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Abstract

Background: Group 3 pulmonary hypertension (PH) encompasses PH owing to lung diseases and/or hypoxia.
Treatment patterns, healthcare resource use, and economic burden to US payers of Group 3 PH patients were assessed.

Methods: This retrospective observational study extracted data from July 1, 2010 to June 30, 2013 from two Truven
Health Analytics MarketScan databases. Adult Group 3 PH patients were identified based on claims for PH (ICD-9-CM
416.0/416.8), a related lung disease, and an echocardiogram or right heart catheterization (RHC). The index date was
the date of the first PH claim; data were collected for 12 months pre- and post-index. A difference-in-difference
approach using generalized estimating equations was done to account for baseline differences.

Results: Group 3 PH patients (n = 2,236) were matched 1:1 to controls on lung disease. PH patients had higher all-cause
resource utilization and annual healthcare costs ($44,732 vs. $7,051) than controls. Costs were driven by inpatient
admissions (35.4% of total costs), prescriptions (33.0%), and outpatient care (26.5%). Respiratory-related costs accounted
for 11.4% of post-index annual costs for PH patients. PH diagnosis was not confirmed in the majority of PH patients
(<7% RHC use) but nevertheless, 22% of PH patients post-index had claims for drugs approved for the treatment of
pulmonary arterial hypertension (PAH).

Conclusions: Group 3 PH poses a significant clinical and economic burden. Given the low use of RHC and the
prevalence of PAH-indicated prescriptions that are not currently approved for Group 3 PH, this study suggests some
Group 3 PH patients may not be receiving guideline-recommended treatment.
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Background
Pulmonary hypertension (PH) is a progressive disease that
may lead to decreased exercise capacity, right heart failure,
and ultimately death [1]. PH is clinically defined as a resting
mean pulmonary arterial pressure ≥ 25 mmHg measured by
right heart catheterization (RHC) [2]. Although it can be
idiopathic, PH is typically associated with a wide range of

medical conditions. The World Health Organization
(WHO) classifies PH owing to lung diseases and/or hypoxia
as Group 3 PH [3]. Group 3 PH is a heterogeneous group
and prevalence, prognosis, healthcare resource use, and
economic burden vary by underlying lung disease.
Chronic lung disease is associated with a high incidence

of PH. Reported prevalence rates of PH in chronic
obstructive pulmonary disease (COPD) range from 30% to
70% [4]. Development of PH is also a common complica-
tion in patients with interstitial lung disease (ILD). The
prevalence of PH in ILD is largely unknown because ILD
encompasses a large and heterogeneous group of diseases.
Prevalence rates of PH in idiopathic pulmonary fibrosis
patients, the most common idiopathic ILD, range from 8%
to 84% [5]. The presence and severity of PH in patients
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with chronic lung disease can be detrimental to patient
outcomes and survival rates [1, 4, 6–8].
Regardless of WHO classification, PH can impose a

substantial burden on healthcare resources and can be a
costly disease. Studies have found significant healthcare
resource utilization and economic burdens associated
with WHO Group 1 PH (pulmonary arterial hyperten-
sion, PAH) and Group 4 PH (chronic thromboembolic
pulmonary hypertension, CTEPH) [9–16]. However,
there is no similar study for Group 3 PH patients as a
whole in the US medical literature. The objective of this
study was to assess treatment patterns, real-world
healthcare resource use, and the economic burden to
third-party payers of Group 3 PH patients.

Methods
Study design
This retrospective observational cohort study extracted
data from the study period of July 1, 2010 to June 30,
2013 from two Truven Health Analytics MarketScan
databases: the Commercial Claims and Encounters
Database and the Medicare Supplemental Database
(access granted under data licensing agreement with
Truven Health Analytics). These databases contain fully
paid and adjudicated healthcare claims across the US,
are de-identified, and are fully compliant with the 1996
Health Insurance Portability and Accountability Act
[17]. Therefore, this study did not require institutional
review board or independent ethics committee approval.
Approval by an institutional review board was not re-
quired. Patients were selected within the identification
period of July 1, 2011 through June 30, 2012 based on
ICD-9-CM (International Classification of Disease,
Ninth Revision, Clinical Modification) codes of 416.0
(primary PH) or 416.8 (other chronic pulmonary heart
disease). The date of the first PH claim was defined as
the index date. The baseline and the follow-up periods
consisted of 12 months pre- and post-index date,
respectively.

