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ORIGINAL ARTICLE
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Abstract

Rationale: Limited information is available on racial/
ethnic differences in pulmonary arterial hypertension
(PAH).

Objectives: Determine effects of race/ethnicity and ancestry
on mortality and disease outcomes in diverse patients with
PAH.

Methods: Patients with Group 1 PAH were included from
two national registries with genome-wide data and two local
cohorts, and further incorporated in a global meta-analysis.
Hazard ratios (HRs) and 95% confidence intervals (CIs) were
calculated for transplant-free, all-cause mortality in Hispanic
patients with non-Hispanic white (NHW) patients as the reference
group. Odds ratios (ORs) for inpatient-specific mortality in patients
with PAH were also calculated for race/ethnic groups from an
additional National Inpatient Sample dataset not included in the
meta-analysis.

MeasurementsandMainResults:After covariate adjustment, self-
reported Hispanic patients (n= 290) exhibited significantly reduced
mortality versus NHW patients (n= 1,970) after global meta-analysis
(HR, 0.60 [95% CI, 0.41–0.87]; P= 0.008). Although not significant,
increasing Native American genetic ancestry appeared to account for
part of the observed mortality benefit (HR, 0.48 [95% CI, 0.23–1.01];
P= 0.053) in the two national registries. Finally, in the National
Inpatient Sample, an inpatient mortality benefit was also observed for
Hispanic patients (n= 1,524) versus NHW patients (n= 8,829; OR,
0.65 [95%CI, 0.50–0.84];P= 0.001).An inpatientmortality benefitwas
observed for Native American patients (n=185; OR, 0.38 [95% CI,
0.15–0.93]; P= 0.034).

Conclusions: This study demonstrates a reproducible survival
benefit for Hispanic patients with Group 1 PAH in multiple clinical
settings. Our results implicate contributions of genetic ancestry to
differential survival in PAH.

Keywords: pulmonary arterial hypertension; Hispanic American;
Native American; survival; health disparities
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Pulmonary arterial hypertension (PAH) is
a rare disease characterized by pathological
obliterative remodeling of the pulmonary
vasculature resulting in increased
pulmonary vascular resistance (PVR), right
heart failure, and death (1). Despite a low
prevalence (2, 3), World Symposium of
Pulmonary Hypertension (WSPH) Group 1
PAH disorders are considered fatal with a
40% to 60% 5-year survival rate when
untreated (4, 5). Genetic studies in PAH
have also shown varying survival
associations with rare variant or common
genetic variant carriers (6). Preliminary
observations from a paucity of studies
have shown greater potential disease
severity and mortality rates in African
American (AA) patients (7–9). However, a
more recent study failed to show similar
trends (5). Racial differences in treatment
responses have also been described, with
reduced benefits observed for AA patients
(10). It is unclear whether these initial
observations in PAH based on
race/ethnicity may reflect pathophysiologic
differences; distinct disease phenotypes;
genetic differences; or racial disparities in
environment, socioeconomic status, and
access to care.

Although conflicting data are available
for AA populations, little is known about
Hispanic populations, the largest minority
group in the United States (11). Hispanic
patients are routinely unaccounted for or
underrepresented in national registries (12),
raising significant challenges in studying
disease predisposition and severity in this
population. Despite several investigations
of the influence of genetic variation in
European ancestry samples, such
investigations are not available in patients
with PAH who are admixed or non-
European (6, 13, 14). Based on small
sample sizes of minority representation in
individual institutional registries, we
determined the impact of race/ethnicity and
global genetic ancestry on mortality and

functional status in a relatively
homogenous population of idiopathic or
heritable (I/H) PAH cases from a
national sample repository, the PAH
Biobank. We then performed these analyses
across all Group 1 PAH cases, combining
three additional and independent cohorts,
including another smaller national sample
repository (Allegheny Health Network
[AHN] cohort) and two Hispanic-enriched
institutional registries (University of
Arizona [UA] cohort and Stanford
University Cohort). We next conducted a
meta-analysis of all four cohorts in PAH
and also evaluated the impact of
race/ethnicity on inpatient mortality in
idiopathic PAH (IPAH) cases from the
National Inpatient Samples (NIS) database.

Methods

All studies were Institutional Review Board–
approved at participating institutions and
were conducted in accordance with the
Declaration of Helsinki. Written informed
consent was obtained from all patients,
excluding those in the NIS database.
Detailed descriptions of cohorts,
genotyping, quality control, genetic
analyses, and statistical methodology are
available in EMethods in the online
supplement.

