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Abstract

Compared to idiopathic pulmonary arterial hypertension (IPAH), patients with portopulmonary hypertension (POPH) have worse
survival. Health disparities may contribute to these differences but have not been studied. We sought to compare socioeconomic
factors in patients with POPH and IPAH and to determine whether socioeconomic status and/or POPH diagnosis were associated
with treatment and health-care utilization. We performed a cross-sectional study of adults enrolled in the Pulmonary
Hypertension Association Registry. Patients with IPAH (n=344) and POPH (n=>57) were compared. Compared with IPAH,
patients with POPH were less likely to be college graduates (19.6% vs. 34.9%, p =0.02) and more likely to be unemployed (54.7%
vs. 30.5%, p < 0.001) and have an annual household income below poverty level (45.7% vs. 19.0%, p < 0.001). Patients with POPH
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had similar functional class, quality of life, 6-min walk distance, and mean pulmonary arterial pressure with a higher cardiac index.
Compared with IPAH, patients with POPH were less likely to receive combination therapy (46.4% vs. 62.2%, p=0.03) and
endothelin receptor antagonists (28.6% vs. 55.1%, p <0.001) at enrollment with similar treatment at follow-up. Patients with
POPH had more emergency department visits (1.7 2.1 vs. 0.9 £ 1.2, p=0.009) and hospitalizations in the six months preceding
enrollment (1.5£2.1 vs. 0.8 & |.1, p=0.02). Both POPH diagnosis and lower education level were independently associated with
a higher number of emergency department visits. Compared to IPAH, patients with POPH have lower socioeconomic status, are
less likely to receive initial combination therapy and endothelin receptor antagonists but have similar treatment at follow-up, and

have increased health-care utilization.
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Portopulmonary hypertension (POPH) is defined as pulmo-
nary arterial hypertension (PAH) that develops in the set-
ting of portal hypertension, often related to chronic liver
disease.! It is characterized by an elevated mean pulmonary
arterial pressure due to increased pulmonary vascular resis-
tance and is classified as Group 1 PAH by the Sixth World
Symposium on Pulmonary Hypertension.” POPH affects
5%-6% of patients with liver disease and is the third
most common cause of associated PAH.>* A diagnosis of
POPH has important therapeutic and prognostic implica-
tions. Similar to other forms of PAH, POPH is typically
treated with PAH-targeted therapy.* Liver transplantation
can also be beneficial, but severe POPH precludes liver
transplantation due to increased perioperative mortality.>®
Without medical therapy or liver transplantation, five-year
survival rates for patients with POPH are dismal at 14%,
significantly worse than other forms of PAH.® Even in
patients treated with medical therapy, long-term survival
of POPH remains poor.?®

POPH is pathologically indistinct from idiopathic PAH
(IPAH).>” Compared to IPAH, however, patients with
POPH are less likely to receive PAH-targeted therapy and
have worse survival despite a higher cardiac output.® The
reasons for differences in treatment and survival in POPH
versus IPAH are not known. Possible explanations include
differences in disease biology, morbidity/mortality related
to the underlying liver disease, comorbidities, access to med-
ical care, socioeconomic status (SES), or other factors.
Health disparities are defined as significant differences in
health that are closely linked to racial, social, economic,
or environmental differences.” Health disparities can
impact quality of life as well as disease treatment and out-
comes.'®!" The American Thoracic Society recently encour-
aged research to identify health disparities in pulmonary
hypertension in order to achieve more equitable care.’'?
Health disparities may contribute to differences in treat-
ment and survival in POPH, but have not been previously

studied. In this study, we sought to (1) compare socioeco-
nomic factors in patients with POPH and IPAH and (2)
determine whether socioeconomic factors and/or POPH
diagnosis were independently associated with PAH treat-
ment and health-care utilization.