Patients
Group 3 PH patients were identified based on ≥2 claims
(inpatient or outpatient) for PH (ICD-9-CM 416.0 or
416.8) during the identification period that were sepa-
rated by at least 1 day but within 12 months of each
other; ≥1claim for RHC or echocardiogram during the
baseline period or before the second PH claim; and ≥1
claim for a lung disease associated with Group 3 PH
during the baseline period (see Additional file 1 for the
ICD-9-CM codes matched to lung disease).
Control patients were identified during the same

period if they had ≥1 claim for a lung disease associated
with Group 3 PH and if they lacked claims for PH
(ICD-9-CM 416.0/416.8). Control patients were excluded

if they had a prescription claim for prostacyclin analogues
or endothelin receptor antagonists (ERAs) during the
entire study period. Phosphodiesterase type-5 (PDE5)
inhibitor use was not excluded as PDE5 inhibitors have
other indications not related to the treatment of PH (e.g.
erectile dysfunction or benign prostatic hyperplasia with
or without concomitant erectile dysfunction).
All patients were required to have continuous medical

and pharmaceutical coverage during the entire study
period and be ≥18 years old at the index date. Patients
were excluded if they had a claim code for a procedure or
medical diagnosis associated with WHO PH Groups 2, 4,
or 5 based on the 2013 Nice Classification during the
entire study period (see Additional file 2 for the ICD-9-CM
codes matched to WHO Group 2, 4, and 5 PH).
Controls were matched to cases using a two-step

matching process: Group 3 PH patients and controls
were pre-matched by age, sex, US census region, and
plan type and then subsequently matched on lung
disease(s). Controls were assigned the index date of the
matched case.

Study measures
Patient demographics examined included age, sex,
census region, and type of health plan. Comorbid condi-
tions were identified at baseline and used to calculate the
Charlson comorbidity index (CCI). Outcome measures
derived from claims data included prescription drug
claims, outpatient physician office visits (referred to as
“physician office”), all other outpatient visits (referred to
as “outpatient”), inpatient hospital admissions, and emer-
gency department (ED) visits. ED visits that led to
hospitalization were counted as both an ED visit and an
inpatient hospitalization. Resource use and costs were
extracted 12 months pre- and post-index. Costs are
presented as annual direct medical costs paid by the payer
and were adjusted to 2013 US dollars using the Consumer
Price Index.

Statistical analysis
All variables were analyzed descriptively with the appro-
priate statistical methods: categorical variables by
frequency tables (absolute and relative frequencies) and
continuous variables by sample statistics (mean and
standard deviation). Continuous variables were described
by absolute value and as the change from baseline per
analysis time point, if applicable.
Descriptive statistics (means and percentages) were

calculated for demographic characteristics and clinical
data. The Chi-square test for categorical variables and
Student’s t-test for continuous variables were used to
compare across groups. Healthcare resource utilization
and costs were compared between the two groups at
baseline and follow-up using a difference-in-difference
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(DID) approach with generalized estimating equations
(GEE) to control for observed pre-existing baseline dif-
ferences between the two patient groups. Details on the
DID approach can be found in the literature [18]. The
GEE analyses was also done to adjust for baseline age,
sex, region, health plan type and CCI. Statistical signifi-
cance was defined as P value < .05. Analyses were per-
formed using SAS Software, version 9.4 (SAS Institute,
Cary, NC).

Results
Patients
Figure 1 outlines the study criteria and the patient
counts at each step; 2,236 Group 3 PH patients met the
study criteria and were matched to controls in a 1:1 ratio
based on lung disease(s). Patient baseline characteristics
are summarized in Table 1. Compared to controls,
the Group 3 PH cohort was younger (67.0 years vs.

71.0, P < .001), had a higher percentage of female patients
(64 vs. 58%, P < .001), and had a higher comorbid burden
(CCI score of 2.80 vs. 2.09, P < .001). COPD was the most
common lung disease (71.1% of patients), followed by
developmental lung disease (22.5%), and interstitial lung
disease (19.6%).

