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Background: To improve physical activity (PA) in patients with chronic obstructive pul-
monary disease (COPD), providing a target PA value based on the individual patient’s 
condition may be a useful interventional strategy. However, to determine the target value, 
a predictive PA value for each patient is required.
Research Question: What is the reference equation consisting of PA-related factors to 
determine the predictive PA value for each patient with COPD?
Material and Methods: In this prospective cross-sectional observational study, we mea-
sured the PA with a triaxial accelerometer and several other factors including demographic 
factors, pulmonary function, dyspnea, exercise capacity, muscle strength, nutrition, and 
indicators of several comorbidities in stable Japanese outpatients with COPD aged ≥40 
years old and detected PA-related factors by a multiple regression analysis and stepwise 
method. We created reference equations for four indices of PA using multiple linear regres-
sion equations.
Results: Two hundred and twenty-seven patients were registered. The equations of duration 
at ≥2.0 metabolic equivalents (METs) and step count consisted of 4 factors: 6-minute walk 
distance, modified Medical Research Council dyspnea scale, anxiety score of the Hospital 
Anxiety and Depression Scale, and the forced expiratory volume in 1 second % of predicted 
value. Those of duration at ≥3.0 METs and total activity at ≥3.0 METs consisted of 5 factors: 
the above 4 factors and age or brain natriuretic peptide. There was no fixed bias or 
proportional bias between the measured and predictive values in patients with non-high 
measured PA values.
Conclusion: We determined reference equations for four indicators of PA using PA-related 
factors in Japanese patients with COPD. The predictive values calculated using the equations 
could be useful for deciding target PA values for each patient.
Clinical Trial Registration: UMIN-CTR; No.: UMIN000025459; URL: https://www.umin. 
ac.jp/ctr/index.htm.
Keywords: predictive value, COPD, metabolic equivalents, step count

Plain Language Summary
Study Question: What is the reference equation consisting of physical activity (PA)-related 
factors to determine the predictive PA value for each patient with COPD?

Results: The equations of four indicators of PA were consisted of 6-minute walk distance 
(6MWD), modified Medical Research Council dyspnea scale (mMRC), anxiety score of the 
Hospital Anxiety and Depression Scale (HADS-A), forced expiratory volume in 1 second % 
of predicted value (FEV1 %pred), age, or serum brain natriuretic peptide (BNP). The 
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equations were follows; Duration at ≥2.0 METs (min) = (0.0010 ∙ 
[6MWD] − 0.174 ∙ [mMRC] + 0.055 ∙ [HADS-A] + 0.0083 ∙ 
[FEV1 %pred] + 4.973)3; Duration at ≥3.0 METs (min) = 
(0.0017 ∙ [6MWD] − 0.210 ∙ [mMRC] + 0.037 ∙ [HADS-A] + 
0.0090 ∙ [FEV1 %pred] − 0.015 ∙ [age] + 3.764) 3; Total activity 
at ≥3.0 METs (METs∙h) = (0.00067 ∙ [6MWD] − 0.078 ∙ 
[mMRC] + 0.016 ∙ [HADS-A] + 0.0033 ∙ [FEV1 %pred] − 
0.00067 ∙ [BNP] + 1.0013) 3; Step count (steps) = (0.010 ∙ 
[6MWD] − 0.666 ∙ [mMRC] + 0.155 ∙ [HADS-A] + 0.029 ∙ 
[FEV1 %pred] + 9.843) 3.

Interpretation: The predictive values calculated with these 
equations might be useful for setting the target PA value in 
each patient.

Introduction
Physical activity (PA) is the strongest predictor of mortal-
ity in patients with chronic obstructive pulmonary disease 
(COPD);1 therefore, improving PA is an important issue in 
the management of COPD. The addition of activity coun-
seling showed favorable effects on PA,2 so goal setting 
may be an important factor in counseling. The World 
Health Organization recommends that older adults engage 
in at least 150–300 minutes of moderate-intensity aerobic 
PA or at least 75–150 minutes of vigorous-intensity aero-
bic PA or an equivalent combination of moderate- and 
vigorous-intensity activity throughout the week. They 
should also do muscle-strengthening activities at moderate 
or greater intensity that involve all major muscle groups on 
two or more days a week.3

In patients with COPD, a systematic review demon-
strated the efficacy of providing target values of step 
count for improving PA; however, efficacy was not 
observed in patients with severe COPD or in studies 
with an intervention duration of six months or longer.4 

