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Background: Combined pulmonary fibrosis and emphysema (CPFE) have different pulmonary function tests (PFTs) 
and outcomes than idiopathic pulmonary fibrosis (IPF). The intention of this study was to identify unknown differences 
between CPFE and IPF by a retrospective comparison of clinical data including baseline and annual changes in 
pulmonary function, comorbidities, laboratory findings, clinical characteristics and cause of hospitalization.
Methods: This study retrospectively enrolled patients with CPFE and IPF who had undergone PFTs once or several 
times per year during a follow-up period of three years. Baseline clinical characteristics and the annual changes in the 
pulmonary function during the follow-up period were compared between 26 with CPFE and 42 patients with IPF.
Results: The baseline ratio of forced expiratory volume in one second to forced vital capacity (FEV1/FVC%) in patients 
with CPFE was lower than that in patients with IPF (78.6±1.7 vs. 82.9±1.1, p=0.041). The annual decrease in FEV1/FVC in 
the CPFE was significantly higher than in the IPF. The annual decreases in diffusion capacity of carbon monoxide and 
FVC showed no significant differences between the two groups. The symptom durations of cough and sputum were 
in the CPFE significantly lower than in the IPF. The serum erythrocyte sedimentation rate level at the acute stage was 
significantly higher than in the IPF. There were no significant differences in the hospitalization rate and pneumonia was 
the most common cause of hospitalization in both study groups.
Conclusion: The annual decrease of FEV1/FVC was in patients with CPFE significantly higher than in the patients with 
IPF.
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Introduction
Combined pulmonary fibrosis and emphysema (CPFE) is 

defined as concurrent emphysema and pulmonary fibrosis in 
a patient. This disease may have a different clinical outcome 
and pulmonary function compared to idiopathic pulmonary 
fibrosis (IPF). But the difference and magnitude have not 
been completely elucidated. CPFE experience mildly expira-
tory flow limitation and overexpansion, as well as significantly 
compromised gas exchange during exercise1-9. Notably, CPFE 
have a relatively normal lung volume compared to those with 
IPF2-4,10. Pulmonary emphysema increases lung compliance 
and volume, while pulmonary fibrosis decreases compliance 
and volume. Thus, ventilatory function appears relatively 
normal because of these two opposing conditions in CPFE4,11. 
Emphysema associated with CPFE is localized to the upper 
pulmonary lobes and pulmonary fibrosis to the lower lobes4. 
CPFE is often concomitant with numerous complications in-
cluding pulmonary hypertension, acute lung injury, and lung 
cancer4,5,12-14. The condition occurs primarily in male smokers, 
and these co-morbidities are known to impact the survival 
rate4-6,12. Generally, pulmonary function is comparatively nor-
mal in CPFE than in IPF. In a prior study evaluating the long 
term pulmonary function in CPFE and IPF, the reduction in 
vital capacity and total lung capacity was less in CPFE patients 
than in IPF; the diffusion capacity of carbon monoxide (DLco) 
was also lower in the CPFE than the IPF11. At present, there are 
few long-term studies comparing the change in pulmonary 
function between CPFE and IPF3,6,11,15. Comparative studies fo-
cused on other clinical parameters such as acute exacerbation 
are similarly inadequate. We hypothesized that CPFE present 
distinct clinical characteristics and disease progression than 
IPF in pulmonary function and acute exacerbation. We inves-
tigated the correlation to several clinical parameters including 
concomitant diseases, pulmonary function, laboratory find-
ings, symptoms, and hospitalization to discern potential differ-
ences between the two diseases that have not been revealed.

This protocol was screened and approved by the Com-
mittee of Clinical Research Ethics of Gachon University’s Gil 
Medical Center. 

