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Evaluation of progressive pulmonary fibrosis <=

in non-idiopathic pulmonary fibrosis-interstitial
lung diseases: a cross-sectional study
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Abstract

Background Progressive pulmonary fibrosis is the symptomatic, physiological, and radiological progression of inter-
stitial lung diseases. The aim of this study was to examine the relationship between progressive pulmonary fibrosis
and demographic characteristics and to evaluate the effect on clinical outcomes and mortality.

Methods This cross-sectional study included 221 patients diagnosed with non-idiopathic pulmonary fibrosis intersti-
tial lung diseases who were followed in the last 5 years. Patient symptoms, clinical, radiological, and demographic data
were examined. Risk factors for the development of progressive pulmonary fibrosis and the relationship with clinical
outcomes and mortality were examined.

Results Of the patients, 33.0% (n=73) had fibrotic idiopathic nonspecific interstitial pneumonia (iNSIP), 35.7% (n=79)
had fibrotic hypersensitivity pneumonia (HP), 18.1% (n=40) had fibrotic connective tissue disease (CTD) interstitial
lung diseases (ILD), and 13.1% (n=29) had postinfectious fibrotic ILD. The progressive pulmonary fibrosis develop-
ment rates of the subtypes were 46.5% iNSIP (n=34), 86.0% fibrotic HP (n=68), 42.5% fibrotic CTD-ILD (n=17),

and 20.7% postinfectious ILD (n=6). The presence of progressive pulmonary fibrosis was associated with the devel-
opment of respiratory failure and mortality (odds ratio [OR]: 2.70, 95% Cl: 1.04-7.05 and OR: 2.13,95% Cl: 1.23-3.69).
Progressive pulmonary fibrosis development was higher in hypersensitivity pneumonia patients with farmer’s lung
(OR: 5.06,95% Cl: 1.02-25.18).

Conclusion Progressive pulmonary fibrosis was more prevalent in older patients. Farming was an important risk fac-
tor in the development of hypersensitivity pneumonia-progressive pulmonary fibrosis. Respiratory failure and mortal-
ity were higher in those who developed progressive pulmonary fibrosis.
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Introduction

Interstitial lung diseases (ILD) are a heterogeneous group
*Correspondence: of more than 200 pulmonary diseases that affect the lung
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fibrosis development. The other non-IPF ILD subtype
is connective tissue disease (CTD) ILD. Comorbidity of
ILD and CTD is a serious condition that affects mor-
bidity and mortality. The clinical spectrum varies from
progressive irreversible pulmonary fibrosis to mild, self-
limiting illness in CTD-ILD [2]. Another non-IPF ILD is
postinfectious ILD, which became more common after
the COVID-19 pandemic [3].

Progressive pulmonary fibrosis (PPF) is the defin-
ing feature of progression in fibrotic lung diseases. It is
defined as the presence of two of three characteristics:
worsening respiratory symptoms, physiological evidence
of disease progression, and radiological evidence of dis-
ease progression [4]. According to current guidelines
[4], it is strongly advised that research should prioritize
investigating the optimal timing for administering corti-
costeroids, immunosuppressants, and antifibrotic drugs
in patients with PPF. Additionally, investigating various
determinants of PPF in the ILD population, evaluating
clinical outcomes, and identifying phenotypes indicating
PPF will contribute considerably to the management of
patients. This multifaceted approach aims to enhance our
understanding of PPF and refine therapeutic strategies
tailored to the diverse needs of affected individuals [4].

The variables related to disease progression, demo-
graphic risk factors, and prognostic indicators of diag-
nosis have not been fully determined for non-IPF ILD
subgroups. Furthermore, the mechanisms and differences
of PPF in different ILD subtypes are not fully understood
[5]. Studies have shown that some patients in the ILD
subgroup have similar features, such as decreased lung
function, symptomatic deterioration, deterioration in
quality of life, and increased mortality rates [6—8]. Pre-
vious cohort studies [9] have shown a 10% decrease in
forced vital capacity (FVC)-predicted adverse effects on
survival in patients with non-IPF ILD.

Although the existing literature includes studies exam-
ining PPF associated with collagen tissue disease [10, 11],
there is a need for more research on this subject due to
the paucity of publications on PPF resulting from other
fibrotic ILDs. The aim of this study was to identify risk
factors for PPF development in patients with non-IPF
ILD, evaluate clinical outcomes, and determine its rela-
tionship with mortality.

