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Abstract
Background Pulmonary hypertension due to interstitial lung disease (PH-ILD) is associated with high rates of 
respiratory failure and death. Healthcare resource utilization (HCRU) and cost data are needed to characterize PH-ILD 
disease burden.

Methods A retrospective cohort analysis of the Truven Health MarketScan® Commercial Claims and Encounters 
Database and Medicare Supplemental Database between June 2015 to June 2019 was conducted. Patients with 
ILD were identified and indexed based on their first claim with a PH diagnosis. Patients were required to be 18 years 
of age on the index date and continuously enrolled for 12-months pre- and post-index. Patients were excluded for 
having a PH diagnosis prior to ILD diagnosis or the presence of other non-ILD, PH-associated conditions. Treatment 
patterns, HCRU, and healthcare costs were compared between the 12 months pre- versus 12 months post-index date.

Results In total, 122 patients with PH-ILD were included (mean [SD] age, 63.7 [16.6] years; female, 64.8%). The same 
medication classes were most frequently used both pre- and post-index (corticosteroids: pre-index 43.4%, post-index 
53.5%; calcium channel blockers: 25.4%, 36.9%; oxygen: 12.3%, 25.4%). All-cause hospitalizations increased 2-fold, with 
29.5% of patients hospitalized pre-index vs. 59.0% post-index (P < 0.0001). Intensive care unit (ICU) utilization increased 
from 6.6 to 17.2% (P = 0.0433). Mean inpatient visits increased from 0.5 (SD, 0.9) to 1.1 (1.3) (P < 0.0001); length of stay 
(days) increased from 5.4 (5.9) to 7.5 (11.6) (P < 0.0001); bed days from 2.5 (6.6) to 8.0 (16.3) (P < 0.0001); ICU days from 
3.8 (2.3) to 7.0 (13.2) (P = 0.0362); and outpatient visits from 24.5 (16.8) to 32.9 (21.8) (P < 0.0001). Mean (SD) total all-
cause healthcare costs increased from $43,201 ($98,604) pre-index to $108,387 ($190,673) post-index (P < 0.0001); this 
was largely driven by hospitalizations (which increased from a mean [SD] of $13,133 [$28,752] to $63,218 [$75,639] 
[P < 0.0001]) and outpatient costs ($16,150 [$75,639] to $25,604 [$93,964] [P < 0.0001]).

Conclusion PH-ILD contributes to a high HCRU and cost burden. Timely identification, management, and treatment 
are needed to mitigate the clinical and economic consequences of PH-ILD development and progression.

Keywords Pulmonary hypertension, Interstitial lung disease, Cost, Database analysis, Healthcare resource utilization, 
Medical claims, Treatment patterns

Burden of illness in patients with pulmonary 
hypertension due to interstitial lung disease: 
a real-world analysis
Gustavo Heresi1, Bonnie Dean2, Benjamin Wu3*, Henry Lee2, Margaret R. Sketch3, Dana Stafkey-Mailey2, 
Kellie Morland3, Peter Classi3 and Leslie Spikes4

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-024-03141-3&domain=pdf&date_stamp=2024-7-11


Page 2 of 11Heresi et al. BMC Pulmonary Medicine          (2024) 24:335 

Background
Pulmonary hypertension (PH) is a chronic condition 
characterized by elevated resting pulmonary arterial 
pressure with accompanying increased pulmonary vas-
cular resistance on right heart catheterization (RHC) 
[1, 2] PH can be categorized into 5 groups, with Group 
3 PH arising from underlying lung diseases and/or 
hypoxia, including interstitial lung disease (ILD) [1, 2]. 
ILD is heterogeneous, representing more than 200 dis-
orders, and typically causes fibrosis and inflammation 
within the interstitial space (i.e., the tissue surrounding 
the lung’s air sacs, blood vessels, and airways) [3]. The 
pathologic changes of PH-ILD impair gas exchange and 
lead to breathlessness, an increased need for supplemen-
tal oxygen, reduced exercise and functional capacity, and 
diminished quality of life. Patients with PH-ILD and pro-
gressive pulmonary fibrosis can decline rapidly and have 
particularly high rates of respiratory failure and death [1, 
3, 4].

