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Abstract

Rationale: Relatives of patients with familial interstitial
pneumonia (FIP) are at increased risk for pulmonary fibrosis and
develop preclinical pulmonary fibrosis (PrePF).

Objectives: We defined the incidence and progression of new-
onset PrePF and its relationship to survival among first-degree
relatives of families with FIP.

Methods: This is a cohort study of family members with FIP
who were initially screened with a health questionnaire and chest
high-resolution computed tomography (HRCT) scan, and
approximately 4 years later, the evaluation was repeated. A total
of 493 asymptomatic first-degree relatives of patients with FIP
were evaluated at baseline, and 296 (60%) of the original subjects
participated in the subsequent evaluation.

Measurements and Main Results: The median interval
between HRCTs was 3.9 years (interquartile range, 3.5–4.4 yr).
A total of 252 subjects who agreed to repeat evaluation were

originally determined not to have PrePF at baseline; 16 developed
PrePF. A conservative estimate of the annual incidence of PrePF
is 1,023 per 100,000 person-years (95% confidence interval,
511–1,831 per 100,000 person-years). Of 44 subjects with PrePF
at baseline, 38.4% subjects had worsening dyspnea compared
with 15.4% of those without PrePF (P= 0.002). Usual interstitial
pneumonia by HRCT (P, 0.0002) and baseline quantitative
fibrosis score (P, 0.001) are also associated with worsening
dyspnea. PrePF at the initial screen is associated with decreased
survival (P, 0.001).

Conclusions: The incidence of PrePF in this at-risk population
is at least 100-fold higher than that reported for sporadic
idiopathic pulmonary fibrosis (IPF). Although PrePF and
IPF represent distinct entities, our study demonstrates that
PrePF, like IPF, is progressive and associated with decreased
survival.

Keywords: pulmonary fibrosis; idiopathic pulmonary fibrosis;
familial idiopathic pulmonary fibrosis

(Received in original form June 7, 2022; accepted in final form September 12, 2022)

*These authors contributed equally to this work.

Supported by NHLBI grants PO1-HL0928701, RO1-HL149836, UH2/3-HL123442, UG3/UH3-HL 151865, and R01-HL158668.

Author Contributions: All authors participated in writing of the manuscript. Data analysis: M.P.S., A.L.P., S.H., and T.E.F. Genotyping: A.D.W.
and I.V.Y. Phenotyping: M.P.S., S.K.M., T.J.B., A.O., S.T., G.C., C.S., J.E.L., K.K.B., M.I.S., D.A.L., J.S.L., and D.A.S. Subject recruitment:
J.A.K., T.S.B., R.A.W., J.P., C.M., and D.A.S. Funding: D.A.S.

Correspondence and requests for reprints should be addressed to David A. Schwartz, M.D., Division of Pulmonary Sciences and Critical Care
Medicine, 12631 East 17th Avenue, University of Colorado School of Medicine, Anschutz Medical Campus, Aurora, Colorado 80045.
E-mail: david.schwartz@cuanschutz.edu.

This article has a related editorial.

This article has an online supplement, which is accessible from this issue’s table of contents at www.atsjournals.org.

Am J Respir Crit Care Med Vol 207, Iss 5, pp 587–593, Mar 1, 2023

Copyright © 2023 by the American Thoracic Society

Originally Published in Press as DOI: 10.1164/rccm.202206-1075OC on September 12, 2022

Internet address: www:atsjournals:org

Steele, Peljto, Mathai, et al.: Incidence and Progression of Fibrotic Lung Disease 587

http://orcid.org/0000-0002-8389-0736
http://orcid.org/0000-0002-5113-4530
http://orcid.org/0000-0002-0337-7052
http://orcid.org/0000-0001-6743-8443
http://crossmark.crossref.org/dialog/?doi=10.1164/rccm.202206-1075OC&domain=pdf&date_stamp=2023-02-16
mailto:david.schwartz@cuanschutz.edu
https://doi.org/10.1164/rccm.202209-1769ED
http://www.atsjournals.org
https://doi.org/10.1164/rccm.202206-1075OC
http://www.atsjournals.org


