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Purpose: To identify associated factors of having at least one of the airflow limitation, 
chronic cough/phlegm, and currently treated respiratory diseases in health examinees, and to 
describe the characteristics of each subgroup classified by comorbidities.
Subjects and Methods: This was an observational cross-sectional survey carried out in 
multiple regions of Japan. Subjects aged 40 years older, undergoing comprehensive 
health examination, were recruited. Airflow limitation was defined as having forced 
expiratory volume in 1 s/forced vital capacity lower than 70%. Associated factors 
of having at least one of the airflow limitation, chronic cough/phlegm, and 
currently treated respiratory diseases were examined by logistic regression analysis. 
Subgroup classification by comorbidity patterns was conducted by hierarchical cluster 
analysis.
Results: In a total of 22,293 subjects, 1520 (6.8%) had at least one of the airflow limitation, 
chronic cough/phlegm, and currently treated respiratory diseases. With this objective vari-
able, the following explanatory variables were significantly associated: older age, higher total 
score in the chronic obstructive pulmonary disease assessment test (CAT) and coexistence of 
lung cancer (common in ever-smokers and never-smokers), higher pack-years, lower body 
mass index, higher C-reactive protein, without coexistence of diabetes mellitus (specific in 
ever-smokers), male sex, coexistence of anxiety, and sleep disorder (specific in never- 
smokers). Among the 1520 subjects, 1512 subjects with smoking history data were classified 
by comorbidity patterns into subgroups of “no comorbidities,” “mixed comorbidities,” 
“inflammatory comorbidities,” “overweight,” “underweight,” and “chronic kidney disease.” 
“Inflammatory comorbidities” were specific in ever-smokers, and “underweight” was specific 
in never-smokers.
Conclusion: Several factors were identified as associated factors of having at least one 
of airflow limitation, chronic cough/phlegm, and currently treated respiratory diseases 
and they were different between ever-smokers and never-smokers. Different comorbidity 
patterns were observed by smoking history. These findings could provide information to 
assist the management of subjects with COPD or at risk for COPD in the general 
population.
Keywords: spirometry, lung function, general population, health checkup, cluster analysis, 
clinical characteristics
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Introduction
This is the follow-up report of the study SCOPE-J (Survey of 
Chronic Obstructive pulmonary disease Patients 
Epidemiology in Japan). In the previous reports, we demon-
strated the prevalence and characteristics of airflow limita-
tion and chronic cough/phlegm among subjects undergoing 
comprehensive health examination.1,2 Comprehensive health 
examination in Japan includes spirometry testing and pro-
vides an opportunity for collecting spirometry data along 
with other clinical characteristics within the general popula-
tion. Typically, subjects undergoing comprehensive health 
examination are company employees and non-employee 
community residents.

In this study, subjects with COPD or at risk for COPD 
in the general population were identified by spirometry 
data and self-administered questionnaire responses in com-
prehensive health examination settings. In addition to sub-
jects with airflow limitation, those with chronic cough/ 
phlegm or under treatment for respiratory diseases were 
considered at risk for COPD. The objectives of this study 
were examining associated factors for such conditions and 
identifying clusters of comorbidities among such subjects, 
by aiming for providing information to assist the manage-
ment of subjects with COPD or at risk for COPD in the 
general population.

The major risk factor for chronic obstructive pulmon-
ary disease (COPD) is smoking history, but COPD also 
occurs among never-smokers. The proportion of never- 
smokers among COPD patients has been reported to be 
approximately 25–45% in developed and developing 
countries.3 In our survey, SCOPE-J, 31% of subjects 
with airflow limitation were never-smokers.1 Since asso-
ciated factors of airflow limitation among never-smokers 
could be different from those among ever-smokers,3,4 in 
the present study, we analyzed factors associated with 
having at least one of airflow limitation, chronic cough/ 
phlegm, and respiratory diseases stratified by smoking 
history.

A wide range of comorbidities have been associated with 
COPD, including cardiovascular disease, hypertension, 
metabolic syndrome, diabetes, osteoporosis, musculoskeletal 
diseases, lung cancer, anxiety, and depression.5–8 

Additionally, the impacts of comorbid conditions on the 
clinical and economic burdens of COPD have been reported.-
9–12 Systemic inflammation, as well as aging and smoking, 
contribute to the development of many COPD-related 
comorbidities.13 Recent studies classified COPD patients 

into subgroups, based on the clustering of comorbidities, 
and examined the characteristics of the subgroups.14,15 Yet, 
this approach has been conducted only among COPD 
patients and has not been reported among subjects with 
COPD or at risk for COPD in the general population.

