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Clinical and genetic features of idiopathic 2
pulmonary fibrosis in a Korean cohort
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Abstract

Background Idiopathic pulmonary fibrosis (IPF) is characterized by substantial genetic heterogeneity across
populations, yet genetic features in Asian populations remain underexplored. This study aimed to describe the clinical
and genetic landscape of Korean IPF patients and compare findings with reference populations.

Methods The authors analyzed 107 Korean IPF patients from Severance Hospital (2012-2023), including 19 (17.8%)
with family history of IPF. Genomic DNA was genotyped using lllumina Multi-Ethnic Genotyping Array. Allele
frequencies of 28 IPF-associated SNPs were compared to global and Korean reference populations, and variants within
29 IPF-related genes were analyzed by Fisher’s exact tests. Clinical outcomes (survival and longitudinal lung function)
were compared between familial and sporadic IPF using Kaplan-Meier and mixed-effects models.

Results Among 107 Korean IPF patients (19 familial, 88 sporadic), three notable findings emerged. First, population-
specific SNP differences were observed, with significant depletion of IPF risk variants such as TERT rs2736100 and
FAM13A 152609255 compared with Korean and global reference populations. Second, familial IPF cases showed
significantly faster physiological decline, with greater reductions in FVC (—2.36%/year) and DLCO (—4.44%/year),
although survival differences were not statistically significant. Third, systematic variant analysis identified 22
potentially pathogenic variants across 7 IPF-related genes, with the highest proportion in epithelial-mesenchymal
transition (45.5%) and DNA repair/telomere maintenance (27.3%) pathways, in contrast to the surfactant gene—driven
architecture frequently reported in Western cohorts.

Conclusions This descriptive study outlines the clinical and genetic features of Korean IPF patients, highlighting
population-specific genomic patterns, more rapid physiological decline in familial cases, and a diverse distribution of
potentially pathogenic variants. These findings underscore the importance of incorporating diverse populations into
IPF genetic research to refine understanding of disease mechanisms and to inform the development of population-
appropriate therapeutic strategies.
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Background

Idiopathic pulmonary fibrosis (IPF) is a chronic, progres-
sive lung disease characterized by repetitive epithelial injury
and abnormal epithelial-fibroblast interactions leading to
fibrosis of the lung parenchyma, resulting in progressive
decline in pulmonary function with a poor prognosis [1-
3]. Although the exact causes of IPF remain incompletely
understood, mounting evidence suggests that both environ-
mental factors and genetic predisposition contribute to dis-
ease development and progression [4, 5].

Recent advances in genetic research have identified
multiple pathways critical to IPF pathogenesis [6, 7].
These pathways encompass diverse biological processes:
DNA repair and telomere maintenance genes (TERT,
TERC, RTEL1, PARN, DKC1, OBFC1) regulate cellular
aging and tissue repair capacity, with mutations leading
to shortened telomeres and premature cell senescence
[4]. Immune response and inflammatory signaling genes
(TOLLIP, TLR3, CXCLS8, ILIRN, MUC5B, MUC5AC,
MUC2) control innate immunity and mucosal defense
mechanisms [8]. Epithelial-mesenchymal transition
and fibrogenesis genes (DSP, TGFB1, CDKN1A, TP53,
FOXN3) regulate epithelial cell plasticity and fibrotic
remodeling [9]. Additional pathways include cell death
and apoptosis regulation (MAPT, ATP11A, DPP9,
SPPL2C), surfactant homeostasis and alveolar function
(SFTPC, SFTPA2, FAMI13A), and signal transduction
and growth regulation (AKAP13, LRRC34, IVD) [4].

Importantly, the genetic landscape of IPF demonstrates
significant population-specific variation. European and
American populations show distinct genetic prevalence
patterns compared to East Asian populations [10-12].
For instance, the MUC5B promoter variant (rs35705950),
which accounts for nearly 50% of genetic predisposition
in European IPF populations, is remarkably rare in East
Asian populations [6, 13—15]. These population-specific
differences underscore the critical importance of con-
ducting genetic studies within distinct ethnic groups.

