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Abstract

Smoking-related interstitial lung abnormalities are different from specific forms of fibrosing

lung disease which might be associated with poor prognoses. Chronic obstructive pulmo-

nary disease with comorbid interstitial lung abnormalities and that with pulmonary fibrosis

are considered different diseases; however, they could share a common spectrum. We

aimed to evaluate the clinical characteristics of Japanese patients with chronic obstructive

pulmonary disease and comorbid interstitial lung abnormalities. In this prospective observa-

tional study, we analyzed data from the Ishinomaki COPD Network Registry. We evaluated

the clinical characteristics of patients with chronic obstructive pulmonary disease with and

without comorbid interstitial lung abnormalities by comparing the annualized rate of chronic

obstructive pulmonary disease exacerbations per patient during the observational period.

Among 463 patients with chronic obstructive pulmonary disease, 30 (6.5%) developed new

interstitial lung abnormalities during the observational period. After 1-to-3 propensity score

matching, we found that the annualized rate of chronic obstructive pulmonary disease exac-

erbations per patient during the observational period was 0.06 and 0.23 per year in the inter-

stitial lung abnormality and control groups, respectively (P = 0.043). Our findings indicate

slow progression of interstitial lung abnormality lesions in patients with pre-existing chronic

obstructive pulmonary disease. Further, interstitial lung abnormality development did not

significantly influence on chronic obstructive pulmonary disease exacerbation. We specu-

late that post-chronic obstructive pulmonary disease interstitial lung abnormalities might

involve smoking-related interstitial fibrosis, which is different from specific forms of fibrosing

lung disease associated with poor prognoses.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by persistent respiratory symp-

toms and airflow limitation due to airway and/or alveolar abnormalities that develop after signif-

icant exposure to noxious particles or gases, including tobacco smoke [1]. Smoking is the most

significant risk factor for COPD and pulmonary fibrosis [2]. Combined pulmonary fibrosis and

emphysema (CPFE) is characterized by co-existing emphysema and pulmonary fibrosis. Cottin

et al. initially described CPFE in a cohort of 61 patients with both emphysema in the upper

zones and diffuse parenchymal lung disease with fibrosis in the lower zones of the lungs on chest

high-resolution computed tomography (HRCT) [3]. Smoking is suggested to play a crucial role

given that almost all (98%) patients with CPFE are current or former smokers [4]. It remains

unclear whether co-existing emphysema and pulmonary fibrosis is a distinct clinical entity or a

coincidence of two smoking-related diseases within an individual as seen in the coexistence of

lung cancer and COPD. Since its proposal, CPFE has been described in the context of idiopathic

pulmonary fibrosis and other chronic lung fibrotic diseases, including connective tissue-related

interstitial lung diseases [5]. Interstitial lung disease with the fibrotic CPFE component is yet to

be established. Tobacco smoking has been reported to possibly result in areas of increased lung

density on HCRT, which are termed as interstitial lung abnormalities (ILAs). Further, HRCT

scan analysis of a large cohort showed that 8% of the smokers presented ILAs [6].

We conducted a cross-sectional study to analyze prospectively data collected from a Japa-

nese COPD registry. We evaluated the following: 1) the frequency of newly appeared ILAs dur-

ing the observational period in the patients with COPD and 2) their clinical characteristics.

Specifically, we compared the annualized rate of COPD exacerbations per patient during the

observational period between patients with COPD with and without comorbid ILAs.