Subjects and Methods
Study Design and Participants
The study SCOPE-J was a prospective, multicenter, cross- 
sectional, observational study. Fourteen sites participated 
from the following regions in Japan: five in Kanto, one in 
Chubu, two in Kinki, three in Chugoku/Shikoku, and three 
in Kyushu. Subjects were recruited between December 
2012 and August 2013. The following parameters were 
investigated in health examinees aged 40 years and older: 
age; sex; height; weight; smoking history; spirometry find-
ings; blood pressure; white blood cell count; levels of high 
sensitivity C-reactive protein (CRP); lipids, fasting blood 
glucose, hemoglobin A1c (HbA1c), and creatinine; symp-
toms of cough/phlegm, history and current treatment status 
for respiratory diseases (chronic bronchitis, pulmonary 
emphysema, COPD, bronchial asthma, diffuse panbronch-
iolitis, bronchiectasis, pneumonia, pulmonary tuberculosis, 
pulmonary fibrosis, lung abscess, and pneumoconiosis); 
comorbidities (myocardial infarction, angina pectoris, cer-
ebrovascular diseases, osteoporosis, fracture, depression, 
anxiety disorder, sleep disorder, diabetes mellitus, and 
lung cancer); and CAT findings.16

The CAT was originally developed with the aim of 
developing a better understanding among both COPD 
patients and physicians in daily clinical practice on how 
the condition of the disease was affecting the health and 
daily living of the patients. Additionally for research pur-
poses, the CAT has also been used in evaluating the health 
status and respiratory symptoms of a wider population 
including the general population17 and healthy working 
population.18 In our study, we asked all the participants 
regardless of having COPD to fill out the CAT question-
naire to evaluate respiratory symptoms and health status.

This study was conducted in accordance with the 
Declaration of Helsinki and the Ethical Guidelines for 
Epidemiological Research (partially revised on December 
1, 2008 by the Ministry of Education, Culture, Sports, 
Science and Technology and the Ministry of Health, 
Labour and Welfare in Japan), with the approval of the 
Ethics Committee of the Faculty of Life Sciences, 
Kumamoto University (Number 575). The health 

Omori et al                                                                                                                                                           Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                            

International Journal of Chronic Obstructive Pulmonary Disease 2020:15 3040

http://www.dovepress.com
http://www.dovepress.com


examinees that participated in the study provided written 
informed consent.

Procedures
Spirometer quality control and calibration followed pre-
viously published recommendations.19 All participating 
sites in this study were members of the Japan Society of 
Ningen Dock (ie the Japanese language of comprehensive 
health examination) and routinely performed standardized, 
high-quality spirometry. The airway reversibility test by 
bronchodilator inhalation was not carried out, because the 
objective of health examination was screening and not 
diagnosis.

Airflow limitation was defined as FEV1/FVC ([forced 
expiratory volume in 1 s]/[forced vital capacity]) lower 
than 70%. The predictive value of lung function was 
calculated using the following predictive equation (male: 
FEV1 [L] = 0.036 × height [cm] - 0.028 × age - 1.178; 
FVC [L] = 0.042 × height [cm] - 0.024 × age - 1.785; 
female: FEV1 [L] = 0.022 × height [cm] - 0.022 × age - 
0.005; FVC [L] = 0.031 × height [cm] - 0.019 × age - 
1.105) reported by the Japanese Respiratory Society.20

Smoking history, chronic symptoms of cough/phlegm, 
diagnosis history, and current treatment of respiratory dis-
eases and comorbidities were evaluated by a self-adminis-
tered questionnaire.

Both past and current smokers were included in the 
ever-smokers group when classified by the smoking status. 
Regardless of the pack-years, when subjects answered that 
they were smoking or had smoked regularly, we regarded 
them as “ever-smokers.”

