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Abstract

Background/rationale Idiopathic Pulmonary Fibrosis (IPF) is a chronic, progressive disease of unknown origin. Estab-
lishing the epidemiology of IPF has been challenging due to diagnostic complexity, poor survival, low prevalence,
and heterogeneity of ascertainment methodologies.

Objectives This research aimed to estimate the rates of IPF in central and western Pennsylvania and to pilot the use
of capture recapture (CR) methods to estimate the disease incidence.

Methods We identified adults > 30 years old diagnosed with IPF (by ICD-9/10 coding) between 2013 to 2021

from two health systems (UPMC Health System and Penn State Health) participating in the PaTH Clinical Research
Network. We extracted information on patients’sex, race, date of birth and 3-digit zip code from electronic health
records (EHR). Incidence rate of IPF among Pennsylvania residents was calculated using three case definitions (broad
and two restricted) and piloted the use of CR in estimating IPF incidence.

Results IPF incidence rates were 8.42, 6.95 and 4.4 per 100,000 person-years for the unrestricted (n=3148), partially
restricted (n=2598) and fully restricted (n=1661) samples, respectively. Low case overlap between two sites resulted
in a highly inflated estimate of IPF incidence, using the CR methodology.

Conclusions The rate of IPF in central and western Pennsylvania was similar to previously published statistics. The
application of CR to IPF epidemiology could be further investigated in health systems with greater overlap of patients
utilizing more than one system.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive and
devastating disorder characterized by unremitting pro-
gressive scarring in the lung that leads to breathlessness,
respiratory failure, and death [1, 2]. The estimates of the
incidence of IPF have varied widely, depending on the
case definitions, ranging from less than one to greater
than 90 per 100,000 per year [3]. The prevalence of IPF is
increasing (especially in adults over 65, as well as in vet-
erans) [3—5], however, it is unknown whether this is due
to increased recognition [6], environmental or other risk
factors, or changing definitions. In the U.S., the preva-
lence has been estimated at 10 to 60 cases per 100,000
[6], meeting the definition of rare disease. IPF is a highly
lethal condition with an average lifespan after diagno-
sis of 3-5 years from the time of diagnosis [7]. There is
great variation in IPF rates among various US states
likely related to environmental factors [8] or differential
ascrtainment.

Previous studies that have employed mortality statistics
suffer from diagnostic misclassification [5]. Furthermore,
IPF has undergone several changes in consensus diag-
nostic criteria over the last 20 years which suggest that
evolving definitions could affect these numbers [9-11]. A
surge in our understanding of IPF pathogenesis including
the discovery of the role of genetic risk factors [12-16],
the increasing recognition of pre-morbid “interstitial
lung abnormalities,” the role of aging [17-19], and the
availability of therapies [20, 21] all point to the need to
study IPF at the epidemiologic level.

IPF has been linked to exposure to certain types of
dust, viral infections, genetics, and smoking [22]. Our
group recently reported that exposure of IPF patients to
particulate matter 2.5 um or less in diameter (PM, ;) was
associated with worse lung function and higher mortal-
ity. And of the components of PM, ; sulfate, ammonium,
and black carbon were associated with the greatest risk
of death [23, 24], highlighting the need for reductions in
human-derived sources of pollution especially in Penn-
sylvania. Air pollution has been very concerning in Penn-
sylvania for decades due to a high number of industrial
plants and transportation crossroads [25].

In this study, we sought to describe the epidemiology
(incidence and geographic distribution) of IPF that is
specific to central and western Pennsylvania. The sec-
ondary aim of this study was to pilot the application of
the Capture-Recapture (CR) methodology to estimate
the incidence of IPF in Pennsylvania. CR was originally
developed in the field of zoology to estimate the size of
a closed wild animal population [26]. Different samples
of animals are captured, counted, tagged and released.
The size of the total population can then be estimated
based on the prevalence of tagged animals appearing
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in subsequent samples. The same approach has been
employed for disease monitoring. By comparing exist-
ing data from several independent sources and iden-
tifying the number of overlapping cases, it is possible
to estimate the number of missing cases and generate
estimates of rates for conditions of interest (in this case,
IPF). Pittsburgh based investigators have used the Cap-
ture-Recapture methodology to assess the incidence
of Type I diabetes in adolescent population of Alle-
gheny County, to monitor injuries, dog bites, amputa-
tion rates, and several other conditions [26—35]. To our
knowledge, CR has not been applied to the study of IPF.
Our group was well equipped to undertake this project
due to our long-term collaboration with the PaTH net-
work, a Partner Network in PCORnet® which has been
developed with funding from the Patient-Centered
Outcomes Research Institute®. PCORnet is a national
resource, funded by PCORIL in which high-quality
health data, patient partnership, and research exper-
tise are harnessed to enhance research and improve
healthcare outcomes. PaTH has already been utilized
by several initiatives in the area of IPFE, including the
evaluation of a computable IPF phenotype [36, 37].