PH-ILD prevalence varies widely due to variations 
in diagnostic techniques, the hemodynamic thresholds 
applied to define PH, the underlying ILD type, and dis-
ease stage [5]. PH has been reported in increasingly 
higher proportions of patients with idiopathic pulmonary 
fibrosis (IPF; the most commonly researched form of 
ILD) in a manner that is dependent on the timing of eval-
uation. Epidemiologic data indicate that PH prevalence 
is 8–15% at initial IPF diagnosis, 29–46% at the time of 
evaluation for lung transplant [4, 6–10] and up to 86% 
at the time of lung transplant [1, 4, 11–13]. Patients with 
PH-IPF have significantly worse survival than patients 
with IPF alone. In one analysis of patients with IPF 
undergoing RHC, median survival from the time of initial 
evaluation was 20.8 months for patients with PH (defined 
as mean pulmonary artery pressure [mPAP] > 20 mmHg) 
versus 37.5 months for patients without PH (P = 0.001) 
[11].

Patients with fibrotic ILDs can benefit from supportive 
care, supplemental oxygen, and pulmonary rehabilita-
tion, especially early in the course of disease [3, 14]. Phar-
macotherapeutic treatments for PH-ILD vary based on 
the underlying etiology, with evidence-based drug treat-
ments existing for only a small number of ILDs [3]. Off-
label drug use is common and includes anticoagulants, 
corticosteroids, immunomodulators, and pulmonary 
vasodilators, although the clinical impact of these drugs 
is disputed [3, 14]. Two antifibrotic therapies have been 
approved for patients with IPF (nintedanib and pirfeni-
done), but their effect on PH attributed to IPF has not 
been studied [5].

Although medications approved for pulmonary arte-
rial hypertension (PAH) have been studied in patients 
with PH-ILD, efficacy has not been shown [1]. Research 
evaluating the endothelin receptor antagonists, (ERAs) 

ambrisentan, bosentan, and macitentan, failed to show 
improvements in 6-minute walk distance (6MWD), 
forced vital capacity, symptoms, hemodynamics, or time 
to clinical worsening or death in PH-ILD [1, 15–20]. 
Likewise, patients with PH-ILD treated with the phos-
phodiesterase-5 inhibitor (PDE5i), sildenafil, showed no 
benefit in 6MWD or perceived exertion, although one 
study found improved oxygen saturation and patient 
quality of life [1, 21, 22]. Last, a study evaluating the sol-
uble guanylate cyclase stimulator (sGCS), riociguat, in 
patients with PH-ILD was terminated early due to patient 
harm [1, 23].

Until recently, no medical therapies were approved for 
PH-ILD by the United States Food and Drug Adminis-
tration (FDA) [5]. However, in 2021, inhaled treprostinil 
received an FDA indication to improve exercise ability 
in patients with Group 3 PH-ILD [24, 25]. This approval 
was based on results from the phase 2/3, randomized, 
double-blind, placebo-controlled INCREASE trial, which 
successfully achieved the primary endpoint of change in 
6MWD from baseline to week 16 [26].

Fibrotic ILDs are associated with high healthcare 
resource utilization (HCRU) and costs, especially in 
patients with more advanced disease [27]. However, to 
date, only one US study (a retrospective analysis, con-
ducted from 2010 to 2013) has quantified treatment pat-
terns, HCRU, and healthcare-related costs for patients 
with Group 3 PH (including patients with PH-ILD) [28]. 
More current and diagnostically specific real-world data 
are needed. This retrospective US medical claims analysis 
was conducted to characterize pharmacologic treatment 
patterns, HCRU, and costs in patients, both before and 
after PH diagnosis in patients with ILD.