Chronic cough/phlegm was defined as cough and 
phlegm lasting more than 3 months in a year and for 
more than 2 years.21

Criteria for comorbidities were as follows according to 
those reported by the Japan Society of Ningen Dock: 
overweight, body mass index (BMI) ≥25 kg/m2; under-
weight BMI <18.5 kg/m2; inflammation, CRP > 0.3 mg/dL 
or white blood cell count >8500/μL; chronic kidney dis-
ease (CKD), estimated glomerular filtration rate (eGFR) 
<60 mL/min/1.73 m2.22 The eGFR was calculated using 
the estimation equation reported by the Japanese Society 
of Nephrology: eGFR (mL/min/1.73 m2) = 194 × serum 
creatinine (Cr)−1.094 × age−0.287 for male and 194 × 
Cr−1.094 × age−0.287 × 0.739 for female.23 A comorbidity 
was defined to be present if the subject had any treatment 
for the particular comorbidity at the time of health exam-
ination. Information on current treatment status for 

respiratory diseases and comorbidities was collected from 
subjects using questionnaires. Lung cancer comorbidity 
was considered to be present if a subject had a history of 
lung cancer, regardless of undergoing treatment at the time 
of health examination.

Statistical Analysis
We used logistic regression analysis (fixed adjusted model) 
to examine associations between having at least one of the 
airflow limitation, chronic cough/phlegm, and currently 
treated respiratory diseases (described in the section 
“Study design and participants”) and potential associated 
factors. Potential associated factors included age, sex, 
pack-years, BMI, CRP, CAT score, myocardial infarction, 
angina pectoris, cerebrovascular disease, osteoporosis, 
fracture, depression, anxiety disorder, sleep disorder, dia-
betes, and lung cancer. In calculating adjusted odds ratios 
of age, sex, pack-years, BMI, CRP, and CAT score, we 
used fixed adjusted models with these six explanatory 
variables (5 variables for never-smokers, after excluding 
pack-years). Adjusted odds ratios for comorbidities were 
additionally calculated by applying age, sex, pack-years, 
and BMI as explanatory variables (excluding pack-years 
for never-smokers).

In the analysis of association with diabetes, post hoc 
analyses were performed using other objective variables as 
follows: either %FEV1 <80%, chronic cough/phlegm, or 
respiratory disease treatment; and either %FVC < 80%, 
chronic cough/phlegm, or respiratory disease treatment.

Subtyping of the following comorbidities was per-
formed by hierarchical cluster analysis (Ward’s method) 
as post hoc analysis and stratified by smoking history: 
overweight, underweight, inflammation, CKD, myocardial 
infarction, angina pectoris, cerebrovascular disease, osteo-
porosis, fracture, depression, anxiety disorder, sleep dis-
order, diabetes mellitus, and lung cancer. Cluster analysis 
was used to construct an informative classification of an 
initially unclassified set of data and clusters were con-
structed so that individuals within clusters were similar 
and different from individuals in other clusters.24 Subject 
background, lung function (FEV1/FVC, %FEV1, %FVC), 
and CAT score were compared between groups classified 
by cluster analysis. Differences between the two groups 
were examined by the chi-square test for categorical data. 
The measuring data were calculated as the mean and 
standard deviation (SD), and the Kruskal–Wallis test was 
performed after checking normality. For variables with 
significant differences between any groups, a subtest was 
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performed to ascertain which clusters differed from which 
clusters by comparison among multiple clusters. Further 
analyses were performed to obtain adjusted p-values by 
the Benjamini & Hochberg method for categorical data. 
Multiple comparison analyses were performed by the 
Steel-Dwass method for measuring data. Statistical ana-
lyses were performed using R version 2.15.2 (R 
Foundation for Statistical Computing, Vienna, Austria).

Results
A total of 22,293 subjects were enrolled in this study. Of 
these, 62.9% were male, mean (SD) age was 54.6 (9.6) 
years, 19.3% were current smokers, 30.2% were past smo-
kers, and 50.5% were never-smokers (Table 1). There were 
962 (4.3%) subjects with airflow limitation.1 Three-hun-
dred eighty (1.7%) subjects had chronic cough/phlegm 
(including those who had received current treatment for 
chronic bronchitis)2 and 400 (1.8%) subjects had received 
current treatment for respiratory diseases listed in the 
“Study design and participants” section. A total of 1520 
(6.8%) subjects had at least one of the airflow limitation, 
chronic cough/phlegm, and currently treated respiratory 
diseases. The breakdown of the 1520 subjects by smoking 
history and sex was 987 ever-smokers (905 males, 82 
females), 525 never-smokers (250 males, 275 females), 
and 8 subjects with unknown smoking history.