Methods

Study design and study sample

We performed a cross-sectional study of adult patients (>18
years old) enrolled in the multicenter Pulmonary
Hypertension Association Registry (PHAR). The PHAR
began enrollment in 2015, with the main goal of assessing
the quality of care and outcomes of patients at accredited
Pulmonary Hypertension Care Centers (PHCC). Inclusion
criteria_have been previously reported.'® Patients were
enrolled in the registry within six months of establishing
care at an accredited PHCC. Incident patients were diag-
nosed within six months of registry entry, while treated
patients refer to patients who were treated with a PAH-
targeted therapy for more than six months prior to registry
entry. Patients with IPAH (n=344) and POPH (n=157)
who enrolled at 1 of 40 participating PHCCs throughout
the United States between September 2015 and September
2019 were included. The current data set from PHAR was
locked on 4 September 2019. All study participants provid-
ed informed consent at enrollment. All centers relied on the
University of Pennsylvania, which serves as the single insti-
tutional review board for the PHAR.

Clinical variables

Participants enrolled in the registry completed a tablet-
based survey that included demographics, self-identified
race/ethnicity, SES, including annual household income,
social history, anthropomorphic data, pulmonary hyperten-
sion history, symptoms, current PAH-specific therapy, and
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health-related quality of life (HRQoL) questionnaires
(Medical Outcome Study Short Form-12 (SF-12) and the
emPHasis-10). Hemodynamics from the initial diagnostic
right heart catheterization were collected. Participants
underwent repeat study assessments approximately every
six months, with some variability in the interval. At each
follow-up visit, repeated measures of symptoms, PAH ther-
apy, HRQoL questionnaires, and clinical outcomes, includ-
ing interval hospitalizations and emergency department
(ED) visits within the preceding six months, were
collected.?

For the purposes of this study, we defined combination
therapy as the use of two or more PAH disease-specific
medications. We did not consider calcium channel blockers
as PAH disease-specific therapies since they can be used for
other indications and are generally contraindicated in
POPH.* Parenteral therapy was defined as use of intrave-
nous or subcutaneous treprostinil or intravenous epopros-
tenol. Liver transplant centers were defined as centers which
performed more than five liver transplants per year accord-
ing to the Scientific Registry of Transplant Recipients (srtr.
org). As defined by the United States Department of Health
and Human Services, we considered an annual household
income below poverty level if the self-reported annual
household income range was less than 2019 poverty guide-
line thresholds for the number of family members in the
household."* We calculated prognostic REVEAL 2.0
scores at enrollment according to the REVEAL 2.0 risk
calculator.” The number of French Registry non-invasive
low-risk criteria (6-min walk distance (6MWD) >440 m,
World Health Organization (WHO) functional class I/II,
and N-terminal-pro B-type natriuretic peptide (NT-
proBNP) <300 pg/ml or B-type natriuretic peptide
(BNP) <50 pg/ml) and invasive low-risk criteria (WHO
functional class I or II, 6MWD >440 m, right atrial pres-
sure <8 mmHg, and cardiac index >2.5 L/min/m?) at
enrollment was also determined.'®

Statistical analysis

Patients with IPAH and POPH were compared using a
Student’s t-test or Wilcoxon rank-sum test for continuous
variables and a chi-square or Fisher’s exact test for cate-
gorical variables with Cochran Armitage chi-square test
for trends, as appropriate. We used univariate and multi-
variate logistic regression to identify whether socioeconom-
ic factors (age, sex, race (Non-Hispanic white, Hispanic,
Black or African-American, Asian/Pacific Islander or
other), education level (college graduate), annual house-
hold income (<$50,000 vs. >§50,000 per year), employ-
ment, and marital status) and POPH diagnosis were
associated with use of combination therapy or parenteral
therapy. We adjusted these models for a priori determined
prognostic variables that could potentially impact treat-
ment approach: age, functional class, cardiac index, right
atrial pressure, and 6MWD. We performed a sensitivity

analysis where we adjusted for REVEAL 2.0 score rather
than age, functional class, cardiac index, right atrial pres-
sure, and 6MWD, as these variables are all included in the
REVEAL 2.0 score.'”> As exploratory analyses, we used
univariate and multivariate logistic and linear regression
to identify whether socioeconomic factors and/or POPH
diagnosis were associated with ED visits, hospitalizations,
and nights spent in the hospital within the six months
prior to enrollment. We adjusted these models for the
same a priori determined prognostic variables as above:
age, functional class, cardiac index, right atrial pressure,
and 6MWD. Socioeconomic factors and POPH diagnosis
were included in the multivariate model if the p value was
<0.05. Models included only complete cases with all rele-
vant variables available; we did not impute missing varia-
bles or outcomes. For all analyses, a p value <0.05 was
considered statistically significant. Statistical analyses were
performed using SAS Version 9.4.

