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ABSTRACT We sought to present the epidemiology of idiopathic pulmonary fibrosis (IPF) in adults
18-64 years old in the USA.

From adults aged 18-64 years in a large administrative claims data in 2004-2010, patients with IPF were
identified using diagnosis codes. We estimated annual incidence and cumulative prevalence of IPF over
time, and examined potential risk factors for the IPF diagnosis.

The annual cumulative prevalence increased steadily in the first few years (from 13.4 cases per 100000
persons in 2005 to 18.2 cases in 2010 per 100000 persons), which is likely due to a methodological reason,
while the annual incidence of IPF decreased over time (from 7.9 cases per 100000 person-years in 2005 to
5.8 cases in 2010 per 100000 person-years). The overall decrease was mainly driven by a decreasing trend
in the younger patients (aged 18-44 years), while the incidence in older patients remained stable.
Consistent trends were observed in subgroups defined by previously published more restrictive algorithms
for diagnosis. Older age and male sex were associated with a higher incidence of disease (p<0.05).

In US adults younger than 65 years, we observed a decreasing incidence of IPF over time which may
partially explain the plateau of cumulative prevalence in the last few years of our data.
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Introduction

Idiopathic pulmonary fibrosis (IPF), a specific form of chronic lung disease characterised by progressive
scarring and fibrosis of the lungs, causes an irreversible loss of pulmonary function [1-3]. It is a highly
morbid and ultimately fatal disease with a median survival estimated at 2-5years from the time of
diagnosis [4-9]. The mortality rate of IPF patients has been reported to be as high as 13.36 per 100000
(age-standardised rate in Northern Ireland) [10]. Most of the deaths among patients with IPF are due to
respiratory failure or complicating comorbidity [11-13]. However, the accurate diagnosis of IPF can be
challenging. While the 2011 evidence-based guidelines [3] provide criteria for identifying usual interstitial
pneumonia patterns and stipulate that the diagnosis of IPF requires careful evaluation for alternative
causes, there are no standardised and validated questionnaires that can be utilised to ascertain the
exclusion of all factors known to cause pulmonary fibrosis. The accuracy of diagnosis is increased through
multidisciplinary discussions by experienced experts at regional centres for interstitial lung disease,
acknowledging that not all patients will experience such a multidisciplinary discussion approach.

The incidence of IPF varies but has increased over time in most countries worldwide [10]. This trend is
consistent with the increasing disease awareness on the part of physicians, the growth of pulmonary
medicine and the implementation of increasingly sensitive imaging techniques [14]. However, limited
published data are available for the epidemiology of IPF in the USA, especially for the trend over time.
Five studies were identified that examined the prevalence and incidence of IPF in the USA [5, 9, 15-17];
only one study demonstrated the trend over time using national data [9, 16]. The study, based on a
nationally representative sample of the Medicare population (65 years or older), showed that the annual
incidence of IPF remained stable from 2001 to 2011, with an overall estimate of 93.7 cases per 100000
person-years during the study period; meanwhile, the prevalence rate increased steadily from 202.2 cases
per 100000 persons in 2001 to 494.5 cases per 100000 persons in 2011 [9]. While the trends in incidence
and prevalence of IPF have been updated in the US population aged over 65 years who are insured
through the national Medicare programme [9], comparable epidemiology data for people younger than
65 years, a population most likely to be insured through commercial insurance plans, is unknown.

The purpose of this study was to update the epidemiology data of IPF among younger adults in the USA.
Although IPF is known to occur predominantly in the elderly, its definition allows for a diagnosis to be
made in patients as young as 18 years [3]. Thus, it is important to understand the epidemiology in adults
less than 65 years of age in order to give a complete picture of the burden of this disease and understand
the need for early recognition during the disease course for prompt treatment. This study estimated the
trends of incidence and prevalence, and explored risk factors of IPF among adults aged 18-64 years from a
large commercially insured population in the USA.

Methods

Data source

The retrospective administrative patient claims data used in this study were from Optum’s Clinformatics™
Data Mart for MultiPlan Database. The dataset is from a national sample of more than 45 managed care
health plans covering nine census regions with more than 89 million lives. The population is
geographically diverse across US census regions. The database contains medical claims, pharmacy claims
and associated costs, along with information on health plan enrolment and demographic characteristics.
The medical and pharmacy claims files contain details on date of service, place of service, International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes, Current
Procedural Terminology codes, provider type, National Drug Codes and other detailed information
regarding patients” outpatient prescriptions.