Idiopathic pulmonary fibrosis (IPF) is a
poorly understood disease characterized by
progressive lung parenchymal scarring,
impaired gas exchange, and shortened
lifespan. Median survival is approximately
3 years from the time of diagnosis (1), and
the clinical course is unpredictable (1).
Families with multiple cases of idiopathic
interstitial pneumonia (IIP) represent a
unique at-risk population to identify early
manifestations of IIP (2). In fact, among
asymptomatic first-degree relatives (FDRs)
from families with two or more cases of IIP
(familial interstitial pneumonia, FIP),
14% had interstitial lung abnormalities on
high-resolution computed tomography
(HRCT) scan, and 35% had an abnormal
transbronchial biopsy indicative of interstitial
lung disease (3). Among asymptomatic FDRs
in FIP families, older age and the gain-of-
functionMUC5B (mucin 5B) promoter
variant (4, 5), the dominant genetic risk
variant for IPF (6), are associated with
preclinical manifestations of pulmonary
fibrosis on HRCT scan (defined by
subpleural reticular changes, honeycombing,
and/or traction bronchiectasis), and these
radiologic lesions appear to be progressive
(5). In the Framingham population, the
MUC5B promoter variant was predictive of
HRCT scan evidence of fibrotic interstitial
lung disease (7), and in this population
fibrotic interstitial lung disease is associated
with radiologic progression, a more rapid
decline in lung function, and an increased
risk of death, suggesting that early interstitial
lung fibrosis is a harbinger of IIP (8). We

previously screened a cohort of 493 self-
reported asymptomatic family members
.40 years of age from families with two or
more cases of IIP and found that 15.8% of
unaffected subjects had preclinical
pulmonary fibrosis (PrePF) defined by visual
reads of HRCT (4).

Based on these observations, we
hypothesize that this high-risk population
(N=493) derived from FIP families
represents an ideal opportunity to define the
incidence and progression of PrePF and
clinical features and risk factors associated
with these outcomes. We obtained survival
data on the entire cohort of 493 subjects and
performed a repeat health questionnaire and
HRCT scan on 296 (60%) of these subjects.

Methods

Overview of the Study
This study was approved by each
institutional review board (IRB) (Colorado
Multiple IRB #151147; National Jewish
Health IFB 1441a; Vanderbilt IRB #020343).
A total of 493 non-HispanicWhite FDRs
(parents, siblings, or offspring) of patients
with FIP (see Figure E1 in the online
supplement).40 years of age from across
the United States who had not received a
clinical diagnosis of IIP were initially
screened with a health questionnaire and
chest HRCT scan. Preclinical manifestations
of pulmonary fibrosis were identified in
15.5% of these at-risk subjects (4).
Approximately 4 years after the initial
evaluation, all surviving subjects among the
493 participants were recontacted and asked
to consent to follow-up. A total of 296 (60%)
of the original 493 study subjects participated
in the subsequent evaluation. In addition, we
report a comprehensive survival analysis on
the entire study population (N=493). A total
of 166 of the 493 subjects at baseline and
38 of the 296 follow-up subjects have been
previously reported in a study evaluating risk
factors for development and progression of
familial interstitial lung disease (5). For the
purposes of this study, we have limited the
definition of PrePF to those with fibrotic
interstitial lung disease defined by reticular
change with traction bronchiectasis with or
without honeycombing (definite PrePF)
or by those with reticular change with
equivocal traction bronchiectasis and no
honeycombing (probable PrePF). Prevalent
PrePF is defined as all cases of PrePF
identified on the baseline screen. Incident

PrePF is defined as a new diagnosis of PrePF
upon reimaging approximately 4 years after
an initial negative HRCT scan. The
progression of prevalent PrePF cases is
reported only in those subjects who had
PrePF identified on the initial screen.

Health Questionnaire
The health questionnaire included self-
reported age, sex, race/ethnicity, smoking
status, medical history, or environmental
exposures (2) as well as a five-question
assessment of dyspnea that was administered
at both baseline and follow-up (9). The
dyspnea score at each time point is reported
as an ordinal variable on a scale of one to five.

Evaluation of HRCT Scans
Visual HRCT review. HRCT scans of the
chest were performed at local community
centers using the same instructions for image
acquisition and reconstruction and were
interpreted by study radiologists as
previously described (4).