Materials and Methods
1. Patient characteristics

CPFE and IPF patients receiving pulmonary function test 
(PFT) over 3 years at the Division of Pulmonology at Gachon 
University Gil Medical Center from 1 January 2000 to 31 June 
2013 were retrospectively reviewed. In total, 68 records of 26 
patients with CPFE and 42 patients with IPF were analyzed for 
sex, age, smoking status, laboratory findings, and pulmonary 
function. IPF was diagnosed based on the American Thoracic 

Society (ATS) and European Respiratory Society (ERS) 2012 
guidelines16. CPFE was diagnosed in patients showing well-
demarcated areas of low attenuation typical of emphysema 
located predominantly in the upper lung zones and patterns 
compatible with IPF11.

2. Clinical characteristics and PFT

The sex, age, smoking status, and laboratory findings at 
the first medical examination were screened, and the clinical 
symptoms, symptom duration, hospitalization incidence and 
cause, erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) during stable periods, and the ESR and CRP 
during hospitalization periods during the follow-up period 
were compared between the patient groups. The follow-up 
period was defined as the interval between the first hospital 
visit and the last visit or patient death. The PFT evaluated the 
forced expiratory volume in one second (FEV1), forced vital 
capacity (FVC), and pulmonary DLco. Data were measured 
as the percentage (% predicted) of the absolute (mL) and 
estimated values. Pulmonary function at the initial hospital 
visit served as the baseline respiratory function. Patients who 
performed a PFT at least three times during the study period.

3. Statistical analysis

Data means and magnitude of change in numerical pulmo-
nary function and laboratory findings were compared using 
the t-test. Correlations between the binary variables such as 
sex, age, smoking, and concomitant diseases were analyzed 
using the chi-square test. Patients who performed a PFT at 
least three times during the study period were reviewed to 
evaluate the pulmonary function change over time using 
linear regression analysis. Differences were considered signifi-
cant when the p-value less than 0.05. 

Results
1. Clinical characteristics of CPFE and IPF (Table 1)

Male accounted for 23 (88.5%) of the CPFE and was signifi-
cantly higher than that the IPF (p=0.007). Smoking status and 
pack-year were significantly higher in the CPFE (p=0.001). In 
the analysis of respiratory symptoms (excertional dyspnea, 
cough, and sputum), there were no significant differences be-
tween the two groups. The mean symptom duration for both 
cough and sputum were significantly longer in the IPF than 
in the CPFE (p=0.007 and p=0.018). There were no significant 
differences between the two groups in FVC and FEV1, but the 
FEV1/FVC ratio was significantly lower in the CPFE patient 
group (p=0.041). DLco (%) were lower in the CPFE compared 
to the IPF, but the difference was not statistically significant. 
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Both groups exhibited an elevated pulmonary artery pressure 
compared with normal range, but there was no significant dif-
ference between the two groups. We observed no significant 
difference in survival both group (Figure 1).

2. Annual changes in pulmonary function in the CPFE 
and IPF (Table 2)

Notably, the FEV1/FVC did significantly decrease over time 
in the CPFE compared with the IPF (p=0.007). In the CPFE, 
the mean FVC increased over time, while the mean FEV1 
decreased. In the IPF, FVC decreased, and the FEV1 slightly 
increased over time. However, there were no significant dif-
ferences in FVC or FEV1 change over time between the two 
groups. DLco decreased in both groups over, but to a greater 
extent in CPFE; however, there was no significant difference 
between the groups. 

3. Co-morbidities of CPFE and IPF (Table 3)

In the analysis of co-morbidities such as tuberculosis, dia-

Figure 1. Kaplan-Meier survival curves. CPFE: combined pulmo-
nary fibrosis and emphysema; IPF: idiopathic pulmonary fibrosis.