Materials and methods

Study design

We conducted a cross-sectional study to analyze data prospectively collected from consecutive

scheduled visits or newly registered patients in the Ishinomaki COPD Network (ICON) Regis-

try [7,8] between April 2012 and November 2018. Briefly, the ICON is a regional medical liaison

system aimed at providing comprehensive care to patients with COPD and is a part of a multi-

center interdisciplinary collaboration among health care providers; specifically, respiratory

medicine specialists, nurse specialists, therapists, pharmacists, and general practitioners, in Ishi-

nomaki, Japan. In accordance to the COPD statements or guidelines [9,10], patients registered

to the ICON Registry receive the standard therapy and care in general practice clinics. Further,

patients undergo scheduled examinations and receive education at the Japanese Red Cross Ishi-

nomaki Hospital (a 464-bed tertiary community hospital) every 6–12 months. Patients who

experience exacerbations are first treated by their general practitioners, and if necessary, are

subsequently referred to the Japanese Red Cross Ishinomaki Hospital. The patient education

program includes training on early exacerbation recognition and a written action plan for exac-

erbations using a self-management diary. Patients are prescribed short-acting bronchodilators,

but not oral corticosteroids or antibiotics, for self-administration during exacerbations.

Ethical considerations

This study is part of an ongoing COPD cohort study registered with the University Hospital

Information Network Clinical Trials Registry (identifier: UMIN000017376).

All the patients provided written informed consent and the study was approved by the Eth-

ics Committee of the Japanese Red Cross Ishinomaki Hospital (approval number: 12-14-1).
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Patients

We enrolled patients with stable COPD (age range: 40–90 years) who were former smokers

with a smoking history of at least 10 pack-years. Patients suspected of COPD were referred to

the Japanese Red Cross Ishinomaki Hospital. Patients who were diagnosed as COPD and con-

firmed as stable condition were registered to the ICON registry, if they gave their consent. All

the patients were diagnosed with COPD according to Global Initiative for Chronic Obstructive

Lung Disease (GOLD) criteria. Repeated spirometry was used to confirm persistent airflow

limitation, which is defined as a post-bronchodilator forced expiratory volume in 1 second

(FEV1)/forced vital capacity (FVC) ratio of< 0.7. The exclusion criteria were as follows: cur-

rent smokers; chronic bronchitis or emphysema without airflow limitation; hematologic dis-

ease; lung resection history; use of oral corticosteroids, immunosuppressive agents, or

antifibrotic agents; and COPD exacerbation occurrence within the 4 weeks preceding the data

collection.

Further, in this study, we excluded patients lost to follow-up, as well as patients who did not

complete the 1-year follow-up, received radiotherapy or chemotherapy within 1 year after reg-

istry, or had obvious ILAs.

Clinical and physiologic measurements

We recorded each patient’s sociodemographic characteristics, smoking status, and mainte-

nance treatments. Also, we calculated the body mass index (BMI) in kg/m2 and evaluated dys-

pnea using the modified Medical Research Council (mMRC) dyspnea scale [9,10].

We assessed the COPD-related health status using the COPD Assessment Test (CAT),

which is an eight-item questionnaire with a possible total score of 0–40 with a higher score

indicating a worse quality of life [11,12].

A well-trained technician conducted the pulmonary function tests following standard

guidelines under a stable condition [13]. We classified the airflow limitation severity based on

the GOLD staging as follows: GOLD 1: FEV1� 80% predicted; GOLD 2: 50%� FEV1< 80%

predicted; GOLD 3: 30%� FEV1 < 50% predicted; or GOLD 4: FEV1 < 30% predicted [1].

We defined exacerbations as the use of antibiotics and/or systemic corticosteroids for wors-

ening respiratory symptoms with no evidence of an alternative diagnosis [1]. We did not con-

sider mild exacerbations treated only with short-acting bronchodilators. We evaluated the

exacerbation frequency during the observational period based on direct patient interviews,

patient/caregiver-maintained diaries, referral letters from general practitioners and medical

record review.

Three researchers evaluated the HRCT scans. The ILA patterns, including honeycomb-like

lesions, reticular abnormalities, and ground-glass opacities (Fig 1), were evaluated according

to the method by Washko Gr et al. [6]. Honeycombing refers to clustered cystic airspaces of a

typically consistent diameter (3–10 mm, but occasionally larger) with thick well-defined walls.