Diagnosis and treatment
Group 3 PH patients underwent more diagnostic proce-
dures, received more therapeutic treatment, and had
more prescription pharmacy claims than control patients
(Table 2). The most frequent diagnostic procedure was
electrocardiography; the most frequent therapeutic treat-
ment was ventilation perfusion. Group 3 PH patients
had more claims for cardiovascular-related prescriptions
(oral anticoagulants, diuretics, and calcium channel
blockers) than control patients (Table 2). Group 3 PH
patients also had higher rates of pharmacy claims for

Fig. 1 Patient Selection. Patient data were extracted from two MarketScan databases. The index date was defined as the first claim for ICD-9-CM
code 416.0 (primary pulmonary hypertension) or 416.8 (other chronic pulmonary heart disease). The baseline and follow-up periods consisted of
the 12 months pre- and post-index date. Patients underwent two matching procedures: case and control patients were pre-matched by age, sex,
region, and plan type and subsequently matched on lung disease(s) from the pre-matched patient pool. ICD-9–CM= International Classification of
Diseases, Ninth Revision, Clinical Modification; PH = pulmonary hypertension; RHC = right heart catheterization; WHO=World Health Organization
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PAH-related drugs—prostacyclin analogues, ERAs, and/or
PDE5 inhibitors—than controls in both the baseline
(16.4% in Group 3 PH patients vs. 1.5% in controls) and
follow-up periods (22.1 vs. 1.8%) (Table 2). PAH-related
pharmaceutical use was highest in patients with comorbid
ILD (31.1% use of PDE5 inhibitors, 23.3% ERAs, and 3.4%
prostacyclin analogues) and COPD (16.0%, 8.6%, and
1.4%, respectively) (Table 3).

Healthcare resource use and costs
Group 3 PH patients had higher all-cause and
respiratory-related resource use than control patients
(Tables 4 and 5). From baseline to follow-up, all-cause
resource use increased for Group 3 PH patients in all
five categories examined, whereas the number of in-
patient admissions and physician office visits decreased
for control patients (Table 4). During follow-up, mean
annual resource use per Group 3 PH patient was 86.1
prescription claims, 24.6 outpatient visits, 20.3 physician
office visits, 6.2 inpatient admissions, and 0.9 ED visits.
The adjusted DID was statistically significant across all
five categories of resource use.
Mean annual all-cause healthcare costs were over six

times higher for Group 3 PH patients than controls
($44,732 vs. $7,051) post-index (Table 4). Costs in-
creased by 31.4% from the baseline to the follow-up
periods for Group 3 PH patients, but decreased by
13.0% for control patients. Post-index healthcare costs
were driven by the cost of inpatient admissions (35.4%
of total costs), prescription drugs (33.0%), and outpatient
care (26.5%). Adjusted DID costs were statistically sig-
nificant across all categories between the two groups ex-
cept for the costs due to ED visits. Quartile all-cause
costs are reported in Additional file 3. Post-index, mean
respiratory-related costs accounted for 11.4% and 8.3%
of the total healthcare costs for the Group 3 PH patients
and control patients, respectively. Quartile respiratory-
related costs are reported in Additional file 4.

Discussion
To our knowledge, this is the first US study to study the
real-world disease burden of Group 3 PH patients using
data derived from medical claims databases. Group 3 PH
patients have substantially higher rates of all-cause
healthcare resource use than control patients. The high-
est resource use for Group 3 PH patients was in the out-
come measures of prescription drug claims, outpatient
visits, and physician office visits. Despite being matched
by lung disease(s), Group 3 PH patients had higher
resource use at baseline than control patients, possibly
related to increased healthcare aimed at managing and/or
diagnosing the underlying PH or related to the higher
comorbidity burden of Group 3 PH patients. After
controlling for key baseline covariates using a DID model
approach, the differences in resource use between the two
cohorts were statistically significant across all categories of
healthcare use examined.
Group 3 PH poses a significant economic burden to

third-party payers that is primarily driven by costs
related to inpatient admissions, prescriptions, and out-
patient care. The mean, annual, total direct healthcare
costs of Group 3 PH patients to payers were $44,732
(approximately $3,728 per month). Other studies have

Table 1 Demographic and baseline characteristics of the
study population

Characteristic Group 3 PH
(n = 2236)

Controls
(n = 2236)

P value

Age at index date, mean (SD), y 67.0 (14.4) 71.0 (11.7)a <.001b

Age group, y

18–30 34 (1.5) 9 (0.4)