Quantitative HRCT. We used a
machine learning data-driven texture
analysis (DTA) consisting of a convolutional
neural network algorithm trained with image
regions of normal lung and lung labeled by a
radiologist as having a reticular abnormality,
traction bronchiectasis, or honeycombing
(4, 10) to provide quantitative assessment of
lung fibrosis, expressed as a percentage of
lung volume involved. Details of the
previously described technique are available
in the online supplement.

Radiology consensus. HRCT images
were independently read by two radiologists
blinded to clinical information; if there was
no consensus among the two radiologists,
then a third radiologist (D.A.L.) adjudicated
the final diagnosis. The radiologists assigned
the HRCT scan into one of four diagnostic
categories: 1) normal or minor abnormality;
2) nonfibrotic diffuse lung disease; 3) fibrotic
interstitial lung disease; or 4) equivocal. The
radiology core also assigned a diagnosis of
possible, probable, or definite usual
interstitial pneumonia (UIP), nonspecific
interstitial pneumonia, other IIPs using
standard criteria (11).

Multidisciplinary Clinical
Consensus Diagnosis
A clinical consensus diagnosis was assigned
to each subject in a multistep process: 1) two
pulmonologists independently reviewed all
data, including demographics, family history,
occupation and environmental exposure

At a Glance Commentary

Scientific Knowledge on the
Subject: First-degree relatives of
individuals with idiopathic
interstitial pneumonia are at risk for
asymptomatic pulmonary fibrosis,
which we term preclinical
pulmonary fibrosis (PrePF).

What this Study Adds to the
Field: We define the incidence of
fibrotic interstitial lung disease
(PrePF) in a familial at-risk cohort.
In those with preexisting PrePF, we
characterize its progression and
demonstrate decreased survival for
those having PrePF.
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history, and HRCT images accompanied by
the radiology consensus diagnosis to arrive at
a final clinical consensus diagnosis; and 2) if
the two pulmonologists did not agree, then
adjudication was obtained by an interactive
consensus meeting with three or more
pulmonologists. The clinical core assigned a
diagnosis of fibrosis and determined a
specific diagnosis, assigning a confidence
level of definite, probable, or possible. A
specific final diagnosis was then assigned
when there was a confidence level of
probable or definite. When the clinical
consensus assigned the presence of fibrosis
but was unable to assign a specific diagnosis,
the diagnosis assigned was “uncharacterized
fibrosis.” The clinical core assigned a
diagnosis of indeterminate when the clinical
and HRCT findings were ambiguous.

Blood Processing and Genotyping
DNAwas extracted from Paxgene tubes of
whole blood (4). TheMUC5B promoter
variant (rs35705950) was the genotype on all
study subjects for whomDNA samples were
available (4).

Survival Status
Survival status of 492 of the 493 participants
was determined by query of a publicly
available source of death records (https://
www.obituarydata.com/) after follow-up was
completed for all subjects. Participants were
identified in the obituary database based on

name, date of birth, address, and family
member information present in the subject’s
obituary then correlated with similar
information in our FIP database. Survival
follow-up was defined as the time from the
first HRCT scan to the date of death or
censoring at the date of the database query.

Statistical Analysis
Cohort demographics were summarized
using medians and proportions, as
appropriate. Change in dyspnea was
calculated as the score at follow-up, minus
the score at baseline. A Pearson’s chi-square
test or t test statistic, as appropriate, was used
to test for associations between dyspnea
score change (categorized as stable/improved
or worsening) and baseline measures of
PrePF diagnosis,MUC5B genotype, or
quantitative fibrosis score. In sensitivity
analyses, we also repeated association testing
using a generalized estimating equations
approach with robust variance estimation to
account for the correlation among outcomes
in related individuals. Because none of the
conclusions changed, we report P values
from standard statistical tests, which were all
greater than or equal to those from the
generalized estimating equations approach.
Kaplan-Meier estimates of survival together
with log-rank tests were used to assess
differences in survival probabilities between
groups. Cox proportional hazards models
were used to estimate hazard ratios (HRs)

and to test for independent predictors of
survival. An additive genetic model was used
to assess the effect ofMUC5Bminor allele on
incidence of PrePF because previous studies
have observed an additive effect of the
variant on risk for IIP (12). All analyses were
conducted using R version 3.6.3.