It is usually accompanied by a reticular pattern containing traction bronchiectasis and bronch-

iolectasis [14]. However, interstitial fibrosis adjacent to a bronchiole with minimal associated

emphysema, which mimics honeycombing (Fig 1), observed on CT images of patients with

COPD and comorbid ILAs is termed as honeycomb-like lesions.

Statistical analysis

Data were shown as mean (standard deviation) with categorical data being expressed as per-

centages. We assessed between-group differences in the continuous variables using Student’s

t-test or Mann-Whitney U-test. We compared categorical variables using Fisher’s exact test.

We analyzed the following baseline characteristics: age, sex, BMI, FEV1, FVC, mMRC dyspnea
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scale score, CAT score, and the annualized rate of COPD exacerbations per patient during the

observational period. To reduce selection bias, we calculated a propensity score through logis-

tic regression with age, sex, BMI, and GOLD stage as the dependent variables [15]. We per-

formed 1-to-3 propensity score matching between the ILA and control groups.

We performed all statistical analyses using EZR (Saitama Medical Center, Jichi Medical

University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for

Statistical Computing, Vienna, Austria) [16]; P < 0.05 was considered as significant.

Results

We enrolled 576 consecutive patients with COPD; among them, 463 were identified as eligible

for study inclusion (Fig 2). To evaluate newly appearing ILAs and to avoid the possible effects

of lung abnormal shadows, we excluded patients with obvious ILAs at the registry or patients

who had undergone radiotherapy or chemotherapy within the first post-registration year (Fig

2). Table 1 presents the characteristics of the study participants. The mean age of the patients

was 72.9 years (standard deviation (SD) = 7.5) with 33 of them being female. The mean

Fig 1. Representative pictures of the patterns of ILAs (honeycombing-like lesion, reticular abnormalities, and

ground-glass opacities).

https://doi.org/10.1371/journal.pone.0239764.g001
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Fig 2. We conducted a cross-sectional study to analyze data prospectively collected from consecutive scheduled visits or newly

registered patients in the Ishinomaki COPD Network (ICON) registry between April 2012 and November 2018.

https://doi.org/10.1371/journal.pone.0239764.g002
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absolute FEV1 was 1.62 L (SD = 0.60) while the mean FEV percent predicted was 63.1%

(SD = 20.9).

Among the 463 patients with COPD, newly appearing ILAs were observed in 30 (6.5%)

patients (Fig 2). CT images of patients with COPD and comorbid ILAs showed honeycomb-

like lesions (Fig 1).

Airflow limitation severity in patients without ILAs was distributed across GOLD 1 to 4.

Contrastingly, the airflow limitation severity in patients with ILAs was distributed across

GOLD 1 to 3 with a small number of patients in each class (Table 2).

To minimize between-group differences in the baseline characteristics, we matched the par-

ticipants using propensity scores. The number of patients in the ILA and control groups after

1-to-3 propensity score matching was 30 and 90, respectively, which provided between-group

balance in the distribution of most covariates (Table 3). After propensity score matching, the

annualized rates of COPD exacerbations per patient during the observational period were 0.06

and 0.23 per year in the ILA group and control group, respectively (P = 0.043). Among the

patients, two (6.7%) and 48 (11.1%) patients with and without ILAs, respectively, died from

any causes; there was no significant between-group difference. No hospitalization or deaths

occurred due to the rapid progression of ILAs among patients with ILAs.

Table 3 shows the mean absolute FEV1, mean FEV percent predicted, mean mMRC dys-

pnea scale score, and CAT scores for patients in both groups. Compared with patients without

ILAs, those with ILAs showed numerically, but not significantly, greater FEV1 and FEV1 per-

cent predicted values, as well as lower mMRC dyspnea scale and CAT scores.

