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The link between smoking, emphysema, and f[ibrosis:

A retrospective cohort study
Liying Zhai', Haihong Gong’, Wencheng Yu'

ABSTRACT

INTRODUCTION The presence of emphysema is common in patients with interstitial
lung disease (ILD), which is designated as combined pulmonary fibrosis and
emphysema (CPFE). This study aimed to examine the association between
smoking, emphysema, and fibrosis in ILD patients.

METHODS A total of 800 patients hospitalized for ILD at the affiliated hospital
of Qingdao University, Shandong, Qingdao, China, from December 2012 to
December 2020 were included in our retrospective cohort study. Participants
were divided into CPFE and non-CPFE groups. The patients’ clinical presentations
and radiographic and laboratory findings were reviewed and compared. The two
groups were then divided and compared based on smoking status. Kaplan-Meier
survival analysis with log-rank testing and multivariable Cox proportional hazards
regression analysis were used to compare all-cause mortality.

REsuLTs Emphysema was present in 188 (23.5%) ILD patients. Smoking was
associated with increased odds of CPFE (adjusted odds ratio, AOR=2.13; 95% CI:
1.33-3.41, p=0.002). The CPFE patients had a comparable risk of death to non-
CPFE patients (adjusted hazard ratio, AHR=0.89; 95% CI: 0.64-1.24, p=0.493).
Smoking was not a risk prognostic factor in the whole group (AHR=1.34; 95%
CI: 0.90-1.99, p=0.152) or the CPFE group (AHR=0.90; 95% CI: 0.43-1.86,
p=0.771). However, a significant prognostic difference between smokers and
non-smokers was found in the non-CPFE group (AHR=1.62; 95% CI: 1.02-2.58,
p=0.042). In ILD patients, smoking pack-years were weakly correlated with total
centrilobular emphysema (CLE) scores and total fibrosis scores (TFS), but not
with total emphysema scores (TES); TEFS were weakly correlated with TES.
concrusions CPFE did not affect the prognosis of ILD. Smoking was a risk but
not a prognostic factor for CPFE. However, smoking was associated with worse
survival in non-CPFE patients. There was an intricate association among smoking,
emphysema, and fibrosis in ILD patients.

Tob. Induc. Dis. 2024;22(July):132 https://doi.org/10.18332/tid/190689

INTRODUCTION

Interstitial lung diseases encompass a group of wide and heterogeneous pulmonary
parenchymal disorders characterized by inflammatory-fibrotic infiltration'?. In
1990, Wiggins et al.? first described the coexistence of emphysema and pulmonary
fibrosis on computed tomography (CT). In 2005, the name ‘combined pulmonary
fibrosis and emphysema’ (CPFE) emerged*. The incidence of such CPFE is
reported in 35% of idiopathic pulmonary fibrosis (IPF) patients and 26-54%
of patients with idiopathic interstitial pneumonia®®. However, a variable impact
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of emphysema on the survival of ILD patients has
been reported*’. Smoking is a definite risk factor for
emphysema. There are, however, controversial reports
about the role of smoking status in the prediction
of mortality in ILD. Some studies reported that
never-smoking IPF patients showed poor prognosis
compared with smoking IPF patients®''. The roles
of emphysema and smoking in ILD have not been
elucidated, and we wish to ascertain if there is an
association between the two or the three. While
investigating the association of fibrosis, emphysema,
and smoking, we present a detailed analysis to
compare the identified CPFE phenotype with an ILD
group without emphysema. This study also subdivides
them according to smoking status and evaluates the
clinical and radiological characteristics of both CPFE
and non-CPFE patients separately.

METHODS

Study design and patient selection

This study retrospectively reviewed 800 patients
hospitalized for ILDs at the affiliated hospital of
Qingdao University, Shandong, Qingdao, China,
from December 2012 to December 2020. All subjects
had a confirmed multidisciplinary diagnosis of ILD
according to guidelines'>'>. CPFE was defined as
combined pulmonary fibrosis and emphysema®.
Subjects with confirmed or suspected malignancy,
concurrent pulmonary infection, uncontrolled heart
disease, sarcoidosis, occupational lung disease, or
radiation pneumonitis were excluded from the study.
Patients without chest CT scans for review or lost
to follow-up were excluded. Subjects were eligible
for study inclusion if they had a multidisciplinary
diagnosis of ILD and baseline chest CT scans
obtained within one year of ILD diagnosis. This study
was approved by the affiliated hospital of Qingdao
University Institutional Review Board, Shandong,
Qingdao, China, and conformed to the tenets of the
Declaration of Helsinki. All patients signed informed
consent.