Participants

PAH biobank. Clinical data for participants
represented WSPH Group 1 PAH cases
defined as I/H PAH and were extracted from
the National Biological Sample and Data
Repository for PAH (www.pahbiobank.org)
(6, 15). In this cohort, patients were
recruited prospectively from 36 enrolling
centers and only adults older than 18 years
of age were included for this study from
2012 to 2018.

Supported by NIH–NHLBI, including HL136603 (A.A.D.), HL478946 (R.L.B.), and HL125208 (J.X.-J.Y. and F.R.). Data are from the National Biological Sample
and Data Repository for Pulmonary Arterial Hypertension, which receives government support under an investigator-initiated grant, R24 HL105333 (W.C.N.),
awarded by the NHLBI. Research was supported by NHLBI Award Number K01HL143137 (J.H.K.). The content is solely the responsibility of the authors and
does not necessarily represent the official views of the NIH. None of the external funders or sponsors had any role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; or decision to submit the manuscript for
publication.

Author Contributions: Conception and design of the work, the analysis and interpretation of data for the work, the drafting and revision of the manuscript, and
approval of final version to be published: J.H.K., T.-H.S.-A., and A.A.D. Conception and design of the work, the analysis and interpretation of data for the work,
critical revision of key intellectual content, and approval of final version to be published: H.W.W., B.N., A.J.S., A.A., K.B., M.W.P., J.G.N.G., J.X.-J.Y., R.K.,
V.d.J.P., R.T.Z., H.K.T., W.C.N., and R.L.B. Collection of data and assistance with processing and manuscript revision: A.C., V.N., H.E.S., J.B.G., J.Y., M.H.,
K.A.L., A.W.C., J.F., R.V., H.T., and F.R.

At a Glance Commentary

Scientific Knowledge on the
Subject: Limited information is
available on racial/ethnic differences in
disease presentation and outcomes in
pulmonary arterial hypertension
(PAH), particularly in Hispanic
patients. Despite comprehensive
investigations of the influence of
genetic variation in European ancestry
samples, the impact of race/ethnicity
and global genetic ancestry on
mortality, functional status, and
disease severity in Group 1 PAH cases
is not well studied.

What This Study Adds to the Field:
This study reports a comprehensive
evaluation of race, ethnicity, and
admixture in Group 1 PAH, made
possible by national repositories of
patients with PAH with genome-wide
data. We detail influences of self-
reported race/ethnicity, genetically
defined race/ethnicity, and ancestry on
all-cause mortality in Hispanic and
African American populations across
five cohorts. This study demonstrates a
reproducible survival benefit for
Hispanic patients with group 1 PAH
in multiple clinical settings. Our
results suggest that survival
benefit is influenced by ancestral
proportions. Our observation of
improved survival in Hispanic
patients emphasizes the need for well-
powered studies evaluating the
influence of ancestry and admixture on
clinical outcomes. Our results reinforce
the presence of racial/ethnic disparities
in PAH, suggesting that these
disparities are due in part to genetic
differences between race/ethnic
groups.
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AHN cohort. Patients with WSPH
Group 1 PAH treated with an endothelin
receptor antagonist were enrolled
prospectively between 2007 and 2010
from 45 U.S. and Canadian pulmonary
hypertension centers or retrospectively
from global sites participating in the
STRIDE (Sitaxsentan To Relieve Impaired
Exercise) trials (16, 17). Sites enrolling patients
prospectively were instructed to conform to
the standard definition of PAH described at
that time by the 2007 Venice classification
clinical guidelines. Detailed descriptions of this
cohort are available (see EMETHODS) and have
been previously described (18).

UA cohort. Patients in this registry
included all WSPH Group 1 PAH cases
enrolled at the UA pulmonary hypertension
clinic from 2011 to 2016.

Stanford cohort. Adults with newly
diagnosed WSPH Group 1 PAH were
prospectively enrolled at Stanford University
from 2008 to 2017. Incident Group 1 PAH
cases were treatment-naive with no formal
PAHdiagnosis preceding referral. All incident
PAH cases were then hemodynamically
confirmed. Detailed descriptions of this
cohort are available (see EMETHODS).