In most reports, the target values were set at 5%, 20%, 
800 steps, or 400 steps more than the current step 
count.5–8 However, in the report in which 400 steps 
over the current count were required, approximately 
63% of participants did not feel they could comfortably 
reach their given step count goal, and nearly 40% 
believed that their goal was too high. Furthermore, both 
perceptions increased as age increased.9 That is, the 
requirement of a uniformly increased amount of PA that 
does not consider the disease state or comorbidities might 
be too much for patients with COPD to bear, especially 
those with advanced disease. This might prevent patients 
from maintaining their motivation to stay physically 
active for a longer duration. Therefore, it may be 

important to set the target value in consideration of the 
predictive PA value according to the individual patient’s 
condition.

To calculate the predictive PA value of an individual 
patient, we recently developed a simple reference equation 
for the step count in Japanese patients with COPD from 
a retrospective study using demographic factors, pulmonary 
function, and the dyspnea scale.10 However, COPD was 
reported to be associated with many other factors aside from 
the pulmonary function or dyspnea. These factors include the 
exercise capacity,11,12 nutritional disturbance,13,14 diabetes 
mellitus,15–17 anemia,18,19 cardiovascular disease,20,21 muscle 
weakness,22,23 depression,24,25 and anxiety25–27 and may also 
influence PA in COPD.28,29

In the present study, we extracted the PA-related fac-
tors among a pool of factors, including demographic fac-
tors, the pulmonary function, exercise capacity, dyspnea, 
and comorbidities, and created precise reference equations 
for PA in Japanese patients with COPD that reflect the 
patient’s condition using extracted PA-related factors.

Materials and Methods
Subjects
Patients were recruited from 21 institutes belonging to the 
National Hospital Organization of Japan from 
January 2017 to February 2020. Entry criteria were stable 
outpatients with COPD diagnosed based on a post- 
bronchodilator forced expiratory volume in 1 second 
(FEV1)/forced vital capacity (FVC) <0.7 and aged ≥40 
years old. Patients with the following were excluded: 1) 
clinically relevant bronchial asthma, 2) receiving oxygen 
therapy, 3) a history of lung resection, 4) a history of 
exacerbation within three months, 5) PA extremely sup-
pressed by other diseases (including neuromuscular dis-
ease, bone and joint disease, active malignant disease, 
myocardial infarction, etc.), and 6) participation in this 
study deemed inappropriate by the attending physician. 
Written informed consent was obtained from all partici-
pants. This study was approved by National Hospital 
Organization Central Review Board (approval number 
H28-0411001, April 11, 2016) and registered with UMIN- 
CTR (UMIN000025459, January 10, 2017).

Protocol
This was a prospective cross-sectional observational study. 
On day 0 (visit 1), demographic information, post- 
bronchodilator spirometry, grip strength, upper arm 
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circumference, triceps branch subcutaneous fat thickness, 
modified Medical Research Council (mMRC) dyspnea 
score, Hospital Anxiety and Depression Scale (HADS), 
and blood tests were evaluated. Demographic information 
included the age, gender, height, weight, body mass index 
(BMI), smoking history, presence or absence of medica-
tion for COPD, whether or not pulmonary rehabilitation 
was conducted, and presence or absence of comorbidities. 
Blood tests included assessments of red blood cells, hemo-
globin, fasting blood sugar, hemoglobin A1c, albumin, and 
brain natriuretic peptide (BNP). From day 0 to day 14 (up 
to day 28), PA measurement with a triaxial accelerometer 
Active Style Pro HJA-750C® (Omron Healthcare, Kyoto, 
Japan) and diary record were required. A 6-minute walk 
test and adverse event evaluation were performed at day 
14 (or up to day 28) (Visit 2). Four indicators of PA were 
employed: duration of PA at ≥3.0 metabolic equivalents 
(METs), duration of PA at ≥2.0 METs, total activity at 
≥3.0 METs (METs∙h), and step count. Data were registered 
via Electronic Data Capture system, and the management 
and monitoring of the data were carried out by a data 
center of the National Hospital Organization.

Diary and Mean Temperature
Patients were asked to keep a diary every day. The con-
tents of the diary included information about holidays, 
weather, and the details of any unusual activities. The 
mean temperature each day was detected from the records 
at the meteorological station closest to each institute where 
the patients were recruited.