The data between January 1, 2004 and December 31, 2010 (study period) were analysed, and health plan
enrolees who were 18-64 years old during the study period were included in the analyses.

Patient identification

The most recently published algorithm to identify patients with IPF from administrative claims data was
used [9]. Specifically, candidate IPF patients were first identified if they had at least one claim with
ICD-9-CM diagnosis code 516.3 (idiopathic fibrosing alveolitis, which is used by providers to identify IPF)
during the study period. Prevalent IPF patients were confirmed if they did not have a diagnosis code for
any other interstitial lung diseases (online supplementary table S1, except for the diagnosis code 515 for
post-inflammatory pulmonary fibrosis, which is a commonly used general diagnostic code for IPF) after
the last claim with the diagnosis code 516.3. Patients with incident IPF were required to have at least
1 year of continuous enrolment in medical and pharmacy plans before the first diagnosis code 516.3.
These patients were our primary cohort.
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Two subgroups of the primary cohort were further identified by applying additional criteria to form more
restrictive cohorts of prevalent IPF patients, as investigated in the previous studies [9, 16]. The first
subgroup (broad case definition) excluded patients if they had a claim with the diagnosis code 515 after
the last diagnosis code 516.3. The second subgroup (narrow case definition) further restricted the broad
case subgroup patients by requiring a claim for a surgical lung biopsy, transbronchial lung biopsy or
computed tomography scan of the thorax prior to the last diagnosis code 516.3.

Data analysis

Summary statistics of demographic variables (age at diagnosis, sex and census region) were reported for
incident IPF patients identified in the primary cohort and subgroups, respectively. The demographics of
health plan enrolees in 2010, aged 18-64 years, were also described to provide an overview of the study
population. The prevalence of selected comorbidities of interest (online supplementary table S2) during
the 1 year before the incident IPF diagnosis was also reported, defined as the percentage of patients with
the corresponding ICD-9-CM diagnosis codes on the medical claims.

The annual cumulative prevalence and annual incidence of IPF in each calendar year from 2005 to 2010
were calculated. We did not calculate these for 2004 because we did not have prior data to ascertain
incident cases. To calculate the cumulative prevalence, patients were regarded as prevalent cases from the
date of IPF diagnosis and onwards. Incidence rate was calculated by dividing the number of new cases by
person-years at risk and presented as the number of cases per 100000 person-years. The annual incidence
rate was further stratified by age group. The analyses on the annual prevalence and incidence rates were
also conducted among the subgroups of the primary cohort.

Overall incidence of IPF between 2005 and 2010 was calculated, and then reported by demographic
variables. A Poisson regression, with age group, sex and census region as explanatory variables, was
estimated to assess the association between these demographic variables and the incidence of IPF.
Incidence rate ratio (95% CI) was reported.

Results

The 2004-2010 Optum Clinformatics™ data contain more than 54 million enrolees, including more than
40 million aged 18-64 years (figure 1). A total of 12852 patients had at least one claim with the diagnosis
code 516.3 in the study period (candidate IPF patients). After further exclusion of other interstitial lung
diseases, there were 7671 prevalent IPF patients identified, including 4206 incident cases (primary cohort).
The broad case subgroup included 2670 patients and the narrow case subgroup included 1685 patients.
The incident IPF patients (primary cohort) of this commercially insured population had a mean age of
53 years, 50.6% were female and they were geographically diverse across US census regions (table 1).
Compared with the general young adults who enrolled in Optum health plans in 2010, the incident IPF
patients were at least 10 years older but had similar sex and region distribution. The demographics of the
two subgroups of the incident patients were similar to those in the primary cohort.

The occurrence of comorbid pulmonary conditions was common during the 1 year before diagnosis of IPF
(table 2), including chronic obstructive pulmonary disease (28.7%), pneumonia (21.4%), acute bronchitis
and bronchiolitis (18.8%), and asthma (18.6%). The prevalence was also high (occurring in >10% of the
patients) for diabetes, fatigue, gastro-oesophageal reflux disease, coronary artery disease and depression.
The prevalence of comorbidities before IPF diagnosis in the subgroups was similar to that in the primary
cohort.

In this commercially insured population of those aged 18-64 years, the annual cumulative prevalence of
IPF increased during the first few years in the study period, from 13.4 per 100000 persons in 2005 to 16.9
per 100000 persons in 2007, but reached a plateau in the last few years with a prevalence around 18 per
100000 persons from 2008 to 2010 (figure 2). The annual incidence of IPF decreased steadily over the
years, ranging from 7.9 new cases per 100000 person-years in 2005 to 5.8 new cases per 100000
person-years in 2010. When stratified by age group (figure 3), the decreasing trend of the annual
incidence rate was noticeable in the younger group (18-44 years) but was less obvious among older adults
(45-54 years). The annual incidence rate remained relatively stable over time among adults older than
54 years but younger than 65 years.