Patients and methods

The University of Pittsburgh and Penn State Uni-
versity Institutional Review Boards designated this
study exempt non-human study research (Pitt IRB
STUDY19080231 and Penn State University IRB
#STUDY00017636 (exempt as non-human subject
research)).

PaTH network: source of data

PaTH is the name of the network that is comprised of 9
US health system and affiliated academic sites [38]. This
study focuses on two PaTH academic medical centers in
the mid-Atlantic region: UPMC (including 40 hospitals)
and Penn State University (including 6 hospitals). Meth-
odologically, the PaTH network was specifically devel-
oped to help characterize several targeted conditions,
including IPF [39]. For this project, PaTH extracted lon-
gitudinal EHR data reflecting inpatient and outpatient
settings from the two relevant health systems, UPMC
and Penn State Health.. PCORnet Common Data Model
instances, including patient’s diagnosis (ICD-9-CM and
ICD-10-CM codes), first recorded date of diagnosis
recorded in the system, and encounters with healthcare
providers. Additionally, patient’s sex, race, date of birth
and 3-digit zip code were obtained. These data elements
were vetted by informatics teams at each participating
site.
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IPF case definition

In keeping with the question of diagnostic uncertainty
with IPF as well as the shift in the field to so-called
“lumping” of cases based on the shared features of a pro-
gressive phenotype [40], we have employed three defi-
nitions of IPF cases based on ICD 9/10 coding. Similar
approaches have been taken in prior studies of IPF epi-
demiology [19, 36, 41-43] to provide a range of inci-
dence rates. The analyses included all Pennsylvania IPF
cases except those from 3-digit zip codes 180-196 since
this area is considered as Eastern Pennsylvania and both
healthcare systems utilized in this research do not typi-
cally serve population of eastern counties around Phila-
delphia metropolitan area (they are served by different
healthcare systems in the area). Number of cases for zip
codes 180-196 are included in Suppmental materials.

Unrestricted cases

We analyzed electronic health record data from patients
undergoing care at the UPMC and Penn State Health
facilities between 2013 and 2021. To improve sensitivity,
we included the broader ICD-9 diagnosis codes 516.31
and its ICD-10 equivalents (J84.112) without applying
any restrictions (coded as “unrestricted cases”). Record
selection flow is outlined in Fig. 1.

Partially restricted cases

Additionally, we also identified “partially restricted” cases
which considered a limited series of exclusionary diag-
nosis codes that are often ruled out during the initial
workup of IPF (Appendix 1) except J84.89 (other speci-
fied interstitial pulmonary disease) and J84.9 (interstitial
pulmonary disease, unspecified).

Fully restricted cases

We identified all patients who had an International Clas-
sification of Disease (ICD) diagnosis code for IPF (ICD-
9-CM code 516.31or ICD-10-CM code J184.112) but
excluded patients who also had any of the full series of
exclusionary diagnosis codes (see Supplemental Material
1) as “IPF restricted cases.”

Pilot investigation: capture recapture

A two-source capture-recapture method (see Fig. 2 for
the methodology concept and calculation formula) was
used to estimate IPF incidence after matching cases from
2 different sources: (1) UPMC/University of Pittsburgh
School of Medicine (UPMC/Pitt) and (2) Penn State Her-
shey Medical Center/Penn State College of Medicine
(Penn State Health) using date of birth, sex and 3-digit
zip code. Estimated source-specific ascertainment rates
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Fig. 1 Study flow

were defined as the number of IPF cases in each data
source divided by the estimated number of IPF cases by
capture-recapture analysis, expressed as a percentage.

