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Purpose: Patients with chronic obstructive pulmonary disease (COPD) have decreased 
physical activity (PA) compared with healthy adults. As lower PA is associated with 
increased mortality, improving PA is an important objective for COPD management. This 
large-scale, multicenter, non-interventional, cross-sectional study examined the activity sta
tus of COPD patients in Japan and explored factors related to PA.
Patients and Methods: Outpatients aged ≥40 years with confirmed COPD diagnosis and 
pulmonary function test data were enrolled. Primary study outcomes were measurement of daily 
steps (over 14 consecutive days, using an activity monitor), assessment of activity time by activity 
intensity (using metabolic equivalents [METs]), and evaluation of correlation between PA and 
patient characteristics. Secondary outcomes included further investigation of the influence of 
patient characteristics on PA.
Results: Data from 417 patients with Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) stages I (29.5%), II (43.9%), III (23.5%), and IV (3.1%) were evaluated. Median (Q1, Q3) 
daily step count was 3440.8 (1831.3, 5709.3). Median (Q1, Q3) durations of PA at ≥3 (moderate-to- 
vigorous) and ≥2 METs (light-to-vigorous) were 18.7 (6.5, 41.3) and 186.9 (126.9, 259.2) minutes, 
respectively. For >30% of patients, time spent in ≥3 METs activity was ≤10 minutes. 
Unemployment was significantly correlated with reduced activity time (≥3 and ≥2 METs) and 
step count. Severe GOLD stage was significantly correlated with reduced activity time (≥3 and ≥2 
METs). High modified Medical Research Council (mMRC) dyspnea score was significantly 
correlated with reduced activity time (≥3 METs) and step count. Patients tended to overestimate 
the time spent in activities requiring ≥2 METs in their subjective reports compared with activity 
monitor measurements.
Conclusion: Reduced PA was observed in the Japanese COPD patients with the majority of 
them being GOLD stage I/II. Employment status, GOLD stage, and mMRC dyspnea score 
could help identify patients at risk of reduced PA.
Clinical Trial Registration: NCT03642613 (ClinicalTrials.gov); UMIN000032962 
(UMIN-CTR, umin.ac.jp).
Keywords: COPD, physical activity, pulmonary function, activity monitor, step counts

Introduction
Chronic obstructive pulmonary disease (COPD) is a common respiratory disease, 
characterized by persistent symptoms and airflow limitation due to chronic inflam
mation often involving alveolar destruction.1,2 COPD generally develops after 

Correspondence: Masakazu Ichinose  
Email ichinose@h-osaki.jp

submit your manuscript | www.dovepress.com International Journal of Chronic Obstructive Pulmonary Disease 2020:15 3385–3396               3385

http://doi.org/10.2147/COPD.S277782 

DovePress © 2020 Ichinose et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease           Dovepress
open access to scientific and medical research

Open Access Full Text Article

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-6993-0917
http://orcid.org/0000-0002-7899-9120
http://orcid.org/0000-0002-5386-5599
mailto:ichinose@h-osaki.jp
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


significant airway exposure to noxious substances, parti
cularly tobacco smoke, and is a preventable and treatable 
disease; management includes smoking cessation and 
appropriate pharmacological therapy (eg, bronchodilators) 
to alleviate symptoms and slow disease progression.1 

Globally, COPD is associated with high morbidity and is 
ranked as the fourth most common cause of death 
worldwide.3 In Japan, data collected in 2016 indicated 
that COPD was the eighth most common cause of mortal
ity among males;4 moreover, according to a Japanese epi
demiological observational survey conducted between 
December 2012 and August 2013, the prevalence of air
flow limitation was 4.3% in adults aged ≥40 years, rising 
to 6.1% in subjects with a history of smoking.5 The finan
cial burden of treating COPD has also been reported to be 
particularly high in Japan compared with other countries.6