The IPF prevalence and incidence in the subgroups were lower than those in the primary cohort (figure 2),
due to the more restrictive case definitions. For the broad case subgroup, the annual incidence decreased
from 5.1 to 3.6 new cases per 100000 person-years and the prevalence ranged from 8.4 to 11.3 per 100000
persons between 2005 and 2010. For the narrow case subgroup, the annual incidence decreased from 2.9
to 2.4 new cases per 100000 person-years and the annual prevalence ranged from 4.6 to 6.7 per 100000
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Total number of enrolees in 2004-2010 Optum Clinformatics™ data
n=54077119

Number of enrolees aged 18-64 years during 2004-2010
n=40117531

Candidate IPF patients
At least one claim with ICD-9-CM diagnosis code 516.3 (idiopathic fibrosing alveolitis)
n=12852

Prevalent IPF patients (primary cohort)

No other diagnosis code for interstitial lung disease after the last claim with diagnosis code
516.3 with the exception of diagnosis code 515 (post-inflammatory pulmonary fibrosis), due
to providers' common use of this more general diagnostic code for IPF
n=7671

Incident IPF patients (primary cohort)
At least 1 year of continuous enrolment before the first diagnosis code 516.3
n=4206

Incident IPF broad case subgroup
No diagnosis code 515 on or after the last diagnosis code 516.3
n=2670

Incident IPF narrow case subgroup
At least one claim for surgical lung biopsy, transbronchial lung biopsy or computed tomography
scan of the thorax in the broad case subgroup prior to the last diagnosis code 516.3
n=1685

FIGURE 1 Sample selection. IPF: idiopathic pulmonary fibrosis; ICD-9-CM: International Classification of

Diseases, Ninth Revision, Clinical Modification.

TABLE 1 Demographics of enrolees in 2010 and incident patients with idiopathic pulmonary

fibrosis (IPF), overall and by subgroup

Optum IPF cohort
enrolees in Primary cohort Broad case Narrow case
2010 incident patients subgroup subgroup
Subjects n 9375020 4206 2670 1685
Age (mean) at diagnosis years 41.7 53.4 52.7 53.6
Age at diagnosis years
18-34 31.8 53 6.3 4.7
35-44 23.1 11.6 13.0 121
45-54 25.4 26.7 27.0 25.6
55-64 19.8 56.4 53.7 57.6
Female 51.6 50.6 51.7 52.7
Census region
New England 17.9 18.2 16.9 17.6
Middle Atlantic 13.7 15.5 17.9 18.2
South Atlantic 20.7 23.1 23.9 24.7
East South Central 2.7 3.1 3.3 3.6
West South Central 14.9 15.9 15.7 14.1
East North Central 11.0 10.3 9.1 9.7
West North Central 8.0 5.0 4.6 4.3
Mountain 6.0 5.4 5.2 4.6
Pacific 5.2 3.3 3.5 3.2
Other/unknown 0.0 0.2 0.2 0.1

Data are presented as %, unless otherwise stated.
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TABLE 2 Prevalence of comorbidities during the 1 year before idiopathic pulmonary fibrosis
(IPF) diagnosis

IPF cohort
Primary cohort Broad case Narrow case
incident patients subgroup subgroup
Subjects n 4206 2670 1685
Pulmonary and respiratory diseases
Chronic obstructive pulmonary disease 28.7 26.1 30.7
Pneumonia 21.4 18.9 24.6
Acute bronchitis and bronchiolitis 18.8 18.1 19.8
Asthma 18.6 18.4 20.0
Sleep apnoea 8.5 7.8 8.6
Pulmonary embolism 2.8 2.7 3.4
Pulmonary hypertension 2.7 2.4 3.2
Lung cancer/bronchogenic carcinoma 2.7 2.7 4.1
Influenza 1.3 1.3 1.6
Cardiovascular diseases
Coronary artery disease (exclusive of 15.7 14.5 16.4
myocardial infarction)
Heart failure 9.4 7.9 9.1
Cerebrovascular disease 5.6 5.5 6.0
Atrial fibrillation 4.2 3.9 4.1
Myocardial infarction 2.8 2.8 2.9
Acute coronary syndrome 2.2 2.4 2.4
Deep vein thrombosis 1.1 0.9 1.4
Other diseases
Diabetes 18.2 17.6 18.0
Fatigue 17.5 17.9 19.6
Gastro-oesophageal reflux disease 16.9 16.5 18.5
Depression 10.2 10.4 1.3
Obesity 5.3 5.2 4.8
Rib fractures 0.6 0.4 0.7

Data are presented as %, unless otherwise stated.

persons between 2005 and 2010. The trends in these subgroups over the years were similar to the primary
cohort (figure 2), including the trends across age groups (figure 3).