Methods

Study design and population

This cross-sectional study enrolled patients with non-
IPF interstitial lung diseases from our outpatient clinic
within the last 5 years. Patient files were reviewed and
their age, smoking status, and gender at the time of
enrollment were recorded. The criteria in the current
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guidelines were used as the basis for diagnosis of PPF
in non-IPF interstitial lung diseases [4]. Patients with
unclassifiable interstitial pneumonia were excluded
from the study. The progression of symptoms in
patients after diagnosis and decrease in FVC or dif-
fusing capacity for carbon monoxide (DLCO), were
evaluated. An experienced radiologist of interstitial
lung diseases evaluated the radiological evidence of
disease progression. According to guideline criteria
[4], PPF was diagnosed if at least two of the following
criteria were met: worsening of respiratory symptoms,
physiological evidence of progression, or radiological
evidence of progression. Physiological evidence of pro-
gression was defined as either a 5% decrease in FVC
or a 10% decrease in DLCO within 1 year. Radiologi-
cal evidence of progression was defined as the progres-
sion of radiological findings within a 1-year period. The
radiologist (an author) performed a blinded evaluation
of the tomography findings, independent of the clini-
cal data. All authors reached a consensus on the diag-
nosis of PPF by collectively reviewing the findings.
The development of respiratory failure in patients, the
number of annual exacerbations, the number of annual
hospitalizations, and mortality were recorded. Respira-
tory failure was defined as a saturation value below 90%
recorded by pulse oximetry or a partial oxygen pressure
below 60 mmHg in arterial blood gas. For the definition
of exacerbation, criteria similar to the acute exacerba-
tion criteria of IPF were used [12]. Acute exacerbation
was diagnosed by the presence of dyspnea lasting less
than a month, ground glass or consolidation areas on
CT scan, the exclusion of heart failure, and increased
fluid overload. As this was a retrospective study, writ-
ten consent from the patients was not required. This
study received Ethics Committee approval from Adana
City Training and Research Hospital, reference number
2668 and protocol number 129 (June 22, 2023).

Statistical analysis

All analyses were performed using SPSS 23 for Win-
dows. The Chi-squared test was used for categorical
data to examine the relationship between the char-
acteristics of patients with and without PPF. The
Mann-Whitney U test was used to calculate the mean,
standard deviation, and differences between groups of
continuous data. For risk calculations related to PPF,
univariate logistic regression analysis was used. Con-
ditional logistic regression analysis was used for ILD
subtype risk evaluations. Kaplan—Meier survival analy-
sis was used to calculate mean survival times. A p-value
below 0.05 was considered statistically significant.
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Results

There were 123 (55.7%) of the total cohort of 221 patients
over the age of 65 years, and 85 (38.5%) were female. The
mean age was 65.78 years, and the rate of those currently
smoking was 43% (n=95). Fibrotic iNSIP was present
in 73 (33.0%) patients, fibrotic HP in 79 (35.7%), fibrotic
CTD-ILD in 40 (18.1%), and postinfectious fibrotic
ILD in 29 (13.1%) patients. Surgical biopsy was per-
formed in 40 of 221 patients in this study (18%). During
follow-up, respiratory failure developed in 95 (43.0%)
patients and mortality occurred in 99 (44.8%) patients.
Of the total number of patients, 125 (56.6%) were clas-
sified as PPF. The number of patients meeting the defi-
nition of PPF in the study population was 34 (46.5%) in
iNSIP, 68 (86.0%) in fibrotic HP, 17 (42.5%) in fibrotic
CTD-ILD, and six (20.7%) in post-infectious ILD. The
age of patients who developed PPF was significantly
higher than younger patients (p=0.02). Furthermore,
patients categorised as PPF had shorter survival times
(Fig. 1). Demographic data and comparisons of non-PPF
and PPF cases are presented in Table 1. When all cases
were evaluated (Table 2), patients with age over 65 years
had a significantly increased risk of PPF (OR: 2.36, 95%
CI: 1.37-4.08). Patients with PPF were more susceptible
to respiratory failure (OR: 1.73, 95% CI: 1.01-3.00) and
mortality was associated with PPF (OR: 2.13, 95% CI:
1.23-3.69). Although being older and smoking appeared
to be protective in terms of PPF in postinfectious ILD,
there was no statistical significance. In the other three
ILD subgroups, patients older than 65 years were at
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higher risk of PPE. There was no difference between
males and females in terms of PPE. Smoking was asso-
ciated with the development of PPF in iNSIP (OR: 2.88,
95% CIL: 1.11-7.47) and CTD-ILD (OR: 4.04, 95% CL
1.05-15.47). The presence of PPF was not associated with
the number of hospitalizations or exacerbations per year.
Patient characteristics of subtypes with PPF are detailed
in Table 3. Of the total HP cases (Table 4), 21.5% (n=17)
had bird fancier’s lung and 49.3% (n=39) had farmer’s
lung. Engaging in a farming-related job increased the risk
of PPF (OR: 5.06, 95% CI: 1.02-25.18). No relationship
was found between medication and PPF development;
the medication rates of the patients and their PPF devel-
opment status are shown in Table 5.