Data collection

The medical records of each patient’s initial
clinic visit were reviewed, including demographic
characteristics, clinical symptoms and signs, comorbid
conditions, smoking history, laboratory and chest
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CT imaging findings, ultrasonic cardiogram, and
pulmonary function test. Blood samples were
collected on an empty stomach in the early morning
after hospitalization. Biochemical parameters were
measured using the Beckman AU5811 automatic
biochemical analyzer (Beckman Coulter Inc., Krefeld,
Germany) with commercially available kits (Leadman
Biochemistry Co., Beijing, China). Spirometry was
performed using a Jaeger Medical spirometer (Jaeger,
Omaha, NB, USA) per standard guidelines'®'”.

Chest CT evaluation

Two radiologists blinded to clinical and outcome
data independently measured all the chest CT scans.
Discrepant readings were re-evaluated by a third
radiologist with the greatest experience in pulmonary
imaging. Fibrosis and emphysema were evaluated

using semi-quantitative image analysis'®>!

. Briefly,
CT images were scored at five levels (the origin
of great vessels, the main carina, the pulmonary
venous confluence, halfway between the third and
fifth sections, and immediately above the right
hemidiaphragm) and disease extent was visually
scored in each of the five CT sections (0: absent; 1:
1-25%; 2: 26-50%; 3: 51-75%; and 4: 76-100%).
The total extent of fibrosis was calculated as the
mean extent score in the five scored CT sections. The
modified coarseness of reticular disease (MCRD) was
also calculated in each of the five sections as follows:
O=normal; 1=ground-glass opacity alone; 2=fine
intralobular fibrosis; 3=microcystic honeycombing
(<4 mm); and 4=macrocystic honeycombing (>4
mm). MCRD was estimated based on the summed
score for all five levels. The total fibrosis score was
the product of the total extent of fibrosis and MCRD.
The degree of three visually defined emphysematous
destruction phenotypes was scored in each of the
five sections as follows: a) CLE: 1, trace CLE; 2, mild
CLE; 3, moderate CLE; 4, confluent CLE; 5, advanced
destructive emphysema (ADE). b) panlobular
emphysema. c¢) paraseptal emphysema (PSE): 1, mild
PSE; 2, substantial PSE2°. The scores for the three
phenotypes were the sum of products of extent of
emphysema and degree of emphysema in each of
the five sections. The total emphysema score was the
summed score for the three phenotypes (Table 1). All
CT images were reviewed at lung window settings
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(with a window center of -500 to -600 HU and a
window width of 1600 HU). Mediastinal lymph nodes
(MLNs) were assessed using soft tissue windows only
(level 35 Hounsfield unit [HU], width 450 HU) based
on the International Association for the Study of Lung
Cancer (IASLGC; Denver, CO, USA) nomenclature®?.
MLN measurements were provided by radiologists
from the reformatted imaging data using virtual
calipers, and enlargement was defined as short-axis
diameters >10 mm®** Intra- and inter-observer
agreement was assessed using Kappa (k) statistics
and intra-class correlation coefficients (ICC). The
ICC and x values were considered poor agreement
if they were <0.4; moderate agreement if 0.4-0.59;
substantial agreement if 0.6-0.79; and almost-perfect
agreement if they were 0.8-1. The intra- and inter-
observer agreement for measurements of chest CT
features was greater than 0.8 for all variables assessed.

Follow-up and endpoint of the study

The primary endpoint of our study was transplant-
free survival, defined as the time from the diagnosis
of ILD to death or lung transplantation. Each patient
was followed up until the occurrence of death, lung
transplantation, end of the study period, or loss of
follow-up. Follow-up time was censored on 14
December 2023.

Statistical analysis
The ILD patient group was divided and compared
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according to whether the patients had emphysema.
The CPFE and non-CPFE groups were then divided
based on smoking status. Categorical variables were
processed using the ¥* test. The Shapiro-Wilk W-test
was used to assess the normality of the data. Student’s
t-test and the Mann-Whitney test were used for
parametric and non-parametric distribution variables,
respectively. After adjusting for study covariates,
multivariable logistic regression analyses were
conducted to obtain adjusted odds ratios (AORs) and
95% confidence intervals (Cls) for factors related to
CPFE in ILD patients. The multivariable models were
determined by stepwise selection of pertinent patient
characteristics considered biologically relevant and
variables with p<0.1 in univariable analyses. The
correlations between smoking pack-years and TFS
and TES were evaluated using Spearman’s p test.
Survival curves were estimated by the Kaplan-
Meier method, and differences in survival were
compared using the log-rank test. Multivariable Cox
proportional hazard regression analysis adjusted
for covariates (including age, sex, etc.) was used to
calculate adjusted hazard ratios (AHRs) and their
95% Cls. The proportional hazards assumption in
the Cox model was tested based on the Schoenfeld
residuals, and all models evaluated passed this test.
Analysis was performed using SPSS v26.0 (IBM
Corporation, Armonk, NY, USA). All tests were two-
tailed, and the statistical significance of the difference
was set at 0.05.