The overall incidence of IPF between 2005 and 2010 was 6.1 new cases per 100000 person-years (table 3).
The incidence increased with age, ranging from 1.1 new cases per 100000 person-years among persons
18-34 years old to 19.3 new cases per 100000 person-years among persons 55-64 years old. With
adjustment for sex and region, the incidence among subjects younger than 54 years old was 64% to 94%
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FIGURE 2 Annual prevalence and incidence rate of idiopathic pulmonary fibrosis in the commercially insured population aged 18-64 years, overall
and by subgroup, 2005-2010: a) primary cohort, b) broad case subgroup and c) narrow case subgroup.
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FIGURE 3 Annual incidence rate of idiopathic pulmonary fibrosis in the commercially insured population aged 18-64 years across age groups,
overall and by subgroup, 2005-2010: a) primary cohort, b) broad case subgroup and c) narrow case subgroup.

lower (adjusted incidence rate ratio ranging from 0.06 for 18-34 years old to 0.36 for 45-54 years old, all
p<0.05) than among the near elderly population (55-64 years old). Males had slightly higher incidence
than females (6.4 versus 5.9 per 100000 person-years), and the difference was statistically significant after
adjusting for age and region (adjusted incidence rate ratio 1.08, p<0.05). Geographical variation in the
incidence of IPF was also observed.

Discussion

Among adults aged 18-64 years from a commercially insured population, this study found that the annual
incidence of IPF decreased over time from 2005 to 2010, while the annual cumulative prevalence of IPF
increased steadily in the first few years. Age, sex and regions were independent predictors of the incidence
rate of IPF in this population.

This study complements a recent study that reported incidence and prevalence of IPF among older
Americans in the Medicare programme [9]. In the Medicare population, annual incidence of IPF remained
stable between 2005 and 2010, and the cumulative prevalence increased over time. Contrary to the stable

TABLE 3 Factors associated with incidence of idiopathic pulmonary fibrosis (primary cohort)

Incidence rate” (95% CI) 1 Adjusted incidence rate ratio (95% Cl)
All enrolees 6.1 (5.9-6.4)
Age years”
18-34 1.1(1.0-1.3) 0.06% (0.05-0.06)
35-44 2.6 (2.4-2.9) 0.158 (0.14-0.16)
45-54 6.4 (6.0-6.9) 0.369 (0.34-0.39)
55-64 19.3 (18.4-20.3) 1.00 (Reference)
Sex
Male 6.4 (6.1-6.7) 1.08 (1.02-1.15)
Female 5.9 (5.6-6.2) 1.00 (Reference)
Census region
New England 5.4 (5.0-5.9) 0.80% (0.71-0.90)
Middle Atlantic 6.3 (5.7-6.9) 1.00 (0.89-1.12)
South Atlantic 7.9 (7.3-8.5) 1.228 (1.09-1.37)
East South Central 8.2 (6.7-9.8) 1.07 (0.88-1.30)
West South Central 6.1 (5.5-6.7) 1.22% (1.08-1.37)
East North Central 6.6 (5.9-7.3) 1.00 (Reference)
West North Central 4.5 (3.8-5.2) 0.748 (0.63-0.87)
Mountain 5.4 (4.6-6.2) 0.798 (0.68-0.93)
Pacific 4.0 (3.2-4.9) 0.91 (0.76-1.09)
Other/unknown 9.1(2.8-25.2) 1.72 (0.64~4.61)
#

: incidence rate reported as number of new cases per 100000 person-years using data from 2005 to 2010;
7. estimated based on Poisson distribution; *: age at entry into the database; 8. statistically significant at p<0.05.
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incidence observed in the older adults, we found a decreasing trend of IPF incidence among adults aged
18-64 years. When we stratified the analysis into more granular age subgroups, results showed that the
decreasing trend of IPF incidence was mainly driven by the youngest group (18-44 years). This may be
indicative of an increased awareness of disease definition which leads to a more prompt and accurate
diagnosis of IPF, especially in younger adults whose interstitial lung diseases are commonly misdiagnosed
as IPF. However, the trend for the annual incidence rate among the near-elderly population (55-64 years
old) was the same as the older population aged over 65 years, which remained stable over time [9].