NIS database. The NIS database is a
Healthcare Utilization Project database,
representing a random, 20% stratified
sample of all inpatient hospitalizations from
approximately 1,000 nonfederal hospitals
in 46 states (representing .97% of the
total U.S. population) and includes
approximately 7 to 8 million
hospitalizations per year. We identified all
patients from January 1, 2007, to December
31, 2016, with a primary discharge
diagnosis of IPAH using an International
Classification of Diseases, Ninth Revision
(ICD-9) primary diagnosis code of 416.0
and ICD-10 primary diagnosis code of I27.0
(19). For each discharge record with a
primary diagnosis of PAH, we obtained age,
sex, race/ethnicity, inpatient length of
hospitalization, inpatient mortality,
Elixhauser comorbidities, and the
Elixhauser comorbidity index previously
validated in administrative databases (20).

Definitions of Race/Ethnicity and
Genetic Admixture
Primary analyses related to PAH outcomes
and indices of severity used self-reported
race/ethnicity. Participants reporting race as
white with no Hispanic ethnicity or AA with
no Hispanic ethnicity were considered to be
non-Hispanic white (NHW) patients or

non-Hispanic AA patients, respectively.
Patients reporting Hispanic ethnicity were
considered Hispanic regardless of race.

In sensitivity analyses, principal
components analysis (PCA) was used to
determine genetically defined race/ethnicity
in samples in which genomic data were
available. Genome-wide array data were
acquired for the PAH Biobank using the
Illumina HumanOmni5-QUAD BeadChip
and the AHN cohort data were acquired
using the Illumina Omni Express array.
Individuals belonging to African, European,
admixed (Hispanic), and Asian ancestry
groups were manually identified using the
first two principal components alongside
1000 Genomes Project reference samples
(21). Because Hispanic ethnicity represents
a combination of genetic, environmental,
and sociocultural factors, individuals were
only categorized as Hispanic using PCA if
they also self-reported as Hispanic.
Proportions of African, European, and
Native American or East Asian ancestry
were generated using ancestry-informative
markers input into STRUCTURE with
three subpopulations (k= 3) using reference
samples from the 1000 Genomes Project
(21, 22). Estimation of global ancestral
proportions did not have sufficient
resolution to distinguish between Native
American and East Asian ancestry. Asian
ancestral proportions were assumed to
represent Native American ancestry based
on prior observations in Hispanic
populations (23–25). Identity-by-descent
analysis was performed on combined PAH
Biobank and AHN cohort data to exclude
patients enrolled in both biorepositories
(n= 45) from the analysis.

Statistical Analysis
All-cause, transplant-free mortality was
used as the primary endpoint in survival
analyses in all four registries (see EMETHODS

and Table E1). Adjusted Cox proportional
hazards regressions, Kaplan-Meier estimates,
and logrank tests were used to estimate
effects of self-reported race/ethnicity,
PCA-based race/ethnicity, and ancestry
proportions on all-cause, transplant-free
mortality. Multivariable linear regressions
were also performed for association of
self-reported race/ethnicity and ancestry
proportions with PVR and 6-minute-walk
distance. All Cox and linear regressions
were adjusted for age, sex, use of prostacyclin
analogs, and log (PVR). PVR was transformed
to its natural logarithm and used in all

models (except models in which PVR was
the dependent variable) to adjust for
hemodynamics at the time of enrollment,
and to account for its significant and
consistent difference across race/ethnic
groups in our cohorts (26, 27). We adjusted
for prostacyclin analog use based on
differences in use across race/ethnic groups
in our cohorts and its significant effects on
PAH severity and mortality (15, 28–31).
The Stanford cohort analyses did not adjust
for prostacyclin use because these newly
diagnosed patients were treatment-naive. In
all analyses of race/ethnicity, Hispanic and
AA patients were compared with NHW
patients as the reference group. Sensitivity
analyses with survival time from diagnostic
right heart catheterization to enrollment
were performed to account for left truncation
of survival data. A sensitivity analysis was
also performed excluding patients with BMPR2
(bone morphogenetic protein receptor
type 2) mutations to account for increased
mortality in familial PAH (32–34).
Meta-analysis of Cox proportional hazards
regression was performed using the rmeta
package in R (version 2.16). A validation
meta-analysis was performed combining
three of the cohorts (AHN, UA, and Stanford)
to validate observations in the PAH Biobank.
A global meta-analysis was also performed
that combined all four cohorts (PAH Biobank,
AHN, UA, and Stanford). Fixed effects models
were used when the test of heterogeneity
among studies was nonsignificant and
inverse SE was used as a weight for each
study. NIS data were not incorporated into
meta-analysis because the analysis of NIS
data used logistic regression rather than
survival analysis and because of differences
in the registry-based and inpatient-specific
mortality outcomes. An a-level of 0.05
was used for statistical significance.