Measurement of PA
Participants wore an accelerometer for 24 h, except when 
bathing or engaged in water-based activities. From the 
obtained 15 days (up to 29 days), we excluded the first and 
last days,30,31 rainy days,30–33 holidays, days with unusual 
activity, and days with a mean temperature of less than 
2.5°C31,33,34 based on the diary contents and temperature 
readings. Of the remaining valid days, the mean value of 
the first 3 days was used as a representative value of the PA of 
each patient.30,35 When the number of valid days was less 
than 3, the patient data were excluded from the analysis.

PA-Related Factors and the Reference 
Equations
First, we extracted the PA-related factors among a pool of 
factors, including demographic factors, the pulmonary 

function, exercise capacity, dyspnea, and comorbidities 
for four indicators of PA. Next, as the frequencies of 
these indicators were not normally distributed, we trans-
formed these indicators to normal distributions, and then 
we created precise reference equations of four transformed 
indicators using the PA-related factors detected by 
a stepwise method. Finally, we created each reference 
equation by reversing the transformations.

Reproducibility of Predictive Values
After the reference equations were created, the relation-
ships between the measured PA values and the predictive 
values calculated using the equations were evaluated, and 
the presence of systematic biases between both data sets 
were evaluated.

Sample Size Determination
In our previous study, the correlation coefficients between 
the duration of physical activity at ≥3.0 METs and FEV1 
% of predicted value (FEV1 %pred) or mMRC score were 
0.500 or −0.313, respectively.12 Assuming a 2-sided α- 
value of 0.05 and β-value of 0.10, the required number 
of patients was 38 for r=0.5 and 113 for r=0.3; assuming 
a 20% dropout rate, the numbers should then be 48 and 
142, respectively. Furthermore, to perform a multiple 
regression analysis, the number of samples per indepen-
dent variable was recommended to be more than 10. 
Assuming 20 among 28 variables were detected as asso-
ciated factors by simple regression analysis and were 
employed for multiple regression analysis, the required 
number of patients was 200, and assuming a 20% dropout 
rate, the number should be 250. Therefore, we set the 
sample size at 250.

Statistical Analyses
Simple and multiple linear regression analyses were used to 
assess the relationships between PA and several factors. The 
D’Agostino & Pearson test was used for the evaluation of 
the normal distribution. Box-Cox transformation was used to 
normalize the distribution. The stepwise method was used 
for the detection of PA-related factors. Spearman correlation 
co-efficient was used for comparisons between the measured 
and predictive PA values and Bland-Altman Plot was used 
for evaluating systematic biases. Calculations were per-
formed using the GraphPad Prism 7 (GraphPad Software, 
San Diego, CA, USA) and IBM SPSS Statistics (IBM Japan, 
Tokyo, Japan) software programs.
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Results
Two hundred and fifty-three patients were recruited, and 
14 were excluded (accelerometer trouble: 6, post- 
bronchodilator FEV1/FVC ≥0.7:3, spirometry performed 
without a bronchodilator: 1, other diseases occurred: 2, 
withdrawal of consent: 1, duplicate registration: 1), so 
239 were enrolled. Among the enrolled patients, 12 were 
excluded because the number of valid days was fewer than 
3. Ultimately, 227 patients were registered for the analysis 
(Figure 1).

The average age was 73.1 years old, and the study 
population included 213 male patients (93.8%) and mild 
to very severe COPD patients with an average FEV1 % 
pred of 49.7%. The duration at ≥3.0 METs was 60.3 ± 36.4 
min, duration at ≥2.0 METs 223.8 ± 93.1 min, total activ-
ity at ≥3.0 METs 3.31 ± 2.12 METs∙h, step count 4350.2 ± 
2845.8 steps (Table 1).

In the simple regression analysis, the age, FEV1/ 
FVC, FEV1 %pred, 6-minute walk distance (6MWD), 
lowest SpO2 during 6-minute walk test, anxiety score 
of HADS (HADS-A), mMRC, and presence of COPD 
treatment were found to be related to all indicators of 
PA, and the gender, height, BMI, IC, FVC % of pre-
dicted value, upper arm circumference, grip strength, 
and BNP were shown to be related to some of the 4 
indicators of PA (Table 2). In the multiple regression 
analysis, the 6MWD, mMRC, and HADS-A 
were related to all 4 indicators, the FEV1 %pred was 
related to the duration at ≥3.0 METs and ≥2.0 METs, 

the age was related to the duration at ≥3.0 METs, and 
the BNP was related to the total activity at ≥3.0 METs 
(Table 3).