31–45 134 (6.0) 49 (2.2)

46–65 841 (37.6) 596 (26.7)

66–85 1035 (46.3) 1383 (61.9)

>86 192 (8.6) 199 (8.9)

Sex

Female 1433 (64.1) 1300 (58.1) <.001c

Male 803 (35.9) 936 (41.8)

US census region

North Central 758 (33.9) 933 (41.7) <.001c

Northeast 344 (15.4) 260 (11.6)

South 722 (32.3) 669 (29.9)

West 401 (17.9) 372 (16.7)

Unknown 11 (0.5) 2 (0.09)

Health plan type

Comprehensive 879 (39.3) 1368 (61.2) <.001c

Health maintenance organization 241(10.8) 218 (9.8)

Point-of-service 136 (6.1) 101 (4.5)

Preferred provider organization 866 (38.7) 505 (22.6)

Others 114 (5.1) 44 (2.0)

CCId, mean (SD) 2.80 (2.02) 2.09 (1.70) <.001b

Underlying lung disease

COPD 1590 (71.1) 1590 (71.1)

Interstitial lung disease 438 (19.6) 438 (19.6)

Sleep disorder breathing 340 (15.2) 340 (15.2)

Developmental lung disease 503 (22.5) 502 (22.5)

Alveolar hyperventilation disorder 6 (0.2) 7 (0.3)

Values are expressed as No. (%) unless otherwise indicated. Some patients had
multiple underlying lung diseases and therefore percent total is >100%. P < .05
was considered significant
CCI Charlson comorbidity index, COPD chronic obstructive pulmonary disease,
PH pulmonary hypertension, SD standard deviation
aControls were assigned the index date of the matched Group 3 PH patient
bStudent’s t-test
cχ2 test
dDeyo adaptation of the CCI with several procedure codes that reflect the
Romano adaptation
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estimated the economic burden of Group 1 PH (PAH)
patients and of Group 4 PH (CTEPH) patients using
large claims databases [9–16]. Differences in data
sources, eligibility criteria, methodology, and analytical
methods among studies limit a direct comparison.
However, the studies by Kirson et al. [13, 14] and Said et al.
[15] use a methodology similar to ours and are the most
comparable. Kirson et al. reported mean direct patient-
month costs (in 2007 US$) to payers of $2,023 for PAH pa-
tients and $4,782 for CTEPH patients post diagnosis. Said
et al. reported mean direct monthly costs (in 2009 US$) to
payers of $4,021 for PAH patients and $6,198 for CTEPH
patients post diagnosis. The costs reported in this study
reinforce the existing reports that regardless of etiology,
PH is a costly disease to payers. The economic burden of
Group 3 PH is substantial and similar to that of patients
with other serious lung diseases, such as cystic fibrosis and
pleural effusions [19, 20]. In 2014, two new pharmacologic

treatments for patients with idiopathic pulmonary fibrosis
(IPF) were introduced to the US market and this will likely
increase the cost of care for this population [21]. In the
current study, patients were identified from 2011 to 2012
and thus, these new costs for patients with IPF would not
have been captured, but this increase in healthcare costs
among this patient group may need to be considered in
future studies.
Echocardiography is recommended as an initial non-

invasive diagnostic tool when PH is suspected [1, 2].
However, echocardiography fails to recognize PH in
many patients while also yielding false positives, and
RHC is necessary to confirm a PH diagnosis [1, 2, 6].
Therefore, our inclusion criteria included claim(s) for an
echocardiogram or RHC to account for the potential use
of only one diagnostic method in clinical practice. Group
3 PH cohort had high use of echocardiograms (75% use
in both the baseline and follow-up) but low use of RHC

Table 2 Diagnostic procedures and treatment of group 3 PH patients and control patients

Baseline Follow-up

Group 3 PH
(n = 2236)

Controls
(n = 2236)

Group 3 PH
(n = 2236)

Controls
(n = 2236)

Diagnostic procedures

Echocardiography 1679 (75.1) 518 (23.2) 1678 (75.0) 441 (19.7)

Stress echocardiography 313 (14.0) 176 (7.9) 212 (9.5) 150 (6.7)

Other radiography 107 (4.8) 77 (3.4) 79 (3.5) 59 (2.6)