Discussion

In this study, we demonstrated the clinical phenotypes of COPD with and without comorbid

ILAs in a cohort of Japanese patients with COPD. A previous retrospective study reported that

ILAs were present in 8% of HRCT scans obtained from a smoker cohort [6]. Further, another

Table 1. Characteristics of the study patients (n = 463).

Age, years 72.9 (7.5)

Female 33 (7)

BMI, kg/m2 23.8 (9.2)

Smoking history (pack-years) 53.9 (29.8)

FEV1 (L) 1.62 (0.60)

%FEV1 (%) 63.1 (20.9)

FVC (L) 3.15 (0.75)

GOLD stage

1 106 (23)

2 227 (49)

3 102 (22)

4 28 (6)

mMRC dyspnea scale grade 1.0 (0.9)

CAT score 6.1 (5.4)

Exacerbation history¶ 0.17 (0.39)

Death from any cause§ 50 (10.8)

Notes: Data are shown as mean ± SD or number (percentage).

¶ Annualized rate of COPD exacerbations during the observational period.

§Death from any cause was defined as death occurring after ICON Registry.

https://doi.org/10.1371/journal.pone.0239764.t001
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study reported that 13.5% of patients with COPD present ILAs [17]. In this study, we found

that approximately 6.5% of the patients with COPD presented with newly appearing ILAs dur-

ing the observational period.

Exacerbations of COPD are considered important events in the management of COPD

because these exacerbations have negative impacts on lung function [18], health-related quality

Table 3. Characteristics of the study patients with and without ILAs after 1-to-3 propensity score matching.

ILAs (+) ILAs (-) P-Value

(n = 30) (n = 90)

Age, years 74.6 (6.4) 75.0 (7.1) 0.778

Female 2 (6.7) 8 (8.9) 1

BMI, kg/m2 24.4 (3.24) 25.5 (19.4) 0.757

Smoking history (pack-years) 61.2 (33.6) 50.3 (29.7) 0.096

FEV1 (L) 1.74 (0.50) 1.58 (0.59) 0.184

%FEV1 (%) 68.1 (19.5) 64.0 (21.4) 0.354

FVC (L) 3.13 (0.63) 3.02 (0.68) 0.442

mMRC dyspnea scale grade 0.7 (0.7) 1.0 (0.9) 0.09

CAT score 4.9 (4.2) 6.4 (5.4) 0.183

Exacerbation history¶ 0.06 (0.10) 0.23 (0.46) 0.043�

Death from any cause§ 2 (6.7) 10 (11.1) 0.728

Notes: Data are shown as mean ± SD or number (percentage).

¶ Annualized rate of COPD exacerbations during the observational period.

§Death from any cause was defined as death occurring after ICON Registry.

�P < 0.05 was considered statistically significant.

https://doi.org/10.1371/journal.pone.0239764.t003

Table 2. Characteristics of the study patients with and without ILAs before 1-to-3 propensity score matching.

ILAs (+) ILAs (-) P-Value

(n = 30) (n = 433)

Age, years 74.6 (6.4) 72.9 (7.6) 0.179

Female 2 (7) 33 (7) 1

BMI, kg/m2 24.4 (3.2) 23.8 (9.5) 0.722

Smoking history (pack-years) 61.2 (33.6) 53.4 (29.5) 0.165

FEV1 (L) 1.74 (0.50) 1.62 (0.61) 0.298

%FEV1 (%) 68.1 (19.5) 62.8 (21.0) 0.177

FVC (L) 3.13 (0.63) 3.15 (0.76) 0.897

GOLD stage

1 8 (27) 98 (23)

2 16 (53) 211 (49)

3 6 (20) 96 (22)

4 0 (0) 28 (6)

mMRC dyspnea scale grade 1.0 (1.0) 1.0 (0.9) 0.167

CAT score 4.9 (4.2) 6.2 (5.4) 0.229

Exacerbation history¶ 0.06 (0.10) 0.17 (0.39) 0.112

Death from any cause§ 2 (6.7) 48 (11.1) 0.759

Notes: Data are shown as mean ± SD or number (percentage).