Results

Patient characteristics are detailed in Table 1. Compared
with IPAH, patients with POPH were more likely to be
male and were similarly aged with similar racial and geo-
graphic distribution. There were significant differences
between the groups in socioeconomic factors. Patients with
POPH were less likely to have graduated from college, less
likely to have an annual household income >$50,000 per
year, and more likely to have an annual houschold income
below poverty level (Fig. 1). There were also significant dif-
ferences in employment and insurance status: patients with
POPH were more likely to be unemployed (Fig. 1), less likely
to have private insurance, and more likely to have insurance
through Medicaid or other government programs. Current
alcohol use was lower in patients with POPH, and history of
tobacco use and methamphetamine use was similar
(Table 1). Patients with POPH had a lower body mass
index and higher oxygen saturation with otherwise similar
physical examination characteristics (Table 1).

There was a similar proportion of incident and prevalent
IPAH and POPH patients (Table 2). Compared with IPAH,
patients with POPH had similar functional class, quality of
life, and 6MWD (Table 2). Patients with POPH had a sim-
ilar right atrial pressure, mean pulmonary artery pressure,
and pulmonary artery wedge pressure. POPH was associat-
ed with a higher cardiac output and cardiac index, a lower
pulmonary vascular resistance, and a higher pulmonary
artery compliance (Table 2). Patients with POPH had
higher REVEAL 2.0 risk scores which were primarily
driven by POPH diagnosis; REVEAL 2.0 risk scores with-
out POPH diagnosis were similar. The number of French
registry non-invasive and invasive low-risk criteria fulfilled
was also similar (Table 2).

At enrollment, patients with POPH were less likely to be
treated with combination therapy and were prescribed less
PAH-targeted therapies (Table 2). Patients with POPH were
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Table I. Patient characteristics and socioeconomic factors.

Characteristic n IPAH n POPH p
Age, years 344 552+ 16.8 57 5344127 0.34
Sex, female, n (%) 343 259 (75.5) 57 29 (50.9) <0.001
Race/ethnicity 341 57 0.15
Non-Hispanic White 244 (71.6) 38 (66.7)
Hispanic 20 (5.9) 2 (3.5)
Black or African-American 41 (12.0) 5 (8.8)
Asian/Pacific Islander 7 (2.1) 4 (7.0)
Other/Mixed race 29 (8.5) 8 (14.0)
United States region 344 57 0.20
Northeast 60 (17.4) 12 (21.1)
Midwest 66 (19.2) 10 (17.5)
South 128 (37.2) 14 (24.6)
West 90 (26.2) 21 (36.8)
College graduate 338 118 (34.9) 56 Il (19.6) 0.02
Yearly household income >$50,000 274 137 (50.0) 46 14 (30.4) 0.0l
Yearly household income below poverty level® 274 52 (19.0) 46 21 (45.7) <0.001
Occupation 335 53 0.009
Unemployed 102 (30.5) 29 (54.7)
Employed 124 (37.0) 13 (24.5)
Retired 100 (29.9) 11 (20.8)
Student 9 (2.7) 0 (0.0
Marital status, n (%) 333 57 0.89
Married or living with partner 201 (60.4) 33 (57.9)
Widowed, divorced, or separated 76 (22.9) 13 (22.8)
Single 56 (16.8) I (19.3)
Household number 342 56 0.77
0 62 (18.1) 8 (14.3)
| 138 (40.4) 23 (41.1)
2 142 (41.5) 25 (44.6)
Heath insurance 334 57 0.02
Medicare 60 (18.0) 12 (21.1)
Medicaid 21 (6.3) 8 (14.0)
Private insurance 202 (60.5) 23 (40.4)
Other government programs 47 (14.1) 13 (22.8)
Uninsured 4 (1.2) 1 (1.8)
Current alcohol use® 338 126 (37.3) 56 5 (8.9) <0.001
Current or past smoker 339 162 (47.8) 56 28 (50.0) 0.76
History of methamphetamine use® 339 23 (6.8) 56 6 (10.7) 0.30
Physical examination
Body mass index, kg/m? 335 31.0+77 54 289452 0.001
Heart rate, beats per minute 225 7894159 44 7394+ 15.0 0.06
Systolic blood pressure, mmHg 209 130.3+258 38 129.6 +16.8 0.82
Diastolic blood pressure, mmHg 208 768+ 128 38 749+ 148 0.39
Oxygen saturation, % 227 90.9+9.8 44 948+3.5 <0.001