Table 1. Summary of the computed tomography scoring system to examine the association between smoking,
emphysema, and fibrosis in interstitial lung disease hospitalized patients at the affiliated hospital of Qingdao
University, Shandong, Qingdao, China from December 2012 to December 2020 (N=800)

Disease extent Absent 1-25% 26-50%

MCRD Normal  Ground-glass  Fine intralobular
opacity alone fibrosis

CLE Normal Trace CLE Mild CLE

PSE Normal Mild PSE Substantial PSE

51-75% 76-100%
Microcystic Macrocystic
honeycombing honeycombing
(<4 mm) (>4 mm)
Moderate CLE Confluent CLE Advanced destructive

emphysema (ADE)

All CT images were scored at five levels (the origin of great vessels, the main carina, the pulmonary venous confluence, halfway between the third and fifth sections, and
immediately above the right hemidiaphragm). The total extent of disease was calculated as the mean extent score in the five scored CT sections. MCRD was estimated based on
the summed score for all five levels. The total fibrosis score was the product of the total extent of fibrosis and MCRD. The scores for the emphysema phenotypes were the sum of
products of the extent of emphysema and degree of emphysema in each of the five sections. Total emphysema score was the summed score for all the emphysema phenotypes
(panlobular emphysema was not present in our cohort). MCRD: the modified coarseness of reticular disease. CLE: centrilobular emphysema. PSE: paraseptal emphysema.
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Table 2. Characteristics of patients with interstitial lung disease, according to the presence of emphysema,
China, from 2012 to 2020 (N=800)

Male, n (%)

Age (years)

BMI (kg/m?), mean + SD
Length of stay (days)
Time to diagnosis (days)
Smoker, n (%)

Sputum production, n (%)
Comorbidity, n (%)
Hypertension

Diabetes

CVD

Subtypes of ILDs, n (%)
IPF

CTD-ILD

NSIP

Other

Laboratory findings
WBC count (x10°/L)
Neutrophil count (x10°/L)
Lymphocyte count (x10°/L)
Monocyte count (x10°/L)
Prealbumin (mg/L)
Triglyceride (mmol/L)
Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Sa02 (%)

NT-proBNP (ng/L)
Echocardiography

EF (00)

PASP (mmHg)

LVDd (cm)

LVDs (cm)

RASD (cm)

Pulmonary function test
FEV1/FVC (%opred)

TLC (%opred)

RV (%%opred)

RV/TLC (%pred)

DL.,/VA (%opred)

467 (58.4)
65.00 (59.00-72.00)
24.76 + 3.37
10.50 (7.00-15.00)
180.0 (30.0-730.0)
370 (46.2)
479 (59.9)

206 (25.8)
120 (15.0)
117 (14.6)

308 (38.5)

262 (32.8)

188 (23.5)
42 (5.2)

7.11 (5.66-8.93)
4.20 (3.09-5.86)
1.95 (1.48-2.53)
0.54 (0.41-0.69)
241.2 (189.0-300.6)
1.23 (0.90-1.83)
4.80 (4.08-5.68)
1.18 (1.00-1.44)
2.92 (2.32-3.48)
0.96 (0.94-0.97)
146.5 (52.0-301.0)

61.00 (60.00-63.00)

30.00 (25.25-38.00)
4.50 (4.20-4.70)
2.90 (2.70-3.10)
3.30 (3.00-3.50)

107.0 (101.0-113.0)
75.00 (61.00-87.00)
74.00 (61.00-89.00)
98.00 (87.00-110.00)
92.0 (76.6-107.0)

300 (49.0)
65.00 (57.75-72.00)
24.98 + 3.29
11.00 (7.00-15.00)
135.0 (40.0-730.0)
227 (37.1)
348 (56.9)

162 (26.5)
99 (16.2)
91 (14.9)

219 (35.8)

210 (34.3)

153 (25.0)
30 (4.9)

6.92 (5.53-8.90)
4.14 (3.04-5.85)
1.94 (1.45-2.48)
0.53 (0.40-0.68)
2453 (193.7-301.8)
1.28 (0.93-1.90)
4.86 (4.14-5.74)
1.21 (1.02-1.46)
2.94 (2.35-3.52)
0.96 (0.94-0.97)
130.3 (49.1-215.1)

61.00 (60.00-63.00)

30.00 (26.00-37.00)
4.40 (4.20-4.70)
2.90 (2.70-3.00)
3.20 (3.00-3.50)

108.0 (102.0-114.0)
73.00 (59.50-84.00)
72.00 (60.00-87.10)
97.00 (87.00-110.00)
96.0 (81.8-111.0)
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167 (88.8)
67.00 (62.00-73.00)
24.06 + 3.58

9.00 (7.00-13.25)
240.0 (30.0-1095.0)

143 (76.1)

131 (69.7)

44 (23.4)
21 (1.2)
26 (13.8)

89 (47.3)
52 (27.7)
35(18.6)
12 (6.4)