The backgrounds of the subjects according to the pre-
sence or absence of airflow limitation, chronic cough/ 
phlegm, or respiratory diseases are as listed in Table 1. 
In the multivariate logistic regression analysis, the follow-
ing explanatory variables were significantly associated 
with having at least one of airflow limitation, chronic 
cough/phlegm, and currently treated respiratory diseases: 
older age, higher total CAT score, and coexistence of lung 
cancer (common in ever-smokers and never-smokers), 
higher pack-years, lower BMI, higher CRP, and without 
coexistence of diabetes mellitus (specific in ever-smokers), 
male sex, coexistence of anxiety, and sleep disorder (spe-
cific in never-smokers) (Table 2). Coexistence of diabetes 
was negatively associated in both total subjects and ever- 
smokers, but when additional analyses were performed by 
changing the objective variable from airflow limitation to 
%FEV1 <80%, it was positively associated in total sub-
jects. However, no association was detected in ever-smo-
kers or never-smokers (Table 3A). By changing the 
objective variable from airflow limitation to %FVC < 
80%, coexistence of diabetes was positively associated in 

the total subjects and never-smokers, and no association 
was observed in ever-smokers (Table 3B).

A cluster analysis using comorbidities was performed 
in 1512 subjects with smoking history data who had at 
least one of the airflow limitation, chronic cough/phlegm, 
and currently treated respiratory diseases. Each cluster was 
defined by the presence or absence of comorbidities as 
follows: In ever-smokers (n = 987), cluster SN (smokers/ 
no comorbidities, n = 500), SO (smokers/overweight, 
n=130), SC (smokers/CKD, n = 110), SI (smokers/inflam-
mation, n=83) and SM (smokers/mixed, n = 164) were 
identified. In never-smokers (n=525), cluster NN (never- 
smokers/no comorbidities, n = 249), NC (never-smokers/ 
CKD, n = 57), NO (never-smokers/overweight, n = 56), 
NU (never-smokers/underweight, n = 29) and NM (never- 
smokers/mixed, n = 134) were identified. The results of 
hierarchical-clustering are presented in dendrograms 
(Figure 1) by excluding the clusters with no comorbidities 
in ever-smokers (SN) and never-smokers (NN).

Figure 2 shows the prevalence of each comorbidity in 
each cluster in ever-smokers and never-smokers. The clus-
ter SO included those who were overweight only, SC 
included those with CKD among whom 33.6% were over-
weight, SI included those with inflammation among whom 
34.9% were overweight, and SM included those with a 
mixture of comorbidities. The major comorbidities in the 
SM cluster were diabetes (30.5%), CKD (28.0%), under-
weight (23.8%), overweight (21.3%), and inflammation 
(21.3%). The cluster NC included those with CKD, NO 
included those who were overweight, NU included those 
who were underweight of which 10.3% had osteoporosis, 
and NM included those with a mixture of comorbidities. 
The major comorbidities in the NM cluster were over-
weight (37.3%), inflammation (32.8%), CKD (29.9%), 
diabetes (21.6%), and sleep disorder (15.7%).

Demographics and clinical characteristics of each cluster 
are presented in Table 4A-B. Significant differences between 
clusters were found in age, BMI, CRP, FEV1/FVC, %FEV1, 
%FVC, and CAT scores among ever-smokers (Table 4A), 
and in sex, age, BMI, CRP, %FVC, and CAT scores among 
never-smokers (Table 4B). Statistical differences between 
the clusters are shown in Supplementary Table 1 and 
Supplementary Table 2. Among ever-smokers, the “CKD” 
cluster was older, the “overweight” cluster had higher BMI 
and higher FEV1/FVC, and the “inflammation” cluster had 
higher CRP, compared to the other four clusters 
(Supplementary Table 1). In never-smokers, the “under-
weight” cluster had a higher proportion of females, the 
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“overweight” cluster had higher BMI, and the “mixed” clus-
ter had higher CRP, compared to the other four clusters 
(Supplementary Table 2).

