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Factors associated with mortality 
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Abstract:
BACKGROUND AND AIM: Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive lung 
disease with a poor prognosis, characterized by advanced fibrosis. The course of the disease 
varies from patient to patient. The factors that determine the course of the disease are yet to be 
clarified. Here, we aimed to assess patient characteristics, overall mortality, and mortality-associ-
ated factors in our IPF patient cohort.
METHODS: Our multicenter, retrospective cohort study reviewed the records of 169 patients 
diagnosed with IPF who had mild-to-moderate functional impairment and were followed up for at 
least one year from diagnosis until death between 2009 and 2019.
RESULTS: The mean age of the 169 IPF patients was 69.7±8.8 years, and 73.4% were male. The 
diagnosis was established clinically and radiologically in 152 (89.9%) patients and histopatholog-
ically in 17 (10%) patients. A smoking history was found in 72.2% of the patients, with an aver-
age smoking quantity of 35.6±14.7 pack-years. Among the patients, 28 (16.6%) did not receive 
treatment, 87 (51.5%) received pirfenidone, and 54 (31.9%) nintedanib treatment. The median 
Gender, Age, and Physiology (GAP) score of the patients was 3. The mean forced vital capacity 
(FVC) was 79.6%±19.7%, the mean diffusing capacity of the lungs for carbon monoxide (DLCO) 
was 52.8%±14.5%, the median pulmonary hypertension score was 2, the mean pulmonary artery-
to-aorta (PA/Aorta) ratio was 0.85±0.15, the mean arterial partial pressure of oxygen (PaO2) was 
66±10.7 mmHg, and the median right ventricular systolic pressure (RVSP) was 30 (range: 19–60) 
mmHg. The one-year mortality rate was 7.1%, the two-year mortality rate was 19.6%, and the 
three-year mortality rate was 42.5%. The factors associated with one- and two-year mortality 
were age, GAP score, RVSP, and non-treatment. The factors associated with three-year mortality 
were age, GAP score, non-treatment, and the PA/Aorta ratio. 
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic and 
progressive form of interstitial lung disease (ILD) 

characterized by fibrosis and declining lung function. It 
typically occurs at the age of 50 years and above.[1,2] Var-
ious causes, such as genetic predisposition, environmen-
tal risk factors and exposure, smoking, gastroesophageal 
reflux, and viral infections, have been suggested in the 
literature; however, the etiology is still unknown. Re-
peated exposures lead to micro-injuries in the lung tissue 
and vascular system, triggering inflammatory response 
and fibrosis.[2] Symptoms are nonspecific, with most pa-
tients initially experiencing exertional dyspnea and dry 
cough. In some cases, symptoms may appear after the 
onset of radiological changes. The prognosis and surveil-
lance of IPF are poorer than many cancers, with a mean 
survival of three to five years following diagnosis.[3–5] 
Although antifibrotic therapies have been used in recent 
years to reduce disease progression, exacerbations, hos-
pitalizations, and mortality rates remain high. Currently, 
lung transplantation is the only definitive treatment op-
tion available. The course of the disease varies among 
patients. Some patients with IPF remain stable over an 
extended period, while others experience frequent exac-
erbations leading to early mortality. The factors influenc-
ing disease course have yet to be fully understood. Sev-
eral clinical models have been proposed to predict the 
course of the disease, with Gender, Age, and Physiology 
(GAP) index being the most commonly utilized.[6] 

In addition, most patients with IPF have comorbidities 
such as gastroesophageal reflux, obstructive sleep apnea, 
lung cancer, cardiomyopathy, and pulmonary hyperten-
sion, which significantly impact the disease course. These 
comorbidities contribute to more frequent exacerbations 
and loss of function, resulting in a rapid decline in survival. 
Consequently, identifying and treating comorbidities may 
lead to improved overall outcomes, including quality of 
life and survival.[7] Approximately 30–50% of patients with 
advanced IPF develop pulmonary hypertension.[7] Pul-
monary hypertension should be suspected in patients with 
severe hypoxemia, disproportionate desaturations during 

the six-minute walk test, or IPF patients who have dispro-
portionate decrease in Diffusing Capacity of the Lungs for 
Carbon Monoxide (DLCO) relative to the disease.[8–10] 

The present study aims to evaluate the significance of de-
mographic characteristics, pulmonary function parame-
ters, GAP scores, measurements, and scores potentially 
indicative of pulmonary hypertension, as well as radio-
logical findings, in predicting mortality among our IPF 
patients. Additionally, we aim to assess overall mortality 
and factors associated with mortality.