Electrocardiography 1779 (79.6) 1264 (56.5) 1777 (79.5) 1160 (51.9)

Computerized tomography 1001 (44.8) 693 (31.0) 1030 (46.1) 567 (25.4)

Angiography 385 (17.2) 187 (8.4) 385 (17.2) 122 (5.5)

RHC 144 (6.4) 15 (0.7) 135 (6.0) 6 (0.3)

MRI 39 (1.7) 17(0.8) 52 (2.3) 29 (1.3)

Other exercise testing 452 (20.2) 89 (4.0) 574 (25.7) 84 (3.8)

Therapeutic treatment

Vena cava procedure 0 0 19 (0.9) 2 (0.09)

Ventilation perfusion 76 (3.4) 12 (0.5) 58 (2.6) 2 (0.09)

Oxygen therapy 1 (0.04) 1 (0.04) 3 (0.1) 2 (0.09)

Pharmacotherapy 366 (16.4) 33 (1.5) 495 (22.1) 41 (1.8)

Oral anticoagulants 704 (31.5) 442 (19.8) 853 (38.2) 456 (20.4)

Diuretics 1273 (56.9) 714 (31.9) 1447 (64.7) 722 (32.3)

Calcium channel blockers 800 (35.8) 624 (27.9) 853 (38.2) 621 (27.8)

Digoxin 200 (9.0) 85 (3.8) 249 (11.1) 91 (4.1)

PAH-approved pharmaceuticalsa 366 (16.4) 33 (1.5) 495 (22.1) 41 (1.8)

Prostacyclin analogues 19 (0.9) 0 34 (1.5) 0

ERAs 182 (8.1) 0 226 (10.1) 0

PDE5 inhibitorsb 279 (12.5) 33 (1.5) 394 (17.6) 41 (1.8)

Values are expressed as No. (%)
ERA endothelin receptor antagonist, MRI magnetic resonance imaging, PDE5 phosphodiesterase type-5, PH pulmonary hypertension, RHC right
heart catheterization
aIncludes unique patients with ≥1 pharmaceutical claim for prostacyclin analogues, endothelin receptor antagonists, and/or PDE5 inhibitors
bPDE5 inhibitors include those indicated for pulmonary arterial hypertension (PAH), as well as those for other indications or used off-label
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(6% use in both the baseline and follow-up). While
database claims may be subject to under- and miscod-
ing, the apparent lack of RHC to confirm PH in Group 3
PH patients observed in this analysis is concerning as
patients were potentially receiving off-label PAH-therapy
without a confirmatory RHC.
There is no approved treatment to directly treat PH

when it is associated with lung diseases and/or hypoxia,
and treatment is limited to treating the underlying lung
disease and/or hypoxemia [1, 6]. Pharmaceuticals ap-
proved by the Food and Drug Administration for the
treatment of PAH are not approved for patients with PH
related to WHO Groups 2–5 except for riociguat, a sol-
uble guanylate cyclase stimulator that is also approved
for treating patients with Group 4 PH (CTEPH) who are
not surgical candidates or who failed pulmonary end-
arterectomy [22]. Despite this, 22% of Group 3 PH
patients had a claim for prostacyclin analogues, ERAs,
and/or PDE5 inhibitors in the follow-up period. The
relatively high utilization of expensive PAH-targeted
therapies in these patients is concerning, not only be-
cause they are not approved for Group 3 PH patients,
but also because of infrequent performance of RHC to
confirm the diagnosis and to clarify the hemodynamic
profile. The 2015 guidelines by the European Society of
Cardiology and the European Respiratory Society state
that the use of PAH-approved drugs in patients with
Group 3 PH is not recommended (Class III, Level C) [1].
Consistently, the American College of Chest Physicians
guidelines do not recommend that treatment for PAH pa-
tients be applied to patients with other types of PH [23].
The limited published evidence on the use of these drugs
in Group 3 PH patients has not shown overall benefit and

may cause harm in some cases [1, 23]. It needs to be noted
that PDE5 inhibitors have other indications and that the
data used in this study did not allow for the determination
of the prescribed indication. However, the low rate of
PDE5 inhibitor claims in the matched controls suggests
that PDE5 inhibitors were likely prescribed for PH in
Group 3 PH patients.
The observed use of PAH-approved therapies for non-