The initial increase of cumulative prevalence observed in this study is likely due to a methodological
reason; methodologically, the cumulative prevalence estimates for the first few years are incomplete
because the prevalent cases that were incident in the year before 2005 are not captured. This is supported
by the fact that the cumulative prevalence reached a plateau. The plateau of cumulative prevalence of IPF
in the last few years of the study period may also be partially explained by the decreasing incidence.

Our study assessed the demographic factors associated with IPF diagnosis, including age, sex and region.
Race/ethnic origin was considered in the study on the Medicare population [9], but was not included in
the current study due to absence of such data in the administrative claims database. As in the Medicare
population, age was strongly associated with IPF incidence. The incidence differences between males and
females were much smaller in this younger population in our study than in the Medicare population [9].
The differential in the association between sex and incidence of IPF by age groups was also observed in a
previous study [16]. This pattern may be due to some modifying effect between age and sex, where the
risk of IPF associated with male sex increases as people age. Consistent with the prior study in older adults
[9], we also found the incidence of IPF to be generally higher in the southern regions (South Atlantic and
West South Central) than the other regions of the USA.

The last report of the epidemiology of IPF among younger adults in the USA was published in 2006. That
study used a nationwide healthcare claims dataset, and estimated the prevalence and incidence of IPF in
2000 using broad case and narrow case definitions, the same as the subgroups in our study, for males and
females, respectively, in various age groups [16]. They reported that the incidence in males ranged from
2.8 per 100000 persons in the age group 18-34 years to 35.1 per 100000 persons in the age group 55-
64 years, based on the broad case definition of IPF; and ranged from 0.9 per 100000 persons in the age
group 18-34 years to 12.2 per 100000 persons in the age group 55-64 years, based on the narrow case
definition. The incidence rates among females were generally lower than males. The previously estimated
incidence rates of IPF in 2000 were higher than the corresponding rates from 2005 to 2010 estimated in
the subgroups in our study, which is consistent with the decreasing trend of IPF among younger adults
observed in our study.

Our study reveals the following: 1) we updated the estimates of the epidemiology of IPF among young
adults in the USA from recent national data, 2) we examined the incidence of IPF over time in greater
detail than previously published and 3) our study is the first to report that the trend in incidence differs
by age in adults younger than 65 years of age.

Our study also reported the prevalence of comorbidities in incident IPF patients aged 18-64 years. We
found pulmonary and respiratory diseases to be the most common conditions before IPF diagnosis,
consistent with other prior reports in the USA [18-20]. However, the high prevalence of
pulmonary-related comorbidities before the IPF diagnosis could also be related to misdiagnosis. Fatigue,
gastro-oesophageal reflux disease, depression, diabetes and coronary artery disease are common comorbid
conditions, highlighting the need for multidisciplinary management in this patient group.

Our results should be interpreted with caution considering the following limitations inherent in such
epidemiological studies. First, the case definition used to identify patients with IPF in this study was not
validated with respect to medical charts and it is unknown if the diagnoses were based on
multidisciplinary discussions. Without correction for false positives, these algorithms may overestimate the
incidence and prevalence of IPF by as much as 50% [17]. However, the negative predictive value of the
algorithms is unknown and it is possible that many true IPF patients were not identified (i.e. false
negatives) via those algorithms. In addition, the diagnostic coding system puts more barriers to evaluating
the disease burden of IPF, as neither the ICD-9-CM system currently used in the USA nor the newer
ICD-10-CM system have diagnosis codes specific to IPF. Nevertheless, the trends over years and/or across
age groups observed in this study are robust since the findings were similar regardless of the algorithm for
IPF diagnosis used. Next, our findings on a cohort of a commercially insured subgroup may not be
applicable to populations aged 18-64 years who are covered by other insurance, such as Medicaid, or
self-insured. Finally, data from commercial insurance plans have a relatively shorter follow-up due to
employment turnover and lack of survival information, which limits our ability to further provide clinical
explanation of the findings.
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In conclusion, the prevalence of IPF reached a plateau in the last few years of our study period among
adults younger than 65 years in the USA. This may be partially explained by the decreasing incidence of
IPF over time in this population due to more accurate diagnosis of IPF, especially in younger adults aged
18-44 years.
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