IPAH: idiopathic pulmonary arterial hypertension; POPH: portopulmonary hypertension.

?As defined by United States Department of Human and Health Services. Statistically significant p-values (<0.05) are denoted in bold.

®Current alcohol use defined by a “yes” response to the question, “Do you presently drink alcoholic beverages?” and history of methamphetamine use defined as a
“yes” response to the question, “Have you ever used methamphetamines, even once?”

less likely to receive endothelin receptor antagonists
(ERAs). Among the ERAs, macitentan use was lower in
POPH as compared to IPAH (8.9% vs. 24.9%, p =0.008).
Overall use of ambrisentan and bosentan was statistically
similar (p > 0.05 for both), but no patients with POPH were
treated with bosentan. Use of other PAH therapeutic classes
were similar (Table 2). Among patients with POPH, those

who received care at liver transplant centers were less likely
to receive combination therapy at enrollment (17/46, 37%
vs. 9/10, 90%, p=0.004). At the first follow-up visit, ERA
use in POPH patients increased from 28.6% to 50.0%.
Treatment differences no longer existed, and patients with
POPH and IPAH had a similar likelihood of being treated
with combination therapy and ERAs (Table 2). After
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Fig. 1. Socioeconomic factors in patients with IPAH and POPH. Compared with IPAH, patients with POPH are significantly less likely to be
college graduates, less likely to have an annual household income > $50,000 per year and are more likely to have an annual household income

below poverty level and be unemployed.

Table 2. Pulmonary hypertension disease severity and treatment.

Characteristic n IPAH n POPH p
Incident cases (diagnosed within 6 months) 344 166 (48.3) 57 31 (54.4) 0.39
Prevalent cases (diagnosed more than 344 178 (51.7) 57 26 (45.6) 0.39
6 months prior to registry entry)
Treated more than 6 months 344 94 (27.3) 57 12 (21.1) 0.32
Treated <6 months 344 84 (24.4) 57 14 (24.6) 0.98
World Health Organization functional class 315 53 0.84
| 31 (9.8) 2 (3.8)
2 109 (34.6) 24 (45.3)
3 157 (49.8) 26 (49.1)
4 18 (5.7) I (1.9)
Quality of life 340 55
SF-36 physical component summary 33.6t£6.6 349+£59 0.2
SF-36 mental component summary 49.0+£8.3 48.7 £9.0 0.82
EMPHASIS-10 score 24.1+124 242+ 11.2 0.96
Laboratory data
Creatinine 332 1.0£0.5 55 1.0£0.7 0.93
BNP 198 329.51+684.6 29 231.8+362.1 0.24
N-terminal pro BNP (NTproBNP) 147 1811.7 £3597.8 22 2001.6 +3463.0 0.82
6-min walk distance, m 287 3446+ 141.8 52 351.24+82.0 0.64
Hemodynamics
Right atrial pressure, mmHg 323 10.1 £5.9 56 10.3£5.0 0.87
Pulmonary artery systolic pressure 332 81.0£21.0 56 822+ 157 0.6l
Pulmonary artery diastolic pressure 332 337117 56 33.1£85 0.62
Mean pulmonary arterial pressure, mmHg 327 512+ 14.1 56 509+ 104 0.84
Pulmonary artery wedge pressure, mmHg 320 11.6£6.0 54 11.4+£5.0 0.82
Cardiac output, L/min 311 423 +£1.37 56 5.50+2.24 <0.001
Cardiac index, L/min/m? 306 2.20+£0.67 54 2.84+1.22 <0.001
Pulmonary vascular resistance, Wood units 295 10.5+5.5 54 82+38 <0.001
Stroke volume, mL 218 55.3+21.0 44 79341275 <0.001
Stroke volume index, ml/m? 213 289+4+10.2 42 405+ 13.9 <0.001
Pulmonary artery compliance, mL/mmHg 218 1.33£0.94 44 1.78 £0.91 0.004
Risk stratification at enrollment
REVEAL 2.0 score 344 72+27 57 9.8+27 <0.001
REVEAL 2.0 score (without POPH diagnosis) 344 72427 57 6.8+2.7 0.24
French Registry # low-risk criteria (non-invasive) 344 57 0.81
0 140 (40.7) 21 (36.8)
| 127 (36.9) 22 (38.6)
2 56 (16.3) 12 (21.1)