NIS database. National estimates for
total number of discharges with primary
diagnosis of IPAH from 2007 to 2016 were
generated from the NIS database using
prespecified weights and published
Healthcare Utilization Project methods (35).
Nationally weighted PAH population data
were used to compare racewise distribution
of patients in terms of their age, sex,
frequency of comorbidities, length of
hospital stay, and all-cause inpatient
mortality. Multivariable logistic regression
analysis was performed to determine
association between race/ethnicity and
inpatient mortality after adjustment for age,
sex, and Elixhauser comorbidity index.
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Results

A total of 2,515 Group 1 PAH cases
were identified from the PAH Biobank
(n= 1,326), the AHN cohort (n= 822),
the UA cohort (n= 164), and the
Stanford cohort (n= 203). This total
included 1,970 NHW patients, 255 AA
patients, and 290 Hispanic patients.
Characteristics of the PAH Biobank and
AHN cohorts are presented in Table 1. In
all four cohorts, the majority of patients
were female and patients with Hispanic
ethnicity were younger than other
race/ethnic groups (see Tables E2–E5).
Prostacyclin use was lowest among
Hispanic patients. Hispanic patients had
the highest mean pulmonary arterial
pressure (mPAP) and PVR on average, and
AA patients had the lowest average mPAP
and PVR. AA patients had the lowest
average 6-minute-walk distance. Estimated
ancestral proportions were consistent with
proportions expected for self-reported
race/ethnicity categories (Figure 1).
Detailed descriptions of estimated
proportions of ancestry are available
(see ERESULTS).

Influence of Race/Ethnicity on
Mortality in PAH Registries
Significant logrank tests for survival by
race/ethnicity were observed for the PAH
Biobank and the AHN cohort (Figure 2).

Although individual cohorts lack sufficient
numbers of minority subjects for survival
analyses, we observed a significant
mortality benefit with self-reported
Hispanic ethnicity in a homogenous
cohort of patients with I/H PAH from
the PAH Biobank (hazard ratio [HR],
0.46 [0.21–0.99]; P = 0.049) (Figure 3A).
This mortality benefit for Hispanic
patients extended to broader Group 1
PAH cases and was validated in a
validation meta-analysis of three
independent cohorts from the AHN,
UA, and Stanford cohorts (HR, 0.65
[0.42–0.99]; P = 0.049) (see Figure 3B).
Finally, a global meta-analysis of all four
cohorts (PAH Biobank, AHN, UA, and
Stanford) indicated a strong mortality
benefit for self-reported Hispanic
patients (HR, 0.60 [0.41–0.87]; P = 0.008)
(see Figure E1).

Significant results were consistently
observed in sensitivity analyses, including
analyses accounting for left truncation,
excluding BMPR2 mutation carriers, and
using PCA-defined race/ethnicity (see
ERESULTS and Figure E2). AA patients did
not have significantly different survival
versus NHW patients in the PAH Biobank
or the AHN cohort. Results from the
ancestry meta-analysis suggested that the
observed mortality benefit in Hispanic
patients may partly be due to decreased
mortality with increasing Native

American ancestry (HR, 0.48 [0.23–1.01];
P= 0.053), although this did not reach
statistical significance. No significant
associations were observed between
European or African ancestry and
mortality. Detailed descriptions of
sensitivity analyses, survival analyses for
proportions of ancestry, and the influence
of race/ethnicity and admixture on
hemodynamics and functional outcomes
are available (see Tables E6 and E7, and
ERESULTS).