Methods
Study design and data source
Adults with a diagnosis of PH secondary to ILD were 
identified from the Truven Health MarketScan® Com-
mercial Claims and Encounters Database (CCAE) and 
Medicare Supplemental Database (now the Merative™ 
MarketScan® Research Commercial and Medicare data-
bases). The CCAE Database included annualized inpa-
tient, outpatient, and pharmaceutical claims for nearly 
51  million enrollees in > 150 commercial health plans 
located in the 50 states, and US territories. The Medicare 
Supplemental Database contained inpatient and out-
patient medical and prescription claims for Medicare-
eligible individuals with supplemental insurance offered 
by their former employers; approximately 4.3  million 
persons are enrolled annually in this database. All data 
used for this study were accessed in compliance with 
the conditions set forth in Sect.  164.514(a)-(b)(1)ii of 
the Health Insurance Portability and Accountability Act 
of 1996 Privacy Rule. All databases used are statistically 
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certified as de-identified and no electronic or paper cop-
ies of medical charts were available. Therefore, informed 
consent and Institutional Review Board approval were 
not required.

Study population
Patients were required to have ≥ 1 medical claim with an 
ILD diagnosis between June 2015 and June 2018, and ≥ 1 
subsequent medical claim for PH from June 2016 to June 
2018 during the identification period (Fig.  1). The first 
observed claim with a PH diagnosis during the identi-
fication period was defined as the index date. At index, 
patients had to be ≥ 18 years of age, with ≥ 12 months of 
continuous pre- and post-index health insurance enroll-
ment. Also required was ≥ 1 medical claim with an ILD 
diagnosis in the 12-month pre-index period. Patients 
were excluded if they had ≥ 1 medical claim for PH prior 
to ILD diagnosis, or if they had ≥ 1 medical claim diag-
nosing a non-ILD Group 3 PH condition or a Group 2, 
4, or 5 PH condition at any time during the study [29]. 
Patients were excluded if they had only 1 outpatient claim 
or only 2 outpatient claims < 30 days apart for PH during 
the identification period.

Pre- and post-index measures
Baseline demographic and clinical characteristics were 
measured in the pre-index period and included age, sex, 
geographic region, insurance payer and plan type, index 
year, Quan-Charlson comorbidity index (Quan-CCI) 
and individual comorbidities [30], and RHC frequency. 
Treatments for antifibrotic agents (i.e., nintedanib and 
pirfenidone); anti-reflux medications (e.g., antacids, pro-
ton pump inhibitors); calcium channel blockers; cortico-
steroids; oxygen; and pharmaceuticals approved for PAH 
(i.e., prostacyclin analogues, ERAs, PDE5i, and sGCS) 
were evaluated in the 12-months pre- and post-index 
periods.

All-cause HCRU was captured during the 12-month 
pre-and post-index periods and included the number and 
percentage of patients with ≥ 1 inpatient hospitalization, 
intensive care unit (ICU) admission during a hospitaliza-
tion, emergency department (ED) visit, physician office 

visit, laboratory visit, and other outpatient visit. The 
number of unique prescriptions per-patient was also cap-
tured, as were per-patient hospital bed days (the sum of 
length of stay [LOS] days for all hospitalizations during 
the study period) averaged across the entire population; 
per-patient average LOS per hospitalization (averaged 
across patients with ≥ 1 hospitalization); and per-patient 
ICU days, averaged across those with ≥ 1 ICU stay.

Information regarding the setting of care was identified 
from the claims data using inpatient files, place of service 
variables, and applicable Current Procedural Terminol-
ogy (CPT®)-4 procedure codes. ED and physician office 
visits were not counted if the visit occurred on the same 
day as a hospitalization. Laboratory visits were identified 
using claims for primary procedure codes in claims not 
previously categorized as ED, office, or ambulatory sur-
gery visits. “Other” outpatient visits included visits not 
previously classified as ambulatory surgery, ED, physi-
cian office, or laboratory visits. Also classified as “Other” 
outpatient visits were any inpatient visits captured in the 
outpatient data file, but not documented as an inpatient 
visit in the inpatient data file.