(continued)
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Table 2. Continued

Characteristic n IPAH n POPH p
3 21 (6.1) 2 (3.5)
French registry # low-risk criteria (invasive) 344 57 0.14
0 101 (29.4) 13 (22.8)
| 121 (35.2) 16 (28.1)
2 75 (21.8) 17 (29.8)
3 38 (11.1) Il (19.3)
4 9 (2.6) 0 (0.0

PAH therapy at enrollment
Number of PAH medications 341 1.7+0.9 56 1.4+0.8 0.01
Combination therapy 341 212 (62.2) 56 26 (46.4) 0.03
Phosphodiesterase type 5 inhibitor 343 240 (70.0) 56 43 (76.8) 0.3
Riociguat 343 12 (3.5) 56 1 (1.8) |
Endothelin receptor antagonist 341 189 (55.4)* 56 16 (28.6) <0.001
Bosentan 7 (2.1) 0 (0.0) 0.6
Ambrisentan 98 (28.7) Il (19.6) 0.16
Macitentan 85 (24.9) 5(8.9) 0.008
Parenteral prostacyclin 344 86 (25.0) 57 10 (17.5) 0.22
Inhaled prostacyclin 341 20 (5.9) 56 2 (3.6) 0.75
Selexipag 34| 17 (5.0) 56 4 (7.1) 0.52
Oral treprostinil 341 7 (2.1) 56 0 (0.0) 0.6

First follow-up visit
Number of outpatient visits with PH doctor 221 1.9+ 1.6 34 23+ 1.5 0.26
or nurse in clinic since enrollment

PAH therapy at first follow-up visit
Number of PH medications 234 1.0+0.8 38 1.8+0.7 0.49
Combination therapy 234 170 (72.7) 38 25 (65.8) 0.38
Phosphodiesterase type 5 inhibitor 235 173 (73.6) 40 36 (90.0) 0.03
Riociguat 234 19 (8.1) 38 0 (0.0 0.08
Endothelin receptor antagonist 234 147 (62.8) 38 19 (50.0) 0.13
Parenteral prostacyclin 234 59 (25.2) 39 8 (20.5) 0.53
Inhaled prostacyclin 234 15 (6.4) 38 2 (5.3) |
Selexipag 234 21 (9.0 38 3(7.9) |
Oral treprostinil 234 8 (3.4) 38 0 (0.0 0.61

Health-care utilization
ED visit within last 6 months 343 179 (52.2) 56 39 (69.6) 0.02
Number of ED visits within last 6 months 343 09+1.2 56 1.7 £2.1 0.009
Hospitalized within last 6 months 343 169 (49.3) 56 33 (58.9) 0.18
Number of hospitalizations within last 6 months 343 08+ 1.1 56 1.5+2.1 0.02
Number of nights in hospital within last 6 months 343 63+11.5 56 10.1 £12.2 0.02

