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Hypothesis

• Idiopathic pulmonary fibrosis (IPF) characterized by 
progressive lung scarring and death - early disease 
detection is paramount. 

• Chest computed tomographic imaging can detect ILA, 
which may progress to IPF. 

• MUC5B promoter variant rs35705950 is common (MAF 
[Europeans]=0.11) and of large effect size conferring 
risk for both IPF (OR 6-13, heterozygotes) and ILA (OR 
2-3) 

• We hypothesized that an IPF polygenic risk score (PRS) 
excluding the MUC5B region would add complementary 
predictive value to the MUC5B variant for IPF and ILA.features were combined into previously

described (1, 17) and easily characterizable
patterns. Some imaging patterns were
strongly associated with ILA progression
(see Table E9). For example, of the 46
participants with definite fibrosis (those
with pulmonary parenchymal architectural
distortion in any distribution) (1), 41 (89%)
had evidence of progression on the second
CT scan (e.g., the presence of definite
fibrosis increased the odds of progression
more than eightfold [OR, 8.4; 95% CI,

2.7–25; P = 0.0003] when compared with
those with ILA without definite fibrosis). Of
the five participants with definite fibrosis
who did not progress, all had a CT pattern
inconsistent with UIP and suggestive of an
alternate diagnosis, three were stable over
the follow-up period, and two had probably
improved (see Table E10).

To assess whether consistency with a
UIP pattern was associated with progressive
imaging abnormalities additional analyses
were performed based on the diagnostic

criteria for IPF from the Fleischner Society
and American Thoracic Society/European
Respiratory Society/Japanese Respiratory
Society/Latin American Thoracic
Association guidelines (17, 18). When
compared with those who were consistent
with an alternate non-IPF diagnosis overall,
there was no evidence that those
indeterminate for a UIP pattern were more
likely to progress (e.g., the presence of an
indeterminate for a UIP pattern was not
associated with an increased odds of
progression [OR, 1.9; 95% CI, 0.9–4.3;
P = 0.9]); however, this comparison was
dependent on the presence of fibrosis (e.g.,
the presence of an indeterminate for a UIP
pattern was associated with an increased
odds of progression [OR, 2.3; 95% CI,
1.04–5.1; P = 0.04] when compared with
those consistent with a non-IPF diagnosis
without fibrosis but, not when compared
with those consistent with a non-IPF
diagnosis with fibrosis [OR, 1.5; 95% CI,
0.4–6.32; P = 0.6]). All participants with
probable (30/30) or UIP pattern (five/five)
had imaging progression over the follow-up
period.

ILA Progression, Imaging Patterns,
and Mortality
Over the median follow-up period of
11 years, (interquartile range, 7–13 yr),
based on ILA classification from the first
CT scan (baseline), 277 of the 378 (73%)
participants with ILA died compared with
1,562 of the 3,216 (49%) participants
without ILA (1,038 of the 1,726 [60%]
participants indeterminate for ILA had
died). In analyses limited to those who
completed both rounds of chest CT
imaging, 143 of 238 (60%) participants with
ILA with progressive imaging changes had
died, compared with 35 of the 89 (39%)
participants with ILA without progressive
imaging findings. ILA progression was
associated with an increased risk of death
when compared with those without ILA
(hazard ratio [HR], 1.4; 95% CI, 1.3–1.5;
P, 0.0001) or with those with ILA but
without progression (HR, 1.9; 95% CI,
1.3–2.8; P = 0.0009). Results related to
imaging features and mortality are also
presented in Table 4.