Healthcare costs included both medical and pre-
scription costs, and reflected payments made by both 
the health plan and patient (copayments, coinsurance, 
deductibles) during the 12-month pre- and post-index 
periods. Costs were reported as an average per-patient 
and included total costs, prescriptions, and related to 
the setting of care (inpatient or outpatient). Cost com-
ponents related to inpatient care were hospitalizations 
(including ICU stays); for outpatient care, costs were 
reported for ED, physician office, laboratory, and other 
outpatient visits.

Patients with evidence of capitated claims (defined as 
≥ 1 medical claim with a capitated service claim indica-
tor) during the study period were excluded from cost 
analyses because capitated payments are pre-calculated 
and may not reflect the actual costs of care [31]. All costs 
were adjusted to 2019 US dollars using the Bureau of 
Labor Statistics’ medical care component of the Con-
sumer Price Index [32], and reported annually.

Fig. 1 Study Design
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Statistical analysis
All demographic, clinical characteristics, and pharmaco-
therapy variables measured during the pre-index period 
were analyzed descriptively using frequencies and per-
centages for categorical variables, and means, standard 
deviations (SDs), medians, and interquartile ranges 
(IQRs) for continuous variables. For treatment patterns, 
McNemar’s test was used to compare differences in the 
proportion of patients who used treatments between the 
pre- and post-index periods. HCRU was calculated annu-
ally and assessed both pre- and post-index as frequencies 
and percentages as well as means (SD) and medians (IQR) 
and then compared using Wilcoxon non-parametric 
tests. Post-index costs were calculated annually and com-
pared with pre-index costs using Wilcoxon non-paramet-
ric tests. All statistical tests applied a 2-sided hypothesis 
of no difference between the pre- and post-index periods, 
at a significance level of 0.05. Analyses were conducted 
using Statistical Analysis Software (Version 9.4 or higher; 
Cary, NC: SAS Institute, Inc.; 2011).

Results
Demographic and clinical characteristics
A total of 9,379 patients with a claim for ILD (June 2015 
to June 2018) and a subsequent claim for PH (June 2016 
to June 2018) were identified. After applying the selection 
criteria (Figs. 2), 122 patients with PH-ILD were included 
in the final cohort. Mean (SD) patient age was 63.7 (16.6) 
years, and most patients were female (64.8%) and had 
commercial insurance (54.9%). The highest proportion 
of patients resided in the geographic south (32.0%), and 
most (57.4%) had a Quan-CCI score ≥ 3 (Table  1). The 
most common prevalent comorbidities were chronic 
pulmonary disease (94.3%), diabetes (36.1%), and rheu-
matic disease (34.4%). In total, only 3.3% of patients had 
received RHC at baseline.

Pharmaceutical treatment patterns
The medication classes most commonly used prior to 
index continued to be those most commonly used post-
index: corticosteroids (pre-index, 43.4%; post-index, 
53.5%), calcium channel blockers (25.4%; 36.9%), and 
oxygen (12.3%; 25.4%) (Fig. 3). Of note, antifibrotic medi-
cations and PAH-specific medications were rarely used 
before or after the index date; PDE5i were the only PAH 
medication used in > 2% of patients (pre-index, 3.3%; 
post-index, 5.7%).