7.50 (6.07-8.94)
431(3.34-5.89)
2.00 (1.56-2.68)
0.57 (0.43-0.72)
218.3 (179.0-289.8)
1.08 (0.82-1.58)
4.66 (3.89-5.46)
1.10 (0.98-1.34)
2.82 (2.22-3.40)
0.95 (0.93-0.97)
198.60 (104.5-490.8)

61.00 (60.00-63.00)

30.00 (25.00-39.00)
4.50 (4.30-4.80)
3.00 (2.80-3.10)
3.30 (3.10-3.60)

105.0 (97.0-110.0)
82.00 (69.90-91.65)
81.00 (65.00-96.25)

98.00 (88.00-109.00)

76.0 (63.5-92.5)

<0.001
0.001
<0.001
0.026
0.290
<0.001
0.002

0.446
0.102
0.814
0.018

0.032
0.258
0.058
0.019
0.011

0.002
0.027
0.007
0.141
0.007
0.004

0.265
0.443
0.005
0.002
0.039

<0.001
<0.001
0.002
0.961
<0.001

Continued
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Table 2. continued

CT findings

MLNE, n (%) 313 (39.1)

Total fibrosis score 19.60 (11.00-33.00)
Aortic calcification, n (%) 485 (60.6)

CA calcification, n (%) 345 (43.1)
Definite UIP, n (%) 300 (37.5)
Follow-up

PPF, n (%) 129 (16.1)
AE-ILD, n (%) 200 (30.8)
Survival time (months) 32.00 (17.00-56.00)
Overall survival, n (%) 519 (72.1)

Tobacco Induced Diseases

220 (35.9) 93 (49.5) 0.001
18.00 (10.80-30.80) 24.00 (14.00-40.00) <0.001
344 (56.2) 141 (75.0) <0.001
238 (38.9) 107 (56.9) <0.001
202 (33.0) 98 (52.1) <0.001
101 (16.5) 28 (14.9) 0.610
149 (30.0) 51 (33.3) 0.425
33.00 (16.25-57.00) 32.00 (18.00-52.00) 0.609
399 (72.9) 120 (69.4) 0.382

Categorical variables were processed using the x? test. Student's t-test and the Mann-Whitney test were used for parametric and non-parametric distribution continuous
variables, respectively. ILD: interstitial lung disease. CPFE: combined pulmonary fibrosis and emphysema. IQR: interquartile range. BMI: body mass index. SD: standard deviation.
CVD: cardiovascular disease. IPF: idiopathic pulmonary fibrosis. CTD-ILD: connective tissue disease-associated interstitial lung disease. NSIP: non-specific interstitial pneumonia.
WBC: white blood cell. HDL-cholesterol: high density lipoprotein cholesterol. LDL-cholesterol: low density lipoprotein cholesterol. Sa02: arterial hemoglobin oxygen saturation.
NT-proBNP: N-terminal pro B-type natriuretic peptide. EF: ejection fraction. PASP: pulmonary arterial systolic pressure. LVDd: left ventricular end-diastolic dimension. LVDs :

left ventricular end-systolic dimension. RASD: right atrial short-axis diameter. FEV1: forced expiratory volume in 1 sec. FVC: forced vital capacity. RV: residual volume. TLC: total
lung capacity. DLCO: lung diffusion capacity for carbon monoxide. VA: alveolar ventilation. CT: computed tomography. MLNE: mediastinal lymph node enlargement. CA: coronary
artery. UIP: usual interstitial pneumonia. PPF: progressive pulmonary fibrosis. AE-ILD: acute exacerbation of interstitial lung disease.

RESULTS

Characteristics of patients with ILD, according
to the presence of emphysema

Baseline characteristics of 800 patients with ILD
included in this study are shown in Table 2.
Emphysema was present in 188 (23.5%) patients.
The CPFE participants were older, more frequently
smoked, complained of sputum production, and
had significantly lower body mass index (BMI) and
more IPF subtypes compared to non-CPFE patients.
In addition, increased white blood cell (WBC) and
monocyte count, higher N-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels, longer
left ventricular end-diastolic dimension (LVDd),
left ventricular end-systolic dimension (LVDs) and
right atrial short-axis diameter (RASD), decreased
prealbumin, triglycerides, total cholesterol (TC)
and high-density lipoprotein cholesterol (HDL-
cholesterol) levels, and lower arterial hemoglobin
oxygen saturation (Sa0O2) were found in the
CPFE group compared with the non-CPFE group.
Furthermore, the CPFE patients had significantly
lower lung diffusion capacity for carbon monoxide/
alveolar ventilation (DLco/VA) and forced expiratory

volume in 1 sec/forced vital capacity (FEV1/FVC)
rates, higher residual volume (RV) and total lung
capacity (TLC), higher total fibrosis score and
prevalence of mediastinal lymph node enlargement
(MLNE) and coronary artery (CA) calcification
than non-CPFE patients. However, survival was not
significantly different between the two groups (69.4%
vs 72.9%, p=0.382).