BNP: B-type natriuretic peptide; ED: emergency department; NTproBNP: N-terminal pro B-type natriuretic peptide; PAH: pulmonary arterial hypertension; POPH:
portopulmonary hypertension; SF-36: Short Form 36; IPAH: idiopathic pulmonary arterial hypertension. Statistically significant p-values (<0.05) are denoted in bold.
*Number of IPAH patients treated with an endothelin receptor antagonist does not equal number of patients treated with individual endothelin receptor
antagonists since one patient was recorded as being on both ambrisentan and macitentan at time of enrollment.

adjusting for age, functional class, 6MWD, cardiac index
and right atrial pressure, POPH diagnosis was associated
with a lower likelihood of receiving combination therapy
at enrollment, but the results were no longer statistically
significant (OR 0.52, 95% CI 0.26-1.04, p=0.06). Results
were similar when we adjusted for REVEAL 2.0 score
rather than variables above (OR: 0.61, 95% CI: 0.34-1.11,
p=0.11). Increased age was associated with lower use of
combination therapy, but other socioeconomic factors

were not (p > 0.05 for all). In unadjusted analysis, younger
age (p<0.001), race (p=0.001), and marital status
(p=0.02) were associated with use of parenteral therapy
(Supplemental Table 1), while education, household
income, employment status, insurance, and POPH diagno-
sis were not. After adjusting for age, functional class,
6MWD, cardiac index, and right atrial pressure, associa-
tions between parenteral therapy and race (p=0.13) and
marital status (p=0.69) were no longer significant.
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Table 3. Variables associated with an emergency department visit in
the 6 months prior to enrollment in multivariate analysis.

Variable Odds ratio  95% ClI p

Age, per year 0.97 0.95-0.99 0.001

Portopulmonary hypertension 222 1.07-4.59 0.03
diagnosis

College graduate 0.49 0.29-0.84 0.0l

WHO functional class, per unit 1.41 0.93-2.15 0.11
increase

6-min walk distance, per m 1.00 1.00-1.00 0.06

Right atrial pressure, per mm Hg  0.99 0.94-1.04 0.59

Cardiac index, per L/min/m? 1.04 0.73-1.48 0.84

Statistically significant p-values (<0.05) are denoted in bold. Cl: confidence
interval; WHO: World Health Organization.

Z Bl POPH
2 1.5+
>
[m]
w
s 1.0-
@
=
& 0.5
=

0.0-

Fig. 2. Emergency department visits in IPAH and POPH. Least square
means for emergency department visits in IPAH and POPH after
adjustment for age, functional class, 6-min walk distance, cardiac index,
right atrial pressure, and education level. Compared with IPAH,
patients with POPH had a higher number of emergency department
visits in the six months preceding enrollment in the Pulmonary
Hypertension Association Registry (1.5, 95% Cl: 1.2—1.9 visits vs. 0.8,
95% Cl: 0.7-1.0 visits, p=0.001).

Compared with IPAH, patients with POPH were more
likely to have visited the ED in the six months preceding
enrollment (Table 2). Patients with POPH also had an
increased number of hospitalizations and spent more total
nights in the hospital (Table 2). POPH diagnosis and several
socioeconomic factors (race, education, household income,
employment, and marital status) (p < 0.05 for all) were asso-
ciated with an ED visit within the preceding six months, but
only POPH diagnosis and education level remained signifi-
cantly associated with ED visits in multivariate analysis
(Table 3). After adjusting for age, functional class,
6MWD, cardiac index, right atrial pressure and education,
patients with POPH had significantly more ED visits com-
pared to patients with IPAH (least square means 1.5, 95%
CL: 1.2-1.9 vs. 0.8, 95% CI: 0.7-1.0, p=0.001) (Fig. 2),
while college graduates had significantly less ED visits
after adjusting for the above factors and POPH diagnosis
(least square means 0.6, 95% CI: 0.4-0.9 vs. 1.1, 95% CI:

0.9-1.2, p=0.007). Only POPH diagnosis (p=0.02) and
employment (p=0.02) were associated with number of
nights spent in the hospital, but neither variable remained
associated after adjusting for age, functional class, 6MWD,
cardiac index, and right atrial pressure.