Healthcare resource utilization and costs
Table 2 summarizes HCRU in terms of proportional and 
mean resource utilization in the 12 months pre- and 
post-index, including inpatient and outpatient care and 
unique prescriptions dispensed. Percentage of patients 
experiencing a hospitalization increased from 29.5% 

pre-index to 59.0% post-index (P < 0.0001), while ICU 
utilization increased from 6.6 to 17.2% (P = 0.0433). The 
mean number of inpatient visits, LOS per hospitaliza-
tion, hospital bed days, and ICU days were all signifi-
cantly higher post-index relative to pre-index. Between 
the pre-index and post-index periods, inpatient vis-
its increased from a mean of 0.5 (SD, 0.9) to 1.1 (1.3) 
(P < 0.0001); LOS increased from 5.4 (5.9) to 7.5 (11.6) 
days (P < 0.0001); bed days increased from 2.5 (6.6) to 8.0 
(16.3) (P < 0.0001); and ICU days increased from 3.8 (2.3) 
to 7.0 (13.2) (P = 0.0362).

Almost all patients (99.2%) had any outpatient vis-
its during the pre- and post-index periods (Fig.  4). The 
utilization of ED visits was 37.7% (46/122) and 34.4% 
(42/122); and 93.4% (114/122) and 94.3% (115/122) of 
patients had physician visits pre- and post-index, respec-
tively. The mean number of overall outpatient visits was 
significantly higher post-index (32.9 [21.8]) relative to 
pre-index (24.5 [SD, 16.8]; P < 0.0001). This increase was 
driven primarily by other outpatient visits (pre-index 
number of visits, 12.5 [13.3]; post-index, 19.0 [17.7]; 
P < 0.0001). Finally, the mean number of unique prescrip-
tions filled were significantly higher at 12 months post-
index (46.4 [38.6]) relative to the 12-month pre-index 
period (37.5 [SD, 34.4]; P < 0.0001).

As shown in Fig.  5; Table  3, total healthcare costs 
increased significantly between the 12-month pre- 
and post-index periods, from a mean of $43,201 (SD, 
$98,604) to $108,387 ($190,673) (P < 0.0001). This was 
driven primarily by increased inpatient costs: Mean 
hospitalization costs were $13,133 ($28,752) pre-index, 
and $63,218 ($142,142) post-index (P < 0.0001). This 
included ICU costs, which were $859 ($5,497) pre-index 
and $7,306 ($53,436) post-index (P = 0.0583). There were 
also increased costs due to other outpatient visits (pre-
index, $16,150 [$75,639], post-index $25,604 [$93,964]; 
P < 0.0001) and prescriptions ($7,913 [$15,804], $13,153 
[$25,773]; P = 0.007).

Discussion
This US medical claims analysis (2015–2019) identified 
real-world HCRU and costs for patients with ILD sub-
sequently diagnosed with PH; this was accomplished 
by comparing patient healthcare data for the 12 months 
before and after PH-ILD diagnosis. Overall, both mean 
and median healthcare costs rose by ~ 150% from pre-
index (mean, $43,201 [SD, $98,604]; median; $20,732) 
to post-index (mean, $108,387 [SD, $190,673]; median, 
$50,843) (P < 0.0001). This change was driven primarily 
by higher rates of inpatient care, more outpatient visits, 
and increased prescription drug use.

Post-index, inpatient care was the single greatest con-
tributor to HCRU, and represented 58.3% of total health-
care costs. During the study, the proportion of patients 
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requiring inpatient hospital visits increased by 100% and 
the proportion requiring an ICU visit increased by 161% 
(from 29.5 to 59.0% of patients, and 6.6–17.2%, respec-
tively). Related to outpatient care, nearly all patients 
had outpatient visits both pre- and post-index (99.2%), 
but the mean number of outpatient visits increased 

significantly in the year following PH-ILD diagnosis 
(from 24.5 to 32.9; P < 0.0001). After PH-ILD diagnosis, 
patient prescriptions increased by 24%, corresponding to 
a 66% increase in mean drug costs between the pre- and 
post-index periods (from $7,913 to $13,153). However, a 
relative reduction was observed in drug prescriptions as a 