Multivariable logistic regression analysis was
performed to show that age (AOR=1.02; 95% CI:
1.01-1.04, p=0.011), male (AOR=4.63; 95% CI:
2.56-8.36, p<0.001), smoking (AOR=2.13; 95%
CI: 1.33-3.41, p=0.002), and MLNE (AOR=1.51;
95% CI: 1.06-2.16, p=0.024) were associated with
increased odds of CPFE in ILD patients. Spearman’s
correlation analysis showed that smoking pack years
were weakly correlated with total CLE scores (p=0.19,
p=0.010) and TFS (p=0.21, p<0.001) but not with
TES (p=0.14, p=0.051). TFS were weakly correlated
with TES (p=0.38, p<0.001).

Comparison of characteristics based on smoking
status in CPFE and non-CPFE patients
In the CPFE group, we observed that smokers had
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higher CLE scores (5.00 vs 3.00, p=0.028) and more
frequently experienced progression of emphysema on
chest CT scans (34.5% vs 8.3%, p=0.002) compared
to non-smokers. The other characteristics, including
prognosis and demographic, clinical, laboratory, and
chest CT imaging findings, exhibited no significant
differences between smokers and non-smokers.

In the non-CPFE group, we discovered that
smokers had increased WBC count, LVDd, RASD,
and TFS, decreased DLco/VA, triglycerides, TC, and
HDL-cholesterol levels, and higher prevalence of
IPF, MLNE, and CA calcification than non-smokers.

Tobacco Induced Diseases

Intriguingly, smokers in non-CPFE patients exhibited
a worse prognosis compared to non-smokers,
including shorter survival time (29 vs 34 months,
p=0.026) and lower survival rate (64% vs 78%,
p=0.001). See Supplementary file Table S1 for details.

Survival analysis of smoking behaviors in

ILD patients stratified by the presence of
emphysema

Our study utilized Kaplan-Meier survival analysis with
log-rank testing and multivariable Cox proportional
hazards regression analysis to determine that CPFE

Figure 1. Survival analysis of smoking behaviors in ILD patients stratified by the presence of emphysema,

China, 2012-2020 (N=800)
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Survival curves were estimated by the Kaplan-Meier method and differences in survival were compared using log-rank test. Multivariable Cox proportional hazard regression
analysis adjusted for covariates (including age, sex, etc.) was used to calculate AHRs and their 95% Cls. The proportional hazards assumption in the Cox model was tested based
on the Schoenfeld residuals, and all models evaluated passed this test. ILD: interstitial lung disease. CPFE: combined pulmonary fibrosis and emphysema. AHR: adjusted hazard

ratio.
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patients had a comparable risk of death to non-
CPFE patients in the whole cohort (AHR=0.89;
95% CI: 0.64-1.24, p=0.493). Smoking was also not
a risk prognostic factor in the whole (AHR=1.34;
95% CI: 0.90-1.99, p=0.152) or the CPFE group
(AHR=0.90; 95% CI: 0.43-1.86, p=0.771). However,
a significant prognostic difference between smokers
and non-smokers was found in the non-CPFE group
(AHR=1.62; 95% CI: 1.02-2.58, p=0.042) (Figure 1).

DISCUSSION

The frequency of CPFE in ILD patients was reported
to range from 8 to 67%”. In our cohort, emphysema
was present in 23.5% of patients. Consistent with our
knowledge that smoking was a key environmental
risk factor and sputum production was the typical
characteristic of chronic obstructive pulmonary
disease (COPD)*, the CPFE patients had a higher
prevalence of smoking and sputum production. The
increased WBC and monocyte count in CPFE patients
also revealed that COPD was a chronic inflammatory
disease®®. Moreover, the CPFE participants had
significantly lower BMI and decreased prealbumin,
triglyceride, TC, and HDL-cholesterol levels than non-
CPFE patients. This suggested that the combination of
emphysema may lead to greater physical exertion in
ILD patients?”. We also observed that CPFE patients
had higher NT-proBNP level®, longer LVDd, LVDs,
and RASD, and more CA calcification, which indicated
that emphysema may exacerbate the heart burden of
ILD patients. Echoing published literature®”*’, the
CPFE group had significantly higher RV and TLC
and lower FEV1/FVC and DLCO/VA rates than the
non-CPFE group.

Studies have reported that males, smoking, FEV1/
FV(G, and DLCO/VA were associated with CPFE2°3°,
Our analysis revealed that age, male, smoking, and
MLNE were independent predictive factors for CPFE
in ILD patients.

This study also divided the CPFE and non-CPFE
groups according to smoking status. In the CPFE
group, results showed that smoking was associated with
higher CLE scores and emphysema progression on
CT scans. On the other hand, we observed numerous
resemblances between smokers and non-smokers in
the non-CPFE group, as well as between CPFE and
non-CPFE in the whole cohort (including increased

Tobacco Induced Diseases

WBC count, LVDd, RASD and TFS, decreased
DLco/VA, triglycerides, TG and HDL-cholesterol
levels, and higher prevalence of IPF, MLNE, and CA
calcification). These further demonstrated the key
role of smoking in the development of emphysema
based on fibrosis.