Beyond population-level genetic variation, familial
clustering of IPF cases provides additional insight into
disease genetics and progression patterns. Familial IPF,
which is defined by the presence of two or more affected
family members, represents approximately 5-20% of IPF
cases and offers unique opportunities to study genetic
determinants [16]. However, the clinical characteristics
and outcomes of familial versus sporadic IPF remain
controversial, with studies reporting conflicting findings
regarding disease progression patterns [16, 17]. These
discrepancies may partly reflect differences in telomere-
related genes, which are particularly significant in famil-
ial cases [18-21].

Despite growing global research on IPF genetics, stud-
ies specifically focused on the Korean population remain
limited. This knowledge gap is particularly important
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given the distinct genetic architecture observed in East
Asian populations. Therefore, we conducted a compre-
hensive descriptive investigation of clinical character-
istics and genetic variants in Korean IPF patients. We
aimed to characterize the clinical and genetic landscape
of IPF in the Korean population, with particular attention
to population-specific genomic patterns and subgroup
analyses including comparisons between familial and
sporadic cases to elucidate differences in genetic charac-
teristics and clinical outcomes.

Materials and methods

Study population and design

We conducted a retrospective cohort study of 107 Korean
patients with IPF who received care at Severance Hos-
pital, Seoul, Republic of Korea, between June 2012 and
June 2025. All patients were diagnosed with IPF accord-
ing to the criteria established by the American Thoracic
Society/European Respiratory Society [22]. Diagnosis
was categorized as having been made based on radiology
alone (HRCT-based) or based on histopathology (Surgi-
cal lung biopsy-confirmed) according to guideline defi-
nitions. In addition, HRCT patterns were stratified into
definite and non-definite UIP categories (probable UIP,
indeterminate UIP) as recommended by the ATS/ERS
guidelines. We comprehensively collected clinical data
including family history, baseline pulmonary function,
longitudinal pulmonary function progression (forced
vital capacity [FVC] and diffusing capacity of the lungs
for carbon monoxide [DLCO]), smoking history, lung
transplantation status, mortality, comorbidities, and anti-
fibrotic therapy usage. High-resolution computed tomog-
raphy findings were systematically reviewed according to
established guidelines [22].

Although the present analysis was retrospective, infor-
mation on family history, occupational history, and envi-
ronmental or occupational exposures was not obtained
through unstructured interviews but rather through
a systematic, prospective process at the time of each
patient’s initial outpatient visit or referral for lung trans-
plantation. As part of routine clinical care, all patients
underwent evaluation using a dedicated checklist and
structured questionnaire, independent of any specific
research protocol. This approach ensured standardized
documentation across the entire cohort and enhanced
the validity and reliability of the collected data.

This study was approved by the Severance Hospital
Institutional Review Board (4-2012-0685, 4-2013-0770), and
written informed consent was obtained from all participants

Clinical outcome measures
Clinical outcomes included overall survival (time from
diagnosis to death from any cause), lung transplant-free
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survival (time from diagnosis to lung transplantation),
and longitudinal changes in pulmonary function, specifi-
cally serial measurements of FVC and DLCO expressed
as percentage predicted values adjusted for age, sex,
height, and ethnicity.

Genetic profiling and quality control

Genomic DNA was extracted from peripheral blood
samples and genotyped using the Illumina Multi-Ethnic
Genotyping Array (Illumina, Miami, FL, United States)
at the Colorado Anschutz Research Genetics Organiza-
tion, University of Colorado. Rigorous quality control
measures were implemented for both samples and vari-
ants, including call rate filtering, Hardy-Weinberg equi-
librium testing, and population stratification assessment.
Genotype imputation was performed using the Michigan
Imputation Server [23] with the East Asian population
from the 1000 Genomes Project as the reference panel.
Strand harmonization was performed against gnomAD
reference data to ensure allelic consistency. QC pro-
cedures including sample- and variant-level filtering,
imputation, and strand harmonization were applied (see
Supplementary Methods for details).