Fig. 2 Patient Attrition. Abbreviations: ICD = International Classification of Disease; ILD = interstitial lung disease; PH = pulmonary hypertension. * Di-
agnostic codes, ICD-9-CM: 495.X, 500–505, 506, 506.4, 506.9, 508.1, 508.8, 515, 516.1, 516.2, 516.3X, 516.9, 517.1, 710.1, 710.3, 710.4, 714.81; ICD-10-CM: 
J17, J60.X-J67.X, J68, J68.4, J68.9, J70.1, J70.3, J70.4, J70.8, J82, J84.02, J84.04, J84.1X, J84.2, J84.89, J84.9, M05.1X, M32.13, M33.01, M33.11, M33.21, M33.91, 
M34.81. ** Diagnostic codes, ICD-9-CM: 416.0, 416.8, 416.9; ICD-10-CM: I27.0, I27.2, I27.20, I27.21, I27.23, I27.89, I27.9)
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Table 1 Patient demographic and clinical characteristics at Index
PH-ILD (N = 122)

Age (years), mean ± SD 63.7 ± 16.6
18–34 years, n (%) 4 (3.3)
35–44 years, n (%) 13 (10.7)
45–54 years, n (%) 19 (15.6)
55–64 years, n (%) 32 (26.2)
65+ 54 (44.3)
Sex, female, n (%) 79 (64.8)
Region, n (%)
Northeast 30 (24.6)
North Central 31 (25.4)
South 39 (32.0)
West 22 (18.0)
Insurance, n (%)
Commercial 67 (54.9)
Medicare supplemental 55 (45.1)
Index year, n (%)
2016 49 (40.2)
2017 53 (43.4)
2018 20 (16.4)
Quan-CCI, mean ± SD 3.2 ± 1.9
Quan-CCI categories, n (%)
1 23 (18.9)
2 29 (23.8)
3+ 70 (57.4)
Quan-CCI comorbidities, n (%)
MI 9 (7.4)
CHF 31 (25.4)
PVD 34 (27.9)
CVD 12 (9.8)
Dementia 2 (1.6)
CPD 115 (94.3)
Rheumatic disease 42 (34.4)
Peptic ulcer disease 3 (2.5)
Mild liver disease 8 (6.6)
Diabetes 44 (36.1)
Hemiplegia/paraplegia 4 (3.3)
Renal disease 17 (13.9)
Malignancy (any) 12 (9.8)
Moderate or severe liver disease 3 (2.5)
Procedures, n (%)
Right heart catheterization 4 (3.3)
Echocardiography 48 (39.3)
CT imaging 72 (59.0)
Pulmonary function test 53 (43.4)
NT-proBNP 17 (13.9)
Lung ventilation-perfusion (V/Q) scan 3 (2.5)
Lung biopsy 3 (2.5)
Pulmonary stress testing 4 (3.3)
Pulmonary rehabilitation 28 (23.0)
Abbreviations: Quan-CCI = Quan-Charlson comorbidity Index; CHF = congestive heart failure; CPD = chronic pulmonary disease; CT = computed tomography; 
CVD = cerebrovascular disease; ILD = interstitial lung disease; MI = myocardial infarction; PH = pulmonary hypertension; PVD = peripheral vascular disease; 
SD = standard deviation.
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proportion of total healthcare costs (from 18.3 to 12.1%). 
These data support prior research showing high costs 
and healthcare burden associated with these conditions 
[3, 28], and suggest that the additive diagnosis of PH to 
ILD substantially increases existing health utilization and 
cost burden.