PAH patients is consistent with results from a recent
cross-sectional study that assessed treatment approaches
at PH specialty centers [24]. At the time of that study,
FDA PAH-approved therapy consisted of PDE5 inhibitors,
ERAs, and prostaglandins. The use of PAH-approved
drugs in Group 3 PH patients was reported in 28 out of
30 centers. The study did not determine whether PAH
therapies were used off-label, as part of compassionate
use, or under an alternative diagnosis. Poor right ventricu-
lar function or evidence of heart failure were reported as
compelling reasons to use PAH therapy in Group 3 PH
patients with comorbid COPD (17 of 28 respondents) or
comorbid IPF (20 of 28 respondents).
Our study was limited by the inherent nature of medical

claims databases. Since there is no specific ICD-9-CM
code for Group 3 PH, we relied on diagnostic and pro-
cedure codes to identify patients with Group 3 PH. There-
fore, the accuracy in identification is inherently dependent
on the quality, quantity, and accuracy of the coding proce-
dures. Claim databases do not contain all clinical informa-
tion related to the patients and therefore the diagnoses
and disease severity (i.e. Gold status for COPD patients)
cannot be clinically confirmed, as well as the etiology of
developmental lung disease and ILD. Another limitation
of this study is that the two databases used contain claims

Table 3 Key diagnostic procedures and PH-related pharmaceutical claims during follow-up by underlying lung disease

Therapy Comorbid COPD Comorbid ILD Comorbid SDB Comorbid DLD

Group 3 PH
(n = 1590)

Controls
(n = 1590)

Group 3 PH
(n = 438)

Controls
(n = 438)

Group 3 PH
(n = 340)

Controls
(n = 340)

Group 3 PH
(n = 503)

Controls
(n = 502)

Diagnostic Procedure

Echocardiography 1181 (74.3) 313 (19.7) 340 (77.6) 85 (19.4) 252 (74.1) 66(19.4) 374 (74.4) 124 (24.7)

RHC 92 (5.8) 2 (0.1) 32 (7.3) 4 (0.9) 16 (4.7) 2 (0.6) 32 (6.4) 2 (0.4)

Pharmaceutical Treatment

Oral anticoagulants 642 (40.3) 331 (20.8) 137 (31.3) 75 (17.1) 122 (35.9) 81 (23.8) 197 (39.2) 138 (27.5)

Diuretics 1084 (68.2) 521 (32.8) 236 (53.9) 126 (28.8) 224 (65.9) 134 (39.4) 359 (71.4) 185 (36.9)

Calcium channel blockers 600 (37.7) 428 (26.9) 172 (39.3) 147 (33.6) 138 (40.6) 105 (30.9) 214 (42.5) 154 (30.7)

Digoxin 194 (12.2) 67 (4.2) 46 (10.5) 17 (3.9) 22 (6.5) 13 (3.8) 64 (12.7) 23 (4.6)

Prostacyclin analogues 22 (1.4) 0 15 (3.4) 0 4 (1.2) 0 7 (1.4) 0

ERAs 137 (8.6) 0 102 (23.3) 0 25 (7.4) 0 32 (6.4) 0

PDE5 inhibitorsa 255 (16.0) 25 (1.6) 136 (31.1) 6 (1.4) 39 (1.7) 17 (0.8) 74 (14.7) 6 (1.2)

Data are given as No. (%). Follow-up refers to the 12-month period after the index date
COPD chronic obstructive pulmonary disease, DLD developmental lung diseases, ERA endothelin receptor antagonist, ILD interstitial lung disease, PDE5 phosphodiesterase
type-5, RHC right heart catheterization, SDB sleep disorder breathing
aPDE5 inhibitors potentially include those indicated for pulmonary arterial hypertension (PAH), for other indications, or used off-label
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data from privately insured patients and patients with
Medicare supplemental coverage and those patients may
not be fully representative of Group 3 PH patients.

Conclusions
Group 3 PH presents a large burden on healthcare
utilization and poses a significant economic burden to
third-party payers. Although there are no currently
approved drugs to treat Group 3 PH, it is possible that
the approval of new pharmacotherapies could result in
better management of the disease and a reduction in
healthcare resource use and cost. Further research and
clinical trials are necessary to explore the use of medica-
tions approved for PAH and/or CTEPH to treat Group 3
PH patients.

