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Health disparities have a major impact in the quality of life and level of clinical care 
received in minority populations in the United States. Underrepresented patients 
with pulmonary arterial hypertension (PAH) may be at risk for worse outcomes. 
Furthermore, advances in biomedical research have provided extensive knowledge on 
the genetic role in the pathogenesis of PAH but whether these also impact minori-
ties is incompletely understood. Health disparities in patients with PAH create an 
enormous barrier in health care delivery. Understanding the contributors to health 
disparity represent a fundamental step towards personalized medicine and further 
improvement in PAH care.

INTRODUCTION
Health care delivery disparities are an 
important consideration for any disease 
process, as they significantly impact 
quality of life and outcomes for mi-
norities.1 Health disparities are defined 
as significant differences in health care 
that are closely linked to racial ancestry, 
social, economic, and/or environmental 
differences.2 Today, in the United States, 
nearly 36% of the population belongs to 
a racial or ethnic minority group, with 
this figure likely to increase over the 
coming years.

Pulmonary arterial hypertension 
(PAH) is a cardiopulmonary process 
resulting in right heart failure from 
elevated pulmonary artery pressures that 
predominantly affects women and has a 
median survival of 3 years without treat-
ment.3 PAH is an interesting disease to 
evaluate through the lens of health care 

disparity, as it is rather less common 
than other cardiovascular diseases but 
still has a high mortality.4 Still, the ex-
tent of how health disparity affects PAH 
diagnosis and treatment is understudied.

Information currently available at this 
intersection is largely from historical 
cohort studies using registries. Such 
investigations have demonstrated that 
age, sex, race/ethnicity, country of origin, 
medical treatments, and socioeconomic 
status (SES) may be associated with spe-
cific types of PAH, response to therapy, 
and survival. The scope of this article 
is to summarize health disparities that 
exist with PAH, and to shed light on 
possible areas for improvement.

RACE/ETHNICITY AND PAH
Racial differences in the manifestations 
of various respiratory disorders have 
been well documented and it has been 

suggested that it leads to health care de-
livery disparities.5 Still, there is a paucity 
in the literature of studies describing 
the impact of race on the prevalence and 
etiology of pulmonary hypertension. The 
study of race as it relates to pulmonary 
hypertension is made particularly dif-
ficult because pulmonary hypertension 
registries lack adequate representation of 
different races/ethnicities. For instance, 
when compared to the demographics of 
the general population, the demograph-
ics of patients in the registry to evaluate 
early and long-term PAH disease man-
agement (REVEAL) are quite differ-
ent. African Americans are relatively 
overrepresented in the registry (with 
a prevalence of 12.2% versus 10.9% in 
the general population). Meanwhile, 
Hispanics are underrepresented (with a 
prevalence of 8.9% versus 11.5% in the 
general population).6

More recently the Pulmonary Hyper-
tension Association (PHA) registry has 
been assessing the adherence to guide-
lines, treatment patterns, quality of life, 
and outcomes of patients with PAH and 
chronic thromboembolic pulmonary hy-

Key Words——health disparities, pulmonary arterial hypertension, socioeconomic status, race, sex
Correspondence: arunabh@northwell.edu
Disclosure: The authors have no conflicts of interest.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



adph-21-02-01  Page 31  PDF Created: 2022-6-17: 11:00:AM

	 Advances in Pulmonary Hypertension	 Volume 21,  Number 2; 2022	 31

pertension who begin their care at pul-
monary hypertension centers accredited 
by the PHA for their track record in 
the care of patients with PAH; self-re-
ported race/ethnicity, primary language 
spoken at home, and various individual 
indicators of SES are also collected in 
this registry. The data from this registry 
suggest that health-related quality of life 
appears to correlate with socioeconomic 
measures like education status, and also 
the clinical PAH measures like right 
atrial pressure and pulmonary vascular 
resistance.7