Discussion
In the present study, several factors were identified as 
associated factors of having at least one of the airflow 

limitation, chronic cough/phlegm and currently treated 
respiratory diseases and they differed between ever-smo-
kers and never-smokers. Higher pack-years, lower BMI, 
and higher CRP, without coexistence of diabetes, were 
associated factors specific in ever-smokers, whereas male 
sex, coexistence of anxiety, and sleep disorder were spe-
cific in never-smokers. These findings could provide 

Table 1 Subject Characteristics by Presence or Absence of Airflow Limitation, Chronic Cough/Phlegm or Currently Treated 
Respiratory Diseases

Variable Total Having At least One of Airflow 
Limitation, Chronic Cough/ 
Phlegm, and Currently Treated 
Respiratory Diseases

Having Neither Airflow 
Limitation, Chronic Cough/ 
Phlegm, nor Currently Treated 
Respiratory Diseases

N = 22,293 n = 1520 n = 20,773

Age (years) 54.6 ± 9.6 60.0 ± 10.7 54.3 ± 9.4

Sex Male 14,013 (62.9) 1162 (76.4) 12,851 (61.9)

Female 8280 (37.1) 358 (23.6) 7922 (38.1)

BMI (kg/m2) 23.0 ± 3.3 23.0 ± 3.2 23.0 ± 3.3

Smoking history None 11,212 (50.5) 525 (34.7) 10,687 (51.7)

Past 6696 (30.2) 570 (37.7) 6126 (29.6)

Current 4285 (19.3) 417 (27.6) 3868 (18.7)
Missing data 100 8 92

Pack-years 11.2 ± 17.6 20.0 ± 22.1 10.6 ± 17.0
FEV1 (L) 2.82 ± 0.68 2.41 ± 0.68 2.84 ± 0.67

%FEV1 (%) 96.0 ± 14.4 82.6 ± 17.0 97.0 ± 13.7

FEV1/FVC (%) 81.0 ± 6.3 70.1 ± 9.4 81.8 ± 5.2
FVC (L) 3.48 ± 0.82 3.44 ± 0.86 3.49 ± 0.82

%FVC (%) 99.2 ± 13.6 97.4 ± 16.2 99.3 ± 13.4

WBC (/μL) 5385 ± 1,762 5683 ± 1588 5364 ± 1772
CRP (mg/dL) 0.11 ± 0.31 0.15 ± 0.40 0.11 ± 0.31

HbA1c (%) 5.65 ± 0.62 5.75 ± 0.67 5.65 ± 0.61
eGFR (mL/min/1.73m2) 73.8 ± 13.0 72.1 ± 13.6 73.9 ± 12.9

CAT score 6.5 ± 4.9 9.0 ± 6.4 6.3 ± 4.7

Comorbidity
Myocardial infarction 80 (0.4) 10 (0.7) 70 (0.3)

Angina pectoris 188 (0.8) 23 (1.5) 165 (0.8)

Cerebrovascular disease 141 (0.6) 13 (0.9) 128 (0.6)
Osteoporosis 234 (1.0) 25 (1.6) 209 (1.0)

Fracture 48 (0.2) 6 (0.4) 42 (0.2)

Depression 233 (1.0) 14 (0.9) 219 (1.1)
Anxiety disorder 180 (0.8) 18 (1.2) 162 (0.8)

Sleep disorder 428 (1.9) 49 (3.2) 379 (1.8)

Diabetes mellitus 1,131 (5.1) 80 (5.3) 1,051 (5.1)
Lung cancer 59 (0.3) 14 (0.9) 45 (0.2)

Notes: Data are shown as numbers (%) or mean ± SD. Among the 22,293 subjects, 100 had no smoking data. Each comorbidity was defined as the number of examinees 
under treatment at the time of examination except for lung cancer. For lung cancer, it was defined as the number of diagnosed examinees, regardless of whether they were 
under treatment at the time of examination. 
Abbreviations: BMI, body mass index; CAT, chronic obstructive pulmonary disease assessment test; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; 
FEV1, forced expiratory volume in 1 s; %FEV1, percent predicted FEV1; FVC, forced vital capacity; %FVC, percent predicted FVC; HbA1c, hemoglobin A1c; SD, standard 
deviation; WBC, white blood cell.
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information to assist the management of subjects with 
COPD or at risk for COPD in the general population.