Materials and Methods

Our multicenter, retrospective cohort study included 
169 adult patients diagnosed with IPF clinically, radi-
ologically, or histopathologically.[1,11] According to cur-
rent guidelines, we specifically selected patients with 
mild-to-moderate functional impairment (Forced Vital 
Capacity (FVC) ≥ 50%, DLCO ≥ 30%) who were fol-
lowed up for at least one year from diagnosis or until 
death between 2009 and 2019. Patients with IPF who 
had severe functional impairment and were followed 
up for less than one year were excluded. Additionally, 
cases with severe functional impairment where antifi-
brotic treatment was not indicated were not included 
in the study, enabling a comparison between cases that 
received and did not receive treatment. The medical 
records of the patients were retrospectively reviewed.

We evaluated our patients for demographic characteris-
tics, diagnostic methods, pulmonary function parame-
ters, pulmonary artery diameter on thoracic Computed 
Tomography (CT), oxygenation, echocardiographic 
findings, survival during the follow-up period, and the 
treatments received. The GAP score was calculated for all 
patients using the method suggested by Ley et al.[6] This 
total GAP score considered four clinical variables: gender 
(female: 0 points, male: 1 point), age (0–2 points), forced 
vital capacity (FVC) (%) (0–2 points), and DLCO (%) 
(0–2 points). Subsequently, the patients were classified 
into three stages based on their GAP scores: Stage I (0–3 
points), Stage II (4–5 points), and Stage III (6–8 points). 

CONCLUSIONS: Antifibrotic therapy improves disease prognosis and can reduce mortality in patients diagnosed with IPF. Eleva-
tion of RVSP on echocardiography and PA/Aorta ratio on thoracic computed tomography can be used as predictors of mortality, 
similar to the GAP score.
Keywords:
GAP score, idiopathic pulmonary fibrosis, mortality, nintedanib, PA/Aorta ratio, pirfenidone, pulmonary hypertension
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Pulmonary function tests (PFTs), including spirometry and 
the test of diffusing capacity of the lungs for carbon monox-
ide (DLCO), were performed following the current Ameri-
can Thoracic Society/European Respiratory Society (ATS/
ERS) pulmonary function guidelines of that period.[12] 

Measurements of pulmonary artery diameter and aortic 
diameter were taken at the level of the pulmonary artery 
bifurcation on High-Resolution Computed Tomography 
(HRCT), and the Pulmonary artery/Aortic diameter ra-
tio (PA/Ao) was calculated.[13]

Transthoracic echocardiography was used to measure 
the estimated right ventricular systolic pressure (RVSP).

The pulmonary hypertension score, proposed by Fu-
rukawa et al.[13] as predictor of pulmonary hypertension, 
was calculated using DLCO, PA/Ao ratio on CT, and 
partial arterial oxygen pressure (PaO2).

At the end of the first year, 157 out of 169 patients sur-
vived. In the second year, 45 patients were lost to follow-
up, while 112 patients remained in the study and their 
data were evaluated. By year three, 10 out of the 90 pa-
tients who had survived until the end of the second year 
were lost to follow-up. The data of the remaining 80 pa-
tients who continued to be in follow-up were evaluated.

Descriptive statistics were used to present the variables. 
Categorical data were reported as proportions and 
counts, while normally distributed continuous data were 
presented as means and standard deviation (SD). Median 
and interquartile range values were provided for non-
normally distributed continuous data. The Chi-square 
test was used to compare categorical variables, and the 
Student t-test and Mann-Whitney U test were performed 
to compare normally and non-normally distributed con-
tinuous data between two groups, respectively.

Results

The mean age of the 169 IPF patients was 69.7±8.8 years. 
The study sample consisted of 124 (73.4%) male patients 
and 45 (26.6%) female patients. The diagnosis was es-
tablished clinically and radiologically in 152 (89.9%) pa-
tients based on typical radiological findings along with 
compatible clinical findings, and histopathologically in 
17 (10%) patients. Among the patients, 72.2% were active 
smokers or had a history of smoking. The mean smok-

ing quantity was 35.6±14.7 pack-years. Out of all the pa-
tients, 28 (16.6%) did not receive treatment, 87 (51.5%) 
received pirfenidone, and 54 (31.9%) received nintedanib 
treatment. The median GAP score of the patients was 3. 
The mean FVC was 79.6%±19.7%, the mean DLCO was 
52.8%±14.5%, the median pulmonary hypertension score 
was 2, the mean PA/Aorta ratio was 0.85±0.15, the mean 
PaO2 was 66±10.7 mmHg, and the median RVSP was 30 
(19–60) mmHg. The one-year mortality rate was 7.1%, 
the two-year mortality rate was 19.6%, and the three-
year mortality rate was 42.5% (Table 1). 

The factors associated with one- and two-year mor-
tality were age, GAP score, RVSP, and non-treatment. 
Similarly, for three-year mortality, age, GAP score, non-
treatment, and the PA/Aorta ratio were identified as 
significant factors (Table 2). 