Physical activity (PA) is defined as any bodily move
ment produced by skeletal muscles that requires energy 
expenditure and is a complex behavior characterized by 
type, intensity, duration of PA, and patterns.7,8 It is com
monly defined using metabolic equivalents (METs), which 
correlate the expenditure of energy during PA to a standard 
resting metabolic rate.9,10 Patients with COPD have been 
reported to have a decreased level of PA compared with 
healthy adults, even at an early stage of the disease,11,12 

and reduced PA has been shown to be associated with 
increased risks of worsening of symptoms, exacerbation, 
and mortality.13–15 Guidelines issued by the Japanese 
Respiratory Society for the diagnosis and treatment of 
COPD include improvement in exercise capacity and 
daily PA as a treatment goal.16 Therefore, understanding 
of the key factors involved is needed to achieve effective 
interventions to improve PA. To date, the PA status of 
Japanese COPD patients in real-world clinical situations 
is largely unknown. A single-center study (n=43) reported 
reduced PA in COPD patients (−23.1% at ≥2.0 METs 
[light-to-vigorous intensity activities], and −50.9% at 
≥3.0 METs [moderate-to-vigorous intensity activities], 
compared with healthy subjects).17

Studies have indicated that PA in COPD patients may 
be affected by multiple factors including exercise toler
ance, self-efficacy, and motivation.8,18,19 In addition, 
sociodemographic and environmental factors have been 
reported to affect PA,8,11,20 and a correlation between 
pulmonary function and PA has also been suggested.21–23 

Factors such as age and body mass index (BMI) were also 
reported to be correlated with PA. However, studies aim
ing to identify factors related to PA in COPD patients are 

limited in Japan, and no nationwide assessment has been 
reported to date. Thus, it remains unclear which factors are 
correlated with PA in Japanese COPD patients.

To clarify some of these issues, we conducted a large- 
scale, multicenter, cross-sectional study to examine the PA 
status of COPD patients in Japan and to explore factors 
related to PA.

Materials and Methods
Study Design
This was a multicenter, non-interventional, cross-sectional 
study conducted between 14 September 2018 and 
2 January 2019 at 20 sites across Japan. Patients were 
enrolled in the study by a continuous central registration 
method to avoid selection bias. After enrollment, patients 
answered the questionnaires and started measurement of 
PAs within 4 weeks. PAs included step count, activity 
intensity (METs), activity time, and energy expenditure 
and were measured using a validated triaxial activity 
monitor (model HJA-750C, Omron Healthcare Co., Ltd., 
Kyoto, Japan).24 The activity monitor was calibrated and 
provided by the manufacturer so that no operation by the 
study investigators or patients was required. Investigators 
explained to patients how to use the activity monitor in 
accordance with the manufacturer’s instructions. Patients 
wore the activity monitor for 14 consecutive days before 
returning it to each study site. As this was a non- 
interventional study, no treatments were mandated by the 
study protocol.

The study was performed in accordance with the ethi
cal principles that have their origins in the Declaration of 
Helsinki, the International Conference on Harmonisation 
Good Clinical Practice guidelines, and all applicable 
national and international laws and regulations. The 
study protocol was approved by the ethics committee or 
the institutional review board of each study site, including 
the ethics review board of the Tohoku Medical and 
Pharmaceutical University Wakabayashi Hospital. All 
patients provided written informed consent before enroll
ment and study participation, and all patient data are 
protected in accordance with the Act on the Protection of 
Personal Information.

Patients
To be eligible for enrollment in the study, patients had to 
meet the following inclusion criteria: men and women 
over the age of 40 years with a diagnosis of COPD 
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(according to the COPD guidelines published by the 
Japanese Respiratory Society)16 by a physician at the 
time of registration; patients with pulmonary function 
test data after bronchodilator administration; patients 
with data on diffusing capacity of the lung carbon mon
oxide (DLCO) value, or data on the presence or absence of 
emphysema by chest computed tomography (CT) exami
nation; and outpatients who were able to respond to the 
questionnaire within 4 weeks after providing consent and 
could provide measurements for 14 consecutive days using 
an activity monitor.