Data analysis approaches

The analyses were based on IPF cases from Pennsyl-
vania with diagnosis dates between 2013 to 2021 and
age greater or equal to 30 to make our study sample
more consistent with the typical presentation of the IPF
patients across the US. For patients with multiple entries,
the one with the earliest diagnosis date was used. The
database had patients from October 2011 to February
2022. Incident cases were defined as patient whose first
IPF diagnosis record was on or after January 1, 2013 and
on or before December 31, 2021. IPF cases were identi-
fied from UPMC/Pitt and Penn State separately, and the
cases from the 2 data sources were then matched by date
of birth, sex and 3-digit zip code. Descriptive analyses
were carried out to summarize the IPF cases. The IPF
incidence rate from 2013 to 2021 was estimated as the
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Two-source Capture-Recapture Method
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Fig. 2 Two-source capture-recapture method summary

number of IPF incidence cases in this period divided by
the total number of person-years of observation, using
PA census data.

Results

From 2013 to 2021, there were and 2739 incident cases
of IPF using the unrestricted definition, 2279 incident
cases using the partially restricted definition and 1520
incident diagnoses of IPF using the fully restricted case
definition, at Pitt, and 413 incident cases of IPF using
the unrestricted definition, 321 using partially restricted
case definition, and 141 incident diagnoses of IPF using
the fully restricted case definition, and at PSU. Four unre-
stricted cases and 2 partially restricted were identified
by both Pitt and PSU, whereas there were no overlap-
ping fully restricted cases. Therefore, the Pitt and PSU
databases resulted in a total of 3148 unrestricted, 2598
partially restricted and 1,661 fully restricted IPF cases
(Fig. 1). Using PA census data, the Pennsylvania IPF
incidence rates from 2013 to 2021 were 8.42/100,000,
6.95/100,000 and 4.44/100,000 for the cases using unre-
stricted, partially restricted, and fully restricted defini-
tions, respectively. Demographics were similar between
the three case definition cohorts (Tables 1 and 2). There
were more male and white patients, and the majority
were diagnosed between the ages of 60 to 80.

Geographic distribution
The incidence rates were estimated according to the
3-digit zip codes. The geographic burden of IPF was

A = number of cases identified by first source
B = number of cases identified by second source

m = number of cases identified by both sources

A=7,B=8, m=4

(A+1) (B+1)
m+1

95% Cl of N = N + 1.96*/ variance(N)

heterogeneous across Pennsylvania, with the highest bur-
den recorded for Allegheny County and Central Pennsyl-
vania (zip codes 150-159, Table 3, Supplemental Table 1,
Fig. 3). A similar geographic distribution was seen when
both broad and restricted case definitions were used.

<Insert Table 3. IPF cases and incidence rates (per
100,000 person-years) from 2013 to 2021 by groups of
3-digit zip code.>

Trend of IPF cases

We observed a decrease trend in the IPF incidence rate
from 2013 to 2021 in all 3 case definitions (p<0.0001).
The annual incidence rate for the unrestricted case was
9.46 per 100,000 person-years in 2013 and decreased to
7.39 per 100,000 person-years in 2021 (Fig. 4, Supple-
mental Table 2).

Capture recapture results

To account for the un-captured IPF cases in Western and
Central Pennsylvania, we used the capture-recapture
method to estimate the total number of IPF cases (Fig. 2).
We observed a very small overlap of cases (4 for the unre-
stricted sample, 2 for the less restricted sample and 0 for
the fully restricted sample). Because of the small num-
ber of overlapped IPF cases identified from both Pitt and
Penn State, the capture-recapture method resulted in a
highly inflated number of incident cases: 226,872 unre-
stricted cases; 244,720 partially restricted cases; and
215,982 fully restricted cases.
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Table 1 PA IPF cases by sex, race and age at diagnosis (N(%))
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Unrestricted

Partially restricted

Fully restricted

N=3148 N=2598 N=1661
n % n % n %
Sex Female 1335 4241 1080 41.57 672 4046
Male 1813 57.59 1518 5843 989 59.54
Race American Indian 2 0.06 0 0.00 0 0.00
Asian 21 0.67 17 0.65 8 048
Black 157 499 103 3.96 67 403
White 2837 90.12 2366 91.07 1510 90.91
Other 25 0.79 20 0.77 11 0.66
no information 106 3.37 92 3.54 65 3.91
Age at 30-<40 28 0.89 21 0.81 16 0.96
diagnosis 40-<50 90 2.86 54 2.08 40 241
50-<60 293 9.31 208 8.01 120 7.22
60-<70 802 2548 630 24.25 375 22.58
70-<80 1142 36.28 960 36.95 607 36.54
80-<85 378 12.01 339 13.05 233 14.03
> =85 415 13.18 386 14.86 270 16.26
Discussion genetics mapping may help identify the genetic and

We estimated the incidence of IPF in central and west-
ern Pennsylvania regions and found them to be similar
to the the national data. This is one of the first stud-
ies to estimate the rates of IPF in Pennsylvania. A high
concentration of cases encompassing southwest Penn-
sylvania may reflect the proximity of patients to the
ILD specialty center in the Pittsburgh region.