Discussion

The incidence and prevalence of pulmonary fibrosis
increase with age [13]. The pathophysiology and mech-
anisms of the increase in IPF cases in older adults have
been investigated [14, 15]. Ineffective mucociliary clear-
ance, mitochondrial dysfunction, cellular senescence,
decreased autophagy, among other factors are thought
to influence pulmonary fibrosis during the aging pro-
cess [13]. In our study, we found that older patients were
more susceptible to PPE. Our findings were based on
non-IPF cases and support the results of existing stud-
ies on IPF [13-15]. There was no difference in terms of
PPF development by gender. Being a current smoker
was associated with PPF only in the iNSIP and fibrotic
CTD-ILD subtypes. In our study population, the rate
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Fig. 1 Survival time of non-IPF interstitial lung diseases based on the presence or absence of progressive pulmonary fibrosis
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Table 1 Demographic data and comparison of non-PPF and PPF cases
n (%) All cases n=221 Non-PPF cases n=96 PPF casesn=125 p
(100%) (43.4%) (56.6%)
Age mean+SD 65.78+134 63.32+148 677118 0.02
>65y 123 (55.7) 42 (43.8) 81 (64.8) 0.02
Gender female 85 (38.5) 37 (38.5) 48 (38.4) 0.98
male 136 (61.5) 59 (61.5) 77 (61.6)
Smoking current 95 (43.0) 35 (36.5) 60 (48.0) 0.86
former/never 126 (57.0) 61 (63.5) 65 (52.0)
Baseline FVC (%) mean+SD 60.9+9.9 60.1+10.2 61.04+9.7 0.80
Baseline DLCO (%) mean+SD 553+153 5544157 5514151 0.87
Hospitalizations in a year 1 56 (25.3) 26 (27.1) 0(24.0) 048
>2 22(10.0) 7(73) ( 0)
Exacerbation in a year 1 62 (28.1) 25 (26.0) 7 (29.6) 0.82
>2 55(22.9) 24(25.0) (24 8)
Respiratory failure 95 (43.0) 34 (354) 61 (48.8) 0.04
Mortality 99 (44.8) 33(344) 66 (52.8) 0.01
Mean survival time? (month)estimate + SE 401+1.2 449+19 358+1.1 0.03
Subtypes of non-IPF ILD cases
Fibrotic iNSIP 73(33.0) 39 (40.6) 4(27.2) 0.001
Fibrotic HP 79 (35.7) 11(11.5) 8 (54.4)
Fibrotic CTD-ILD 40(18.1) 23(24.0) 17 (13.6)
Postinfectious fibrotic ILD 29 (13.1) 23 (24.0) 6 (4.8)
p<0.05

Column percentages (%)

PPF, progressive pulmonary fibrosis, SE Standart error, SD Standard deviation, iNSIP Idiopathic nonspecific interstitial pneumonia, CTD Collagen tissue disease, HP

Hypersensitivity pneumonia, /LD Interstitial lung disease

2 Calculated by Kaplan-Meier analysis

Table 2 Evaluation of progressive pulmonary fibrosis in non-
idiopathic pulmonary fibrosis-interstitial lung diseases (n=221)

OR (95% CI)

Demographic features

Age > 65y 2.36 (1.37-4.08)

Gender Female 0.99 (0.57-1.71)

Smoking Current 1.60(0.93-2.77)

Clinical outcomes

Hospitalization in a year 1 0.90 (0.48-1.69)
>2 1.68 (0.64-4.38)

Exacerbation in a year 1 1.22 (0.64-2.30)
>2 1.06 (0.55-2.05)

1.73 (1.01-3.00)
2.13(1.23-3.69)