Key exclusion criteria were patients who had partici
pated in other clinical trials within the past 8 weeks; 
patients who were likely to fail to comply with study 
procedures, restrictions, and requirements as judged by 
an investigator; patients with exacerbation of COPD 
within the past 8 weeks; and patients requiring home 
oxygen therapy, although patients who used oxygen ther
apy only at night were permitted.

Study Outcomes and Assessments
The primary study outcomes were (i) daily steps, (ii) 
activity time measured by activity intensity (METs), and 
(iii) correlation between PA and patient characteristics.

Secondary study outcomes included an investigation of 
the influence of patient characteristics on PA. The evalua
tion of patient demographic and clinical characteristics 
included sex, age, BMI, smoking history, duration of 
COPD, comorbidities, medical history, COPD stage, pre
scription status of medications over the past year (includ
ing inhaled corticosteroids [ICS]), exacerbation over the 
past year, and presence/absence of an asthma component 
(medical history of asthma; presence/absence of 
a comorbidity/complication; date of diagnosis, if diag
nosed with asthma; presence/absence of perennial allergic 
rhinitis; and latest test results [within the past 12 months] 
of peripheral eosinophil counts and fractional concentra
tion of exhaled nitric oxide, total IgE, and IgE specific to 
perennial inhaled antigens).

For pulmonary function, including forced expired 
volume in 1 second (FEV1), forced vital capacity, and 
inspiratory capacity, the latest values prior to informed 
consent were collected. For DLCO, emphysema, and body 
composition, the latest data within 1 year prior to informed 
consent were collected. Emphysema was evaluated using 
chest CT images and classified based on the proportion of 
emphysema in the lung field, as none (0%), moderate 
(<50%), and severe (≥50%). Body composition (BMI, 

lean body mass, muscle mass, and fat free mass index) 
was assessed using a bioelectrical impedance analyzer 
(InBody, Cerritos, CA, USA).

The questionnaires used during the study included the 
modified Medical Research Council (mMRC) question
naire (Japanese version)16 for evaluation of dyspnea, the 
COPD Assessment Test (CAT)25,26 for assessment of qual
ity of life, and the COPD Status Survey sheet, which is 
a questionnaire designed for this study aiming to explore 
daily life and activity motivation (Supplementary Table 1). 
Items of the COPD Status Survey sheet included residen
tial environment (housing), presence/absence of employ
ment, daily activities (hobbies, activity time), socialization 
(frequency of outings, transportation method, enthusiasm), 
weather on the day of activity measurement, and the pre
sence/absence of events requiring unusual levels of 
activity.

Statistical Analyses
One of the study objectives was to explore and identify 
factors related to PA in patients with COPD. Using 
a model previously published,27 and assuming that five 
factors as explanatory variables would be used in multiple 
regression analysis in this study, achievement of 
a moderate correlation at 80% power was calculated to 
require 419 patients. Considering the likely number of 
dropouts and patients from whom necessary data could 
not be obtained, the sample size for this study was deter
mined to be 500 patients.

Based on previous studies using activity monitors, 
a measurement duration of at least 3 days was necessary to 
achieve sufficient reliability for estimation of habitual 
activity28 and assessment of intraclass correlation 
coefficients.29 Therefore, patients with activity monitor 
data of less than 3 days were excluded from the full analysis 
set (FAS). Further analysis was carried out in the activity 
monitor classification (AMC)-FAS population. The AMC- 
FAS population included patients who had ≥3 days of activ
ity monitor data that fulfilled all of the following criteria: (i) 
data for ≥8 hours per day; (ii) data obtained on fine or cloudy 
days (not rainy or snowy days); and (iii) data obtained on 
‘usual’ days based on patient responses (ie, no unusual 
events occurred requiring abnormal activity levels). Daily 
step count (steps/day) was calculated as the mean of step 
counts of each day. The duration of PA was assessed as an 
average daily duration (minutes) of ≥2 or ≥3 METs.9,10