High pulmonary artery systolic pres-
sure in heart failure patients is known to 
be a significant risk factor for hospital-
ization.8 Interestingly, racial disparities 
exist within this metric. In 2017, the 
CARDIA study found an association 
between Black race and higher echo-
cardiographically recorded pulmonary 
artery systolic pressure.9 Additionally, 
a study by Yang et al.10 showed that, 
after controlling for clinicodemographic 
covariates, African Americans were as-
sociated with a 41% greater risk for PH 
than Caucasians. The authors further 
noted that African American patients 
with PAH were typically younger, and 
had a higher rate of heart failure, more 
severe pulmonary hemodynamics, and 
more prevalent cardio-metabolic/re-
nal disease than Caucasians. However, 
Medrek et al.11 have reported that, based 
on their analysis of the REVEAL reg-
istry, race/ethnicity is not a significant 
predictor of mortality in PAH. These 
contradictory findings merit further 
investigation.

Connective tissue disorder disease–
associated PAH is one subgroup that 
shows clear differences in presentation 
between races/ethnicities.12 Scleroder-
ma-associated PAH (SSc-PAH) is most 
common connective tissue disorder 
associated with pulmonary hypertension 
(with a prevalence of 5%-12%).13 There 
is a suggestion that scleroderma-as-
sociated PAH patients tend to be less 
responsive to therapy and have a worse 
prognosis than patients with other 
types of PAH.14 A retrospective study 
by Moore et al.15 found that African 
American scleroderma patients have 
more severe pulmonary hypertension 
and more severe cardiac involvement 

than non–African American patients. 
It has also been reported that Hispanic 
patients are more likely to have por-
topulmonary hypertension.16

Recent investigations suggest that 
there may be significant differences 
in health care delivery between rac-
es. Parikh et al.17 demonstrated that 
adjustment for insurance status dampens 
the association of race with survival for 
those with PAH. Al-Naamani et al.16 
reported that Hispanics are less likely to 
be treated with PAH-specific medica-
tion regimens. In addition, Valverde et 
al.18 analyzed local epidemiological data 
of PAH in Latin America and found 
that the percentage of idiopathic PAH 
patients in Latin America is higher 
compared to European studies and the 
REVEAL registry.

The relationship between race/eth-
nicity and PAH disease presentation 
needs to be studied further. It has been 
suggested that Black and Hispanic 
patients have more severe disease at the 
time of presentation.19,20 Though the 
exact reason for this remains unclear, 
many factors have been proposed for 
this observation. For instance, impaired 
nitric oxide balance in Black popula-
tion may predispose this population to 
vasculopathy.21 Other investigators have 
suggested structural differences in the 
pulmonary vasculature between different 
races. Kawut et al.22 proposed that right 
ventricular mass is lower in African 
Americans than in Whites. Ventetuolo 
et al.,23 on evaluation of 463 single-nu-
cleotide polymorphisms in 10 candidate 
genes in 2761 genotyped participants, 
found that polymorphisms in the gene 
CY1P1B1 were associated with the dif-
ferences in the right ventricular ejection 
fraction (RVEF) in Black women. The 
study also found race-specific differenc-
es in the relationship between urinary 
estrogen metabolites and RVEF: though 
there was no relationship in Black and 
Chinese American populations, there 
was a positive correlation between es-
trogen metabolites and RVEF in White 
patients.23

The response to PAH-directed ther-
apy is also heterogeneous and may, to 
some extent, be related to race. Data to 
support this assertion exist for the endo-
thelin pathway. It has been demonstrat-

ed that Black patients had increased cir-
culating levels of endothelin-1 compared 
with white patients.24 The cytochrome 
P450 pathways, which are an important 
factor in at least endothelin receptor 
blockers, show a significant racial varia-
tion and could help explain the differ-
ences in response to these medications.25 
These findings underscore the impor-
tance of population-based investigations 
to better understand PAH genotypes in 
various ethnicities and races.