Table 1. Clinical characteristics of CPFE and IPF

CPFE (n=26) IPF (n=42) p-value

Sex (male/female) 23/3 24/18 0.007

Age, yr 67.6±2.2 68.2±1.7 0.822

Follow up, mo 48.9±6.8 62.1±6.7 0.176

Survival (no) 2 9 0.780

Smoking (yes/no) 24/2 19/23 0.001

BMI, kg/m2 23.4±0.5 23.9±0.5 0.488

Pack-year 28.3±4.1 10.7±2.5 0.001

DOE (yes) 19 32 0.485

Cough (yes) 23 38 0.452

Sputum (yes) 17 26 0.514

DOE, wk 54.5±9.6 63.2±7.1 0.473

Cough, wk 39.9±6.6 65.8±6.5 0.007

Sputum, wk 35.5±6.7 63±8.0 0.018

Baseline FVC, L 2.9±0.2 2.6±0.2 0.194

Baseline FVC, % 79.3±4.0 79.7±3.0 0.934

Baseline FEV1, L 2.3±0.2 2.1±0.1 0.404

Baseline FEV1, % 85.7±5.6 93.6±3.5 0.238

Baseline DLco, % 76.5±6.1 82.8±4.3 0.398

Baseline FEV1/FVC, % 78.6±1.7 82.9±1.1 0.041

Systolic PAP, mm Hg 32.7±4.0 39.3±3.9 0.711

Values are presented as number or mean±SD. 
CPFE: combined pulmonary fibrosis and emphysema; IPF: 
idiopathic pulmonary fibrosis; BMI: body mass index; DOE: 
dyspnea of exertion; FVC: forced vital capacity; FEV1: forced 
expiratory volume in 1 second; DLco: diffusion capacity of carbon 
monoxide; PAP: pulmonary arterial pressure; SD: standard 
deviation.

Table 2. Annual changes in pulmonary function in the 
groups with CPFE and IPF

CPFE IPF p-value

FVC, mL/yr  47±44 56±50 0.150

FVC, %/yr −0.833±1.693 0.667±1.160 0.475

FEV1, mL/yr  82±42 21±29 0.058

FEV1, %/yr 0.323±3.399 1.577±1.094 0.732

DLCO, mL/min/mm Hg/yr −1.062±0.855 −0.362±0.600 0.512

DLCO, %/yr −0.705±2.946 −4.775±3.931 0.417

FEV1/FVC, 1/yr −0.036±0.013 0.031±0.018 0.007

Values are presented as mean±SD or number. 
CPFE: combined pulmonary fibrosis and emphysema; IPF: 
idiopathic pulmonary fibrosis; FVC: forced vital capacity; FEV1: 
forced expiratory volume in 1 second; DLCO: diffusion capacity of 
carbon monoxide; SD: standard deviation.

Table 3. Comorbidity of CPFE and IPF

CPFE (n=26) IPF (n=42) p-value

TB (yes/no) 4/22 9/33 0.752

DM (yes/no) 12/14 14/28 0.316

Hypertension (yes/no) 9/17 20/22 0.324

Cardiac disease (yes/no) 8/18 10/32 0.579

Cerebral disease (yes/no) 3/23 2/40 0.363

Lung cancer (yes/no) 2/24 3/39 0.933

CPFE: combined pulmonary fibrosis and emphysema; IPF: 
idiopathic pulmonary fibrosis; TB: Mycobacterium tuberculosis 
history; DM: diabetes mellitus.
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betes, hypertension, heart disease, cerebral disease, and lung 
cancer to survival rate, there were no significant differences in 
any of the variables between the two groups. 

4. Laboratory finding of CPFE and IPF (Table 4)

The mean ESR during hospital period was significantly 
higher in the IPF (p=0.029). The mean ESR during stable pe-
riods and the mean CRP during hospital period and stable 
period were not significantly different between the two 

groups. The mean baseline serum calcium concentration at 
stable was higher in the IPF than the CPFE but was within the 
normal range (p=0.025). There was no significant difference 
between the two groups in the other laboratory findings.

5. Cause of hospitalization (Table 5)

The rate of hospitalization was 38% in the CPFE and 45% in 
the IPF, indicating no significant difference between the two 
groups. Pneumonia, which occurred at the highest frequency 
of hospitalization, accounted for 56% of CPFE and 56% of IPF, 
which was a high incidence in both groups. 