All data were summarized with appropriate descriptive 
statistics. No imputation was made for missing data. Due to 
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the descriptive nature of this study, no adjustment for multi
plicity was planned. Univariate correlations were made 
using Spearman's correlation coefficient and the strength of 
the correlation was interpreted based on the magnitude of 
the correlation coefficient as negligible (≤0.3), weak (>0.3, 
≤0.5), moderate (>0.5, ≤0.7), strong (>0.7, ≤0.9), and very 
strong (>0.9).30 Adjusted means with 95% confidence inter
vals and p-values were summarized for each comparison. 
For activity time and step count, analysis based on a multiple 
regression model was performed in factors including demo
graphic variables. Co-linearity between factors was mea
sured using Cramer’s V (Cramer’s V absolute value ≥0.8 
indicates a high association), and variables with lower 
p-values were discarded. The remaining variables were 
introduced into the multiple regression analysis using the 
forward method with a threshold value of 0.15. The regres
sion coefficients and p-values were calculated according to 
a reference value with a regression coefficient of 0. All 
statistical analyses were performed using SAS® Enterprise 
Guide Analytics 7.1 (SAS Institute Inc., Cary, NC, USA).

Results
Patients
In total, 503 patients were enrolled into the study, of whom 
417 were included in the AMC-FAS (Figure 1). In the 

AMC-FAS, the majority of patients (85.9%) were male; 
the mean age was 73.6 years; and the mean BMI was 
22.4 kg/m2 (Table 1). Most patients had a history of 
smoking (current, 12.0%; former, 83.9%). The mean dura
tion of COPD was 6.2 years. The mean CAT score was 
10.1 and the mean mMRC dyspnea score was 1.1.

Overall, 369 (88.7%) patients had emphysematous 
changes on CT scan (Table 2); of these, 68.9% had mod
erate emphysema and 20.0% had severe emphysema. The 
distribution of patients with Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) stages I, II, III, and IV 
was 29.5%, 43.9%, 23.5%, and 3.1%, respectively. More 
than three-quarters of patients (77.0%) had at least one 
comorbidity, of which the most common were hyperten
sion (39.3%) and asthma (31.4%). Treatments for COPD 
are described in Supplementary Table 2.

Based on responses obtained from the COPD Status 
Survey, almost half of patients (191/417 [45.8%]) lived 
in a detached house with stairs, 116/417 (27.8%) lived in 
a detached house without stairs, and 45/417 (10.8%) and 
65/417 (15.6%), respectively, lived in an apartment with 
or without stairs. We found that almost two-thirds of 
patients (274/417 [65.7%]) were currently unemployed 
and that the majority of patients (350/417 [83.9%]) lived 
with another person. A lack of participation in hobbies 

Figure 1 Patient disposition.
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or community activities was reported by 136/416 
(32.7%) patients. Of those patients who did participate, 
55/416 (13.2%) remained indoors, 106/416 (25.5%) went 
outdoors, and 119/416 (28.6%) reported both indoor and 
outdoor activities. Mean (standard deviation) time 
per day of physical labor/vigorous sport and walking/ 
standing, which roughly corresponded to PA at ≥2 
METs, was 366.7 (221.8) minutes in total.

Primary Outcome
The median (Q1, Q3) and mean (standard deviation [SD]) 
daily step count in the AMC-FAS population were 3440.8 
(1831.3, 5709.3) and 4064.4 (2984.4), respectively 
(Figure 2A). The median (Q1, Q3) and mean (SD) total dura
tion of PA at ≥3 METs were 18.7 (6.5, 41.3) minutes and 28.8 
(29.7) minutes, respectively (Figure 2B). Notably, in more than 
30% of patients, the time spent in PA at ≥3 METs was ≤10 
minutes. The median (Q1, Q3) and mean (SD) total duration of 
PA at ≥2 METs were 186.9 (126.9, 259.2) minutes and 201.2 
(99.1) minutes, respectively (Figure 2C).