Influence of Race/Ethnicity on
Mortality in the NIS Database
In the NIS database, which was not included
in meta-analyses, 8,829 NHW, 2,628 AA,
1,524 Hispanic, 403 Asian, and 185 Native
American patients with Group 1 PAH were
identified. Consistent with the registry
databases, the majority of patients were
female and patients with Hispanic ethnicity
were younger than other race/ethnic groups
(see Table E8). In the NIS database,
Hispanic patients showed a marked
mortality benefit versus NHW patients
(odds ratio [OR], 0.65 [0.50–0.84];
P= 0.001) during inpatient stay (Figure 4).
AA patients had increased mortality versus
NHW patients (OR, 1.22 [1.04–1.43];
P= 0.014) and a similar trend was observed
with Asian patients (OR, 1.40 [1.00–1.97];
P= 0.051). A significant protective effect
was also observed in Native American

Table 1. Demographic, Clinical, and Hemodynamic Characteristics by Self-reported Race/Ethnicity

Variable

PAH Biobank AHN Cohort

Non-Hispanic White
(n= 1,039)

Non-Hispanic
AA (n=158)

Hispanic
(n= 129)

Non-Hispanic White
(n= 656)

AA
(n= 97)

Hispanic
(n=69)

Age, yr 53618 526 17 42616 526 16 51614 366 11
Sex, F 786 (76) 134 (85) 111 (86) 523 (79) 90 (93) 60 (87)
Prostacyclin analogs 284 (27) 34 (22) 24 (19) 87 (13) 19 (20) 3 (4)
Ancestry estimates*, %
African 0.01 0.82 0.07 0.02 0.82 0.02
European 0.97 0.16 0.58 0.97 0.17 0.50
NA 0.02 0.02 0.36 0.02 0.01 0.47

mRAP, mm Hg 9.2765.65 10.26 5.91 9.8767.97 8.666 5.29 10.4168.04 10.096 12.34
mPAP, mm Hg 52.2614.1 47.76 13.6 56.1615.8 51.26 16.9 45.8615.2 66.06 20.0
PCWP, mm Hg 10.163.99 10.36 3.79 9.3463.34 10.526 5.22 10.9164.48 8.946 4.16
Cardiac index, L/min/m2 2.5261.26 2.346 0.93 2.1260.72 2.616 1.34 2.3960.69 3.176 1.41
PVR, WU 10.9366.54 10.26 6.40 13.668.12 10.916 6.80 8.5865.25 14.326 9.55
6MWD, m 3566138 3316 114 378699 3536 128 2976107 3116 96

Definition of abbreviations: 6MWD=6-minute-walk distance; AA=African American; AHN=Allegheny Health Network; AIMs= ancestry-informative
markers; mPAP=mean pulmonary arterial pressure; mRAP=mean right atrial pressure; NA=Native American; PAH=pulmonary arterial hypertension;
PCWP=pulmonary capillary wedge pressure; PVR=pulmonary vascular resistance; WU=Wood units.
Continuous data are presented as mean6SD, and categorical variables are presented as n (%) unless otherwise specified.
*Ancestry estimates were generated using AIMs input into STRUCTURE using HapMap reference populations.
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patients versus NHW patients (OR, 0.38
[0.15–0.93]; P= 0.034).

Discussion

We report the first comprehensive
characterization and meta-analysis of
Group 1 PAH, including ancestral

contributions and outcomes across
racial/ethnic populations in the United
States. Our major finding was a reduction in
mortality in Hispanic patients in a meta-
analysis of four independent cohorts
comprising two national and two Hispanic-
enriched institutional registries across both
outpatient and inpatient settings. This
survival advantage was observed in both

homogenous I/H PAH cases, as well as in a
mixed Group 1 PAH population. This
mortality benefit persisted when heritable
PAH cases were excluded and was also
consistent across self-reported and
genetically defined (PCA-based)
race/ethnicity. Hispanic patients
demonstrate this survival advantage despite
exhibiting increased PVR. This conflicting
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Figure 1. Proportions of African, European, and Native American ancestry were generated in the (A) Pulmonary Arterial Hypertension Biobank and the (B)
Allegheny Health Network cohort using ancestry informative markers input into STRUCTURE with three subpopulations (k=3) using 1000 Genomes
reference populations. Each observation is positioned within the triangle, reflecting the combined estimate for percentage of African, European, and Native
American ancestry. Color for each dot indicates self-reported race/ethnicity. Confidence intervals (50%, 95%, and 99%) for percentage of ancestry by self-
reported race/ethnicity were calculated using the Mahalanobis distance in R. (C) Combined Pulmonary Arterial Hypertension Biobank and Allegheny
Health Network cohorts are overlaid with magnitude of pulmonary vascular resistance (PVR). In adjusted regressions, increased PVR was associated with
Native American ancestry and decreased PVR was associated with African ancestry. AAs=African American patients.