Since the frequencies of the PA indicators were not 
normally distributed (Figure S1), we transformed these 
indicators to normal distributions using Box-Cox trans-
formation (λ=0.33) (Figure S2). In the simple regres-
sion analysis for the transformed PA values, the IC, 
FVC % of predicted value, FEV1/FVC, FEV1 %pred, 
6MWD, lowest SpO2 during the 6MWD test, mMRC, 
and presence of COPD treatment were related to all 
indicators of PA. The age, gender, height, BMI, upper 
arm circumference, subcutaneous fat thickness of tri-
ceps brachii, grip strength, BNP, and HADS-A were 
related to some of the 4 indicators of PA (Table S1). 
In the stepwise method, the 6MWD, mMRC, HADS-A, 
and FEV1 %pred was related to all indicators of PA, 
the age was related to the duration at ≥3.0 METs, and 
the BNP was related to the total activity at ≥3.0 METs 
(Table 4).

Finally, the reference equations for four indicators were 
created by the multiple linear regression formula with PA- 
related factors (Figure 2).

The correlations between the measured and predic-
tive PA value were statistically significant in all indi-
cators (≥2.0 METs: r=0.462, p<0.0001; ≥3.0 METs: 
r=0.598, p<0.0001; total activity at ≥3.0 METs: 
r=0.614, p<0.0001; Step: r=0.539, p<0.0001) 
(Figure 3). The 95% coefficient interval of the mean 
difference between the measured and predictive value 
of the duration at ≥2.0 METs was −143.6 to 185.7 min, 
that of the duration at ≥3.0 METs was −54.8 to 64.4 
min, that of the total activity at ≥3.0 METs was −3.08 
to 3.94 METs∙h, and that of the step count was −4239.1 
to 5545.2 steps, which indicated that there was no fixed 
bias in any indicators. The correlation coefficients 
between difference and mean values on Bland-Altman 
Plots were 0.75 in the duration at ≥2.0 METs 
(p<0.001), 0.629 in the duration at ≥3.0 METs 
(p<0.001), 0.700 in the total activity at ≥3.0 METs 
(p<0.001), and 0.730 in the step count (p<0.001), 
which indicated that there were proportional biases in 
all indicators. The measured values were high com-
pared to the predictive values in the patients with 
high measured PA values (Figure 4). However, these 
proportional biases disappeared when the patients 
whose measured values for the duration at ≥2.0 
METs, duration at ≥3.0 METs, total activity at ≥3.0 

Figure 1 Flow diagram. 
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; BD, bronchodilator.
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METs, and step count were <231 min, <87 min, <4.4 
METs∙h, or <5108 steps, respectively, were selected 
(Figure 5).

Discussion
Among demographic factors, the pulmonary function, 
dyspnea, exercise capacity, muscle strength, and 
indices of several comorbidities, all indicators of PA 
were found to be related to the 6MWD, mMRC, 
HADS-A, and FEV1 %pred and partly related to the 
age or BNP level. We were able to create reference 
equations for indicators of PA, including the duration 
at ≥2.0 METs, duration at ≥3.0 METs, total activity at 
≥3.0 METs, and step count, using these PA-related 
factors in Japanese patients with COPD. No fixed 
bias between the measured values and the predictive 
values was not observed in any indicators; however, 
proportional biases were observed in all indicators 
of PA.

We previously developed a simple reference equa-
tion for step count in Japanese patients with COPD 
using the age, IC, and mMRC.10 However, PA in 
COPD can be influenced by many other factors. In 
the current study, we prospectively evaluated the influ-
ences of 28 total factors, as follows: exercise capacity, 
muscle strength, presence of medication for COPD, 
presence of pulmonary rehabilitation, presence of 
comorbidity, and types of comorbidities (eg anemia, 
diabetes mellitus, cardiac dysfunction, malnutrition, 
depression, and anxiety) in addition to demographic 
factors, the pulmonary function, and dyspnea. The 
stepwise method after Box-Cox transformation selected 
four to five PA-related factors for each indicator of PA, 
and more precise reference equations were able to be 
developed using these related factors. The 6MWD, 
mMRC, HADS-A, and FEV1 %pred were the PA- 
related factors for all 4 indicators of PA, and age and 
BNP were those for some indicators.