Pulmonary function, shortness of breath, and age were 
weakly correlated with PA at ≥3 METs (Supplementary 
Table 3). The correlation between PA at ≥2 METs and all 
items investigated in this study was negligible.

The median (Q1, Q3) total duration of PA at ≥2 METs 
measured using an activity monitor (186.9 [126.9, 259.2] 

minutes) was lower than the median (Q1, Q3) duration of 
patient-reported light-to-moderate activities, which roughly 
corresponded to PA at ≥2 METs (360.0 [180.0, 510.0] min
utes). The relationship between the device-monitored total 
activity time in patients participating in PA at ≥2 METs and 
patient-reported durations of walking/standing and physical 
labor/vigorous sport (activities deemed to be ≥2 METs) is 

Table 1 Patient Demographic Characteristics

Characteristics N AMC-FAS Population

Sex (male), n (%) 417 358 (85.9)
Age (years) 417 73.6 (7.5)

BMI (kg/m2) 417 22.4 (3.4)

Smoking status, n (%) 417

Currently smoke 50 (12.0)
Smoked in the past 350 (83.9)

Never smoked 17 (4.1)

Pack years 400 53.1 (32.0)

Time since COPD onset (years) 412 6.2 (5.2)

Body fat percentage (%) 120 26.9 (6.9)
Lean body mass (kg) 120 43.6 (8.5)

Muscle mass (kg) 120 41.0 (8.2)

FFMI (kg/m2) 120 16.2 (2.0)
CAT score 417 10.1 (6.7)

mMRC dyspnea score 415 1.1 (0.9)

Note: Data are shown as mean (SD) unless otherwise stated. 
Abbreviations: AMC-FAS, activity monitor classification-full analysis set; BMI, 
body mass index; CAT, COPD Assessment Test; COPD, chronic obstructive pul
monary disease; FFMI, fat free mass index; mMRC, modified Medical Research 
Council; SD, standard deviation.

Table 2 Patient Clinical/Laboratory Characteristics

Characteristics N AMC-FAS 
Population

Post-bronchodilator FVC (L) 417 3.13 (0.88)

Post-bronchodilator FEV1 (L) 417 1.70 (0.65)

Post-bronchodilator FEV1/FVC (%) 417 54.1 (12.7)
FEV1 (% predicted) 417 65.8 (21.1)

Inspiratory capacity (L), mean (SD) 

[median]

417 2.17 (0.58) [2.2]

GOLD stage, n (%) 417
I 123 (29.5)

II 183 (43.9)

III 98 (23.5)
IV 13 (3.1)

Presence of emphysema by CT, n (%) 416
No 47 (11.3)

Yes 369 (88.7)

Evaluation of emphysema by CT, n (%) 411

None (0%) 46 (11.2)

Moderate (<50%) 283 (68.9)
Severe (≥50%) 82 (20.0)

Pulmonary diffusing capacity disorder, 
n (%)

414

No 143 (34.5)

Yes 271 (65.5)

Eosinophils ratio (%) 278 3.6 (2.4)

Peripheral eosinophils count (cells/µL) 278 221.4 (156.4)
FeNO measurement (ppb) 225 25.7 (20.3)

At least one complication/comorbidity 417 321 (77.0)
Hypertension 164 (39.3)

Asthma 131 (31.4)

Diabetes 59 (14.1)
Ischemic heart disease 40 (9.6)

Gastroesophageal reflux disease 40 (9.6)

Osteoporosis 15 (3.6)
Heart failure 14 (3.4)

Depression/anxiety 13 (3.1)

Note: Data are shown as mean (SD) unless otherwise stated. 
Abbreviations: AMC-FAS, activity monitor classification-full analysis set; CT, 
computed tomography; FeNO, fractional concentration of exhaled nitric oxide; 
FEV1, forced expired volume in 1 second; FVC, forced vital capacity; GOLD, 
Global Initiative for Chronic Obstructive Lung Disease; SD, standard deviation.
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A