Our group recently identified that patients who live
in western Pennsylvania have a significantly increased
risk of death, which is correlated with concentrations
of PM2.5 [23]. This raised the question of whether or
not residence in Pennsylvania also represented an
increased risk for developing IPF. While the previous
study employed diagnosis based on medical records
and precise estimation of PM, . exposure by nine digit
zip code, in the present study we identified the incident
cases of IPF by three digit zip code.

The reasons why we encountered regional variation
based on three digit zip code are unclear. In addition
to PM2.5 concentration [44], we can speculate that
geographic differences in the incidence and prevalence
of IPF may be explained by multiple factors, includ-
ing diagnostic challenges, varied diagnostic criteria,
and differences in study methodologies. Furthermore,
the persistence of certain pathologic genetic variants
that are associated with pulmonary fibrosis, in discrete
regions in Pennsylvania, is likely a contributor [45].
Future prospective studies with targeted pollution and

environmental factors that lead to pulmonary fibrosis.

We calculated an incidence of IPF ranging from 4.4
to 8.4 per 100,000 person-years. This is comparable to
incidence rates observed in multiple prior studies [23,
46—48]. Our incidence estimates are, however, lower than
seen in other studies capturing data from early 2000’
[19, 43]. The methodologies for studying the incidence of
IPF have included reviews of national databases [46—48],
insurance claims [19, 43], and careful but small regional
analyses [42, 49].

National database samples suggested estimates rang-
ing from 4.6 to 8.7 per 100,000 [3], while the analysis of
insurance claims, emphasizing how the numbers can
vary based on case definitions identified 6.8 (narrow)
to 16.3 (broad) per 100,000 person-years [3, 19]. Taken
together, these data suggest that the incidence of IPF in
central and western Pennsylvania is comparable to what
has been observed elsewhere.

Consistent with previously published research, we
observed a higher incidence of IPF in men and in individ-
uals older than 60. Coultas et.al. estimated an incidence
of IPF to be 31% higher in men [49]. Large database stud-
ies may be associated with significant misclassification,
while local studies may suffer from small numbers and
lack of generalizability [5].

As our study utilized three different diagnostic crit-
ieria, it is important to comment on which diagnostic
classification is more practical for identifying incidence
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Table 2 IPF cases and incidence rates (per 100,000 person-years) from 2013 to 2021 by age at diagnosis and sex*

(a). Unrestricted cases

Age All Female Male
#IPF Rate/100,000 #IPF Rate/100,000 #IPF Rate/100,000

30-<40 28 041 16 048 12 0.35
40-<50 90 1.08 51 1.23 39 094
50-<60 293 3.28 130 2.88 163 3.69
60-<70 802 12.67 325 9.87 477 15.70
70-<80 1142 28.95 453 20.57 689 39.56
80-<85 378 24.08 163 17.03 215 35.08
>=85 415 27.31 197 18.94 218 45.46
total 3148 842 1335 6.84 1813 10.15

(b). Partially restricted cases

Age All Female Male
#IPF Rate/100,000 #IPF Rate/100,000 #IPF Rate/100,000

30-<40 21 031 12 0.36 9 0.26
40-<50 54 0.65 30 0.72 24 0.58
50-<60 208 233 88 1.95 120 2.72
60-<70 630 9.95 255 774 375 1234
70-<80 960 24.34 368 16.71 592 33.99
80-<85 339 2159 147 1536 192 31.33
>85 386 2540 180 17.30 206 42.96
Total 2598 6.95 1080 5.54 1518 8.49

(c). Fully restricted cases

Age All Female Male
#IPF Rate/100,000 #IPF Rate/100,000 #IPF Rate/100,000

30-<40 16 0.24 9 0.27 7 0.20
40-<50 40 048 21 0.51 19 046
50-<60 120 135 48 1.06 72 1.63
60-<70 375 592 150 4.55 225 741
70-<80 607 15.39 220 9.99 387 2222
80-<85 233 14.84 99 10.34 134 21.87
>85 270 1777 125 12.02 145 30.24
Total 1661 444 672 344 989 553