ORIGINAL ARTICLE

Karnes, Wiener, Schwantes-An, et al.: Pulmonary Arterial Hypertension in Diverse Populations 1411



observation may partly arise from a
high contribution of Native American
race/ethnicity in Hispanic patients relative
to other race/ethnic groups, although the
ancestry analysis did not reach statistical
significance. Consistent with a possible
survival advantage with Native American
ancestry in the national PAH registries, an

inpatient mortality benefit was also observed
for Native American patients.

Hispanic patients experienced a
reproducible survival benefit in the current
study. Differences in mortality are observed
in the context of the younger Hispanic
population, which may partly explain the
natural ability to better tolerate increased

hemodynamic burden. However, our
survival analyses remained significant after
adjustment for age, underscoring age-
independent observation and effects.
Although socioeconomic differences
between race/ethnic groups, including
access to both health care and PAH
medications, might also contribute to
differences in outcomes in Hispanic patients
(15), the current study observed a
significant mortality benefit in Hispanic
patients despite reduced prostacyclin use.
Notably, prostacyclin use was assessed at
baseline in all cohorts in the current study
and the effects of time-varying covariates
related to drug use or hemodynamics
remain unknown. These data are consistent
with previous reports of the “Hispanic
paradox,” referring to longer Hispanic
survival despite a high prevalence of
cardiovascular disease risk factors and
lower average socioeconomic status.
(36, 37) The paradox has previously been
observed in a variety of cardiovascular
diseases and has been suggested to arise
from racial differences in access to care,
adherence, adequacy of follow-up, dietary
habits, and social support; or from the
theory of acculturation. Our results suggest
that the mortality benefit for Hispanic
patients in PAH may be partly attributed to
genetic admixture, including increased
Native American ancestry.

Hispanic individuals are generally
considered to be genetically admixed, being
made up genetically of varying proportions
of European, Native American, and African
ancestry (23, 38, 39). Genetic admixture is
the result of interbreeding among
genetically distinct populations. In our
analysis of PCA-based race/ethnicity and
estimated ancestral proportions, we
evaluated the effect of genetically defined
ancestry and proportions of ancestry on
mortality in Group 1 PAH. Although PCA-
based race is an objective measure of
genetic diversity, categorizations are not
always accurate, meaningful, or even
possible, especially for admixed groups.
Self-reported Hispanic ethnicity represents
a combination of genetic, environmental,
and sociocultural factors. Although self-
reported race/ethnicity might introduce
misclassification from a genetic standpoint,
it has the potential to capture a host of
sociocultural factors such as diet, lifestyle
choices, and healthcare practices. In our
analyses of genetic admixture, increasing
Native American ancestry seemed to
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Figure 2. Kaplan-Meier curves for all-cause mortality by race/ethnicity in the (A) Pulmonary Arterial
Hypertension Biobank and the (B) Allegheny Health Network cohort. Survival was calculated from
enrollment up to date of death or censoring. In the Pulmonary Arterial Hypertension Biobank, January
1, 2018, was used as the date of censoring. In the Allegheny Health Network cohort, if a specific date
for last contact was not recorded, the date December 19, 2014, was used as the censoring date.
Logrank tests were performed for differential survival between race/ethnic groups. Kaplan-Meier
curves were stopped when 10% of the original number at risk remained. AAs=African American
patients; no. = number.
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account for a portion of the survival benefit
in Hispanic patients and this was further
supported by the analysis in the NIS
database. An important limitation of
the NIS database is the potential for
misclassification associated with use of
diagnostic codes. However, we used
published ICD definitions designed to
reduce misclassification (19, 40). Although
genetic variability specific to Native
American populations may provide a

survival advantage, our observations
might also have been due to the various
sociocultural factors captured by self-report
of Hispanic ethnicity.

A prior study in a large prospective
cohort of healthy Hispanic patients without
pulmonary hypertension and non-Hispanic
populations revealed significantly
increased right ventricular (RV) mass
measured by cardiac magnetic resonance
imaging in Hispanic patients compared

with non-Hispanic patients (41). Whether
these differences reflect adaptive versus
maladaptive remodeling is unknown, but
structural adaptations of the right ventricle
in PAH are known to have prognostic
significance, including RV mass (41–47).
Although the current study did not evaluate
RV mass, we speculate that the baseline RV
mass differences reflect an ability to
generate more efficient RV power and
function during PAH development and
contribute to mortality benefits seen in
Hispanic patients with PAH.