Additional files

Additional file 1: Group 3 Pulmonary Hypertension Matched to Diagnostic
Claims Diagnosis Codes. Table containing the ICD-9-CM diagnostic claim
codes matched to Group 3 PH subgroups by lung disease. (PDF 200 kb)

Additional file 2: WHO Group 2, 4 and 5 Pulmonary Hypertension
Classifications Mapped to Diagnostic/Procedure Codes. (PDF 97 kb)

Additional file 3: Annual Per-Patient All-Cause Quartile Medical Costs.
(PDF 122 kb)

Additional file 4: Annual Per Patient Respiratory-Related Quartile
Medical Costs. (PDF 117 kb)

Abbreviation
CCI: Charlson comorbidity index; COPD: Chronic obstructive pulmonary
disease; CTEPH: Chronic thromboembolic pulmonary hypertension;
DID: Difference-in-difference; ED: Emergency department; ERA: Endothelin
receptor antagonist; ICD-9-CM: International Classification of Disease, Ninth
Revision, Clinical Modification; ILD: Interstitial lung disease; PAH: Pulmonary
arterial hypertension; PDE5: Phosphodiesterase type-5; PH: Pulmonary
hypertension; RHC: Right heart catheterization; US: United States;
WHO: World Health Organization

Acknowledgements
Medical writing services were provided by Cristina Phillips and
Communication Symmetry (North Andover, MA) with funding from Bayer
HealthCare (Whippany, NJ).

Funding
Bayer Pharma AG (Berlin, Germany).

Availability of data and materials
The data that support the findings of this study are available from Truven
Health Analytics but restrictions apply to the availability of these data, which
were used under license for the current study, and so are not publicly available.

Authors’ contributions
DP and CD take responsibility for the integrity and content of the
manuscript, including data and analysis, from inception to published article.
GH, DP, WW, CD, VJ, ST, and JY have contributed substantially to the study
design, data analysis and interpretation; writing and revising of the
manuscript; and have provided final approval for publication.

Competing interests
GH has received speaking/consulting fees and serves on the advisory board
for Bayer HealthCare. DP, WY, and CD are currently employed by Bayer
HealthCare. VJ was employed by Bayer HealthCare at the time of the study.
ST is an employee of Bayer Pharma AG. JY was a health economics and
outcomes research fellow at Bayer HealthCare at the time of the study.

Consent for publication
Not applicable.

Ethics approval and consent to participate
These databases used in this study are de-identified and are fully compliant
with the 1996 Health Insurance Portability and Accountability Act. Approval
by an institutional review board was not required.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Pulmonary and Critical Care Medicine, Respiratory Institute,
Cleveland Clinic, 9500 Euclid Ave, Cleveland, OH 44195, USA. 2Bayer
HealthCare Pharmaceuticals, Whippany, NJ, USA. 3Currently at Regeneron,
Tarrytown, NY, USA. 4Bayer Pharma AG, Berlin, Germany. 5Currently at
Allergan, Irvine, CA, USA.

Received: 16 November 2016 Accepted: 21 March 2017

References
1. Galiè N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS guidelines for the

diagnosis and treatment of pulmonary hypertension: the joint task force for
the diagnosis and treatment of pulmonary hypertension of the European
society of cardiology (ESC) and the European respiratory society (ERS).
Eur Heart J. 2016;37:67–119.

2. Hoeper MM, Bogaard HJ, Condliffe R, et al. Definitions and diagnosis of
pulmonary hypertension. J Am Coll Cardiol. 2013;62(25 Suppl):D42–50.

3. Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clinical classification of
pulmonary hypertension. J Am Coll Cardiol. 2013;62(25 Suppl):D34–41.

4. Minai OA, Chaouat A, Adnot S. Pulmonary hypertension in COPD:
epidemiology, significance, and management: pulmonary vascular disease:
the global perspective. Chest. 2010;137(6 Suppl):39S–51S.

5. Han MK, McLaughlin VV, Criner GJ, Martinez FJ. Pulmonary diseases and the
heart. Circulation. 2007;116:2992–3005.

6. Seeger W, Adir Y, Barberà JA, et al. Pulmonary hypertension in chronic lung
diseases. J Am Coll Cardiol. 2013;62(25 Suppl):D109–116.