The relationship between exercise capacity and PA 
has been reported in several studies,11,12,22,36–39 so 
exercise capacity may be an important factor influencing 
PA. Patients with a low exercise capacity can have low 
PA; however, patients with a high exercise capacity do 
not always have high PA. Furthermore, exercise 
capacity can improve with pulmonary rehabilitation, 
but PA does not.40–42 In another report, the exercise 
capacity improved significantly after three months of 
pulmonary rehabilitation, but PA did not, although it 

Table 1 Characteristics

Age (years) 73.1 ± 6.7

Gender [M/F] 213/14

Height (cm) 163.6 ± 6.7

Weight (kg) 60.2 ± 10.2

BMI (kg/m2) 22.5 ± 3.4

Smoking

[non/ex/curr] 5/187/35

(Pack·Year) 64.2 ± 66.5

COPD stage [I/II/III/IV] 54/110/48/15

Treatment [yes/no] 207/21

[LAMA/LABA/ICS/Theo/Muco/Other] 175/154/63/3/22/62

Pulmonary Rehabilitation [yes/no] 15/212

Comorbidity [yes/no] 168/59

Pulmonary function

IC (L) 2.22 ± 0.56

FVC (L) 3.28 ± 0.78

FVC % pred (%) 99.6 ± 19.5

FEV1 (L) 1.64 ± 0.60

FEV1/FVC (%) 49.7 ± 13.2

FEV1% pred (%) 62.7 ± 20.9

mMRC 1.2 ± 0.9

6-minute walk test

Distance (m) 390.0 ± 102.6

Lowest SpO2 (%) 89.2 ± 5.1

Grip strength (kgf) 31.8 ± 7.4

Blood tests

Fasting plasma glucose (mg/dL) 109.1 ± 25.9

Hemoglobin A1c (%) 6.0 ± 0.6

Red blood cells (×104/μL) 473.1 ± 55.0

Hemoglobin (g/dL) 14.7 ± 1.5

Brain Natriuretic Peptide (pg/mL) 36.0 ± 46.1

Albumin (g/dL) 4.2 ± 0.3

Nutrition

Upper arm circumference (cm) 26.8 ± 3.2

Subcutaneous fat thickness of triceps brachii (cm) 1.34 ± 0.76

Anxiety score of HADS 3.3 ± 2.6

Depression score of HADS 4.3 ± 3.1

Physical activity

Duration at ≥3.0 METs (min) 60.3 ± 36.4

Duration at ≥2.0 METs (min) 223.8 ± 93.1

Total activity at ≥3.0 METs (METs∙h) 3.31 ± 2.12

Step count (steps) 4350.2 ± 2845.8

Abbreviations: BMI, body mass index; LAMA, long-acting muscarinic antagonist; 
LABA, long-acting beta 2 adrenergic agonist; ICS, inhaled corticosteroid; Theo, 
theophylline; Muco, mucolytic agent; IC, inspiratory capacity; FVC, forced vital 
capacity; FEV1, forced expiratory volume in one second; %pred, % of predicted 
value; mMRC, modified Medical Research Council; HADS, Hospital Anxiety and 
Depression Scale, METs, metabolic equivalents.
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did improve after six months.43 These results suggest 
that exercise capacity and PA do not always change in 
tandem.

The relationship between dyspnea and PA has also 
been reported in several studies.12,36,37,39,44,45 Dyspnea 
and PA were related as a whole; however, the degree of 

Table 2 Simple Regression Analysis Results

Duration at ≥2.0 
METs

Duration at ≥3.0 
METs

Total Activity at ≥3.0 
METs

Step Count

r p r p r p r p

Age (years) −0.131 0.049 −0.194 0.003 −0.197 0.003 −0.208 0.002
Gender [M/F] −0.157 0.018 −0.073 0.275 −0.064 0.336 −0.002 0.976

Height (cm) −0.149 0.025 −0.039 0.561 −0.031 0.639 0.086 0.195

Weight (kg) 0.010 0.876 0.094 0.160 0.094 0.156 0.056 0.403
BMI (kg/m2) 0.102 0.126 0.134 0.044 0.131 0.049 0.029 0.668

Smoking [non/ex/curr] 0.002 0.980 0.022 0.739 0.029 0.662 −0.039 0.559

Smoking (Pack·Year) −0.085 0.208 −0.006 0.927 −0.004 0.956 0.069 0.308
IC (L) 0.122 0.066 0.210 0.002 0.212 0.001 0.195 0.003