Although we consider the use of a
discovery PAH Biobank cohort followed by
validation with three independent cohorts in
our meta-analysis as a strength, the current
study remains limited in terms of samples
size and highlights the need to evaluate long-
term outcomes and survival in larger
cohorts of minority populations with PAH.
Because of small numbers, for example, we
were unable to investigate associations with
Asian race. We also recognize that self-
reported race/ethnicity categories are based
on ancestral genomic backgrounds, as well
as social/cultural factors, and both factors
may have influenced PAH severity.
Although these data were adjusted for
hemodynamics, data for socioeconomic
differences, clinical practice and treatment
patterns, and referral patterns were not
available for the current study. Because a
majority of patients exhibited longer lead-in
times (from diagnosis to enrollment) than
survival times, we performed a sensitivity
analysis to account for left truncation time.
In addition, results for inpatient mortality,
which is less susceptible to left truncation,
were consistent with the primary analysis.

Conclusion
We report a comprehensive evaluation of
race, ethnicity, and admixture in Group 1
PAH, made possible by large national
repositories and minority-enriched centers
of patients with PAH. We detail influences
of self-reported race/ethnicity, PCA-based
race/ethnicity, and genetic ancestry
across all-cause mortality, right heart
catheterization measures, and functional
status in Hispanic and AA populations
across four cohorts. For patients with Group
1 PAH, this study demonstrates a
reproducible survival benefit for Hispanic
patients in multiple clinical settings. Our
results suggest that survival benefits are
influenced by Native American
race/ethnicity, although this finding did not

A Self-reported race/ethnicity in the PAH Biobank

Source HR (95% CI)

HR (95% CI)

PAHB 0.46 (0.21–0.99)
P-value = 0.049

Increased MortalityDecreased Mortality

Hazard Ratio (95% CI)
0.2 0.5 1.0 2.0 5.0

B Meta-analysis of AHN, UA, and Stanford cohorts

Source

AHN 0.631 [0.337; 1.182]

0.492 [0.146; 1.657]

0.726 [0.359; 1.470]

0.645 [0.416; 0.999]

UA

Stanford

Total
Heterogeneity: 2

2 = 0.30 (P = .86), I2 = 0%

Test for overall effect: z = –1.97 (P = .049)

Reduced Mortality Increased Mortality

Hazard Ratio
0.2 0.5 1 2 5

Figure 3. All-cause mortality hazard ratios for self-reported race/ethnicity in the (A) Pulmonary Arterial
Hypertension (PAH) Biobank and in (B) validation meta-analysis of the AHN, UA, and Stanford
cohorts. Cox proportional hazards regression for all-cause mortality was performed in idiopathic PAH
(PAH Biobank) and patients with Group 1 PAH (AHN, UA, and Stanford cohorts), adjusted for age,
sex, prostacyclin use, and log (pulmonary vascular resistance). The Stanford cohort analyses did not
adjust for prostacyclin use because these newly diagnosed patients were treatment naive. Patients
with Hispanic ethnicity were compared with non-Hispanic white patients. Meta-analysis of Cox
proportional hazards regression used a fixed effects model, and inverse SE was used as a weight for
each study. AHN=Allegheny Health Network; CI = confidence interval; HR=hazard ratio;
PAHB=Pulmonary Arterial Hypertension Biobank; UA=University of Arizona.

Race/Ethnicity

African American

Native American

Hispanic

Asian

Decreased Mortality Increased Mortality

Odds Ratio (95% CI)
0.6 0.8 1 1.2 1.4 1.6 1.8

1.22 (1.04–1.43)

0.68 (0.50–0.93)

0.65 (0.50–0.84)

1.40 (0.99–1.97)

OR (95% CI)

Figure 4. Odds ratios for inpatient mortality in race/ethnic groups versus non-Hispanic white
patients. Logistic regression for all-cause inpatient mortality was performed in patients with
pulmonary arterial hypertension (adjusted for age, sex, and Elixhauser comorbidity index). Non-
Hispanic white patients served as the reference group and were compared with non-Hispanic African
American, Hispanic, non-Hispanic Asian, and Native American patients. CI = confidence interval;
OR=odds ratio.
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reach statistical significance in the ancestry
analysis. Our observation of improved
survival in Hispanic patients emphasizes the
need for well-powered studies evaluating the
influence of ancestry and admixture on
clinical outcomes. Our results reinforce the
presence of racial/ethnic disparities in PAH
and suggest that these disparities are due in

part to genetic differences between
race/ethnic groups. n
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