Results

Demographic and Clinical
Characteristics of Study Population
Of the initially screened 493 self-reported
unaffected FDR family members (baseline),
302 reconsented to additional testing, and
296 (60% of the baseline cohort) subjects
completed repeat HRCT screening
(Figure E1). Comparing those who chose
not to participate in the second screening
(n=197) to those who underwent repeat
evaluation (n=296, follow-up), no
significant differences were noted in age,
sex, smoking status, orMUC5B genotype
(Table 1). The demographics of the follow-
up cohort (n=296) are presented in Table 1;
the median interval between HRCTs was
3.9 years (interquartile range, 3.5–4.4 yr).
Baseline and follow-up HRCT scans were
technically adequate for quantitative
DTAHRCT reads for 215 study subjects
(Table E1).

Within the follow-up population
(n=296), 252 had a normal HRCT scan
and 44 had PrePF on HRCT at the initial
evaluation. The clinical core identified
16 new cases of PrePF (incident cases)
among the 252 subjects originally
determined not to have PrePF at baseline
and 35 cases of persistent PrePF among
the 44 subjects originally determined to
have PrePF at baseline. Of the 16 subjects
with incident PrePF, 1 had chronic
hypersensitivity pneumonitis, 9 had
uncharacterized fibrosis, and 6 had an IIP
(Table E2). Of the 15 subjects who had a
diagnosis of indeterminate without fibrosis
findings at the initial evaluation, at follow-up,
11 remained indeterminate or normal,
and 4 developed PrePF (either IPF or
uncharacterized fibrosis; Table E2). This
finding suggests that an indeterminate
diagnosis by the clinical core frequently
represents early PrePF.

Incidence of PrePF
Of 252 subjects with a clinical core consensus
diagnosis of no PrePF at baseline, at follow-
up, 16 (6.3%) developed PrePF, equating to

Table 1. Demographics of Cohorts Based on Follow-Up

Follow-Up No Follow-Up P Value

Number of subjects 296 197
Male, n (%) 113 (38) 75 (38) 1.00
Age at consent, median (IQR) 58 (52–66) 57 (52–64) 0.64
Non-Hispanic White, n (%) 290 (98) 192 (97) 0.76
Ever-smoker, n (%) 92 (31) 61 (33) 0.70
Time interval between HRCTs, yr,

median (IQR)
3.9 (3.5–4.4) NA

MUC5B genotype, n (%) 0.38
GG 170 (57) 123 (62)
GT 115 (39) 70 (35)
TT 11 (4) 4 (2)
G alleles 455 (77) 316 (80)
T alleles 137 (23) 78 (20)

MUC5B promoter variant (rs35705950) MAF
No PrePF at follow-up 0.22
Incident PrePF 0.28 0.39*†

Prevalent PrePF 0.28 0.18*‡

Definition of abbreviations: HRCT=high-resolution computed tomography; IQR= interquartile
range; MAF=minor allele frequency; MUC5B=mucin 5B, oligomeric mucus/gel-forming;
PrePF=preclinical pulmonary fibrosis.
*Additive genetic model.
†Compared with no PrePF at follow-up.
‡Compared with no PrePF at baseline.
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an annual incidence proportion of PrePF of
1.6% for these at-risk family members. The
estimated incidence rate of PrePF in our
study population by the clinical core
(1,550 per 100,000 person-years; 95%
confidence interval [CI], 886–2,517 per
100,000 person-years) is similar to that of
our radiology core (1,717 per 100,000
person-years; 95% CI, 1,101–2,714) and far
exceeds population-based incidence rates
for IPF, which are estimated to be 10 per
100,000 person-years (13). When both the
clinical and radiology cores agreed that

there was no evidence of PrePF at the
initial evaluation (n= 244), 11 subjects
were considered by both cores to have
developed PrePF during the period of
follow-up, resulting in a conservative
estimate of the annual incidence of PrePF
of 1,023 per 100,000 person-years (95% CI,
511–1,831 per 100,000 person-years).
Interestingly, of 23 subjects determined by
the radiology core to have nonfibrotic ILD
at baseline and who had follow-up HRCTs,
5 developed fibrotic ILD at follow-up
(Table E4).