SES AND PAH
The interplay between SES and popula-
tion health is clear. To some extent, SES 
dictates the type of insurance patients 
have 26 and may therefore be reflective 
of a patient’s ability to follow up with 
physicians.27 Still, of all the measured 
demographics in health care today, SES 
is often unreported.28 SES particularly 
has a measurable and significant effect 
on cardiovascular health. This is true 
even more so for disadvantaged individ-
uals who have many biological, behav-
ioral, and psychological risk factors.29

Talwar et al.30 evaluated patients with 
PAH using their home zip code as a 
surrogate for SES. There was an inverse 
correlation between functional class at 
the time of initial evaluation and house-
hold income.30 One possible explanation 
for severe disease at initial presentation 
and delayed diagnosis in lower SES 
individuals is that these individuals may 
have significant barriers to access health 
care. This presents a problem specifi-
cally for PAH, which requires referral 
to a specialist center and a right-heart 
catheterization for diagnosis.

Similarly, Wu and colleagues31 showed 
that lower SES (as measured by educa-
tional level, annual household income, 
occupation, and medical reimbursement 
rate) was associated with a higher risk 
of clinical worsening and mortality for 
patients with idiopathic PAH. These 
findings were independent of hemo-
dynamics, demographic variable, and 
medical treatment characterstics.

A study by Jin et al.32 stratified 
patients with connective tissue disor-
der–associated PAH based on SES. 
The study found that connective tissue 
disorder–associated PAH patients with 
low SES had a much lower 5-year sur-
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vival than patients with middle or high 
SES (75.7% versus 81.4% versus 87.9%, 
respectively). These results are consis-
tent with those found by Moore et al.,15 
who reported that the hazard of death 
for patients with scleroderma decreased 
by 15.5% for every additional $10,000 
of household income (independent of 
race). Examination of SES in systemic 
sclerosis suggests that higher wealth and 
more equitable access to health care ser-
vices may mitigate increased mortality 
attributable to specific ethnic groups.33

Current guidelines and management 
algorithms do not factor the effect of 
SES on the disease process. However, 
from the emerging data it is evident 
that SES plays an important role in 
health-related quality of life and clinical 
outcomes. It will be worthwhile to pay 
more attention to SES as a major vari-
able in research studies, as it will help 
identify vulnerable patients with risk 
factors that are unique to underrepre-
sented minorities in the United States.4 
This also argues for a push towards 
greater inclusion of different races/eth-
nicities in various clinical trials of PAH, 
as is true for a multitude of other disease 
states as well.34 There are many reasons 
as to why underrepresented minori-
ty patients do not participate in trials 
including lack of access to trials and lack 
of education about the purpose of clini-
cal trials.35 Language barriers also often 
preclude minority patients from partic-
ipating in trials. However, such issues 
are easily surmountable and should be 
resolved so that future trials in clinical 
medicine provide adequate representa-
tion to underrepresented minorities.36

SEX, AGE, AND GENETIC 
CONTRIBUTORS TO HEALTH 
CARE DISPARITIES IN PAH
Sex disparities in PAH cannot be 
ignored. Although PAH predominantly 
affects females (females are 1.8 times 
more likely to be affected by PAH 
relative to their male counterparts)6 
they remain underrepresented in clinical 
research.37 Sex also has an effect on sur-
vival; it is well established that females 
with PAH have better survival compared 
to males. Interestingly, the survival 
benefit for females appears to decline 
with age38 and correlates with declines 

in estradiol levels.39 The discrepancy in 
incidence and outcomes in men/women 
is commonly referred to as the PAH-es-
trogen paradox.