7. Hurdman J, Condliffe R, Elliot CA, et al. Pulmonary hypertension in COPD:
results from the ASPIRE registry. Eur Respir J. 2013;41:1292–301.

8. Nadrous HF, Pellikka PA, Krowka MJ, et al. Pulmonary hypertension in
patients with idiopathic pulmonary fibrosis. Chest. 2005;128:2393–99.

9. Angalakuditi M, Edgell E, Beardsworth A, Buysman E, Bancroft T. Treatment
patterns and resource utilization and costs among patients with pulmonary
arterial hypertension in the United States. J Med Econ. 2010;13(3):393–402.

10. Berger A, Edelsberg J, Teal S, Mychaskiw MA, Oster G. Changes in healthcare
utilization and costs associated with sildenafil therapy for pulmonary arterial
hypertension: a retrospective cohort study. BMC Pulm Med. 2012;12:75–82.

11. Copher R, Cerulli A, Watkins A, Laura MM. Treatment patterns and
healthcare system burden of managed care patients with suspected
pulmonary arterial hypertension in the United States. J Med Econ.
2012;15:94755.

12. Johnson S, Delate T, Boka A, Shaw P, Zager C. Characterizing the financial
burden of pulmonary arterial hypertension within an integrated healthcare
delivery system. J Med Econ. 2013;16:1414–22.

13. Kirson NY, Birnbaum HG, Ivanova JI, Waldman T, Joish V, Williamson T.
Excess costs associated with patients with pulmonary arterial hypertension
in a US privately insured population. Appl Health Econ Health Policy.
2011;9:293–303.

14. Kirson NY, Birnbaum HG, Ivanova JI, Waldman T, Joish V, Williamson T.
Excess costs associated with patients with chronic thromboembolic
pulmonary hypertension in a US privately insured population. Appl Health
Econ Health Policy. 2011;9:377–87.

15. Said Q, Martin BC, Joish VN, Kreilick C, Mathai SC. The cost to managed care
of managing pulmonary hypertension. J Med Econ. 2012;15:500–8.

16. Gu S, Hu H, Dong H. Systematic review of the economic burden of
pulmonary arterial hypertension. Pharmacoeconomics. 2016;34:533–50.

17. Truven Health Analytics MarketScan publication and trademark guidelines.
Truven Health Analytics Inc., an IBM Company. 2016.

Heresi et al. BMC Pulmonary Medicine  (2017) 17:58 Page 9 of 10

dx.doi.org/10.1186/s12890-017-0399-1
dx.doi.org/10.1186/s12890-017-0399-1
dx.doi.org/10.1186/s12890-017-0399-1
dx.doi.org/10.1186/s12890-017-0399-1


18. Liang KY, Zeger SL. Longitudinal data analysis using generalized linear
models. Biometrika. 1986;73:13–22.

19. Krauth C, Jalilvand N, Welte T, Busse R. Cystic fibrosis: cost of illness and
considerations for the economic evaluation of potential therapies.
Pharmacoeconomics. 2003;21:1001–24.

20. Guerin A, Wu EQ, Bollu VK, et al. The economic burden of pleural effusions
in patients with chronic myeloid leukemia treated with tyrosine kinase
inhibitors. J Med Econ. 2013;16:125–33.

21. Morrow TJ. Idiopathic pulmonary fibrosis: the role of the pharmacy benefit
manager in providing access to effective, high-value care. Am J Manag
Care. 2015;21(14 Suppl):s294–301.

22. Bazan IS, Fares WH. Pulmonary hypertension: diagnostic and therapeutic
challenges. Ther Clin Risk Manag. 2015;11:1221–33.

23. Taichman DB, Ornelas J, Chung L, et al. Pharmacologic therapy for
pulmonary arterial hypertension in adults: CHEST guideline and expert
panel report. Chest. 2014;146:449–75.

24. Trammell AW, Pugh ME, Newman JH, Hemnes AR, Robbins IM. Use of
pulmonary arterial hypertension-approved therapy in the treatment of
non-group 1 pulmonary hypertension at US referral centers. Pulm Circ.
2015;5:356–63.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Heresi et al. BMC Pulmonary Medicine  (2017) 17:58 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Patients
	Study measures
	Statistical analysis

	Results
	Patients
	Diagnosis and treatment
	Healthcare resource use and costs

	Discussion
	Conclusions
	Additional files
	Abbreviation
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