The clinical core determined that nine
subjects had PrePF at baseline but were
found to be unaffected on follow-up
evaluation. Given this unexpected finding,
we extensively reviewed these subjects
(Table E3 and Figure E2). We found that the
clinical and radiology cores did not agree on
the assessment of PrePF in six of the nine
subjects (Table E3). It is notable that the CT
findings of these nine subjects at baseline and
follow-up are subtle and, not surprisingly,
subject to interobserver variation (Figure E2).
Last, quantitative fibrosis scores were
available in six of the nine subjects, and two
had a decrease in the quantitative fibrosis
score, whereas four increased (Table E2).

Symptomatic and Radiographic
Progression of PrePF
During the initial evaluation, the clinical core
identified 79 cases of PrePF among the
493 asymptomatic FDRs who were screened.
Of these 79 baseline prevalent cases of PrePF,
44 (56%) participated in the subsequent
evaluation (median follow-up period of
3.9 yr). During the follow-up period, of the
227 subjects with complete dyspnea data,
19.4% had worsening of their dyspnea score
(Table E6). Progressive dyspnea was
observed in 15 (38.4%) subjects with baseline
PrePF compared with 29 (15.4%) without
PrePF (P=0.002; Table 2). Worsening
dyspnea during the period of observation
was also associated with a UIP pattern on
baseline HRCT (Table E7; P, 0.0002) and a
higher baseline quantitative fibrosis score
(Table 2; P, 0.001). Thus, the presence of
PrePF, an HRCT diagnosis of UIP, or a
higher quantitative fibrosis score is
significantly associated with worsening
dyspnea during a brief period of follow-up
(median, 3.9 yr). We compared the
consensus diagnosis assigned by the clinical
core at baseline and at follow-up (Table E2),
and we note in subjects with uncharacterized
fibrosis at baseline that the follow-up
diagnosis remained unchanged in half,
whereas others developed a specific IIP or
other type of pulmonary fibrosis. There were
23 subjects with nonfibrotic ILD at baseline,
and on follow-up 13 were either normal or
had minor abnormalities, 5 remained with
nonfibrotic ILD, and 5 developed fibrotic
ILD (Table E4).

We used machine learning DTA to
provide quantitative measure of lung fibrosis
to compare baseline and follow-up HRCTs.
The scatterplot of the baseline and follow-up
DTA quantitative fibrosis score (n=206;

Table 2. Association between Baseline Diagnosis and Change in Dyspnea

Dyspnea

P ValueImproved/Stable Worsening

Clinical core consensus
PrePF absent 159 29 0.002
PrePF present 24 15

Quantitative fibrosis score, mean 1.57 4.75 0.0005
MUC5B genotype
GG 105 23 0.66
GT/TT 78 21

Definition of abbreviations: MUC5B=mucin 5B, oligomeric mucus/gel-forming; PrePF=preclinical
pulmonary fibrosis.
Change in dyspnea is calculated as the score at follow-up minus the score at baseline and
collapsed into two categories representing improved/stable dyspnea (score change<0) and
worsening dyspnea (score change. 0). Complete baseline and follow-up questionnaire data
available for 227 subjects.

Figure 1. Scatterplot of the quantitative data-driven texture analysis fibrosis score comparing
changes in score. Individual subjects are color coded according to fibrosis score change
between baseline and follow-up. The fibrosis score changes are coded according to .2 SE
change (red), score change, 2 SE (green), and score change,22 SE (blue). Eight subjects were
not scored because of technically limited high-resolution computed tomography scan quality.
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Figure 1) demonstrates an upward shift
above the line of identity indicating an
increase in the DTA fibrosis score at follow-
up (P=0.003). A total of 41 (20%) subjects
had an improvement of their fibrosis score
(Figure 1), 98 (47.5%) subjects had no
change in their fibrosis score, and 67 (32.5%)
subjects had a worsening of their fibrosis
score, suggesting that DTA fibrosis score
may prove to be a helpful aid in following
individuals at risk for lung fibrosis.

Survival
During the follow-up period, there were 18
deaths (Table E9) among the subjects initially
screened (N=493). Among the 79 cases of

PrePF diagnosed at baseline, 9 (11.7%)
deaths were observed, whereas, among the
416 without PrePF at baseline, 9 subjects
(2.2%) died. Among the nine subjects with
PrePF at baseline who died during the
follow-up period, a review of medical records
indicated that three of the deaths were of
unknown cause, and six of the deaths were
caused by progressive respiratory failure. In
contrast, among the nine deaths in subjects
without PrePF, no deaths were attributed to
respiratory failure.