In the total study population, older age, male sex, lower 
BMI, higher CRP, higher CAT score, coexistence of anxiety, 
sleep disorder or lung cancer, and without coexistence of 
diabetes were associated with having at least one of the 
airflow limitation, chronic cough/phlegm, and currently trea-
ted respiratory diseases after adjustment for covariates. 
Similar associated factors for airflow limitation have been 
reported in Japanese subjects who went through health 
examination25 and Japanese patients with respiratory 
diseases.26 With regard to the association between age and 
airflow limitation, a study by the Japanese Respiratory 
Society demonstrated that FEV1/FVC decreased with age 
in both sexes.20 Lung cancer was prevalent and one of the 
most common causes of death in COPD patients,27 while 
COPD was an independent risk factor for lung cancer.28 A 
study among Japanese in a health examination setting 
demonstrated that CRP was higher in subjects with airflow 
limitation with reduced % FEV1 (<80%) compared to those 
with normal lung function.29

In the present study, the coexistence of anxiety or sleep 
disorder was associated with having at least one of the air-
flow limitation, chronic cough/phlegm, and currently treated 
respiratory diseases among never-smokers and in the total 
population. A systematic review by Atlantis et al showed that 
anxiety and COPD have a bidirectional association and anxi-
ety increases the risk for COPD in most studies.30 Among 
Japanese COPD patients, CAT total score was higher in 
patients with anxiety, suggesting a potential association 

between COPD symptoms and anxiety.31 A bidirectional 
association between sleep disorder and COPD has been 
reported in an article32 demonstrating that COPD symptoms 
disturb sleep and sleep deprivation worsens the clinical pre-
sentation of COPD.

Bidirectional association between COPD and diabetes 
is reported.33 Diabetes occurs more often in individuals 
with COPD than in the general population. Higher blood 
glucose and insulin resistance are related to impaired lung 
function. In our study, comorbid diabetes was associated 
with the absence of airflow limitation, chronic cough/ 
phlegm or currently treated respiratory diseases in the 
total population. Airflow limitation refers to reduced 
FEV1/FVC and thus it does not decrease or even increase 
if both FEV1 and FVC are reduced. In fact, in the study by 
Yeh et al, individuals with diabetes had lower FEV1 and 
FVC but higher FEV1/FVC compared to those without 
diabetes.34 Our study found associations of coexistence 
of diabetes with reduced %FEV1 and reduced %FVC in 
the total population (Table 3), and these results are con-
sistent with the association between comorbid diabetes and 
the absence of airflow limitation (reduced FEV1/FVC).

In the present study, among subjects having at least one of 
the airflow limitation, chronic cough/phlegm, and currently 
treated respiratory diseases, five clusters of comorbidities (no 
comorbidities, inflammation, overweight, CKD, and mixed) 
were identified in ever-smokers, and a different set of clusters 
(no comorbidities, overweight, CKD, underweight, and 
mixed) were found in never-smokers. In ever-smokers, as 
compared with the “none” and “CKD” clusters, the 

Table 3 Odds Ratios for Comorbid Diabetes Mellitus with Different Objective Variable Settings (Logistic Regression Analyses)

(A) Objective Variable: Having at Least One of %FEV1 <80%, Chronic Cough/Phlegm, and Currently Treated Respiratory 
Diseases

Subjects Crude OR (95% CI) p value Adjusted OR (95% CI) p value

Total 1.77 (1.52–2.06) <0.001 1.19 (1.02–1.40) 0.028
Ever-smokers 1.54 (1.28–1.86) <0.001 1.13 (0.93–1.37) 0.208

Never-smokers 1.81 (1.37–2.38) <0.001 1.32 (1.00–1.75) 0.052

(B) Objective Variable: Having at Least One of %FVC < 80%, Chronic Cough/Phlegm, and Currently Treated Respiratory 
Diseases

Subjects Crude OR (95% CI) p value Adjusted OR (95% CI) p value

Total 1.85 (1.56–2.19) <0.001 1.28 (1.07–1.53) 0.006
Ever-smokers 1.59 (1.28–1.97) <0.001 1.18 (0.94–1.46) 0.149

Never-smokers 2.09 (1.57–2.77) <0.001 1.51 (1.13–2.02) 0.006

Notes: Explanatory variables for calculating adjusted odds ratios were having comorbid diabetes mellitus, age, sex, pack-years and BMI in ever-smokers, and 4 variables 
other than pack-years in never-smokers. 
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
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Figure 1 Cluster dendrogram of subjects by comorbidities. The “height” on the vertical axis indicates the dissimilarity/distance between clusters. The higher “height” 
represents less similarity between clusters. (A) Ever-smokers (n = 487) were first divided into SO cluster (overweight) and others, followed by SC (CKD) and SI 
(inflammation), in order. (B) Never-smokers (n = 276) were first divided into NC (CKD) and others, followed by NO (overweight) and NU (underweight), in order.
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“overweight” cluster had higher FEV1/FVC and higher CAT 
score. As compared with the “inflammation” and “mixed” 
clusters, the “overweight” cluster had higher FEV1/FVC, but 
CAT score was not different. In never-smokers, as compared 
with the “none” and “CKD” clusters, the “mixed” and “over-
weight” clusters showed higher CAT scores, whereas % 