Prior to this analysis, only one US retrospective claims 
study existed to quantify treatment patterns and costs in 
patients with Group 3 PH [28]. This previous study used 
a case-control design to evaluate commercial and Medi-
care data from 2010 to 2013 using the Truven Health 
Database. Patients with Group 3 PH were identified 
based on ≥ 2 claims for PH, ≥ 1 claim for RHC or elec-
trocardiogram, and ≥ 1 claim for a lung disease associ-
ated with Group 3 PH. Control patients had no claims for 
PH, but did have ≥ 1 claim for a lung disease associated 
with Group 3 PH. In the final study population, 19.6% 
of patients had PH-ILD. Over 12 months of follow-up, 
patients with Group 3 PH had significantly higher health-
care utilization (both overall and respiratory-related) 
compared to control patients, leading to all-cause health-
care costs of $44,732 for Group 3 PH and $7,051 for 
control patients. The primary drivers of post-diagnostic 
HCRU for Group 3 PH patients were inpatient admis-
sions (35.4%), prescription drugs (33.0%), and outpatient 

visits (26.5%). Patients with Group 3 PH showed a steady 
increase in costs from baseline to follow up, while control 
patients with other lung diseases showed healthcare cost 
reductions over time.

The present analysis extends the research base for PH-
ILD by providing current, targeted real-world HCRU and 
cost data for this patient population. Previous studies 
observed broader Group 3 PH which observed cohorts 
with different respiratory conditions aside from ILD. This 
study utilized a series of eligibility requirements to select 
a true PH-ILD population. Specifically, patients were 
required to have an initial ILD diagnosis, followed by a 
PH diagnosis, while patients with non-ILD Group 3 PH 
or other PH Group diagnoses were excluded.

In the current study, the most commonly prescribed 
drug classes, both pre- and post-index, were corticoste-
roids (53.3% post-index) and calcium channel blockers 
(36.9% post-index), and the use of antifibrotic and PAH-
specific medications was rare (post-index utilization of 
ERA and PDE5i drugs was 1.6% and 5.7%). In the prior 
analysis, the most commonly prescribed drug classes 
post-index for patients with PH-ILD (n = 438) were 
diuretics (53.9%) and calcium channel blockers (39.3%); 
approximately 20% and 30% of patients received ERA and 
PDE5i drugs [28]. This difference observed is likely due to 

Fig. 3 Treatment Regimens In the 12-Month Pre- and Post-Index Period. Abbreviations: ERA = endothelin receptor antagonist; PAH, pulmonary arterial 
hypertension; PDE5i = phosphodiesterase-5 inhibitor; SGC = soluble guanylate cyclase stimulator
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differing selection criteria where this study did not allow 
for other Group 3 associated conditions aside from ILD.

This study and its findings are subject to certain limi-
tations associated with retrospective claims analyses. 
Specifically, these data were originally captured for reim-
bursement and not research purposes, and inaccuracies 
may exist in diagnostic coding or pharmacy claims. Fur-
thermore, the data collected might be limited to insured 
patients captured within the database. Generalizability 
to patients covered outside this database and uninsured 
patients should be interpreted with caution. The exclu-
sion of patients with any medical claim diagnosing a non-
ILD Group 3 PH condition or a Group 2, 4, or 5 PH is 
a limitation, as it may have led to misclassification and 
therefore exclusion of some patients with PH-ILD. Simi-
larly, the low rate of confirmatory PH diagnoses using 
RHC may have led to an underestimation or misclassifi-
cation of patients with PH-ILD. It is possible that patients 
did not receive RHC because, prior to the FDA approval 

of inhaled treprostinil for PH-ILD, no change in treat-
ment would have been likely, even with a definitive diag-
nosis. Regardless, the low rate of RHC at index points to 
a limitation in current clinical practice and a knowledge 
gap regarding the approaches used by clinicians to con-
firm, and subsequently file claims, for PH.

In conclusion, regardless of its etiology, PH is a costly 
and complex disease. However, patients with ILD appear 
to experience a uniquely high medical and healthcare 
cost burden after diagnosis of pulmonary hyperten-
sion. The timely management and treatment of PH-ILD 
is needed to mitigate the clinical and economic conse-
quences of disease progression.