Kaplan-Meier analysis demonstrates
that PrePF diagnosed at the initial screen is
associated with decreased survival (Figure 2;
P, 0.001). By univariate Cox proportional

hazards (Table E8), decreased survival is
associated with increasing age (HR, 1.13;
P, 0.001), PrePF determined by the
radiology core (HR, 6.19; P, 0.001), PrePF
determined by the clinical core (HR, 4.69;
P=0.001), and quantitative fibrosis score
determined by DTA (HR, 1.07; P, 0.001).
To identify independent demographic and
clinical predictors of survival, we developed a
multivariable Cox model. The quantitative
DTA fibrosis score is independently
associated with decreased survival (HR, 1.06;
P=0.01) after controlling for age and
smoking (Table 3).

Effect of MUC5B Genotype on PrePF
Disease Progression and
PrePF Incidence
We and others (4, 5) previously reported that
the minor allele frequency of the gain-of-
functionMUC5B promoter variant
rs35705950 was significantly elevated in the
prevalent cases of PrePF compared with
those without disease in FDRs in families
with FIP. In our follow-up population
(n=296), the minor allele frequency of
rs35705950 is 0.28 in the incident and
prevalent cases of PrePF compared with 0.22
in subjects without PrePF (Table 1; odds

Figure 2. Kaplan-Meier plots of survival comparing subjects with preclinical pulmonary fibrosis (PrePF) (cyan) versus no PrePF (pink) as
determined by the clinical core. Survival was determined on 492 subjects, because 1 subject had missing identifying information in the
database and therefore survival data could not be determined.

Table 3. Multivariable Cox Proportional Hazards Models of Survival (N=493)

Variable HR (95% CI) P Value

Quantitative fibrosis score 1.06 (1.01–1.10) 0.013
Age 1.09 (1.03–1.15) 0.005
Smoking
Never 1 [Ref] 0.059
Ever 3.02 (0.96–9.49)

Definition of abbreviations: CI = confidence interval; HR=hazard ratio; Ref= reference value.
Multivariable Cox model of independent predictors of survival of the 493 asymptomatic at-risk
family members screened at baseline.
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ratio, 1.5; 95% CI, 0.82–2.76). This trend
toward being more common in the subjects
with PrePF at follow-up compared with
unaffected subjects did reach statistical
significance (P=0.042 for an additive genetic
model). We also examined the effect of the
MUC5B promoter variant on disease
progression measured by chest HRCT scan
(Table E9), change in dyspnea, and survival
(Figure E3) and did not find that the minor
allele (T) ofMUC5Bwas associated with
disease progression.

Discussion

This is the first study to prospectively
determine the incidence of fibrotic lung
disease in an at-risk cohort. We found that
the annual incidence of developing PrePF
in FDRs from FIP families is between
1,000 and 1,500 per 100,000 person-years.
The incidence of PrePF in this at-risk
population is approximately 100- to 150-fold
higher than that reported for sporadic IPF
(1, 13–16). Although PrePF and IPF represent
distinct entities, our study also demonstrates
that PrePF, like IPF, is defined by the same
radiographic abnormalities, is progressive,
and is associated with decreased survival. In
aggregate, these findings should initiate
consideration of screening individuals at risk
of PrePF and evaluating the potential benefits
of early intervention in those with this early
presentation of fibrotic lung disease.

Although we found that FDRs arising
from families with two or more cases of IIP
are at substantial risk of PrePF, there are likely
other populations that are at risk of PrePF.
For example, the risk among relatives of
sporadic cases of IPF appears to be equivalent
to that observed for relatives of FIP (17).
Because rare (18–23) and common (6, 12,
24–29) genetic variants have been associated
with IPF and FIP, it is logical to speculate that
gene variants play a role in the risk of
developing PrePF and that specific gene
variants could be used to trigger screening for
interstitial lung disease. In fact, in the
Framingham population, we found that the
MUC5B promoter variant rs35705950 was
predictive of those with fibrotic lung disease
(odds ratio, 6.3 per allele; 95% CI, 3.1–12.7)
(7). However, it is well established that
environmental exposures, such as cigarette
smoke (30, 31), asbestos, organic dust, metal
andmineral dust (32), wood dust (33–35),
and ambient particulate matter (36), place
individuals at risk of IIP. Thus, PrePFmay