Population-specific common SNP frequency analysis

From this quality-controlled dataset, we extracted and
pathway-classified 28 well-characterized IPF-associated
single-nucleotide polymorphisms (SNPs) [4, 24, 25] (Sup-
plementary Table 1). Allele frequencies were determined
for the entire cohort and compared with multiple refer-
ence databases, including gnomAD [26], 1000 Genomes
Project [27], Korean Reference Genome Database
(KRGDB) [28], TopMed [29], and East Asian-specific
databases [26, 27, 29].

Potentially pathogenic variant analysis

We systematically investigated variants within 29 IPF-
associated genes across six functional pathways (Supple-
mentary Table 2): DNA repair and telomere maintenance
(TERT, TERC, RTEL1, PARN, DKC1, STN1, OBFC1);
epithelial-mesenchymal transition and fibrogenesis (DSP,
TGFB1, CDKN1A, TP53, FOXN3); immune response
and inflammatory signaling (TOLLIP, TLR3, CXCLS,
ILIRN, MUC5B, MUC5AC, MUC2); cell death and
apoptosis regulation (MAPT, ATP11A, DPP9, SPPL2C);
surfactant homeostasis and alveolar function (SFTPC,
SFTPA2, FAM13A); and signal transduction and growth
regulation (AKAP13, LRRC34, IVD).

Gene coordinates were obtained from Ensembl
BioMart (release 110) [29] and expanded by +10 kb to
capture regulatory regions. Variants within these bound-
aries were extracted using bcftools v1.13 and comprehen-
sively annotated using ANNOVAR (2022-08-02 release)
[30]. Annotation included gene context, population allele
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frequencies from gnomAD East Asian, clinical signifi-
cance from ClinVar (June 2024 release) [31], and func-
tional predictions from multiple algorithms (SIFT [32],
MetaSVM, GERP++, phyloP, phastCons via dbNSFP
v4.2c [33-35]).

Variants were classified as potentially pathogenic if
they met at least TWO of the following four criteria: (1)
MetaSVM score > 0.0 (ACMG/AMP standard threshold
for deleterious prediction, as implemented in InterVar),
(2) stop-gain mutation (protein-truncating), (3) func-
tional domain location with SIFT damaging prediction,
or (4) high evolutionary conservation (GERP++ > 4.0)
with SIFT damaging prediction. GERP++ (Genomic Evo-
lutionary Rate Profiling) scores quantify evolutionary
constraint at nucleotide positions, with positive scores
indicating greater conservation than expected under
neutral evolution; scores >4.0 indicate highly conserved
positions likely under purifying selection and function-
ally important. Additional mandatory filtering required
GERP++ 2 2.0 for all non-stop-gain variants and gno-
mAD East Asian allele frequency < 0.01 for rare variant
selection.

Statistical analysis

Descriptive statistics characterized the study population.
Continuous variables were expressed as median (inter-
quartile range) or mean (standard deviation) based on
distribution normality. Categorical variables were pre-
sented as frequencies and percentages. Between-group
comparisons used chi-square or Fisher’s exact test (cat-
egorical) and Mann-Whitney U or t-test (continuous), as
appropriate.

Survival analyses employed Kaplan-Meier curves with
log-rank tests for unadjusted comparisons. Multivariable
Cox proportional hazards regression assessed familial
IPF association with death or transplant, adjusting for age
at diagnosis, sex, smoking status, baseline FVC (% pre-
dicted, per 10% increase), baseline DLCO (% predicted,
per 10% increase), and antifibrotic use.

Longitudinal pulmonary function trajectories were
analyzed using linear mixed-effects models (Value ~
Group x Time + Age x Time + Sex x Time + Smoking x
Time + Antifibrotic Use x Time + (1|Subject_ID)), where
Value represents percentage predicted FVC or DLCO,
and Subject_ID accounts for repeated measures. The
Group x Time interaction coefficient quantified annual
decline rate differences between familial and sporadic
IPF. Estimated marginal means and pairwise compari-
sons assessed between-group differences at each time
point.