According to Ginoux et al.,40 the 
patient age at time of diagnosis of PAH 
is increasing. They reported that com-
pared to young patients, elderly patients 
have a longer time to diagnosis, more 
comorbidities, worse New York Health 
Association functional class, and a worse 
prognosis. When compared with younger 
patients, very elderly patients have a lon-
ger delay in access to a regional referral 
center for pulmonary hypertension.40 It is 
also known that patients 65 years of age 
or older have the worst prognosis.41,42

Personalized medicine, also known 
as individualized medicine, is a rap-
idly emerging field in which medical 
treatments are tailored to an individu-
al’s genomic characteristics in order to 
provide more targeted interventions for 
patient care.43 While the pathophysio-
logic cascade in PAH is not completely 
understood, there have been many 
advances in the molecular pathways that 
contribute to the pathology. To date, it 
has been established that certain genes 
contribute to hereditary PAH (particu-
larly bone morphogenic protein receptor 
type II).44,45 Other genes that may be in-
volved include endoglin,46 caveolin-1,47 
potassium channel two pore domain 
subfamily K member 3,48 and eukary-
otic translation initiation factor 2α 
kinase 4.49 PAH susceptibility has been 
linked to common variants of genes 
encoding prostacyclin and endothelin-1 
pathways,50,51 calcium signaling,52 sex 
hormone metabolism,53 and the endosta-
tin gene.54 Most of these pathways have 
not been studied under paradigms that 
include minorities and therefore may 
have inherent selection bias.55

CONCLUSION
Disparities certainly exist in health care 
delivery in the context of PAH. Recent 
investigations have revealed associations 
between genetics, sex, age, race, SES, and 
PAH outcomes. Understanding the con-
tributions of these factors, as well as the 
broader context of health care delivery, 
represent a fundamental step towards 
personalized medicine and further im-
provement in PAH care.

For future research into PAH, inte-
gration of SES into the traditional risk 
prediction models may allow improved 
management of individuals with high 
risks for this disease. Education of phy-
sicians and other health care providers 
facilitating PAH awareness, addressing 
cross-cultural training, and recognizing 
the risk factors associated with differ-
ent races, sexes, etc. is crucial.4 Lastly, 
refocusing health care laws that advocate 
for minorities is important.

References
1.	 Galie 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): 
Endorsed by: Association for European 
Paediatric and Congenital Cardiology 
(AEPC), International Society for Heart and 
Lung Transplantation (ISHLT). Eur Respir J. 
2015;46(4):903-975.

2.	 Celedon JC, Roman J, Schraufnagel DE, 
Thomas A, Samet J. Respiratory health 
equality in the United States. The American 
Thoracic Society perspective. Ann Am Thorac 
Soc. 2014;11(4):473-479.

3.	 D’Alonzo GE, Barst RJ, Ayres SM, et al. 
Survival in patients with primary pulmonary 
hypertension. Results from a national 
prospective registry. Ann Intern Med. 
1991;115(5):343-349.

4.	 Talwar A, Garcia JGN, Tsai H, et al. Health 
disparities in patients with pulmonary 
arterial hypertension: a blueprint for action. 
An Official American Thoracic Society 
statement. Am J Respir Crit Care Med. 
2017;196(8):e32-e47.

5.	 Rathore SS, Krumholz HM. Differences, 
disparities, and biases: clarifying racial 
variations in health care use. Ann Intern Med. 
2004;141(8):635-638.

6.	 Frost AE, Badesch DB, Barst RJ, et al. The 
changing picture of patients with pulmonary 
arterial hypertension in the United States: 
how REVEAL differs from historic and 
non-US contemporary registries. Chest. 
2011;139(1):128-137.

7.	 Zamanian RT Badesch D, Bull TM, et 
al. Determinants of health related quality 
of life in PAH: data from the Pulmonary 
Hypertension Association Registry. Am J 
Respir Crit Care Med. 2017;195:A6895.

8.	 Choudhary G, Jankowich M, Wu WC. 
Elevated pulmonary artery systolic pressure 
predicts heart failure admissions in African 
Americans: Jackson Heart Study. Circ Heart 
Fail. 2014;7(4):558-664.