FEV1 and FEV1/FVC had no difference. Taken together, 
lung function characteristics were independent of respiratory 
symptoms evaluated by the CAT score. Our findings are 
consistent with the results among COPD patients by 
Chubachi et al15 in terms that lung function characteristics 
are independent of respiratory symptoms. In ever-smokers, 

Figure 2 The prevalence of each comorbid disease sorted by the comorbid clusters (excluding no comorbidity cluster) among ever-smokers (A, n=487) and never-smokers 
(B, n=276). For example, among ever-smokers, 34.9% of SI cluster, 100% of SO cluster, 33.6% of SC cluster and 21.3% of SM cluster had OW (overweight). 
Abbreviations: OW, overweight; UW, underweight; Inf, inflammation; CKD, chronic kidney disease; MI, myocardial infarction; AP, angina pectoris; Cer, cerebrovascular 
disease; OP, osteoporosis; Fra, fracture; Dep, depression; Anx, anxiety disorder; Sle, sleep disorder; DM, diabetes mellitus; LC, lung cancer.
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higher FEV1/FVC in the “overweight” cluster could be 
related to lower %FVC in the “overweight” cluster, since 
there were no differences in %FEV1 between clusters. The 
“overweight” cluster had higher BMI, and the association 
between higher BMI and lower FVC was reported among 
Japanese individuals undergoing health examination.35 To 
our knowledge, the present study is the first report of comor-
bidity cluster analysis among health examinees having at 
least one of the airflow limitation, chronic cough/phlegm, 
and currently treated respiratory diseases and not among 
diagnosed COPD patients.

The strength of this study is that it was conducted on 
a large scale by targeting multiple regions in Japan. All 
the facilities in this study belong to the Japan Society of 
Ningen Dock and provided standardized and high-quality 
spirometry testing. There are several limitations to this 
study. Age and sex distributions of subjects differed from 
those in the general population because of the setting of 

the comprehensive health examination, and thus the 
results need to be interpreted accordingly. Spirometry 
after bronchodilator inhalation was not performed 
because the objective of health examination was screen-
ing and not a diagnosis. Therefore, subjects found to have 
airflow limitation included patients with asthma or other 
respiratory diseases, as well as COPD. Blood pressure 
and blood lipid data were not included as explanatory 
variables because we did not investigate the treatment 
status of hypertension and dyslipidemia and thus blood 
pressure and blood lipid data were mixed ones with and 
without treatment. We did not collect data regarding 
passive smoking and environmental factors (such as 
occupational factors and air pollution), and we did not 
evaluate the effects of these factors on having at least one 
of the airflow limitation, chronic cough/phlegm, and cur-
rently treated respiratory diseases. The causal relationship 
between the explanatory variables and the objective 

Table 4 Characteristics of Comorbidity-Based Clusters

(A) Characteristics of Each Cluster in Ever-Smokers

Cluster SN 
(None) 
n = 500

Cluster SI 
(Inflammation) 
n = 83

Cluster SO 
(Overweight) 
n = 130

Cluster SC 
(CKD) 
n = 110

Cluster SM 
(Mixed) 
n = 164

p value

Sex, female 39 (7.8) 6 (7.2) 9 (6.9) 6 (5.5) 22 (13.4) 0.116

Age (years) 58.7 ± 10.1 57.1 ± 10.2 56.2 ± 9.4 66.6 ± 8.9 63.1 ± 10.9 <0.001

BMI (kg/m2) 22.2 ± 1.6 24.0 ± 3.3 27.2 ± 2.0 24.1 ± 2.8 22.5 ± 4.4 <0.001
CRP (mg/dL) 0.07 ± 0.06 0.54 ± 0.92 0.10 ± 0.07 0.10 ± 0.07 0.28 ± 0.66 <0.001

FEV1/FVC (%) 68.7 ± 8.9 68.9 ± 10.0 73.5 ± 9.1 67.3 ± 8.8 68.1 ± 8.3 <0.001

%FEV1 (%) 81.3 ± 16.0 77.2 ± 16.7 81.0 ± 15.2 82.7 ± 17.9 77.6 ± 16.9 0.019
%FVC (%) 98.4 ± 15.2 93.8 ± 16.4 92.5 ± 14.3 100.1 ± 16.9 93.5 ± 16.3 <0.001

CAT score 8.7 ± 6.0 11.3 ± 7.4 10.6 ± 6.4 8.0 ± 5.6 9.6 ± 6.8 <0.001

Note: Data are presented as numbers (%) or mean ± SD.