" One patients without age at diagnosis

Table 3 IPF cases and incidence rates (per 100,000 person-years) from 2013 to 2021 by groups of 3-digit zip code

Zip code Unrestricted cases Partially restricted cases Fully restricted cases
# IPF cases Incidence rate # IPF cases Incidence rate # IPF cases Incidence rate
per 100,000 per 100,000 per 100,000
150-159 1733 11.53 1412 940 943 6.28
160-169 900 10.76 768 9.18 501 5.99

170-179 515 357 418 2.89 217 1.50
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and prevalence of IPF moving forward. The pulmonary
fibrosis field is moving towards less restrictive criteria for
diagnosis which acknowledges that a diagnosis of IPF is
a diagnosis of exclusion and with relatively poor interob-
server agreement [50]. The use of the term “progressive
fibrosing interstitial lung disease” (PF-ILD) recognizes
the shared physiology of patients with pulmonary fibrosis
of diverse etiologies. The authors of this paper see value
in the restrictive diagnosis because certain etiologies, if
properly identified, may be more amenable to treatment.
However, to better align with the trends in the field, we
recommend using the partially restricted case definition.
This is consistent with the overall direction of the field
towards less restrictive definition highlighted in the arti-
cle by Raghu et. Al [51].

Key strengths of our study were the utilization of reli-
able databases for data collecting. We ensured that the
resulting cohort of patients included in the analysis
was consistent with the typical presentation of the IPF
patients across the US in terms of age and diagnostic cri-
teria. Employing data obtained through the PaTH net-
work facilitated identical data queries at both Pitt and
Penn State. The use of CR is predicated on the idea that
a subject can seek care and be counted in either dataset
with an equal probability. To our surprise, there was very
little overlap of patients between UPMC and Penn State
Health. This lack of overlap resulted in an inflated esti-
mate of the IPF incidence estimate by CR in Pennsylva-
nia. In general, greater overlap of the cases between data
sources suggests more accurate estimation. Was the lack
of overlap the consequence of insurance plans that limit
the opportunities to cross health care systems? Regions
of Pennsylvania are highly rural, and this imposes mul-
tiple burdens on the identification and care of IPF [52].
We can speculate that the highly rural population of
Pennsylvania has limited access to consultations across
health care systems for second opinions [53]. Further-
more, since patients with IPF are typically older, a trip
of several hundred miles to a specialty center may not
be feasible. Rural status has been associated with lower
pulmonary function and increased dyspnea in patients
with IPF [54]. Despite the limitation of implementing the
CR method in our study, with the proper application, CR
offers the potential to reduce the costs associated with
running disease registries and limit bias in the estima-
tion of incidence [55]. It may be possible to employ the
same approach across a broader range of PCORnet sites
to determine if CR may reflect a more realistic estimate
of the epidemiology of IPF. One possible way to improve
CR estimate is to incorporate other data sources, such
as insurance records and/or death certificates. Also, our
future studies will further investigate the factors that
contributed to the poor overlap among patient groups.
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Our study has a number of limitations. While we
attempted to obtain a range of incidence by introduc-
ing several ICD-9/10 based case definitions of IPF, our
approach may be limited by the misclassification of IPF
cases. Furthermore, as noted above, without nine-digit
zip codes, we were unable to determine if regions of poor
air quality were associated with an increased incidence
of IPE. Our study was also limited by lack of access to
data on pulmonary function or on mortality. Such stud-
ies will be quite important in the coming years as clini-
cians develop enough experience with the FDA-approved
therapies (pirfenidone and nintedanib). These therapies
have been shown to slow the loss of forced vital capac-
ity in patients with IPF [20, 21]. It is unknown, however,
if the introduction of these therapies will impact mortal-
ity rates at a population level. Again, such studies may
be possible through common data extraction methods
employed by PCORnet sites.

In conclusion, while regional differences may exist, we
report that the incidence of IPF in western and central
Pennsylvania is similar to that reported previously in the
literature. We modeled the application of CR to estimate
the incidence of IPF. While the CR approach in this study
had limited utility, we suggest that the methodology is
worth considering to estimate the incidence of IPF in the
entire PATH netowork and also for other interstitial lung
diseases. IPF epidemiology in Pennsylvania need to be
further investigated, especially in identifying to IPF “hot
spots” which may be related to poor air quality.
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