Subgroup analyses evaluated three predefined strati-
fications: (1) family history status (familial vs sporadic),
(2) diagnostic modality (histologic vs radiologic), and (3)
HRCT pattern (definite vs non-definite UIP). These were
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applied to clinical outcomes, SNP frequencies, and vari-
ant distributions. Diagnostic modality subgroups were
further stratified by family history status.

For genetic associations, Fisher’s exact test compared
allele frequencies between groups, with odds ratios quan-
tifying effect sizes. Carrier status (=1 alternate allele) was
analyzed using 2x2 contingency tables, applying Hal-
dane’s 0.5 correction for zero cells. Benjamini-Hochberg
false discovery rate (FDR) correction addressed mul-
tiple testing, with significance at P<0.05 (nominal) and
FDR<0.05.

Table 1 Baseline characteristics of Korean IPF patients

Characteristic Overall (N Familial (N Sporadic
=107) =19)° (N =88)*
Age at diagnosis, years 63.0(580, 620(550, 635(590,
68.0) 68.0) 67.5)
Female 28 (26.2%) 4 (21.1%) 24 (27.3%)
Smoking history
Current 8(16.8%) 4(21.1%) 14 (15.9%)
Former (51 4%) 9 (47.4%) 46 (52.3%)
Never 4(31.8%) 6(31.6%) 28 (31.8%)
Pack-years 30.0 (20.0, 40.0(30.0, 30.0(184,
48.0) 45.0) 49.0)
First-degree family history of IPF 19 (17.8%) 19 (100.0%) 0 (0.0%)
Second-degree family history 3(2.8%) 3(16.7%) 0 (0.0%)
of IPF
Diagnostic modality
Histological 72 (67.3%) 9 (47.4%) 63 (71.6%)
Radiological 35(327%) 10(52.6%) 25 (28.4%)
HRCT pattern
Definite UIP 62 (57.9%) 13(684%) 49 (55.7%)
Non-definite UIP 45 (42.1%)  6(31.6%) 39 (44.3%)
FVC, % predicted 82.0(73.0, 82.0(74.0, 82.0(73.0,
92.0) 94.0) 90.0)
DLCO, % predicted 74.0 (60.0, 76.0(60.0, 73.0(60.0,
91.0) 88.0) 92.0)
Pirfenidone use 86 (80.4%)  17(89.5%) 69 (78.4%)
Nintedanib use 3 (2 8%) 1(5.3%) 2 (2 3%)
COPD 8(16.8%)  3(15.8%) 5(17.0%)
GERD 80 (74.8%) 15(78.9%) 65 (73.9%)
Hypertension 46 (43.0%) 9 (47.4%) 37 (42.0%)
Dyslipidemia 33 (30.8%) 7 (36.8%) (29 5%)
Cancer history 28 (26.2%)  5(26.3%) 3(26.1%)
Lung cancer type
Adenocarcinoma 6 (66.7%) 0 (0.0%) 6 (85.7%)
Adenocarcinoma or large cell 1 (11.1%) 1 (50.0%) 0 (0.0%)
Small cell carcinoma 1(11.1%) 0 (0.0%) 1(14.3%)
Sguamous carcinoma 1(11.1%) 1(50.0%) 0 (0.0%)
Lung transplant 20(18.7%) 6 (31.6%) 14 (15.9%)

IPF Idiopathic pulmonary fibrosis, FVC Forced vital capacity, DLCO Diffusing
capacity for carbon monoxide, COPD Chronic obstructive pulmonary disease,
GERD Gastroesophageal reflux disease, UIP Usual interstitial pneumonia

#Median (IQR) for continuous variables; n (%) for categorical variables
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Statistical significance was denoted as *(P<0.05),
**(P<0.01), ***(P<0.001). Analyses used R version 4.2.0
with standard statistical and visualization packages.