Table 1: Characteristics of IPF patients with mild-to-moderate 
functional impairment

  n*  %

Age (years, mean±SD) 169 69.7±8.8
Gender 169
 Male 124  73.4
Type of diagnosis 169
 Clinical-radiological 152  89.9
 Histopathological 17  10.1
Smoking 126
 Never-smoker 35  27.7
 Ex-smoker 75  59.5
 Current smoker 16  12.7
Smoking pack years 85 35.6±14.7
Antifibrotic therapy 169
 Not received 28  16.6
 Pirfenidone 87  51.5
 Nintedanib 54  31.9
FVC (%) (mean±SD) 169 79.6±19.7
DLCO (%) (mean±SD) 169 52.8±14.5
PaO2 (mmHg) (mean±SD) 156 66±10.7
PA/Ao (mean±SD) 145 0.85±0.15
GAP score (median, IQR) 169 3 (1–6)
PH score (median, IQR) 133 2 (0–3)
RVSP (mmHg) (median, IQR) 57 30 (19–97) 
Year mortality 169
 1 12  7.1
Year mortality 112
 2 22  19.6
Year mortality 80
 3 34  42.5

*: Cases with available data. IPF: Idiopathic pulmonary fibrosis, SD: Standard 
deviation, FVC: Forced vital capacity, DLCO: Diffusing capacity of the lungs 
for carbon monoxide, PaO2: Arterial partial pressure of oxygen, PA/Ao: 
Pulmonary artery-to-aorta, GAP: Gender, Age, and Physiology, PH: Pulmonary 
hypertension, RVSP: Right ventricular systolic pressure, IQR: Interquartile range
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Discussion

IPF is a chronic and progressive ILD with a worse prog-
nosis compared to many cancers. The disease course 
varies, with some patients experiencing long-term sta-
bility while others face early mortality. Despite efforts 
to predict the disease course, it remains challenging to 
accurately determine individual outcomes. In our study 
involving IPF patients with mild-to-moderate functional 
impairment, the one-year mortality rate was 7.1%, the 
two-year mortality rate was 19.6%, and the three-year 
mortality rate was 42.5%. Age, GAP score, RVSP, non-
treatment, and the PA/Aorta ratio were identified as fac-
tors associated with mortality.

IPF predominantly affects individuals at an advanced 
age and is more common in males.[14,15] In our study, 
73.4% of the patients were male, with a mean age of 69.7 
years. The diagnosis of IPF can be established through 
a multidisciplinary assessment without the need for 
biopsy in cases demonstrating a typical pattern of 
usual interstitial pneumonia (UIP) on HRCT scans, and 
when other potential causes of UIP are ruled out in the 
presence of characteristic clinical findings.[16,17] In our 
study, the diagnosis of IPF was established clinically 
and radiologically in 152 (89.9%) patients based on typ-
ical radiological findings, while histopathological con-
firmation was obtained in 17 (10%) patients.

The course of IPF exhibits high variability, which poses 
challenges in developing personalized treatment plans. 
Several studies have investigated factors that may indi-
cate the prognosis of IPF, including demographic charac-
teristics, pulmonary function test parameters, radiologi-
cal features, and various biomarkers.[4,18–20]

Several studies have demonstrated an association between 
advanced age and male gender with mortality.[4,21] How-
ever, in our study, advanced age was found to be associated 
with one-, two-, and three-year mortality, while male gen-
der did not show a significant association with mortality. 

In our study sample, 72.2% of the patients were active 
smokers or had a history of smoking, with a mean smok-
ing quantity of 35.6 pack-years. Previous studies have re-
ported a smoking rate of 60–75% in IPF patients.[22–24] The 
risk of developing IPF increases with the quantity of smok-
ing, and most patients have a smoking history of more 
than 20 pack-years.[1] Smokers or former-smokers are at an 

elevated risk of developing IPF and generally have a worse 
prognosis compared to IPF patients who never smoked.[22–

24] However, our study did not establish a significant asso-
ciation between smoking, smoking quantity, and mortality.

Among our patient, 29 did not receive treatment as they 
were followed up before the use of antifibrotic therapies. 
In our study, patients who did not receive antifibrotic 
treatment had higher one-, two-, and three-year mortality 
rates. Antifibrotic therapies have well-known effects on 
reducing the decline in pulmonary function and slowing 
disease progression. Some studies have reported relatively 
extended survival with these therapies.[24] A meta-analy-
sis by Fleetwood et al.[25] demonstrated that pirfenidone 
reduced lung function decline and mortality. Lancaster 
et al.,[26] in a pooled analysis of six studies, found that 
nintedanib could increase life expectancy. A recent meta-
analysis by Petnak et al.,[27] which included 26 studies, 
concluded that antifibrotic therapies reduced mortality.