(B) Characteristics of Each Cluster in Never-Smokers

Cluster NN 
(None) 
n = 249

Cluster NO 
(Overweight) 
n = 56

Cluster NC 
(CKD) 
n = 57

Cluster NU 
(Underweight) 
n = 29

Cluster NM 
(Mixed) 
n = 134

p value

Sex, female 132 (53.0) 29 (51.8) 24 (42.1) 25 (86.2) 65 (48.5) 0.002
Age (years) 57.8 ± 11.2 57.6 ± 10.5 66.2 ± 9.0 58.8 ± 10.3 63.8 ± 10.6 <0.001

BMI (kg/m2) 21.7 ± 1.6 27.1 ± 2.0 22.0 ± 1.7 17.3 ± 1.0 24.0 ± 3.9 <0.001

CRP (mg/dL) 0.06 ± 0.05 0.10 ± 0.07 0.07 ± 0.05 0.06 ± 0.09 0.37 ± 0.72 <0.001
FEV1/FVC (%) 71.8 ± 10.0 74.6 ± 10.2 70.2 ± 8.7 69.6 ± 8.1 72.3 ± 9.8 0.175

%FEV1 (%) 88.2 ± 17.2 85.7 ± 16.3 86.1 ± 17.2 84.8 ± 18.6 84.1 ± 17.7 0.082
%FVC (%) 101.4 ± 16.1 95.2 ± 16.4 99.8 ± 18.1 99.5 ± 20.3 94.5 ± 15.8 0.001

CAT score 7.5 ± 5.9 10.5 ± 6.2 6.6 ± 5.0 8.3 ± 6.1 10.5 ± 7.6 <0.001

Note: Data are presented as numbers (%) or mean ± SD. 
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 s; %FEV1, percent predicted FEV1; FVC, 
forced vital capacity; %FVC, percent predicted FVC; CAT, chronic obstructive pulmonary disease assessment test; SD, standard deviation.
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variables was unclear because of the cross-sectional 
design of this study.

Conclusions
We identified several factors as associated factors of 
having at least one of the airflow limitation, chronic 
cough/phlegm, and currently treated respiratory diseases. 
The associated factors were different between ever-smo-
kers and never-smokers. Different comorbidity patterns 
were observed by smoking history. Our findings could 
provide information to assist the management of subjects 
with COPD or at risk for COPD in the general 
population.

Abbreviations
AP, angina pectoris; Anx, anxiety disorder; BMI, body mass 
index; CAT, chronic obstructive pulmonary disease assess-
ment test; Cer, cerebrovascular disease; CKD, chronic kid-
ney disease; COPD, chronic obstructive pulmonary disease; 
CI, confidence interval; Cr, serum creatinine; CRP, 
C-reactive protein; Dep, depression; DM, diabetes mellitus; 
eGFR, estimated glomerular filtration rate; FEV1/FVC, 
(forced expiratory volume in 1 s)/(forced vital capacity); 
Fra, fracture; GSK, GlaxoSmithKline; HbA1c, hemoglobin 
A1c; Inf, inflammation; LC, lung cancer; MI, myocardial 
infarction; NC, never-smokers/CKD; NM, never-smokers/ 
mixed comorbidities; NN, never-smokers/no comorbidity; 
NO, never-smokers/overweight; NU, never-smokers/under-
weight; OP, osteoporosis; OR, odds ratio; OW, overweight; 
SC, smokers/CKD; SCOPE-J, Survey of Chronic 
Obstructive pulmonary disease Patients Epidemiology in 
Japan; SD, standard deviation; SI, smokers/inflammation; 
Sle, sleep disorder; SM, smokers/mixed comorbidities; SN, 
smokers/no comorbidity; SO, smokers/overweight; UW, 
underweight; WBC, white blood cell.
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