¶ Annualized rate of COPD exacerbations during the observational period.

§Death from any cause was defined as death occurring after ICON Registry.

https://doi.org/10.1371/journal.pone.0239764.t002
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of life [19,20], prognosis [21], and socioeconomic costs [22]. Previous studies reported com-

bined pulmonary fibrosis and emphysema showed acute exacerbation of these disease [23],

and ILAs were considered as one of the risk factors of exacerbations. A retrospective study on

ILAs in patients with COPD reported that no patients exhibited� 2 exacerbations in one year

[17]. Compared with patients without ILAs, we found a lower average annualized frequency of

COPD exacerbations during the observational period in those with ILAs (0.06 vs. 0.23 per

year; P = 0.043). These findings indicate that ILA development had little influence on COPD

exacerbations.

Previous reports have suggested that the prognosis of patients with coexisting fibrosis and

emphysema is worse than that of patients only with COPD [24,25]. However, smoking-related

ILAs are different from specific forms of fibrosing lung disease associated with poor prognoses,

especially usual interstitial pneumonia [26]. We did not find a significant difference in the

mortality rate between-COPD and COPD followed by ILAs groups. Further, the ILAs were

dominated with reticular abnormalities, ground-glass opacities, and honeycomb-like lesions.

We did not observe rapid ILA progression in the patients with COPD with comorbid ILAs.

This suggests that the pathogenesis of COPD with comorbid ILAs is different from that of

CPFE. A previous study on lobectomy specimens of neoplasm excisions obtained from smok-

ers demonstrated smoking-related interstitial fibrosis that could not be classified as a specific

form of interstitial lung disease [26]. This lesion was characterized by varying degrees of alveo-

lar septal widening due to collagen deposition with emphysema and respiratory bronchiolitis.

The fibrosis was observed both in the subpleural and deeper parenchyma. It is difficult to dif-

ferentiate emphysema from interstitial fibrosis and the clinical border between the two condi-

tions within the same patient is vague. We speculate that ILAs that occur in patients with

COPD might involve smoking-related interstitial fibrosis, which is different from specific

forms of fibrosing lung disease associated with poor prognoses. Between-group analysis with

adjustment for prognostic factors of COPD showed that ILAs had no adverse impact on clini-

cal outcomes.

Previous studies have reported the occurrence of smoking-related ILAs in former smokers

[27]. Tobacco smoking induces alveolar epithelial cellular senescence, which is a state of repli-

cative arrest brought on by cellular stressors, including tobacco smoke, and results in the emer-

gence of the senescence-associated secretory phenotype [28]. The mediators secreted by these

cells include various cytokines, chemokines, matrix metalloproteinases, and growth factors

involved in the pathogenesis of both emphysema and pulmonary fibrosis. Although tobacco

smoking has been implicated in interstitial lung diseases, including respiratory bronchiolitis-

associated interstitial lung disease and desquamative interstitial pneumonia, their radiologic

features are different from those of smoking-related ILAs. The degree of smoking-induced dif-

fuse lung diseases including lung remodeling and fibrosis varies considerably between individ-

uals. This cannot simply be explained by cumulative tobacco exposure, implying that genetic

factors interplay with smoking in the determination of the eventual disease phenotype. Cur-

rently, the underlying mechanism of exacerbation alleviation in patients with COPD with

comorbid ILAs remains unclear. However, the diverse lung responses to tobacco smoke imply

that there could be additional endogenous or exogenous co-factors which result in the induc-

tion of specific disease phenotypes in patients with COPD [29].