Results
Entire cohort characteristics
The study cohort comprised 107 Korean patients with
IPF, including 19 patients (17.8%) with familial IPF and
88 patients (82.2%) with sporadic IPF. The median age at
diagnosis was 63.0 years (IQR: 58.0—68.0), and 79 patients
(73.8%) were male. Of the 107 patients, 72 (67.3%) were
diagnosed via biopsy, while 35 (32.7%) received a radio-
logical diagnosis. Antifibrotic therapy was administered
to most patients, with pirfenidone prescribed in 86
patients (80.4%). Nintedanib was rarely used, with only 3
patients (2.8%) receiving it during the study period.
Gastroesophageal reflux disease (GERD) was the most
common comorbidity, present in 80 patients (74.8%).
Malignancies were identified in 28 patients (26.2%), with
lung cancer diagnosed in 9 cases; adenocarcinoma was
the predominant histological subtype (6 cases). Lung
transplantation was performed in 20 patients (18.7%),
reflecting the role of our institution as an active trans-
plantation center (Table 1).

Subgroup analysis

For the familial versus sporadic subgroup, survival anal-
ysis over a median follow-up of 72.0 months revealed
no significant survival difference. In multivariable Cox
regression adjusting for age, sex, smoking, baseline
pulmonary function, and antifibrotic use, familial IPF
showed an adjusted hazard ratio of 1.96 for death or
transplant (95% CI 0.88—4.35, P=0.099). Baseline FVC
was independently protective (HR 0.72 per 10% increase,
95% CI 0.55-0.94, P=0.017) (Fig. 1). Longitudinal pulmo-
nary function analysis further showed that familial IPF
patients experienced faster decline, with an additional
-1.6% FVC per year (P=0.097) and -3.6% DLCO per year
(P<0.001) compared with sporadic cases (Fig. 2).

Clinical characteristics showed no significant differ-
ences between familial and sporadic groups (Supplemen-
tary Table 3A). Genetic comparisons similarly revealed
no significant differences in SNP frequencies (Supple-
mentary Table 3B) or rare variant distributions (Supple-
mentary Table 3 C) after FDR correction, likely reflecting
limited statistical power given the small familial cohort
(n=19). Diagnostic modality and HRCT pattern subgroup
analyses also showed no consistent genetic distinctions
after multiple testing correction (Supplementary Tables
3D-F).

Population-specific common SNP frequency analysis
Our Korean IPF cohort exhibited distinct allele frequency
patterns compared to global and East Asian reference
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Fig. 1 Survival Outcomes in Korean IPF Cohort. A Adjusted hazard ratios from multivariable Cox regression (age, sex, smoking, baseline FVC, baseline
DLCO, antifibrotic therapy). B Kaplan-Meier curve for death or lung transplantation (n=107)
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Fig. 2 Pulmonary Function Decline Over Time in Korean IPF. A FVC % predicted trajectories over 5 years. B DLCO % predicted trajectories over 5 years.

Lines show estimated trajectories from mixed-effects models with 95% Cl

populations. While most variants showed expected
differences from global databases (63 of 90 compari-
sons significant, 70.0%), several variants demonstrated
Korean-specific patterns that diverged even from East
Asian and Korean reference populations.

Most notably, MUC5B rs35705950—the strongest
known IPF risk variant globally—showed elevated fre-
quency in our Korean IPF cohort (2.8%) compared to

the Korean reference (0.3%, q<0.001), suggestive of its
pathogenic role across populations. Conversely, TERT
rs2736100 and FAM13A rs2609255, both established IPF
risk variants, were paradoxically reduced in Korean IPF
patients compared to Korean references (27.1% vs. 38.2%
and 36.0% vs. 52.7%, respectively; both q<0.001). MAPT
rs1981997 was virtually absent in Korean IPF (0.9%)
despite frequencies of 12-15% in global populations
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(g<0.001), suggesting minimal relevance in Korean IPF
pathogenesis (Table 2, Supplementary Table 3 A).

Potentially pathogenic variant landscape

Systematic analysis of 29 IPF-associated genes identified
22 potentially pathogenic variants distributed across 7
genes (Fig. 3). The proportion of variants observed was
highest in the epithelial-mesenchymal transition pathway
(10/22 variants, 45.5%), followed by DNA repair and telo-
mere maintenance (6/22, 27.3%), immune response path-
ways (4/22, 18.2%), and cell death/apoptosis regulation
(2/22,9.1%).

