88
FEV1, l 1.38±0.40
FEV1 (% predicted) 5.14±12.8
FEV1/FVC, % 45.5±10.2
 
aData are presented as the mean ± standard deviation (range). FVC, 
forced vital capacity; FEV1, forced expiratory volume in 1 sec. 
 

Figure 1. Pulmonary function test results before and after treatment 
with a combination of tiotropium + olodaterol. The FEV1 (1.38±0.40 vs. 
1.58±0.47 l) and FVC (3.12±0.88 vs. 3.33±0.90 l) were significantly increased 
following therapy compared to before treatment. The mean ± standard devia-
tion of each group are presented adjacent to data points. Statistical analysis 
was performed by non-parametric Wilcoxon rank test. FEV1, forced expira-
tory volume in 1 sec; FVC, forced vital capacity.

Figure 4. METs in patients with chronic obstructive pulmonary disease before 
and after treatment with a combination of tiotropium + olodaterol. The degree 
of physical activity expressed as MET was measured using a Lifecorder. 
The total (1-9 METs; 47.935±9.345 vs. 50.445±8.944), low-intensity (1-3 
METs; 47.221±9.193 vs. 49.533±8.821) and moderate-intensity (4-6 METs; 
701±696 vs. 897±720) activities were significantly enhanced after combi-
nation therapy compared to values before initiation of therapy. There was 
no significant difference in high‑intensity activity (13±15 vs. 15±20). The 
mean ± standard deviation of each group are presented adjacent to data 
points. Statistical analysis was performed by non-parametric Wilcoxon rank 
test. METs, metabolic equivalent of tasks; NS, not significant.

Figure 3. Number of steps and energy expenditure in patients with chronic 
obstructive pulmonary disease before and after treatment with a combina-
tion of tiotropium + olodaterol. The number of daily steps (5.757±2.927 vs. 
7.089±3.775 steps) and energy burned as calories (138.5±77.4 vs. 164.6±88.1 
kilocalories) were significantly enhanced after therapy compared to values 
obtained before therapy. The mean ± standard deviation of each group are 
presented adjacent to data points. Statistical analysis was performed by 
non-parametric Wilcoxon rank test.

Figure 2. CAT and 6-min walk distance test results before and after treatment 
with a combination of tiotropium + olodaterol. CAT (13.0±5.7 vs. 9.2±6.9) 
was significantly decreased whereas the 6‑min walk distance (459.9±64.3 
vs. 489.2±53.6 m) was significantly increased following therapy compared to 
before treatment. The mean ± standard deviation of each group are presented 
adjacent to data points. Statistical analysis was performed by non-parametric 
Wilcoxon rank test. CAT, chronic obstructive pulmonary disease assessment 
test.
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encouraged to be physically active by a smart watch-based 
coaching system during the period they were being 
treated with a combination of tiotropium + olodaterol. 
Through this dual approach using a smart watch-based 
alarm and a drug containing both LAMA + LABA, the 
patients demonstrated significant improvement in daily life  
physical activity.

In conclusion, the present study demonstrated that 
a smart watch-based coaching system in combination 
with tiotropium and olodaterol has a favorable impact on 
patients with stable COPD by increasing their physical  
activity level.
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