B

C

Figure 2 Daily activity. (A) The frequency of steps for the AMC-FAS population. (B) Activity time for physical activity at ≥3.0 METs. (C) Activity time for physical activity at 
≥2.0 METs. 
Abbreviations: AMC-FAS, activity monitor classification-full analysis set; MET, metabolic equivalent; Q, quartile; SD, standard deviation.
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shown in Figure 3. As indicated, patients tended to over
estimate the time spent in activities requiring ≥2 METs in 
their subjective reports compared with the time measured by 
an activity monitor (366.7 vs 201.2 minutes).

Influence of Patient Characteristics on PA
The relationship between METs and patient characteristics 
was evaluated using univariate and multivariate analyses 
(Supplementary Table 4 and Table 3). While many factors 
were correlated with activities at ≥3.0 METs in the univariate 
analysis, age (≥74 to <79 years, p=0.0060; ≥79 years, 
p<0.0001), GOLD stage (stage III, p=0.0008; stage IV, 
p=0.0019), mMRC dyspnea score (score of 1, p=0.0166; 
score of ≥2, p=0.0001), and employment status (not 
employed, p<0.0001) were found to be correlated in the 

multivariate analysis. Analysis results for activities at ≥2.0 
METs are shown in Supplementary Table 5 and Table 4. Sex, 
GOLD stage, employment status, and living with another 
person were found to be correlated in the multivariate ana
lysis. Univariate and multivariate analysis results for step 
counts are shown in Supplementary Table 6 and Table 5. 
mMRC dyspnea score ≥2 and lack of employment were 
found to be significantly correlated with number of steps 
(both p<0.0001).

Discussion
To our knowledge, this is the first large-scale study to have 
revealed the actual PA status of Japanese patients with COPD 
and to have explored factors affecting PA. Our data demon
strate PA, which is one of the factors most likely to affect the 

Figure 3 Correlations between the total activity time in patients achieving ≥2 METs and patient-reported durations of activities equivalent to ≥2 METs. 
Abbreviations: MET, metabolic equivalent; Q, quartile; SD, standard deviation.
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prognosis of COPD,13–15,31 in a broad population of COPD 
patients enrolled from across Japan. We found notable incon
sistencies between the actual PA durations measured by the 
activity monitor and the activity times reported by patients 
themselves. In addition, regression analyses revealed factors 

that are associated with step counts and with ≥3 METs and ≥2 
METs activities, which we assessed for PA in this study.

The step counts measured in our study were lower 
than those previously reported for healthy elderly indivi
duals in Japan and those reported for COPD patients in 
other countries. Furthermore, although the majority of our 
study population had mild COPD, decreased PA was 
reported. According to statistics collected by the 
Ministry of Health, Labour and Welfare in Japan, the 
mean daily steps reported by male adults aged ≥65 years 
in Japan in 2015 was 5919 steps.32 In our study, the mean 
daily step count by COPD patients was 4064 steps (med
ian 3440.8 steps), which corresponds to around 70% of 
the normal elderly population. Although there are no 
direct comparisons between step counts from Japanese 
and non-Japanese COPD patients in the published litera
ture, our large-scale study indicated that the step count of 
COPD patients in Japan was lower than those reported in 
other countries (Germany [n=170], mean 5882 steps;33 

Switzerland [n=70], mean 5272 steps;34 United States 
[n=171], 5203 steps;35 Netherlands and United Kingdom 
[n=127], mean 4725 steps).36 These differing results may 
be explained by differences in patient characteristics, 
including sex, age, and lung function. Of note, 70% of 
patients in our study were classified as GOLD stage I or 
II; thus, our results also indicate that PA was impaired 
even in patients with a slight decrease in pulmonary 
function.