At the gene level, DSP exhibited the highest vari-
ant count with 8 potentially pathogenic variants (mean
GERP++ score: 5.32), followed by TERT with 5 variants
(mean GERP++ score: 4.44). DPP9, TGFB1, IL1IRN, and
MUCS5B each harbored 2 variants, while RTEL1 con-
tained 1 variant.

All identified potentially pathogenic variants demon-
strated moderate to high conservation (mean GERP++
scores ranging from 3.72 to 5.32) and were completely
absent in gnomAD East Asian populations (all allele fre-
quencies = 0%) (Table 3).

Discussion

This study provides a comprehensive description of clini-
cal and genetic features in 107 Korean patients with idio-
pathic pulmonary fibrosis (IPF), with direct comparisons
to reference populations and subgroup analyses. Several
noteworthy findings emerged. First, allele frequency
comparisons revealed notable differences between the
Korean IPF cohort and both Korean and international
reference populations, particularly at MAPT, TERT, and
FAMI13A, suggesting population-specific genetic archi-
tectures. Second, longitudinal pulmonary function analy-
ses showed that familial IPF patients experienced faster
physiological decline than sporadic cases, although sur-
vival outcomes were not significantly different. Third,
the diverse distribution of potentially pathogenic vari-
ants across multiple functional pathways showed both
similarities and differences compared to the surfactant-
driven patterns often reported in Western cohorts [36,
37]. Together, these findings highlight the importance of
incorporating diverse populations into genetic studies of
IPE.

The demographic and clinical profile of our cohort
was largely consistent with international studies, char-
acterized by older age, male predominance, and a high
proportion of biopsy-confirmed diagnoses. Treatment
patterns reflected Korean healthcare policies [38, 39],
with pirfenidone widely used and nintedanib rarely pre-
scribed due to insurance restrictions during the study
period. Comorbidities followed known IPF associations,
including a high prevalence of gastroesophageal reflux
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disease (GERD) and a substantial burden of lung can-
cer, predominantly adenocarcinoma. Notably, nearly one
in five patients underwent lung transplantation, reflect-
ing both disease severity in our referral population and
the active transplantation program at our center, which
provides important context for interpreting clinical and
genetic outcomes.

Familial IPF patients demonstrated significantly faster
decline in FVC and DLCO than sporadic cases, consis-
tent with reports from Western cohorts [40], although no
survival differences were detected. Genetic comparisons
between familial and sporadic groups revealed no signifi-
cant differences after correction, likely reflecting limited
power due to the small number of familial cases.

Diagnostic heterogeneity is an important concern in
IPF research. In our study, genetic profiles were broadly
consistent across radiological and histological diagnoses,
as well as definite versus non-definite UIP CT patterns.
No genetic variants showed significant associations even
at the nominal level (p < 0.05) when stratified by HRCT
pattern. These findings suggest stability of known IPF-
associated variants across diagnostic definitions, but
larger multi-center studies are required to confirm or
refute subtle subgroup effects.

Population-level comparisons underscored distinc-
tive genetic features of Korean IPF patients. MAPT
rs1981997 was almost absent, while TERT rs2736100 and
FAMI13A rs2609255 were consistently reduced compared
to Korean and global references. These results support
population-specific genomic stratification but should
be interpreted cautiously given the absence of healthy
Korean controls.

The diverse distribution of potentially pathogenic vari-
ants contrasts notably with patterns reported in West-
ern familial IPF [19, 41]. While telomere-related variants
were common in both populations, our Korean cohort
showed distinctive features: surfactant protein gene vari-
ants (SFTPA2, SFTPC, ABCA3) were entirely absent,
whereas epithelial-mesenchymal transition variants pre-
dominated. These findings should be regarded as hypoth-
esis-generating and suggest that Korean familial IPF may
involve distinct or more polygenic mechanisms com-
pared to Western populations [4, 5, 18, 19, 41].