Discussion

In this analysis of patients enrolled in PHAR, we identified
significant health disparities between patients with POPH
and IPAH. Patients with POPH had worse SES, were less
likely to be treated with combination therapy at enrollment,
and had increased health-care utilization.

Patient characteristics

In this multicenter registry, there were important differences
between patients with POPH and IPAH. Similar to findings
in the REVEAL Registry, patients with POPH were more
likely to be male, had a lower body mass index, and had a
higher cardiac output.®!'” Compared with IPAH, POPH
patients had similar mean pulmonary arterial and right
atrial pressures with a lower pulmonary vascular resistance
and higher stroke volume index and pulmonary artery com-
pliance. Reduced pulmonary artery compliance has been
associated with worse survival in IPAH, but findings in
POPH versus IPAH have not been previously described.'®
We also found that patients with POPH had higher oxygen
saturations, although the reason for this finding is not clear.
Despite the comorbid liver disease, HRQoL in patients with
POPH and IPAH were similar.

Socioeconomic factors

Although there were no significant differences in age, race,
or geographic region, we found that patients with POPH
had significantly worse SES compared to patients with
IPAH. Patients with POPH were less likely to have gradu-
ated from college and more likely to be unemployed and
have an annual household income below poverty level;
patients with POPH also had less private insurance cover-
age. These factors are important, as they may impact access
to medical care and PAH-targeted therapies. Differences in
SES could also lead to diagnostic delays and impact out-
comes. Although studies regarding the impact of socioeco-
nomic factors in PAH have been limited, one prior study
found that lower SES was associated with worse functional
class at the time of diagnosis, suggesting delays in diagno-
sis.!” These differences in socioeconomic factors suggest
that there should be improved advocacy efforts for patients
with POPH in order to ensure they have equitable access to
care. As data regarding etiology of liver disease are not
included in this registry, we cannot determine whether con-
founders, such as history of alcohol use or other factors,
contribute to differences in SES. Patients with POPH, how-
ever, were significantly less likely to report current alcohol
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use, potentially related to avoidance in the setting of known
liver disease or liver transplant evaluation, so it is unlikely
that ongoing alcohol use contributed to differences in SES.

Treatment approaches

Patients with POPH were less likely to receive combination
therapy and were less likely to be treated with ERAs at
enrollment. Although there were significant differences in
SES between patients with POPH and IPAH, treatment
differences were not related to socioeconomic factors and
were no longer significant when adjusted for a priori deter-
mined prognostic factors. Potential reasons for treatment
differences include less severe hemodynamic impairment in
POPH patients, prescriber concern regarding medication
clearance, or adverse effects in the setting of liver disease
or other factors, such as limited data on efficacy of PAH
therapy in POPH.

Patients with POPH were less likely to be treated with
ERAs at enrollment, and we hypothesize that this could be
related to concern regarding hepatotoxicity or adverse
effects, such as edema or anemia. Other potential reasons
for decreased ERA utilization at enrollment include medica-
tion cost and need for enrollment in Risk Evaluation and
Mitigation monitoring programs. Although bosentan has
been associated with liver toxicity, ambrisentan and maciten-
tan have not.”® A recently completed multicenter phase 4
study of macitentan in POPH (PORTICO) also demonstrat-
ed efficacy with a 35% reduction in PVR with macitentan
versus placebo and no hepatic safety concerns.?' A post hoc
analysis also showed that macitentan significantly improved
risk categorization for liver transplantation mortality in 47%
of patients.”> Other recent studies have also demonstrated
safety of ambrisentan in POPH.? Thus, POPH diagnosis
should not be considered a contraindication to use of this
important class of therapeutic agents. Our findings suggest
that ERAs may initially be underutilized in POPH; accord-
ingly, there may be opportunity for education regarding the
safety of ERAs, specifically macitentan and ambrisentan, in
POPH.