9.	 Brittain EL, Nwabuo C, Xu M, et al. 
Echocardiographic pulmonary artery 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



adph-21-02-01  Page 33  PDF Created: 2022-6-17: 11:00:AM

	 Advances in Pulmonary Hypertension	 Volume 21,  Number 2; 2022	 33

systolic pressure in the coronary artery risk 
development in young adults (CARDIA) 
study: associations with race and 
metabolic dysregulation. J Am Heart Assoc. 
2017;6(4):e005111.

10.	 Yang BQ, Assad TR, O’Leary JM, et al. 
Racial differences in patients referred 
for right heart catheterization and risk 
of pulmonary hypertension. Pulm Circ. 
2018;8(2):2045894018764273.

11.	 Medrek S, Sahay S, Zhao C, Selej M, Frost 
A. Impact of race on survival in pulmonary 
arterial hypertension: results from the 
REVEAL registry. J Heart Lung Transplant. 
2020;39(4):321-30.

12.	 Medrek SK, Sahay S. Ethnicity in pulmonary 
arterial hypertension: possibilities for novel 
phenotypes in the age of personalized 
medicine. Chest. 2018;153(2):310-320.

13.	 Avouac J, Airo P, Meune C, et al. Prevalence of 
pulmonary hypertension in systemic sclerosis 
in European Caucasians and metaanalysis of 5 
studies. J Rheumatol. 2010;37(11):2290-2298.

14.	 Lefevre G, Dauchet L, Hachulla E, et al. 
Survival and prognostic factors in systemic 
sclerosis-associated pulmonary hypertension: a 
systematic review and meta-analysis. Arthritis 
Rheum 2013;65(9):2412-2423.

15.	 Moore DF, Kramer E, Eltaraboulsi R, Steen 
VD. Increased morbidity and mortality of 
scleroderma in African Americans compared 
to non-African Americans. Arthritis Care Res 
(Hoboken). 2019;71(9):1154-1163.

16.	 Al-Naamani N, Paulus JK, Roberts KE, 
et al. Racial and ethnic differences in 
pulmonary arterial hypertension. Pulm Circ. 
2017;7(4):793-796.

17.	 Parikh KS, Stackhouse KA, Hart SA, Bashore 
TM, Krasuski RA. Health insurance and 
racial disparities in pulmonary hypertension 
outcomes. Am J Manag Care. 2017;23(8):474-
480.

18.	 Valverde AB, Soares JM, Viana KP, 
Gomes B, Soares C, Souza R. Pulmonary 
arterial hypertension in Latin America: 
epidemiological data from local studies. BMC 
Pulm Med. 2018;18(1):106.

19.	 De Jesus Perez V, Badesch D, Zamanian 
RT, et al. Characterization of Hispanics 
with pulmonary hypertension in the US: 
the Pulmonary Hypertension Association 
Registry. [Abstract]. Am J Respir Crit Care 
Med. 2017;295:A4255.

20.	 Usmani A VT, Ostrower A, Machaco RF. 
Minority patients with pulmonary arterial 
hypertension present with more severe disease 
at the time of diagnosis [abstract]. Am J Respir 
Crit Care Med. 2017;195:A4232.

21.	 Kalinowski L, Dobrucki IT, Malinski T. 
Race-specific differences in endothelial 
function: predisposition of African 
Americans to vascular diseases. Circulation. 
2004;109(21):2511-2517.

22.	 Kawut SM, Lima JA, Barr RG, et al. Sex 
and race differences in right ventricular 
structure and function: the multi-ethnic 

study of atherosclerosis-right ventricle study. 
Circulation. 2011;123(22):2542-2551.

23.	 Ventetuolo CE, Mitra N, Wan F, et al. 
Oestradiol metabolism and androgen receptor 
genotypes are associated with right ventricular 
function. Eur Respir J. 2016;47(2):553-563.