FVC %pred (%) 0.193 0.219 0.248 <0.001 0.245 <0.001 0.247 <0.001

FEV1/FVC 0.303 <0.001 0.311 <0.001 0.306 <0.001 0.236 <0.001
FEV1 %pred (%) 0.335 <0.001 0.370 <0.001 0.365 <0.001 0.315 <0.001

6MWD (m) 0.278 <0.001 0.411 <0.001 0.407 <0.001 0.393 <0.001

Lowest SpO2 during 6-minute walk test (%) 0.154 0.021 0.196 0.003 0.198 0.003 0.176 0.008
Upper arm circumference (cm) 0.134 0.044 0.155 0.019 0.157 0.018 0.104 0.117

Subcutaneous fat thickness of triceps brachii (cm) −0.017 0.796 −0.058 0.381 −0.057 0.390 −0.130 0.051

Grip strength (kgf) 0.116 0.081 0.136 0.041 0.128 0.054 0.150 0.024
Fasting plasma glucose (mg/dL) −0.037 0.575 0.058 0.385 0.076 0.253 0.004 0.958

Hemoglobin A1c (%) −0.042 0.531 0.016 0.806 0.037 0.579 −0.014 0.839

Red blood cells (×104/mL) −0.048 0.474 −0.059 0.377 −0.054 0.420 −0.059 0.379
Hemoglobin (g/dL) −0.097 0.146 −0.063 0.343 −0.060 0.371 −0.051 0.443

Brain Natriuretic Peptide (pg/mL) −0.065 0.330 −0.148 0.026 −0.152 0.022 −0.049 0.467

Albumin (g/dL) 0.117 0.078 0.122 0.066 0.124 0.062 0.112 0.094
Anxiety score of HADS 0.163 0.014 0.142 0.033 0.148 0.026 0.156 0.019

Depression score of HADS −0.039 0.563 −0.042 0.533 −0.039 0.557 −0.017 0.796
mMRC −0.314 <0.001 −0.392 <0.001 −0.377 <0.001 −0.323 <0.001

Treatment [yes/no] −0.164 0.014 −0.212 0.001 −0.205 0.002 −0.216 0.001

Rehabilitation [yes/no] −0.125 0.060 −0.091 0.173 −0.096 0.150 0.031 0.647
Comorbidity [yes/no] −0.002 0.980 0.022 0.739 0.029 0.662 −0.003 0.967

Abbreviations: BMI, body mass index; LAMA, long-acting muscarinic antagonist; LABA, long-acting beta 2 adrenergic agonist; ICS, inhaled corticosteroid; Theo, 
theophylline; Muco, mucolytic agent; IC, inspiratory capacity; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; %pred, % of predicted value; 
6MWD, 6-minute walk distance; HADS, Hospital Anxiety and Depression Scale; mMRC, modified Medical Research Council, METs, metabolic equivalents.

Table 3 Multiple Regression Analysis Results

Duration at ≥2.0 METs Duration at ≥3.0 METs Total Activity at ≥3.0 METs Step Count

β p β p β p β p

6MWD 0.187 0.010 0.241 0.001 0.250 0.001 0.299 <0.001
mMRC −0.210 0.005 −0.239 0.001 −0.211 0.005 −0.153 0.043

HADS-A 0.148 0.019 0.119 0.047 0.142 0.020 0.156 0.012

FEV1 %pred 0.171 0.028 0.766 0.047 – – – –
Age – – −0.190 0.008 – – – –

BNP – – – – −0.142 0.018 – –

Abbreviations: METs, metabolic equivalents; 6MWD, 6-minute walking distance; mMRC, modified Medical Research Council; HADS-A, anxiety score of Hospital Anxiety 
and Depression Scale; FEV1 %pred, forced expiratory volume in 1 second % of predicted value; BNP, brain natriuretic peptide.

https://doi.org/10.2147/COPD.S336670                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2021:16 3046

Minakata et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


mMRC in patients was widely distributed, even in patients 
with similar PA values.44

The relationship between the FEV1 %pred and PA has 
been reported in several studies,11,22,36,37,46 although it is 
very modest.22 The correlation coefficient between 
the FEV1 %pred and PA was lower than that between 
the exercise capacity and PA in several reports.22,36,37 On 
the contrary, in a systematic review with a meta-regression 
analysis, only the FEV1 %pred was a PA-related factor, 
though the majority of adopted studies had a small number 
of patients less than 90 and a mean FEV1 %pred below 
50%.46 In the current study, both FEV1 %pred and exer-
cise capacity were detected as PA-related factors with 
larger number of patients (n=227) and relatively higher 
FEV1% pred (62.7%).