There is no evidence-based, clear-cut threshold to judge 
PA impairment in Japan. According to the Japanese Ministry 
of Health, Labour and Welfare, the target step count for 
subjects aged ≥65 years is 7000 steps/day in men and 6000 
steps/day in women,37 the target PA is 23 METs·hour/day 
(activities at ≥3 METs) in subjects aged 18–64 years, and 10 
METs·hour/day (regardless of intensity of PA) in subjects 
aged ≥65 years, which corresponds to roughly 40 minutes of 

Table 3 Multivariate Analysis of ≥3.0 METs Activity Time

Factors Coefficient Standard 
Error

p-value

Age (years)

<69 Reference

≥69 to <74 −5.7832 3.7471 0.1235
≥74 to <79 −10.3509 3.7475 0.0060

≥79 −20.0063 3.8480 <0.0001

GOLD stage

I Reference
II −2.6361 3.1200 0.3987

III −12.3668 3.6648 0.0008

IV −24.5367 7.8574 0.0019

mMRC dyspnea score

0 Reference
1 −7.4877 3.1136 0.0166

≥2 −13.9673 3.6019 0.0001

Job status

Employed Reference

Not employed −13.2208 2.8632 <0.0001

Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; 
MET, metabolic equivalent; mMRC, modified Medical Research Council.

Table 4 Multivariate Analysis of ≥2.0 METs Activity Time

Factors Coefficient Standard Error p-value

Sex

Female Reference
Male −41.2201 12.8688 0.0015

GOLD stage
I Reference

II −18.7581 10.3981 0.0720

III −49.6694 12.0910 <0.0001
IV −127.5926 26.0385 <0.0001

Job status
Employed Reference

Not employed −66.3723 9.2198 <0.0001

Live with anybody?

Yes Reference

No −35.0297 12.2164 0.0044

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global 
Initiative for Chronic Obstructive Lung Disease; MET, metabolic equivalent.

Table 5 Multivariate Analysis of Step Counts

Factors Coefficient Standard Error p-value

mMRC dyspnea score

0 Reference

1 −245.7503 330.7548 0.4579

≥2 −1779.8622 365.0076 <0.0001

Job status

Employed Reference

Not employed −1332.3057 295.5853 <0.0001

Abbreviation: mMRC, modified Medical Research Council.
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activity.38 While these target values only apply to the general 
population, they may be useful as reference values in clinical 
practice for the management of patients with COPD.

It has been suggested that activity levels self-reported 
by COPD patients are not always accurate;39 thus, the 
evaluation of PA should not rely only on subjective mea
surements reported by patients. In our study there were 
inconsistencies between the actual PA durations measured 
by the activity monitor (median 186.9 minutes of PA at ≥2 
METs) and the activity times reported by patients them
selves (median 360.0 minutes of light-to-moderate activ
ities), indicating that the duration of light-to-moderate 
intensity activities tends to be overestimated by patients.

In this study, employment status, COPD disease grade, 
and mMRC dyspnea score were found to be associated 
with more than one measure of physical activity. 
Employment status affected step counts, duration of PA 
at ≥2 METs, and duration of PA at ≥3 METs; COPD 
disease grade affected duration of PA at ≥2 METs and 
duration of PA at ≥3 METs; and mMRC dyspnea score 
affected step counts and duration of PA at ≥3 METs. Our 
findings revealed that unemployment has an influence on 
PA as measured by step counts and duration of PA at ≥2 
METs and ≥3 METs. Thus, healthcare professionals must 
take this factor into account when assessing PA, especially 
in patients around the age of retirement, emphasizing the 
importance of maintaining activities of daily life to the 
same level as that during employment. This patient group 
should also be encouraged to seek the support of friends 
and family to improve their PA. The implementation of 
urban walking circuits, through local government initia
tives, has been shown to improve the level of PA among 
COPD patients40 and may be another useful strategy to 
encourage PA among retirees. Previous studies evaluating 
the impact of employment status on PA have been scarce. 
Because employment situation is a factor greatly influ
enced by the country, region, and environment, further 
research on the effects of these social factors on PA is 
required in the future.