24.	 Evans RR, Phillips BG, Singh G, Bauman 
JL, Gulati A. Racial and gender differences in 
endothelin-1. Am J Cardiol. 1996;78(4):486-
488.

25.	 Myrand SP, Sekiguchi K, Man MZ, et al. 
Pharmacokinetics/genotype associations for 
major cytochrome P450 enzymes in native 
and first- and third-generation Japanese 
populations: comparison with Korean, 
Chinese, and Caucasian populations. Clin 
Pharmacol Ther. 2008;84(3):347-361.

26.	 Hargraves JL, Hadley J. The contribution of 
insurance coverage and community resources 
to reducing racial/ethnic disparities in access 
to care. Health Serv Res. 2003;38(3):809-829.

27.	 Fiscella K, Franks P, Doescher MP, Saver 
BG. Disparities in health care by race, 
ethnicity, and language among the insured: 
findings from a national sample. Med Care. 
2002;40(1):52-59.

28.	 Feinstein JS. The relationship between 
socioeconomic status and health: a review of 
the literature. Milbank Q. 1993;71(2):279-322.

29.	 Schultz WM, Kelli HM, Lisko JC, et al. 
Socioeconomic status and cardiovascular 
outcomes: challenges and interventions. 
Circulation. 2018;137(20):2166-2178.

30.	 Talwar A, Sahni S, Talwar A, Kohn N, Klinger 
JR. Socioeconomic status affects pulmonary 
hypertension disease severity at time of first 
evaluation. Pulm Circ. 2016;6(2):191-195.

31.	 Wu WH, Yang L, Peng FH, et al. Lower 
socioeconomic status is associated with worse 
outcomes in pulmonary arterial hypertension. 
Am J Respir Crit Care Med. 2013;187(3):303-
310.

32.	 Jin H, Granton JT, Thenganatt J, et al. 
Impact of socioeconomic status on survival 
in connective tissue disease associated and 
idiopathic pulmonary arterial hypertension 
[abstract]. Arthritis Rheumatol. 2015;67(suppl 
10). Accessed March 30, 2022. https://
acrabstracts.org/abstract/impact-of-
socioeconomic-status-on-survival-in-
connective-tissue-disease-associated-and-
idiopathic-pulmonary-arterial-hypertension/.

33.	 Moore DF SV. Racial disparities in systemic 
sclerosis. Rheum Dis Clin North Am. 
2020;46(4):705-712.

34.	 Bhatnagar V GN, Kazandjian D, et al. FDA 
analysis of racial demographics in multiple 
myeloma trials. Blood. 2017;130:4352.

35.	 Ford JG, Howerton MW, Lai GY, et al. 
Barriers to recruiting underrepresented 
populations to cancer clinical trials: a 
systematic review. Cancer. 2008;112(2):228-
242.

36.	 Harris Y, Gorelick PB, Samuels P, Bempong 
I. Why African Americans may not be 
participating in clinical trials. J Natl Med Assoc. 
1996;88:630-634.

37.	 Carnes M, Johnson P, Klein W, Jenkins M, 
Bairey Merz CN. Advancing women’s health 
and women’s leadership with endowed chairs 
in women’s health. Acad Med. 2017;92(2):167-
174.

38.	 Shapiro S, Traiger GL, Turner M, McGoon 
MD, Wason P, Barst RJ. Sex differences in the 
diagnosis, treatment, and outcome of patients 
with pulmonary arterial hypertension enrolled 
in the registry to evaluate early and long-
term pulmonary arterial hypertension disease 
management. Chest. 2012;141(2):363-373.

39.	 Ventetuolo CE, Praestgaard A, Palevsky HI, 
Klinger JR, Halpern SD, Kawut SM. Sex 
and haemodynamics in pulmonary arterial 
hypertension. Eur Respir J. 2014;43(2):523-
530.