6. Treatment of CPFE and IPF (Table 6)

Prednisolone was significantly difference compared with 
the CPFE and IPF (p=0.029). At a 64% prescription rate in IPF, 
which was significantly higher than that of CPFE at 42%. There 
were no significant differences between the two groups in the 
prescription rate of other medications such as short acting 
β-agonists, short acting anticholinergics, theophylline, and N-
acetylcysteine.

Table 4. Laboratory findings of CPFE and IPF

CPFE (n=26) IPF (n=26) p-value

PaO2, mm Hg 84.1±5.3 91.6±4.2 0.277

PaCO2, mm Hg 36.4±4.1 32.5±1.0 0.357

ESR, mm/hr

    Stable 29.7±7.5 25.5±2.8 0.542

    Exacerbation 28.3±7.2 51.8±6.9 0.029

CRP, mg/dL

    Stable 0.1±0.1 0.5±0.4 0.375

    Exacerbation 6.2±1.5 6.5±1.5 0.87

LDH, U/L 780.2±203.6 551.4±46.4 0.231

CPK, U/L 286.8±125.9 120.2±34.9 0.165

Glucose, mg/dL 124.4±10.9 147.1±17.6 0.281

Protein, g/dL 7.3±0.1 7.3±0.1 0.961

Albumin, g/dL 4.0±0.1 3.9±0.1 0.578

T-bilirubin, mg/dL 0.6±0.0 0.6±0.0 0.636

AST, U/L 44.1±12.5 31.3±3.2 0.238

ALT, U/L 34.5±10.3 27.9±3.6 0.551

ALP, U/L 85.2±8.7 115.3±12.4 0.088

Ca, mg/dL 8.6±0.1 9.0±0.1 0.025

Mg, mg/dL 2.2±0.2 2.3±0.1 0.817

Hb, g/dL 13.4±0.4 13.2±0.3 0.627

WBC, 10−3/mm−3 9.2±0.9 9.1±0.6 0.996

Lymphocyte, % 28.4±2.0 27.1±1.7 0.626

PLT, 10−3/mm−3 246.6±13.0 280.9±19.3 0.145

HbA1C, % 6.8±0.3 8.1±1.0 0.190

ProBNP, pg/mL 243.8±99.3 794.8±435.9 0.241

Values are presented as mean±SD or number. 
CPFE: combined pulmonary fibrosis and emphysema; IPF: 
idiopathic pulmonary fibrosis; ESR: erythrocyte sedimentation 
rate; CRP: C-reactive protein; LDH: lactate dehydrogenase; 
CPK: creatine kinase; T-bilirubin: total bilirubin; AST: aspartate 
aminotransferase; ALT: alanine transaminase; ALP: alkaline 
phosphatase; WBC: white blood cell; PLT: platelet; HbA1C: 
hemoglobinA1C; ProBNP: pro-brain natriuretic peptide; SD: 
standard deviation.

Table 5. Causes of hospitalization

CPFE (n=26) IPF (n=42) p-value

Cause of hospitalization 10/26 (38) 20/42 (45) 0.314

Pneumonia 5 (56) 12 (57) 0.565

Pneumothorax 1 (11) 1 (5) 0.995

Lung cancer 1 (11) 1 (5) 0.995

Others* 2 (22) 7 (33) 0.465

Values are presented as number (%).
*Upper airway infection, pulmonary thromboembolism, Still's 
disease, acute exacerbation of IPF.
CPFE: combined pulmonary fibrosis and emphysema; IPF: 
idiopathic pulmonary fibrosis.