There have been controversial reports on how
smoking and emphysema affected survival in ILDs*"
113032 " Qur survival analysis indicated that CPFE did
not affect the prognosis of ILD. Smoking was also not
a prognostic factor in the whole or the CPFE groups.
However, smoking was a risk prognostic factor in
the non-CPFE group. These findings revealed that
smoking had adverse effects on ILD prognosis, which
may be confused by the combination of emphysema.

Correlation analysis showed that smoking pack-
years were weakly correlated with total CLE scores
and TFS but not with TES. TFS were weakly
correlated with TES. Smoking, emphysema, and
fibrosis are associated with each other in ILD patients.

Limitations

Our study’s main limitation is its retrospective and
non-causal single-center design. Second, while most
CT scans were high-resolution ILD protocol images,
a few patients only had standard chest CT scans.
Third, we did not consider other possible confounding
factors, such as secondhand smoke exposure. Finally,
our analysis results have limited generalizability to
other countries. Therefore, further multi-center
prospective randomized controlled clinical studies
are needed.

CONCLUSIONS

Smoking is a risk factor for CPFE. CPFE did not affect
the prognosis of ILD. Smoking was not a prognostic
factor in the whole ILD or the CPFE groups but in the
non-CPFE group. In ILD patients, total fibrosis scores
were weakly correlated with total emphysema scores;
smoking pack-years were weakly correlated with total
CLE scores and total fibrosis scores but not with total
emphysema scores. There was an intricate association
between smoking, emphysema, and fibrosis in ILD
patients.

REFERENCES
1. Smith DJF, Jenkins RG. Contemporary Concise Review

Tob. Induc. Dis. 2024;22(July):132
https://doi.org/10.18332/tid/190689

7



https://doi.org/10.18332/tid/190689

Research Paper

10.

11.

12.

13.

2022: Interstitial lung disease. Respirology. 2023;28(7):627-
635. doi:10.1111/resp.14511

Travis WD, Costabel U, Hansell DM, et al. An official
American Thoracic Society/European Respiratory Society
statement: update of the international multidisciplinary
classification of the idiopathic interstitial pneumonias. Am J
Respir Crit Care Med. 2013;188(6):733-748. doi:10.1164/
reem.201308-1483ST

Wiggins J, Strickland B, Turner-Warwick M. Combined
cryptogenic fibrosing alveolitis and emphysema: the value
of high resolution computed tomography in assessment.
Respir Med. 1990;84(5):365-369. do0i:10.1016/s0954-
6111(08)80070-4

Cottin V, Nunes H, Brillet PY, et al. Combined pulmonary
fibrosis and emphysema: a distinct underrecognised entity.
Eur Respir J. 2005;26(4):586-593. doi:10.1183/09031936
.05.00021005

Cottin V, Selman M, Inoue Y, et al. Syndrome of Combined
Pulmonary Fibrosis and Emphysema: an Official ATS/ERS/
JRS/ALAT research statement. Am J Respir Crit Care Med.
2022;206(4):e7-e41. doi:10.1164/rccm.202206-10418T
Sangani R, Ghio A, Culp S, Patel Z, Sharma S. Combined
Pulmonary Fibrosis Emphysema: role of cigarette smoking
and pulmonary hypertension in a rural cohort. Int J Chron
Obstruct Pulmon Dis. 2021;16:1873-1885. doi:10.2147/
COPD.S307192

Lai RS, Chen CF, Chu KA, Lin MH. The effect of
emphysema on survival in patients with idiopathic
pulmonary fibrosis: a retrospective study in Taiwan. J
Chin Med Assoc. 2019;82(12):922-928. doi:10.1097/

14.

15.

16.

17.

18.

19.

Tobacco Induced Diseases

evidence-based guidelines for diagnosis and management.
Am J Respir Crit Care Med. 2011;183(6):788-824.
d0i:10.1164/rccm.2009-040GL

Raghu G, Remy-Jardin M, Myers JL, et al. Diagnosis of
Idiopathic Pulmonary Fibrosis. An official ATS/ERS/JRS/
ALAT Clinical Practice Guideline. Am J Respir Crit Care
Med. 2018;198(5):e44-¢68. doi:10.1164/rccm.201807-
12558T

Fischer A, Antoniou KM, Brown KK, et al. An official
European Respiratory Society/American Thoracic
Society research statement: interstitial pneumonia with
autoimmune features. Eur Respir J. 2015;46(4):976-987.
doi:10.1183/13993003.00150-2015

Graham BL, Steenbruggen I, Miller MR, et al.
Standardization of Spirometry 2019 update. An official
American Thoracic Society and European Respiratory
Society Technical Statement. Am J Respir Crit Care Med.
2019;200(8):¢70-e88. doi:10.1164/rccm.201908-1590ST