The primary strengths of our study include its prospective observational design and inclu-

sion of community-dwelling patients treated by general practitioners in Ishinomaki or sur-

rounding cities, which reflects the real-world COPD population in Japan. However, this study

has some potential limitations. First, we cannot exclude the possibility that corticosteroid treat-

ment for COPD exacerbations might have affected the development of ILAs. Immunosuppres-

sive therapy has been reported to affect ILAs in patients with evidence of active inflammation,
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including ground-glass opacities [4] and nonspecific interstitial pneumonia [30]. Given the

low exacerbation frequency during the observational period and the short corticosteroid treat-

ment duration, we assume that they did not significantly affect our results. Second, our sample

size was smaller than that of previous large-scale studies. There is a need for a longer-term fol-

low-up study with a larger group of patients.

Conclusions

In conclusion, we observed slow progression of ILA lesions in patients with COPD and that

the development of ILAs had no significant effect on COPD exacerbations. We suspect that

ILAs occurring after COPD might involve smoking-related interstitial fibrosis, which is differ-

ent from specific forms of fibrosing lung disease associated with poor prognoses.
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21. Soler-Cataluña JJ, Martı́nez-Garcı́a MÁ, Sánchez PR, et al. Severe acute exacerbations and mortality

in patients with chronic obstructive pulmonary disease. Thorax. 2005; 60(11):925–931. https://doi.org/

10.1136/thx.2005.040527 PMID: 16055622

22. Wouters EF. The burden of COPD in the Netherlands: results from the Confronting COPD survey.

Respir Med. 2003; 97(Suppl C):S51–S59.

23. Moon SW, Park MS, Kim YS, Jang J, Lee JH., Lee CT.et al. Combined pulmonary fibrosis and emphy-

sema and idiopathic pulmonary fibrosis in non-small cell lung cancer: impact on survival and acute

exacerbation. BMC Pulm Med 19, 177 (2019). https://doi.org/10.1186/s12890-019-0951-2 PMID:

31615505

24. Ley B, Collard HR, King TE Jr. Clinical course and prediction of survival in idiopathic pulmonary fibrosis.

Am J Respir Crit Care Med. 2011; 183: 431–440. https://doi.org/10.1164/rccm.201006-0894CI PMID:

20935110

25. Wells AU, Desai SR, Rubens MB, Goh NS, Cramer D, Nicholson AG, et al. Idiopathic pulmonary fibro-

sis: a composite physiologic index derived from disease extent observe by computed tomography. Am

J Respir Crit Care Med. 2003; 167: 962–969. https://doi.org/10.1164/rccm.2111053 PMID: 12663338

PLOS ONE Clinical characteristics of Japanese patients with chronic obstructive pulmonary disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0239764 November 10, 2020 10 / 11

https://doi.org/10.1097/MCP.0b013e328356803b
http://www.ncbi.nlm.nih.gov/pubmed/22781207
https://doi.org/10.1056/NEJMoa1007285
http://www.ncbi.nlm.nih.gov/pubmed/21388308
https://doi.org/10.2147/COPD.S113647
https://doi.org/10.2147/COPD.S113647
http://www.ncbi.nlm.nih.gov/pubmed/27660429
https://doi.org/10.2169/internalmedicine.8717-16
https://doi.org/10.2169/internalmedicine.8717-16
http://www.ncbi.nlm.nih.gov/pubmed/28943559
http://www.goldcopd.org/
https://doi.org/10.1183/09031936.00102509
https://doi.org/10.1183/09031936.00102509
http://www.ncbi.nlm.nih.gov/pubmed/19720809
https://doi.org/10.1016/j.resinv.2012.05.003
https://doi.org/10.1016/j.resinv.2012.05.003
http://www.ncbi.nlm.nih.gov/pubmed/22749248
https://doi.org/10.1183/09031936.05.00034805
http://www.ncbi.nlm.nih.gov/pubmed/16055882
https://doi.org/10.1148/radiol.2462070712
https://doi.org/10.1148/radiol.2462070712
http://www.ncbi.nlm.nih.gov/pubmed/18195376
https://doi.org/10.1038/bmt.2012.244
http://www.ncbi.nlm.nih.gov/pubmed/23208313
https://doi.org/10.2169/internalmedicine.8406-16
https://doi.org/10.2169/internalmedicine.8406-16
http://www.ncbi.nlm.nih.gov/pubmed/28924113
https://doi.org/10.1136/thorax.57.10.847
http://www.ncbi.nlm.nih.gov/pubmed/12324669
https://doi.org/10.1164/ajrccm.157.5.9709032
http://www.ncbi.nlm.nih.gov/pubmed/9603117
https://doi.org/10.1136/thx.2003.008730
https://doi.org/10.1136/thx.2003.008730
http://www.ncbi.nlm.nih.gov/pubmed/15115864
https://doi.org/10.1136/thx.2005.040527
https://doi.org/10.1136/thx.2005.040527
http://www.ncbi.nlm.nih.gov/pubmed/16055622
https://doi.org/10.1186/s12890-019-0951-2
http://www.ncbi.nlm.nih.gov/pubmed/31615505
https://doi.org/10.1164/rccm.201006-0894CI
http://www.ncbi.nlm.nih.gov/pubmed/20935110
https://doi.org/10.1164/rccm.2111053
http://www.ncbi.nlm.nih.gov/pubmed/12663338
https://doi.org/10.1371/journal.pone.0239764