Table 6. Treatments of CPFE and IPF

CPFE (n=26) IPF (n=42) p-value

Inhaled bronchodilator

    Short acting β-agonist 3 (11.5) 7 (16.7) 0.562

    Short acting anticholinergic 4 (15.4) 12 (28.6) 0.213

Prednisolone 11 (42.3) 29 (64.0) 0.029

N-acetylcysteine 22 (84.6) 37 (88.1) 0.681

Theophylline 6 (23.1) 5 (11.9) 0.224

Values are presented as number (%).
CPFE: combined pulmonary fibrosis and emphysema; IPF: 
idiopathic pulmonary fibrosis.
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Discussion
Compared to the baseline PFT, the FEV1/FVC ratio was 

significantly different between the two groups and was lower 
in CPFE than in IPF, which is consistent with previous re-
ports2,11,15. Cottin et al.2 reported that the FEV1/FVC in CPFE 
was lower than the normal range. Mura et al.3 asserted that 
the existence and range level are important factors promoting 
decline in pulmonary function including FEV1/FVC. Akagi et 
al.11 also observed that the baseline FEV1/FVC in CPFE was 
decreased compared to FEV1/FVC in IPF. Also, they found 
that the baseline DLco and DLco was decreased to a signifi-
cantly higher in the CPFE than in the IPF11. But this study 
report did not reveal a significant difference in the baseline 
DLco of either group. Moreover, there was no statistically sig-
nificant difference in the FVC decrease. Over the study follow-
up period, change in the FEV1/FVC was disparate between 
the two groups, a finding similar to that reported by previous 
study11,15. The FEV1/FVC in IPF remained mostly consistent 
over the follow-up period, but the ratio significantly decreased 
in the CPFE during the follow-up period11. Distinct from IPF, 
CPFE was associated with a progressively obstructive pattern 
over time, which highlights the importance of bronchodila-
tor therapy in CPFE. In a study comparing CPFE and COPD 
executed by Kitaguchi et al.15, the FEV1/FVC in CPFE tended 
to decreased during the follow-up period, like the our study. 
Patients with CPFE are commonly men with smoking history. 
It seems most likely that emphysema affected FEV1/FVC de-
cline by the effect of the fibrosis. While Akagi et al.11 reported 
a significant yearly decline in DLco between the two groups, 
our data did not show such a trend, indicating the need for ad-
ditional research. Notably, this study revealed a significantly 
long duration of cough and sputum in the IPF compared to 
the CPFE. Moreover, the mean ESR during hospitalization was 
higher in the IPF. Previous studies reported that CPFE and IPF 
have similar mortality8,17. But Kurashima et al.6 reported CPFE 
had better survival compared with IPF. ESR and CRP might 
show as systemic inflammatory marker in chronic obstructive 
pulmonary disease18. CRP increases as FEV1% worsens19. It is 
still uncertain the role of inflammation in IPF. But Mura et al.20 
suggested inflammatory activity in IPF is relavant. CPFE have 
different clinical features such as relation with emphysema 
and smoking history compared with IPF. So the mean ESR 
during hospitalization was higher in the IPF. ESR might show 
as a marker of systemic inflammation in CPFE and IPF. Fur-
ther study needed whether ESR and the symptom duration 
may be prognostic indicator. Both groups had a pulmonary ar-
tery pressure higher than the normal range, but there was no 
significant difference between the groups. This result is similar 
to previous reports showing that the pulmonary hypertension 
incidence is higher in CPFE patients5,17. Additional prospec-
tive studies are needed to clarify the relationship between pul-
monary hypertension and CPFE. There are several limitations 

in this study. First, this is single-center and retrospective study. 
Second, the assessment of emphysema did not use scoring 
method of emphysema. Third, we did not measure the exact 
areas of fibrosis. But, this study showed that the presence of 
concurrent emphysema in IPF is important factor about prog-
nosis and PFT changes of patient. Further studies investigat-
ing the relationship between the obstructive change and short 
symptom duration in CPFE and prognosis are needed. The 
study of inflammatory mediators and biomarker in CPFE also 
merits evaluation through prospective studies. 

In conclusion, Annual decrease in FEV1/FVC in CPFE 
was significantly more than IPF. In addition, this is the report 
showing the yearly dynamics changes of pulmonary function 
parameters, and analysis of the frequency and causes of hos-
pitalization in CPFE compared with IPF.
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