When compared with those without
ILA at baseline, specific ILA imaging
patterns were associated with a variable
increase in the rate of mortality (Figure 2
and Table 4). In addition, there was
evidence that ILA imaging pattern
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Figure 1. Serial chest computed tomography scans from three participants with interstitial lung
abnormalities. (A1–C1) Representative axial images from computed tomography scan 1. (A2–C2)
Representative axial images from computed tomography scan 2. Participant A is indeterminate for
usual interstitial pneumonia (UIP) on scan 1 (A1) and progressed to a probable UIP pattern (A2).
Participant B has a probable UIP pattern on scan 1 (B1) and progressed to a UIP pattern (B2).
Participant C had a UIP pattern on scan 1 (C1) and had imaging progression that remained consistent
with a UIP pattern (C2).
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Idiopathic Pulmonary Fibrosis (IPF)
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Figure 1. Representative Examples of Definite Fibrosis from the FHS, AGES-Reykjavik, COPDGene, and ECLIPSE Studies
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Chest computed tomographic (CT) axial images of 4 participants, one from each cohort, with interstitial lung
abnormalities with definite fibrosis. Definite fibrosis is defined as pulmonary parenchymal architectural distortion
diagnostic of fibrotic lung disease.6 Panel A demonstrates subpleural reticular markings, ground glass
abnormalities, and traction bronchiectasis in all images. Panel B shows more advanced fibrosis with subpleural
reticular markings, traction bronchiectasis, and honeycombing. Panel C shows upper lobe–predominant

emphysema with fibrosis; evidence of subpleural reticular changes and traction bronchiectasis are most
prominent in the top and bottom images. The white spot in the center of the left lung field is the dome of the left
diaphragm. Panel D demonstrates severe emphysema combined with fibrosis; subpleural reticular markings and
traction bronchiectasis are seen in all 3 images.
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Exclude 500 Kb around rs35705950

Area-under-the-receiver-operating-curve (AUC) analyses
Quantify phenotypic variance (Nagelkerke R2) analyses

Test associations of PRS-NO-M5B, M5B, 
PRS+M5B with IPF in LTRC and ILA in Genetic 

Epidemiology of COPD (COPDGene) study. 
Covariates: age, sex, pack-years of smoking

Train composite risk score of PRS+M5B using 
10-fold cross-validation (100 bootstraps) in Lung 
Tissue Research Consortium (LTRC) IPF cases 

and controls

Train polygenic risk score (PRS) using lassosum 
(Mak et al, Genet Epidemiol. 2017) 

(PRS-NO-M5B)Summary statistics from GWAS of IPF (Allen et al., 
AJRCCM, 2019).

rs35705950 (MUC5B (M5B) promoter variant)

Study Design



PRS-NO-M5B is Associated With IPF and ILA



variable Model 1 Model 2
adj. OR (95% CI) p adj. OR (95% CI) p

PRS-NO-M5B 4.7 (3.2-6.8) 2.30E-15 NA NA

rs35705950 3.6 (2.3-5.8) 7.00E-08 NA NA

PRS-NO-M5B X 
rs35705950 0.87 (0.48 - 1.6) 0.66 NA NA

PRS+M5B NA NA 18 (10 - 30) 5.00E-26

Model 1: PRS-NO-M5B, rs35705950, and interaction term, adjusted for age, sex, pack-years of smoking, and 10 
principal components of genetic ancestry. 
Model 2: PRS+M5B composite score, adjusted for age, sex, pack-years of smoking, and 10 principal components 
of genetic ancestry. 

IPF PRS is Associated with  IPF in LTRC



IPF PRS Predicts IPF in an External Cohort



variable adj. OR (95% CI) p

PRS-NO-M5B 1.2 (1.1-1.3) 2.60E-03

rs35705950 2.4 (1.9-3.1) 6.30E-13

PRS+M5B 1.8 (1.4-2.2) 7.50E-08

Models adjusted for age, sex, pack-years of smoking and first 5 principal 
components of genetic ancestry.

IPF PRS is Associated with ILA in COPDGene



Conclusions

• An IPF PRS exclusive of rs35705950 was complementary to 
rs35705950 predicting IPF, but not ILA

• IPF and ILA demonstrate overlapping, but not identical, polygenic risk

• Further investigation into the optimal modeling of the unusual 
genetic architecture of IPF is needed.