Miller MR, Hankinson J, Brusasco V, et al. Standardisation
of spirometry. Eur Respir J. 2005;26(2):319-338. doi:10.1
183/09031936.05.00034805

Goh NS, Desai SR, Veeraraghavan S, et al. Interstitial lung
disease in systemic sclerosis: a simple staging system.
Am J Respir Crit Care Med. 2008;177(11):1248-1254.
d0i:10.1164/rcecm.200706-8770C

Ufuk F, Demirci M, Altinisik G. Quantitative computed
tomography assessment for systemic sclerosis-related
interstitial lung disease: comparison of different methods.
Eur Radiol. 2020;30(8):4369-4380. doi:10.1007/s00330-
020-06772-2

JCMA.0000000000000201

Kishaba T, Nagano H, Nei Y, Yamashiro S. Clinical
characteristics of idiopathic pulmonary fibrosis patients
according to their smoking status. J Thorac Dis.
2016;8(6):1112-1120. doi:10.21037/jtd.2016.03.89

King TE Jr, Tooze JA, Schwarz MI, Brown KR, Cherniack
RM. Predicting survival in idiopathic pulmonary fibrosis:
scoring system and survival model. Am J Respir Crit
Care Med. 2001;164(7):1171-1181. doi:10.1164/

20.

21.

Lynch DA, Austin JH, Hogg JG, et al. CT-Definable subtypes
of Chronic Obstructive Pulmonary Disease: a statement of
the Fleischner Society. Radiology. 2015;277(1):192-205.
doi:10.1148/radiol.2015141579

Mitchell PD, Das JP, Murphy DJ, et al. Idiopathic
pulmonary fibrosis with emphysema: evidence of synergy
among emphysema and idiopathic pulmonary fibrosis in
smokers. Respir Care. 2015;60(2):259-268. doi:10.4187/
respcare.03389

ajrcem.164.7.2003140

Antoniou KM, Hansell DM, Rubens MB, et al. Idiopathic
pulmonary fibrosis: outcome in relation to smoking
status. Am J Respir Crit Care Med. 2008;177(2):190-194.
doi:10.1164/rccm.200612-17590C

Kirkkiinen M, Kettunen HP, Nurmi H, Selander T, Purokivi
M, Kaarteenaho R. Effect of smoking and comorbidities
on survival in idiopathic pulmonary fibrosis. Respir Res.
2017;18(1):160. doi:10.1186/s12931-017-0642-6

Raghu G, Rochwerg B, Zhang Y, et al. An official ATS/
ERS/JRS/ALAT Clinical Practice Guideline: Treatment
of Idiopathic Pulmonary Fibrosis. An update of the 2011
Clinical Practice Guideline. Am J Respir Crit Care Med.
2015;192(2):e3-e19. doi:10.1164/rccm.201506-1063ST
Raghu G, Collard HR, Egan JJ, et al. An official ATS/
ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis:

22.

23.

24.

25.

Walker CM, Chung JH, Abbott GF, et al. Mediastinal
lymph node staging: from noninvasive to surgical. AJR
Am J Roentgenol. 2012;199(1):W54-W64. doi:10.2214/
AJR.11.7446

Udoji TN, Phillips GS, Berkowitz EA, Berkowitz D,
Ross C, Bechara RI. Mediastinal and Hilar Lymph Node
measurements. Comparison of Multidetector-Row computed
tomography and endobronchial ultrasound. Ann Am Thorac
Soc. 2015;12(6):914-920. doi:10.1513/AnnalsATS.201312-
4300C

Glazer GM, Gross BH, Quint LE, Francis IR, Bookstein FL,
Orringer MB. Normal mediastinal lymph nodes: number
and size according to American Thoracic Society mapping.
AJR Am J Roentgenol. 1985;144(2):261-265. doi:10.2214/