Current PAH treatment guidelines recommend upfront
combination therapy in most patients and the use of risk
stratification to guide treatment.>* Some factors that adverse-
ly impact prognosis, however, such as POPH diagnosis, do
not change with additional PAH therapy and thus do not
necessarily warrant a more aggressive treatment approach. In
our study, patients with POPH had higher REVEAL 2.0 risk
scores (primarily driven by the POPH diagnosis), but were
less likely to receive combination therapy. Although the
guidelines do not differentiate treatment recommendations
based on disease etiology, they do acknowledge that data
regarding combination therapy in POPH is limited.**
Clinical trials that evaluated the safety and efficacy of
upfront combination therapy, such as the AMBITION
study, excluded patients with POPH.? Thus, little is known

regarding the safety, efficacy, and appropriateness of upfront
versus sequential combination therapy in POPH.

Recent studies have shown improved PAH outcomes
with management at a PHCC.?® Similarly, we found that
treatment differences between IPAH and POPH no longer
existed at the first follow-up visit at a PHCC. Thus,
decrecased ERA use at enrollment may be more reflective
of community-based treatment of POPH, while increased
use of ERAs at follow-up may be more reflective of treat-
ment approaches at PHCCs. Since the overall number of
POPH patients treated with combination therapy did not
significantly change at follow-up, the increased proportion
treated with combination therapy at follow-up may have
also been due to closer follow-up of patients being treated
with combination therapy compared to monotherapy.
Surprisingly, we also found that patients with POPH who
were evaluated at liver transplant centers were less likely to
be treated with combination therapy at enrollment. The
reason for this is not known, but we hypothesize that it
could be due to concerns regarding hepatic safety, concerns
related to meeting specific criteria for liver transplantation
waitlist priority upgrades, or other reasons for treatment
disparities as discussed above.

Health-care utilization

Compared to IPAH, patients with POPH had increased
health-care utilization. POPH patients had more ED visits
and spent more nights in the hospital in the six months
preceding enrollment despite improved hemodynamics.
The REVEAL registry similarly found that patients with
POPH had more all-cause hospitalizations compared with
IPAH and also found that patients with POPH who were
hospitalized had greater mortality.® A recent study also
found that a diagnosis of pulmonary hypertension among
patients with portal hypertension was associated with
increased health-care utilization (hospitalization and emer-
gency room visits) and costs.?’ Since reasons for ED visit
and hospitalization were not included in PHAR, we do not
know if increased health-care utilization was related to
POPH, liver disease, or other factors. Socioeconomic fac-
tors, specifically education level, were also associated with
ED visits. College graduates were significantly less likely to
have an ED visit in the six months preceding enrollment,
even after adjustment for POPH diagnosis and other prog-
nostic factors. Whether this finding is due to differences in
access to primary and preventive care or differences in
chronic disease self-management or health literacy is not
known but deserves further study.

Limitations

Our study had several limitations. These include the retro-
spective nature of the study and the inclusion of patients
only seen at accredited PHCCs. Thus, our findings may not
be generalizable to patients who are evaluated and treated
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at community centers where access to PH expertise is limit-
ed. Additionally, the PHAR registry is designed to study PH
and does not include information related to an individual’s
liver disease etiology or severity as assessed by the Model
for End Stage Liver Disease Sodium score or Child-Pugh
score, or other factors such as eligibility and consideration
for liver transplantation. Since most POPH patients were
treated at liver transplant centers, there may be a bias
toward including patients with POPH with adequate
social support to be considered for liver transplantation.
This important information regarding liver disease etiology,
severity, and transplant eligibility may impact both treat-
ment and outcomes in POPH but cannot be ascertained
from the database. Lastly, given the small sample size and
limited follow-up at the time of data analysis, we were
underpowered to detect racial/ethnic disparities and differ-
ences in survival.

Conclusions

Compared with IPAH, patients with POPH have lower
SES, are less likely to receive initial combination therapy
and ERAs but have similar treatment approaches at follow-
up, and have increased health-care utilization. Awareness
and understanding of health disparities in POPH and their
impact on outcomes could help improve quality and equity
of care for this high-risk group of patients. Future studies
are needed to better understand the impact of health dis-
parities on treatment and outcomes in POPH as well as
other types of PAH.
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