Several limitations should be considered when inter-
preting these findings. First, the relatively small sample
size, particularly the limited number of familial cases
(n=19), restricted statistical power and likely contrib-
uted to the absence of significant associations after cor-
rection. Second, the single-center study design may have
introduced referral bias and limits generalizability to the
broader Korean population; future multicenter stud-
ies will be required for validation. Third, the absence of
appropriately matched healthy Korean controls pre-
vented us from distinguishing disease-specific variants
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Variant Association with Family History

FDR threshold = 0.05, Nominal: P < 0.05 & |log,(OR)| > 1
Total variants: 471
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Fig. 3 Genetic Variant Association Analysis with Family History Status. Volcano plot showing association between 471 variants across 29 IPF-associated
genes and family history status in Korean IPF cohort (familial n=19, sporadic n=88). X-axis: log,(odds ratio); Y-axis: -logss(P-value). Dashed lines indicate
nominal significance (P=0.05, gray), FDR threshold (q=0.25, red), and effect size threshold (|log,(OR)|=1, vertical). Twenty-three variants showed nominal
significance (P<0.05 and |log,(OR)|>1) in genes CDKN1A, DSP, FOXN3, PARN, DPP9, and TGFB1. However, no variants survived FDR correction (g<0.05),
reflecting limited statistical power from small familial subgroup size. These represent hypothesis-generating findings requiring validation in larger cohorts

Table 3 Potentially pathogenic variant distribution across IPF-associated pathways

Pathway Gene Total Stop Meta SVM Cons. Domain  Mean MetaSVM Mean GERP++
Epithelial-Mesenchymal Transition DSP 8 0 3 10 7 —-0.146 5320
TGFB1 2 0 2 0.629 4.230
Cell Death & Apoptosis Regulation DPP9 2 0 2 0 2 0617 3.720
DNA Repair & Telomere Maintenance TERT 5 0 4 5 0.609 4440
RTEL1 1 0 1 1.108 4.350
Immune Response & Inflammation ILTRN 2 0 2 4 1 0.618 4.500
MUC5B 2 0 1 0.044 4.580

Variants classified as potentially pathogenic using ACMG/AMP-standard MetaSVM threshold (>0.0, per InterVar; Li & Wang, Am J Hum Genet 2017)
Total: 22 variants across 7 genes in 4 pathways. Confidence levels (High/Moderate/Low) provided in Supplementary Table 5

Classification criteria (=2 REQUIRED): Stop (stop-gain, 4 pts), MetaSVM (>0, 1 pt), Cons. (GERP++>4.0 + SIFT damaging, 1 pt), Domain (functional domain + SIFT

damaging, 2 pts)

Additional filters: GERP++ > 2.0 (except stop-gain), gnomAD EAS AF < 0.01. Criteria columns show pathway-level counts
Top genes: DSP (8), TERT (5), DPP9/ILIRN/MUC5B/TGFB1 (2 each). Detailed variant information in Supplementary Table 5

from population-specific polymorphisms. Fourth, vari-
ant pathogenicity was inferred primarily from in silico
prediction tools, as publicly available databases such as
ClinVar lacked annotations for the variants identified in
our cohort. This absence reflects the underrepresenta-
tion of Asian populations in variant databases and lim-
its our ability to assess clinical significance using curated
evidence. Finally, functional validation will be necessary
to confirm the biological impact of the candidate variants
identified.

Conclusion

In this Korean IPF cohort, we observed population-spe-
cific genetic patterns, a tendency for faster functional
decline in familial cases, and a diverse distribution of
potentially pathogenic variants, with the highest pro-
portion in epithelial-mesenchymal transition and DNA
repair/telomere maintenance pathways. These find-
ings, while limited by sample size, suggest that IPF in
Korean patients may involve distinct pathogenic mecha-
nisms and underscore the importance of population-
specific research to advance understanding of disease
pathogenesis.
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Abbreviations

IPF |diopathic pulmonary fibrosis

FVC Forced vital capacity

DLCO Diffusing capacity of the lung for carbon monoxide
SNP Single nucleotide polymorphism

DNA Deoxyribonucleic acid

HRCT High-resolution computed tomography
ulp Usual interstitial pneumonia

GERD Gastroesophageal reflux disease

OR Odds ratio

cl Confidence interval

FDR False discovery rate

GERP++  Genomic Evolutionary Rate Profiling
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