develop in nuclear families because of shared
genetics and/or a common environment.
Although the IPF genetic risk variants
establish a vulnerable host, fibrotic lung
disease may occur among those who have
been sufficiently exposed to an environmental
toxin. For example, although theMUC5B
promoter variant is the dominant genetic risk
factor for IPF and is present in�19% of the
general population (6, 24), IPF is diagnosed
much less frequently (,0.1% [37, 38]),
suggesting that IPF is a complex disease that
occurs in genetically susceptible hosts with
multiple risk factors potentially inclusive of
specific environmental exposures. However,
our findings also support the possibility that
IPFmay be underdiagnosed. PrePF is not
limited to being an early stage of IPF, because
other progressive fibrotic lung diseases are
present in the FIP cohort at follow-up, such
as chronic hypersensitivity pneumonitis and
other IIPs.

The diagnosis of PrePF is challenging.
We devised a rigorous phenotyping strategy
using a radiology core of multiple readers
blinded to clinical data reaching consensus if
there was disagreement among the readers.
This was followed by a clinical core of
multiple independent reviews of all the
radiologic and clinical data with an
interactive consensus diagnosis if there was
disagreement. Even with this rigorous
approach, there were nine subjects with
PrePF at baseline who were found not to
have abnormalities at follow-up. After a
detailed evaluation of these nine subjects, we
think that the initial radiographic
abnormalities were subtle and that
quantitative fibrosis scores may be helpful in
supplementing visual CT reads of early ILD.

Our modeling of factors determining
survival of the cohort identified fibrotic lung
disease determined by either clinical
consensus, radiology visual HRCT
interpretation, or quantitative fibrosis score,
as well as age and smoking, to be predictors
of survival. However, only quantitative
fibrosis score and age remain significant
predictors of survival in a multivariable Cox
model. These findings lead us to speculate
that quantitative measures of lung fibrosis
are potentially more specific and could be
used as a predictive tool in higher-risk
populations. It should be noted that
quantitative HRCT is not yet widely available
or standardized with respect to methodology.
Although we were able to demonstrate a
trend toward decreased survival in those with
theMUC5B promoter variant, this did not

reach statistical significance, likely related to
the relatively small sample size. In general,
the sample size of our PrePF cohort limits
our ability to adequately study the role of
genetics, environment, or other risk factors
for developing PrePF in FDRs.

There are a number of other limitations
to our study. We obtained follow-up in 60%
of subjects with PrePF; although we did not
detect significant differences in those who
followed up compared with those who did
not, it is possible bias was introduced based
on those who chose to participate in this
follow-up study. The FIP cohort is
predominately non-HispanicWhite, and the
generalizability of our findings to PrePF of
other ethnicities is uncertain. We do not
have surgical lung biopsy in subjects with
PrePF. Consequently, those PrePF classified
as uncharacterized fibrosis may represent
other IIPs, such as nonspecific interstitial
pneumonia or other progressive fibrotic
ILDs. Finally, vital status might not be
perfectly captured using public databases
such as ObituraryData.com.

Our findings indicate that the annual
incidence of lung fibrosis is high in an at-risk
population at 100- to 150-fold higher than
the estimated incidence of IPF in the general
population and that family members with
PrePF having minimal disease burden on
HRCT scan and mild dyspnea are at risk of
respiratory death. Collectively, these data
suggest that unaffected family members
.50 years old in families with FIP should be
screened for the presence of fibrotic
interstitial lung disease, and those with PrePF
should be monitored closely, perhaps with
periodic HRCT to screen for early
pulmonary fibrosis. However, further study
is needed to determine the timing, frequency,
and type, and radiation dose of HRCT to use.
Similarly, it is not clear how other risk
factors, such as genetics, environmental
exposures, or serum biomarkers, should be
incorporated into the decision to screen.
These data also raise the interesting question
of whether patients with PrePF, once
identified, should be considered for
treatment approved for established IPF.
Based on our findings, we recommend that
these topics (screening and earlier treatment)
be considered and a randomized prospective
clinical treatment trial be conducted
among those with early presentation of lung
fibrosis.�

Author disclosures are available with the
text of this article at www.atsjournals.org.
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