26. Katzenstein AL, Mukhopadhyay S, Zanardi C, Dexter E. Clinically occult interstitial fibrosis in smokers:

classification and significance of a surprisingly common finding in lobectomy specimens. Hum Pathol.

2010; 41: 316–325. https://doi.org/10.1016/j.humpath.2009.09.003 PMID: 20004953

27. Lederer DJ, Enright PL, Kawut SM, Hoffman EA, Hunninghake G, van Beek EJ, et al. Cigarette smoking

is associated with subclinical parenchymal lung disease: the Multi-Ethnic Study of Atherosclerosis

(MESA)-lung study. Am J Respir Crit Care Med. 2009; 180: 407–414. https://doi.org/10.1164/rccm.

200812-1966OC PMID: 19542480

28. Schafer MJ, White TA, Iijima K, Haak AJ, Ligresti G, Atkinson EJ, et al. Cellular senescence mediates

fibrotic pulmonary disease. Nat Commun. 2017; 8: 14532. https://doi.org/10.1038/ncomms14532

PMID: 28230051

29. Kumar A, Cherian SV, Vassallo R, Yi ES, Ryu JH. Current concepts in pathogenesis, diagnosis, and

management of smoking-related interstitial lung diseases. Chest. 2018; 154: 394–408. https://doi.org/

10.1016/j.chest.2017.11.023 PMID: 29222007

30. Park IN, Jegal Y, Kim DS, Do KH, Yoo B, Shim TS, et al. Clinical course and lung function change of idi-

opathic nonspecific interstitial pneumonia. Eur Respir J. 2009; 33: 68–76. https://doi.org/10.1183/

09031936.00158507 PMID: 18829672

PLOS ONE Clinical characteristics of Japanese patients with chronic obstructive pulmonary disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0239764 November 10, 2020 11 / 11

https://doi.org/10.1016/j.humpath.2009.09.003
http://www.ncbi.nlm.nih.gov/pubmed/20004953
https://doi.org/10.1164/rccm.200812-1966OC
https://doi.org/10.1164/rccm.200812-1966OC
http://www.ncbi.nlm.nih.gov/pubmed/19542480
https://doi.org/10.1038/ncomms14532
http://www.ncbi.nlm.nih.gov/pubmed/28230051
https://doi.org/10.1016/j.chest.2017.11.023
https://doi.org/10.1016/j.chest.2017.11.023
http://www.ncbi.nlm.nih.gov/pubmed/29222007
https://doi.org/10.1183/09031936.00158507
https://doi.org/10.1183/09031936.00158507
http://www.ncbi.nlm.nih.gov/pubmed/18829672
https://doi.org/10.1371/journal.pone.0239764