Our study investigated the association between PFT 
parameters, specifically FVC and DLCO, and mortality. 
However, we found that these parameters alone were not 
associated with one-, two-, and three-year mortality. In 
contrast, the study by Natsuizaka, which evaluated 553 
IPF patients, identified Vital Capacity (VC) and DLCO 
as mortality-associated factors, while Song et al. identi-
fied FVC and DLCO as such.[18,28] Additionally, the study 
by Moğulkoç et al.[29] reported that the percent predicted 
DLCO was an independent predictor of mortality in pa-
tients awaiting transplantation. We believe that the lack 
of any effect of pulmonary function test parameters on 
mortality in our study may be attributed to the exclusion 
of patients with severely impaired pulmonary function. 

The GAP model, which incorporates clinical and physio-
logical variables such as gender, age, FVC, and DLCO, has 
also been used to predict mortality associated with IPF in 
recent years. Many studies have predicted mortality us-
ing this model.[6,28,30] Lee et al.[31] established that the GAP 
score and composite physiologic index (CPI) could predict 
mortality, with CPI being superior. In our study, we found 
an association between the GAP score and one-, two-, and 
three-year mortality.

Comorbidities are more common in IPF patients com-
pared to the general population, with most patients usu-
ally having more than two comorbidities.[1] Pulmonary 
hypertension often coexists with IPF,[8] as observed in 
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various studies where it accompanies 30%–50% of IPF 
cases.[7] The presence of pulmonary hypertension (HT) in 
IPF patients has been associated with increased mortal-
ity and a higher mortality risk correlated with elevated 
mean pulmonary artery pressures (mPAP).[8,9,28,32] The 
definitive diagnosis of pulmonary hypertension requires 
Right Ventricle (RV) catheterization, which is an invasive 
diagnostic method. Although the diagnostic accuracy of 
transthoracic echocardiography is unclear, it is a non-
invasive method that can indicate the presence of pul-
monary hypertension.[33] Some studies have suggested 
that RVSP elevation alone is not be sufficient to predict 
pulmonary hypertension, and the addition of other func-
tional and echocardiographic methods would provide a 
more appropriate prediction.[34]

Alkukhun et al.[35] evaluated non-invasive methods to 
predict pulmonary hypertension in 235 IPF patients 
who underwent right heart catheterization. They iden-
tified impaired right ventricular function and high PA/
Ao ratios as risk factors for precapillary pulmonary hy-
pertension. Another study found that the PA/Ao was a 
reliable method to predict elevated mPAP in IPF patients 
with pulmonary hypertension confirmed by right heart 
catheterization (RHC).[36]

The study by Lettieri et al.[9] found that the need for 
oxygen and low DLCO values were associated with the 
presence of pulmonary hypertension in IPF patients. 
Nadrous et al.[8] established a negative correlation be-
tween DLCO, one of the pulmonary function test param-
eters, and pulmonary artery pressure (PAP). Addition-
ally, another study found that pulse oximetry at rest in 
room air and the FVC/DLCO ratio had a high negative 
predictive value for pulmonary HT.[10]

Furukawa et al.[13] introduced a scoring system based on 
various factors associated with pulmonary hypertension 
in the literature. The authors used a scoring system that 
included DLCO <50%, PA/Ao ratio on CT, and PaO2 <80 
mmHg to predict pulmonary hypertension and concluded 
that this system could predict pulmonary hypertension.

In our study, we found that RVSP was associated with 
one- and two-year mortality rates in measurements that 
could indicate pulmonary hypertension in IPF patients 
with mild-to-moderate functional involvement. In con-
trast, the PA/Ao ratio on CT was associated with three-
year mortality. It could be thought that PA/Ao ratio was 

not related to early mortality but rather to the late mor-
tality rate. However, the pulmonary hypertension score 
was not associated with mortality. 

Our study has some limitations. In our retrospective 
study, there were cases with missing data. Additionally, 
due to some of our patients being lost to follow-up, we 
could only assess their treatment outcomes for the dura-
tion of their follow-up. Furthermore, our study focused 
on patients with mild-to-moderate functional involve-
ment, and therefore, our findings may not fully reflect 
overall IPF mortality and factors associated with it. 

Conclusion

In conclusion, advanced age, not receiving antifibrotic ther-
apy, high GAP scores, high RVSP on echocardiography, and 
increased PA/Ao ratios on thoracic CT were associated with 
mortality in IPF patients with mild-to-moderate functional 
impairment. We believe that pulmonary hypertension is a 
poor prognostic factor in IPF patients, and antifibrotic ther-
apy improves the disease prognosis and can reduce mor-
tality in patients diagnosed with IPF. RVSP elevation on 
echocardiography (ECHO) and PA/Ao on thoracic CT can 
be used as predictors of mortality, similar to the GAP score.
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