Respiratory failure
Mortality

p<0.05

of PPF development in non-IPF was 56.6% and the sub-
type that most developed PPF was HP, with a rate of 86%.
There is limited literature on PPF caused by fibrotic HP.
Regarding geographical region, there are many farm-
ers (eg, cotton farming, citrus farming, etc.) who are

exposed to dust of organic origin, which usually causes
bronchiolar reactions and hypersensitivity pneumoni-
tis [16, 17]. Hypersensitivity pneumonitis is an immu-
nologically mediated disease that results from exposure
to a wide range of environmental antigens in geneti-
cally predisposed individuals [18, 19]. In our study, HP
cases were significantly associated with PPF in those
with a farming-related work history (OR: 5.06, 95% CI:
1.02-25.18). Continued occupational exposure might
have had a negative effect on HP progression. Studies
have shown that identifying exposures in HP and remov-
ing the relevant antigens has prognostic and therapeutic
effects [20]. In addition, physiological parameters have
been studied in relation to prognosis. The term progres-
sive fibrosis was defined by George et al. previously as a
relative decrease in FVC or DLCO, increasing fibrosis on
tomographic findings, and progressive symptoms over
a 24-month period [21]. Macaluso et al. suggested that
HP might not need to change over a 24-month period
for the patient to experience prognostically significant
improvement and suggested that a 12-month follow-up
could be meaningful [22]. They observed that age, physi-
ological parameters, the presence of honeycombs on
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Table 3 Evaluation of progressive pulmonary fibrosis (PPF) in non-IPF interstitial lung disease subtypes
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iNSIP n (%) OR (95% Cl)

Fibrotic HP n (%) OR
(95% Cl)

Fibrotic CTD-ILD n (%) OR
(95% CI)

Postinfectious ILD n (%)
OR (95% Cl)

All (n)
PPF/ Non-PPF (n)
PPF development rate (%)
Demographic features
Age > 65y
Gender (female)

73
34/39
46.5

24 (70.6) 2.80 (1.06-7.38)
17 (50.0) 1.05 (0.42-2.64)

79
68/11
86.0

43(63.2) 4.58 (1.11-18.89)
22(32.4)1.27 (0.30-5.28)

40
17/23
425

12(70.6) 4.50 (1.16-17.37)
7(41.2) 1.08 (0.30-3.91)

29
6/21
20.7

2(33.3) 0.38 (0.05-2.53)
2(33.3) 141 (0.20-9.81)

Smoking (current) 21(61.8) 2.88(1.11-7.47)

Clinical outcomes

27(39.7) 1.15(0.30-4.31)

10 (58.8) 4.04 (1.05-15.47) 2 (33.3) 0.54 (0.08-3.59)

Hospitalizations in a year 1 5(14.7) 041 (0.12-1.35) 5(22.1) 0.50 (0.12-2.01) 7(41.2) 400 (0.87-18.21) 3(50.0) 3.75 (0.49-28.38)
>2  3(8.8)3.00(0.29-30.75) 8 (1 1.8) 1.06 (0.11-10.08) 3(17.6) 2.28 (0.36-14.25) 1(16.7) 3.75 (0.22-62.76)
Exacerbations in a year 1 13(38.2) 1.52 (0.52-4.43) 7(25.0) 0.88 (0.18-4.16) 4(23.5)3.11 (0.52-18.38) 3(50.0) 22.70 (0.23-30.84)
>2  3(8.8)0.28(0.06-1.20) 9(27.9)0.99 (0.21-4.61) 7(41.2) 272 (0.63-11.61) 2(33.3)4.50(0.31-65.22)
Respiratory failure 23 (67.6) 2.70 (1.04-7.05) 7(39.7) 1.75 (0.42-7.21) (52‘9) 1.75(0.49-6.22) 2(33.3) 1.80 (0.25-12.84)
Mortality 23(67.6)9.55(3.21-28.39) 28 (41.2)0.84 (0.23-3.02) 1(64.7) 2.00 (0.55-7.25) 4(66.7) 2.60 (0.39-17.16)
Mean survival time (month)® PPF/  36.3/48.6 35.4/43.8 34.7/41.5 39.6/42.4

Non-PPF

p <0.05, OR Risk was compared within the patient groups in each column, using conditional logistic regression

Numbers refer to patients with progressive pulmonary fibrosis, (%) Column percentages

iNSIP Idiopathic nonspecific interstitial pneumonia, CTD Collagen tissue disease, HP Hypersensitivity pneumonia, ILD Interstitial lung disease

2 Calculated by Kaplan-Meier analysis

Table 4 Evaluation of progressive pulmonary fibrosis according
to exposure in hypersensitivity pneumonia (n=79)

n (%) OR (95% Cl)
Bird fancier’s lung 17 (21.5) 0.69 (0.16-2.95)
Having a job related to farm- 39 (49.3) 5.06 (1.02-25.18)
ing
p<0.05

Column percentages (%)

tomography, and pulmonary hypertension significantly
reduced survival in patients with HP within a 1 year [22].
In a study of patients with HP, the mortality rate was