HADS-A was selected as a PA-related factor of PA. 
Unexpectedly, a higher risk of anxiety was shown to be 
related to a higher level of PA in the current study. Several 
studies found no relationship between anxiety and PA in 
the patient cohort with relatively higher score of HADS- 
A.47,48 However, Nguyen et al reported that increased 

anxiety was associated with higher levels of PA in patients 
with COPD with relatively low score of HADS-A (5.5 
±4.1),49 which was compatible with our results. In the 
current study, patients had relatively low level of anxiety 
with a mean HADS-A of 3.3±2.6, and the results were 
similar to those of Nguyen’s report. Further study is 
required to clarify the effect of anxiety on PA in COPD.

In addition to the 6MWD, mMRC, HADS-A, and 
FEV1 %pred, age was related to the duration of PA at 
≥3.0 METs, and BNP was related to the total activity at 
≥3.0 METs. Generally, PA is expected to decrease with 
age, and the relationship between age and PA in patients 
with COPD has been reported.38,50 In the current study, 
age was related to the duration of PA at ≥3.0 METs but 
not with the duration at a lower level of PA or with the 
step count. The step count as an indicator does not 
include the factor of intensity and it is counted as the 
same number of steps regardless of the walking speed. 
Kawagoshi et al reported that age is correlated with 
a fast-walking pace (≥2 km/h) but not with a slow- 
walking pace (<2 km/h).38 Luzak et al reported that the 

Table 4 Factors Detected by the Stepwise Method

Duration at ≥2.0 METs Duration at ≥3.0 METs Total Activity at ≥3.0 METs Step Count

β p β p β p β p

6MWD 0.139 0.044 0.221 0.001 0.240 <0.001 0.295 <0.001

mMRC −0.199 0.007 −0.256 <0.001 −0.240 <0.001 −0.180 0.011
HADS-A 0.178 0.004 0.127 0.026 0.141 0.013 0.119 0.047

FEV1 %pred 0.213 0.002 0.245 <0.001 0.242 <0.001 0.175 0.008

Age – – −0.132 0.020 – – – –
BNP – – – – −0.127 0.022 – –

Abbreviations: METs, metabolic equivalents; 6MWD, 6-minute walking distance; mMRC, modified Medical Research Council; HADS-A, anxiety score of Hospital Anxiety 
and Depression Scale; FEV1 %pred, forced expiratory volume in 1 second % of predicted value; BNP, brain natriuretic peptide.

Figure 2 Reference equations of physical activity. METs, metabolic equivalents. Units: Duration at ≥2.0 METs (min), Duration at ≥3.0 METs (min), Total activity at ≥3.0 METs 
(METs∙h), Step count (steps), 6MWD (m), mMRC (point), HADS-A (point), FEV1 %pred (%), age (years old), BNP (pg/mL).
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time per day of moderate-to-vigorous PA in patients over 
61 years old was significantly shorter than in those under 
55 years old, while the time per day of light PA was not 
markedly different between those age groups.50 These 
findings were compatible with our own, suggesting that 
age might influence the indicators of relatively high- 
intensity PA.

Cardiovascular disease is more common in patients 
with COPD than in those without it,20,21,51 and the BNP 
level in heart failure patients is correlated with their PA.52 

Watz et al reported that BNP was correlated with the PA 
level (total daily energy expenditure divided by whole- 
night sleeping energy expenditure) and step count in 
patients with COPD.51 BNP was correlated with the total 
activity at ≥3.0 METs but not with the duration of PA or 
step count in the current study. BNP might affect indica-
tors of PA, including factors of both the intensity and 
duration. Further studies will be required to clarify the 

meanings of indicators of PA reflecting the cardiac 
function.