40.	 Ginoux M, Turquier S, Chebib N, et al. 
Impact of comorbidities and delay in 
diagnosis in elderly patients with pulmonary 
hypertension. ERJ Open Res. 2018;4(4):00100-
2018.

41.	 Hoeper MM, Huscher D, Ghofrani HA, et 
al.. Int J Cardiol. 2013;168(2):871-80.

42.	 Hjalmarsson C, Radegran G, Kylhammar 
D, et al. Impact of age and comorbidity on 
risk stratification in idiopathic pulmonary 
arterial hypertension. Eur Respir J. 
2018;51(5):1702310.

43.	 Personalized Medicine Coalition. The 
Case for Personalized Medicine. New York: 
Personalized medicine coalition; 2009. 
Accessed March 30, 2022. http://www.
personalizedmedicinecoalition.org/Userfiles/
PMC-Corporate/file/the_case_for_pm1.pdf.

44.	 Deng Z, Morse JH, Slager SL, et al. Familial 
primary pulmonary hypertension (gene 
PPH1) is caused by mutations in the bone 
morphogenetic protein receptor-II gene. Am J 
Hum Genet. 2000;67(3):737-744.

45.	 Nichols WC, Koller DL, Slovis B, et al. 
Localization of the gene for familial primary 
pulmonary hypertension to chromosome 
2q31-32. Nat Genet. 1997;15(3):277-280.

46.	 Marchuk DA. Genetic abnormalities in 
hereditary hemorrhagic telangiectasia. Curr 
Opin Hematol .1998;5(5):332-338.

47.	 Austin ED, Ma L, LeDuc C, et al. Whole 
exome sequencing to identify a novel 
gene (caveolin-1) associated with human 
pulmonary arterial hypertension. Circ 
Cardiovasc Genet. 2012;5(3):336-343.

48.	 Ma L, Roman-Campos D, Austin ED, et al. 
A novel channelopathy in pulmonary arterial 
hypertension. N Engl J Med. 2013;369(4):351-
361.

49.	 Eyries M, Montani D, Girerd B, et al. 
EIF2AK4 mutations cause pulmonary 
veno-occlusive disease, a recessive form 
of pulmonary hypertension. Nat Genet. 
2014;46(1):65-69.

50.	 Vadapalli S, Rani HS, Sastry B, Nallari P. 
Endothelin-1 and endothelial nitric oxide 
polymorphisms in idiopathic pulmonary 
arterial hypertension. Int J Mol Epidemiol 
Genet. 2010;1(3):208-213.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



adph-21-02-01  Page 34  PDF Created: 2022-6-17: 11:00:AM

34	 Advances in Pulmonary Hypertension	 Volume 21,  Number 2; 2022	

51.	 Calabro P, Limongelli G, Maddaloni V, et al. 
Analysis of endothelin-1 and endothelin-1 
receptor A gene polymorphisms in patients 
with pulmonary arterial hypertension. Intern 
Emerg Med. 2012;7(5):425-430.

52.	 Yu Y, Keller SH, Remillard CV, et al. A 
functional single-nucleotide polymorphism 
in the TRPC6 gene promoter associated with 

idiopathic pulmonary arterial hypertension. 
Circulation. 2009;119(17):2313-2322.

53.	 Austin ED, Cogan JD, West JD, et al. 
Alterations in oestrogen metabolism: 
implications for higher penetrance of 
familial pulmonary arterial hypertension 
in females. Eur Respir J. 2009;34(5):1093-
1099.

54.	 Damico R, Kolb TM, Valera L, et al. Serum 
endostatin is a genetically determined 
predictor of survival in pulmonary arterial 
hypertension. Am J Respir Crit Care Med. 
2015;191(2):208-218.

55.	 Oh SS, Galanter J, Thakur N, et al. Diversity 
in clinical and biomedical research: a 
promise yet to be fulfilled. PLoS Med. 
2015;12(12):e1001918.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access