ajr.144.2.261
Agusti A, Celli BR, Criner GJ, et al. Global initiative for

Tob. Induc. Dis. 2024;22(July):132
https://doi.org/10.18332/tid/190689

8



https://doi.org/10.18332/tid/190689
http://doi.org/10.1111/resp.14511
http://doi.org/10.1164/rccm.201308-1483ST
http://doi.org/10.1164/rccm.201308-1483ST
http://doi.org/10.1016/s0954-6111(08)80070-4
http://doi.org/10.1016/s0954-6111(08)80070-4
http://doi.org/10.1183/09031936.05.00021005
http://doi.org/10.1183/09031936.05.00021005
http://doi.org/10.1164/rccm.202206-1041ST
http://doi.org/10.2147/COPD.S307192
http://doi.org/10.2147/COPD.S307192
http://doi.org/10.1097/JCMA.0000000000000201
http://doi.org/10.1097/JCMA.0000000000000201
http://doi.org/10.21037/jtd.2016.03.89
http://doi.org/10.1164/ajrccm.164.7.2003140
http://doi.org/10.1164/ajrccm.164.7.2003140
http://doi.org/10.1164/rccm.200612-1759OC
http://doi.org/10.1186/s12931-017-0642-6
http://doi.org/10.1164/rccm.201506-1063ST
http://doi.org/10.1164/rccm.2009-040GL
http://doi.org/10.1164/rccm.201807-1255ST
http://doi.org/10.1164/rccm.201807-1255ST
http://doi.org/10.1183/13993003.00150-2015
http://doi.org/10.1164/rccm.201908-1590ST
http://doi.org/10.1183/09031936.05.00034805
http://doi.org/10.1183/09031936.05.00034805
http://doi.org/10.1164/rccm.200706-877OC
http://doi.org/10.1007/s00330-020-06772-2
http://doi.org/10.1007/s00330-020-06772-2
http://doi.org/10.1148/radiol.2015141579
http://doi.org/10.4187/respcare.03389
http://doi.org/10.4187/respcare.03389
http://doi.org/10.2214/AJR.11.7446
http://doi.org/10.2214/AJR.11.7446
http://doi.org/10.1513/AnnalsATS.201312-430OC
http://doi.org/10.1513/AnnalsATS.201312-430OC
http://doi.org/10.2214/ajr.144.2.261
http://doi.org/10.2214/ajr.144.2.261

Research Paper

26.

27.

28.

29.

30.

31.

32.

chronic obstructive lung disease 2023 Report: GOLD
executive summary. Eur Respir J. 2023;61(4):2300239.
doi:10.1183/13993003.00239-2023

Barnes PJ. Inflammatory mechanisms in patients with chronic

obstructive pulmonary disease. J Allergy Clin Immunol.
2016;138(1):16-27. doi:10.1016/].jaci.2016.05.011

Ciftci F, Giilpmar B, Atasoy C, Kayacan O, Saryal S. Combined
pulmonary fibrosis and emphysema: How does cohabitation
affect respiratory functions? Adv Med Sci. 2019;64(2):285-
291. doi:10.1016/j.advms.2019.03.005

Su X, Lei T, Yu H, et al. NT-proBNP in different patient
groups of COPD: a systematic review and meta-analysis. Int J
Chron Obstruct Pulmon Dis. 2023;18:811-825. doi:10.2147/
COPD.S396663

Yuan X, Jin J, Xu X. Development of a nomogram for

predicting the presence of combined pulmonary fibrosis and
emphysema. BMC Pulm Med. 2021;21(1):349. doi:10.1186/
$12890-021-01725-x

Ye Q, Huang K, Ding Y, et al. Cigarette smoking contributes
to idiopathic pulmonary fibrosis associated with emphysema.
Chin Med J. 2014;127(3):469-474. doi:10.3760/
cma.j.issn.0366-6999.20131684

Jiang CG, Fu Q, Zheng CM. Prognosis of combined
pulmonary fibrosis and emphysema: comparison

with idiopathic pulmonary fibrosis alone. Ther
Adv Respir Dis. 2019;13:1753466619888119.
doi:10.1177/1753466619888119

Ryerson CJ, Hartman T, Elicker BM, et al. Clinical
features and outcomes in combined pulmonary fibrosis

and emphysema in idiopathic pulmonary fibrosis. Chest.
2013;144(1):234-240. doi:10.1378/chest.12-2403

Tobacco Induced Diseases

ACKNOWLEDGEMENTS

The authors thank the medical workers who have contributed to the
study, those in all industries involved in the study, and our patients.
In addition, we extend our special thanks to Mengmeng Ren for her
invaluable assistance with the statistical analysis.

CONFLICTS OF INTEREST
The authors have completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and none was reported.

FUNDING
There was no source of funding for this research.

ETHICAL APPROVAL AND INFORMED CONSENT

Ethical approval was obtained from the affiliated hospital of Qingdao
University Institutional Review Board, Shandong, Qingdao, China
(Approval number: QYFWZLL26477; Date: 20 December 2020). The
need for patient approval and informed consent was waived due to the
retrospective nature of the study.

DATA AVAILABILITY
The data supporting this research are available from the authors on
reasonable request.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer-reviewed.

Tob. Induc. Dis. 2024;22(July):132
https://doi.org/10.18332/tid/190689

9


https://doi.org/10.18332/tid/190689
http://doi.org/10.1183/13993003.00239-2023
http://doi.org/10.1016/j.jaci.2016.05.011
http://doi.org/10.1016/j.advms.2019.03.005
http://doi.org/10.2147/COPD.S396663
http://doi.org/10.2147/COPD.S396663
http://doi.org/10.1186/s12890-021-01725-x
http://doi.org/10.1186/s12890-021-01725-x
http://doi.org/10.3760/cma.j.issn.0366-6999.20131684
http://doi.org/10.3760/cma.j.issn.0366-6999.20131684
http://doi.org/10.1177/1753466619888119
http://doi.org/10.1378/chest.12-2403