In our previous report, which demonstrated a simple 
reference equation for step count, the age, IC, and mMRC 
were extracted as PA-related factors of the step count;10 

however, the 6MWD, HADS-A, FEV1 %pred, and mMRC 
were extracted in the current study. IC was not extracted as 
a PA-related factor, although it was reported to be more 
closely related to PA than FEV1.53 IC showed multicolli-
nearity with the 6MWD, which was not used in the pre-
vious analysis as an independent variable (r=0.270, 
p<0.001), and with FEV1 %pred (r=0.458, p<0.001), 
which suggests that using both the 6MWD and FEV1 % 
pred may help predict the step count more precisely than 
the IC. Alternatively, the prospective nature of the present 
study and retrospective nature of the previous study might 
have resulted in the extraction of different PA-related 
factors.

Figure 3 Relationships between the measured and predictive values. (A) duration at ≥2.0 METs; r=0.462, P<0.0001, (B) duration at ≥3.0 METs; r=0.598, P<0.0001, (C) total 
activity at ≥3.0 METs; r=0.614, P<0.0001, (D) Step count; r=0.539, P<0.0001. 
Abbreviation: METs, metabolic equivalents.
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There were proportional biases between measured 
and predictive PA values in all indicators, and the mea-
sured values were higher than the predictive values in 
the patients with high measured values. This implied 
that there were some patients who could already main-
tain a relatively high level of PA and did not need 
further improvement of PA. After excluding the patients 
whose measured PA values were already high, propor-
tional biases disappeared in all indicators of PA. This 
suggests that these equations may be particularly useful 
for patients with a low PA who need to improve their 
values.

The newly developed reference equations could make 
it possible to calculate a predictive value of PA that 
reflects each patient’s condition. While it will be necessary 
to develop a detailed method of setting target values as the 
next step, we could determine an executable target value 
of PA for each patient based on the current and predictive 

values. In the previous reports in which target values of PA 
were provided to the patients with COPD, the target values 
were set based on the current values but not on the indi-
vidual predictive values,5–8 resulting in that the effect of 
providing a target on PA could not be maintained for more 
than 6 months.4 The target values based on current and 
predictive values of PA could become a realistic, practical, 
and sustainable one to improve PA for each patient; there-
fore, we may be able to develop precision medicine based 
on PA for patients with COPD.

Several limitations associated with the present study 
warrant mention. First, socio-environmental conditions 
were not included as independent variables. Having a job,54 

living with an active housemate,55 walking a dog, and 
grandparenting56 are related to increased amounts and inten-
sities of PA. Evaluating the influence of socio-environmental 
conditions will be required in future studies. Second, the 
recruited patients were all Japanese, so the newly developed 

Figure 4 Bland-Altman Plots. (A) duration at ≥2.0 METs, (B) duration at ≥3.0 METs, (C) total activity at ≥3.0 METs, (D) Step count. 
Abbreviation: METs, metabolic equivalents.
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equations can only be reasonably applied to Japanese 
patients with COPD. Developing such equations of PA in 
each country might be required. Third, most of the recruited 
patients were male (93.8%). While gender was not selected 
as a PA-related factor for PA, this might not be conclusive. 
Ichinose et al reported that gender was related to the duration 
at ≥2.0 METs in Japanese patients with COPD, although the 
coexistence of bronchial asthma was not always excluded in 
the study.54 A further study with an increased number of 
female patients is required.

Conclusions
Using the PA-related factors of the 6MWD, mMRC, 
HADS-A, FEV1 %pred, and partly age or BNP, we were 
able to create reference equations of four indicators of PA 
in Japanese patients with COPD. The predictive values 

calculated with these equations might be useful for setting 
the target PA value in each patient.

Abbreviations
6MWD, 6-minute walk distance; COPD, chronic obstruc-
tive pulmonary disease; FEV1, forced expiratory volume 
in 1 second; FEV1 %pred, forced expiratory volume in 
1 second % of predicted value; FVC, forced vital capacity; 
HADS, Hospital Anxiety and Depression Scale; HADS-A, 
anxiety score of Hospital Anxiety and Depression Scale; 
METs, metabolic equivalents; mMRC, modified Medical 
Research Council; PA, physical activity.

Data Sharing Statement
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Figure 5 Bland-Altman Plots after excluding highly active patients. (A) duration at ≥2.0 METs (patients with <231 minutes of measured value), (B) duration at ≥3.0 METs 
(patients with <87 minutes of measured value), (C) total activity at ≥3.0 METs (patients with <4.4 METs∙h of measured value), (D) Step count (patients with <5108 steps of 
measured value). 
Abbreviation: METs, metabolic equivalents.
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