In the present study, COPD disease grade is shown to 
be a factor influencing the duration of PA at ≥2 METs 
and ≥3 METs. A previous study reported an association 
between the COPD disease grade and both the duration 
of PA at ≥3 METs and step counts.20 According to 
a Japanese study, the duration of PA at ≥2 METs and 
≥3 METs was significantly correlated with FEV1 and 
forced vital capacity.17 However, current findings add 

to the evidence base by showing an association between 
the COPD disease grade and the duration of PA at ≥2 
METs. Our result indicates that evaluating airflow lim
itation by spirometry in daily practice could identify 
patients who are at risk of reduced PA among COPD 
patients. We also found an association between mMRC 
dyspnea score and both step counts and the duration of 
PA at ≥3 METs, similar to findings reported in previous 
studies.20,41 It has been shown that shortness of breath is 
particularly highly correlated with PA at ≥3 METs.42 

Assessments of mMRC are clinically important not 
only for understanding the severity of dyspnea but also 
for identifying patients who are at risk of reduced PA. 
The purpose of this study was to identify factors that 
affect the number of steps taken and the duration of PA 
at ≥2 METs and ≥3 METs. In multivariate analysis, age 
was not a significant factor affecting the number of steps 
and the duration of PA at ≥2 METs, while it was 
a significant factor for the duration of PA at ≥3 METs.

The results of our study have important implications for 
clinical practice. Although PA is one of the most important 
factors for COPD prognosis, it is difficult to evaluate in 
routine clinical practice. We confirm that subjective measure
ments of PA by patients are not accurate in assessing the level 
of PA; however, unemployment, severe airflow limitation, 
and shortness of breath during physical exertion are shown to 
be risk factors for reduced PA. Therefore, it is recommended 
that healthcare professionals routinely ascertain the employ
ment status, assess the severity of airflow limitation by spiro
metry, and assess dyspnea on exertion using the mMRC 
questionnaire, in order to identify patients who are at risk 
of reduced PA. As currently available pharmacological thera
pies, such as a combination of bronchodilators and inhaled 
corticosteroids, have been proven to improve dyspnea43 and 
lung function,44 it is quite possible that active intervention 
may improve PA in COPD patients.

Our study has some limitations, which must be con
sidered. This was a cross-sectional study in which it is 
difficult to establish whether a factor is a determinant of 
PA or an outcome resulting from different PA status. 
Since only outpatients who were able to measure PA 
using activity monitors for 14 consecutive days were 
included, the results cannot be extrapolated directly to 
patients under different conditions, such as primary care 
patients who make irregular visits, or inpatients. We also 
cannot rule out the effects of selection bias, although we 
made efforts to minimize this possibility via the 
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continuous registration study design. Our study is also 
limited by the cohort effect. Japanese COPD patients are 
characterized by older age and higher proportion of 
males than Western COPD patients.45 Therefore, our 
findings could not be extrapolated to the non-Japanese 
population. Finally, the plan to account for weather by 
excluding data obtained during specific conditions may 
also be viewed as a limitation; as exacerbations are 
a factor of the COPD process, excluding exacerbating 
conditions may have resulted in falsely elevated PA.

Conclusion
The data from our study have enabled us to elucidate the 
real-world status of PA in COPD patients in Japan. Patients 
tend to overestimate their self-reported activity times com
pared with the durations of PA recorded using an activity 
monitor. However, evaluating employment status, COPD 
disease grade, and mMRC dyspnea score in daily practice 
could help identify patients who are at risk of reduced PA.

Abbreviations
AMC-FAS, activity monitor classification-full analysis set; 
BMI, body mass index; CAT, COPD Assessment Test; 
COPD, chronic obstructive pulmonary disease; CT, com
puted tomography; FAS, full analysis set; ICS, inhaled 
corticosteroids; FEV1, included forced expired volume in 
1 second; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; MET, metabolic equivalent; 
mMRC, modified Medical Research Council; PA, physical 
activity.
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