56% [23]. Compared with survivors, patients who died
were older, more likely to smoke, had a lower predicted
FVC percentage, and had a higher severity of dyspnea
[23]. The second largest group of our study cohort was
iNSIP (n=73) with a PPF rate pf 46.5%. For iNSIP, old
age (OR: 2.80, 95%CI: 1.06-7.38) and smoking (OR: 2.88,
95%CI: 1.11-7.47) appeared to be important risk fac-
tors for PPF. PPF was associated with respiratory failure
(OR: 2.70, 95% CI: 1.04-7.05) and mortality (OR: 2.13,
95% CI: 1.23-3.69). In a study on 270 patients with ILD
in Eastern Siberia, PPF rates were 23.8% for iNSIP, 72.7%
for fibrotic HP, and 24.1% for CTD-ILD. When all ILD
cases were examined, an age older than 65 years, male

Table 5 Relationship between treatment and progressive pulmonary fibrosis

Used steroid treatment OR (95% Cl) Used immunosuppressive OR (95% Cl)

n (%) treatment n (%)
iNSIP 29 (39.7) 0.85(0.22-3.24) 5(6.8) 1.17 (0.31-4.45)
Fibrotic HP 46 (58.2) 046 (0.09-2.33) 16 (20.2) 0.82 (0.19-3.46)
Fibrotic CTD-ILD 16 (40.0) 0.72 (0.04-12.51) 17 (42.5) -
Postinfectious ILD 3(10.3) 1.09 (0.18-6.58) 1(34) -
All non-IPF cases 94 (75.2) 0.79 (0.42-1.51) 39(31.2) 1.22 (067-2.19)

p<0.05
Proportion of patients considered PPF in the first column (%)

There are not enough patients in the squares

iNSIP Idiopathic nonspecific interstitial pneumonia, CTD Collagen tissue disease, HP Hypersensitivity pneumonia, ILD Interstitial lung disease
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gender, and current smoking were risk factors for PPF
[24]. Furthermore, the time from the first symptom to
death of patients classified as PPF was 40 months, and
the death rate was 59% [24]. Unlike our study, the pub-
lished study included many more subgroups, includ-
ing IPF, sarcoidosis, drug-induced ILD, and cryptogenic
organizing pneumonia. The specific surveillance and
characteristics of the diseases between the subgroups
might explain the difference in the results. In our study,
the PPF rate in fibrotic CTD-ILD was 42.5%, which is
similar to a study with a large number of patients that
was conducted in Canada [25]. We observed that older
age (OR: 4.50, 95%ClI: 1.16-17.37) and having a history
of smoking (OR: 4.04, 95%CI: 1.05-15.47) were effective
in the diagnosis of PPF in CTD-ILD. Kim et al. found no
difference in age, gender, or smoking history between
PPF and non-PPF groups with CTD-ILD [11]. Male gen-
der, older age, and smoking are prognostic factors for
ILD progression in systemic sclerosis and for mortality
in patients with ILD involvement in rheumatoid arthri-
tis [10]. The clinical course of CTD-ILD is variable, but
patients with evidence of pulmonary fibrosis tend to have
a worse prognosis. The group developing PPF was asso-
ciated with greater respiratory failure and mortality [10].
In our study, patients considered to have PPF were more
likely to develop respiratory failure and mortality. It is
possible that such results would be more attainable in a
larger study population.

The first limitation of the study is the time-dependent
nature of PPF diagnosis. Evaluation for PPF can be per-
formed after a 1-year follow-up. The duration from
diagnosis to PPF development and the mortality period
after PPF diagnosis were not calculated. Secondly, addi-
tional comorbidities might have an effect on mortality
in chronic respiratory diseases. In our study, additional
comorbid conditions that the patients might have had,
could not be evaluated. Thirdly, since the study started
before antifibrotics were approved for PPF, we were una-
ble to evaluate the effect of the antifibrotic medication on
the results. Since antifibrotics were added to the treat-
ment in the last year, the results could not be evaluated;
however, this should be considered in future research.
The study was retrospective, and the data were based on
patient files. In particular, the definition of exacerbation
included tomography findings and dyspnea symptoms;
therefore, we estimate that the number of exacerbations
was higher, which might have created bias in the calcula-
tions regarding exacerbation.

Conclusion

In conclusion, old age was shown to be a risk factor for
PPE. PPF was not associated with gender, the annual
number of exacerbations, or hospitalizations. The
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mortality rate for the PPF patient group was higher com-
pared with the group without PPE. For HP, exposure is
important in the development of PPF. Considering the
poor prognosis in these groups, careful consideration of
antifibrotic therapy according to new guidelines is essen-
tial for patients with PPF.
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