Table 2 Healthcare Resource Utilization in the 12-Month pre- and Post-index Period
Healthcare Resources Pre-index (N = 122) Post-index (N = 122) P-value
Inpatient utilization
Inpatient visits* N (%) 36 (29.5) 72 (59.0) < 0.0001

Mean (SD) 0.5 (0.9) 1.1 (1.3) < 0.0001
Median (IQR) 0 (0.0–1.0) 1.0 (0.0–2.0)

Length of stay per hospitalization, days† Mean (SD) 5.4 (5.9) 7.5 (11.6) < 0.0001
Median (IQR) 4.0 (2.0–7.0) 4.0 (3.0–8.0)

Bed days* Mean (SD) 2.5 (6.6) 8.0 (16.3) < 0.0001
Median (IQR) 0 (0.0–2.0) 2.0 (0.0–9.0)

ICU days§ N (%) 8 (6.6) 21 (17.2) 0.0433
Mean (SD) 3.8 (2.3) 7.0 (13.2) 0.0362
Median (IQR) 3.5 (2.0–5.0) 3.0 (2.0–5.0)

Outpatient utilization
ED visits* N (%) 46 (37.7) 42 (34.4) 0.6358

Mean (SD) 0.6 (1.0) 0.5 (0.9) 0.6308
Median (IQR) 0 (0.0–1.0) 0.0 (0.0–1.0)

Physician office visits* N (%) 114 (93.4) 115 (94.3) 1.0000
Mean (SD) 14.0 (10.6) 15.9 (12.2) 0.2537
Median (IQR) 13.0 (7.0–19.0) 13.0 (7.0–23.0)

Laboratory visits* N (%) 106 (86.9) 108 (88.5) 0.8318
Mean (SD) 5.1 (4.6) 6.9 (8.1) 0.0560
Median (IQR) 4.0 (1.0–8.0) 5.0 (2.0–8.0)

Other outpatient visits* N (%) 120 (98.4) 120 (98.4) 1.0000
Mean (SD) 12.5 (13.3) 19.0 (17.7) < 0.0001
Median (IQR) 8.0 (4.0–16.0) 13.0 (6.0–23.0)

Overall outpatient visits* N (%) 121 (99.2) 121 (99.2) 1.0000
Mean (SD) 24.5 (16.8) 32.9 (21.8) < 0.0001
Median (IQR) 21.5 (12.0–32.0) 28.0 (16.0–45.0)

Unique prescriptions Mean (SD) 37.5 (34.4) 46.4 (38.6) < 0.0001
Median (IQR) 30.0 (14.0–46.0) 38.0 (18.0–62.0)

*Mean (SD) and median are calculated for the entire cohort

† Mean (SD) and median are calculated for the subset of patients with an inpatient hospitalization.

§ Mean (SD) and median are calculated for the subset of patients with an ICU stay during an inpatient hospitalization.

Abbreviations: ED = emergency department; ICU = intensive care unit; IQR = interquartile range; SD = standard deviation.
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Fig. 5 HCRU in the 12-Month Pre- and Post-Index Period, Mean All-Cause Total Healthcare Costs. Abbreviations: CPI = Consumer Price Index; ED = emer-
gency department; HCRU = healthcare resource utilization

 

Fig. 4 Percentage of Patients with HCRU in the 12-Month Pre- and Post-Index Period. *Not significant vs. pre-index utilization. Abbreviations: ED = emer-
gency department; HCRU = healthcare resource utilization; ICU = intensive care unit
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Abbreviations
ED  emergency department
ICU  intensive care unit
IQR  interquartile range
SD  standard deviation
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ICU  intensive care unit
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PH  pulmonary hypertension
Quan-CCI  Quan-Charlson comorbidity index
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SD  standard deviation
sGCS  soluble guanylate cyclase stimulator
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Prescription costs Mean (SD) $7,913 ($15,804) $13,153 ($25,773) 0.007
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Abbreviations: ED = emergency department; ICU = intensive care unit; IQR = interquartile range; SD = standard deviation.
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