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INTRODUCTION

Pulmonary hypertension (PH) is characterized by progressive and abnormal proliferation 

of smooth muscle cells and vasoconstriction, leading to narrowing, obliteration, and 

remodeling of the pulmonary circulation,1 with the resultant increment in circulatory 

afterload, increased right ventricular (RV) wall stress,2 abnormal RV mechanics,3 and 

ultimately, right heart failure and death. PH is estimated to affect around 1% of the world 

population, and it can affect up to 10% of individuals older than 65 years worldwide.4,5 The 

higher prevalence of PH in the elderly is mostly due to PH associated with left heart disease, 

which is classified as World Symposium on PH (WSPH) Group 2 PH.6

PH is associated with impaired quality of life and increased cardiovascular morbidity and 

mortality, as well as with increased economic burden. Significant progress has been made in 

the understanding of the different forms of PH, especially pulmonary arterial hypertension 

or PAH (WSPH Group 1 PH). Different prognostic variables have been identified to 

predict treatment response and progression of disease, and several predictive models have 

been developed.7-10 Moreover, several therapeutic agents targeting different pathways are 

available, which are used in combination for control, and perhaps, even reverse remodeling 

of the disease.11,12 However, despite all progress made, a significant delay in diagnosis and 

referral to expert centers remains, which delays the initiation of proper care, and patients 

are diagnosed at advanced stages.13-15 Although effective therapies exist for PAH, the 

mean average cost per patient is estimated at 80,000 US dollars per year.16,17 Even among 
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patients with health insurance coverage, deductibles and co-pays can lead to substantial 

out-of-pocket costs.18,19 Excessive costs have also been described in other WSPH groups 

such as chronic thromboembolic PH.20,21 Because of the economic burden and sometimes 

prohibitive cost of therapies, many patients may not receive standard-of-care therapies, a 

reality that is probably more dramatic in the developing world.4,5,17

Socioeconomic status (SES) refers to an individual’s social and economic standing, 

reflecting its social or economic rank in a given social group.22 Social determinants of 

health (SDOH) refer to conditions in which individuals are born, grow, live, work, and 

age,23 and are implicated in health inequalities and poor conditions of daily life, which 

disproportionately affect certain groups such as minorities. Recent years have brought 

renewed attention to racial and ethnic inequalities in health, especially since the events 

of sociopolitical violence that arose in the year 2020, including the coronavirus disease 2019 

(COVID-19) pandemic.24-26 In the current review, we provide an overview of the current 

knowledge of racial, ethnic, and socioeconomic inequalities in patients with PAH (Fig. 1). 

We first review some of the concepts that are described in the article, and describe some 

of the intrinsic limitations to its current assessment. We then describe differences in race, 

ethnicity, and the socioeconomic profile of individuals with PAH. Finally, we describe gaps 

in knowledge and areas that need to be further explored.

CONSIDERATIONS

The study of associations between race, ethnicity, and SES is complex, as we will proceed 

to describe. We consider important to characterize first potential barriers and pitfalls in the 

analysis of health inequality in PAH.

Racial segregation.

Despite important changes in the last decades, the United States remains a highly segregated 

country.27,28 Racial segregation leads to marked differences in environmental and social 

exposures among different racial groups, and differences in outcomes based on race or 

ethnicity may actually reflect differences in the type of social or environmental exposure.29 

As such, it is important that studies analyzing differences based on race or ethnicity account 

for differences in exposures and socioeconomics. For example, some studies describing 

differences in survival rates in Hispanics with PAH could not adjust for differences in SES 

or SDOH,30,31 which warrant caution in the interpretation of these associations.32,33

Interaction of race, ethnicity, and SES.

Certain minority groups such as Hispanics and Blacks are more likely to live in 

economically-deprived communities.34 Although it is possible that some biological 

differences attributed to racial differences could explain different outcomes, the overlap 

between race/ethnicity and SES complicates the analysis if differences are due to “race and 

social class”, or “race or social class”.29 Going back to the example of survival in Hispanics 

with PAH, Bernardo and colleagues studied the association between Hispanic ethnicity and 

survival in patients with PAH, adjusting not only for age, sex, and PAH subtype but also for 

SDOH such as income, education level, and insurance status.3

Bernardo and de Jesus Perez Page 2

Clin Chest Med. Author manuscript; available in PMC 2023 December 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data source.

Proper analysis of differences in outcomes based on race/ethnicity requires that data 

sources are large, geographically diverse, and have sufficient representation of minorities.29 

Moreover, these data sources have to include key socioeconomic variables for proper 

analysis and adjustment of covariates in multivariate analysis. Unfortunately, rarely a dataset 

will have these ideal characteristics, which limits the analysis. For instance, the largest 

registry of PH in the United States is the REVEAL registry (Registry to Evaluate Early 

and Long-term PAH Disease Management).7 Although REVEAL is rich in clinical and 

biological data pertaining to PH, overall it lacks information related to SES and SDOH; also, 

minorities are underrepresented in REVEAL.35-37

Measures of SES.

It is related to annual income, educational attainment, poverty level, and occupation, and 

no single metric can properly quantify SES. As such, it is common practice to report the 

individual components of SES and SDOH. Other attractive descriptors of SES are described 

next.

Minorities and people belonging to socially-disadvantaged communities frequently reside in 

different geographic locations than White or high-income individuals. As such, geographic 

metrics such as zone improvement (ZIP) codes can provide insight into differences in social 

and environmental exposures, and be used as a surrogate of SES. Unfortunately, not all 

PH databases routinely include ZIP codes or other geographic metrics in their datasets 

(with exception of REVEAL and the Pulmonary Vascular Disease Phenomics Program or 

PVDOMICS).38,39 Such an analysis has not been completed in the United States yet, but 

a study from Scotland used a geographic index (Scottish Index of Multiple Deprivation) to 

gather estimates of social deprivation in patients with PH.40

Net worth is an attractive metric of SES.29,41 In simple terms, net worth measures the 

accumulated value of all assets minus liabilities, and is related to income. However, net 

worth measures far more than income, as it also accounts for inter-generational transfer of 

wealth, capturing the accumulated socioeconomic advantage that certain racial groups may 

enjoy, compared with racial minorities. Net worth also measures the quality of financial 

decision-making.29 To the best of our knowledge, net worth is not included in current PH 

datasets.

We do not describe these pitfalls as a criticism of the existing literature on differences in 

race/ethnicity and SES in PH, but rather as an effort to emphasize the complexity of the 

question under study, and to standardize a common language. No single metric of SES will 

be accurate enough to fully characterize an individual’s profile. As such, we recommend 

using multiple measures of SES, and we favor describing individual SDOH components in 

the analysis of health inequality.
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LIMITATIONS IN CURRENT UNDERSTANDING OF PULMONARY ARTERIAL 

HYPERTENSION DISPARITIES

In-depth understanding of PAH disparities depend on an analysis of population-level data 

that includes a diverse representation of race/ethnicity, geography, and SES.29 Unfortunately, 

in most PAH clinical trials and registries there is a noticeable under-representation of 

minorities and little data surrounding social and environmental risk factors.36

REVEAL (Registry to Evaluate Early and Long-term PAH Disease Management) is the 

largest registry of PAH in the United States.7 In REVEAL, the proportion of Hispanics 

was 8.9%, whereas the expected proportion of Hispanics should have been close to 

11.5%, based on US census estimates (Fig. 2A). Similarly, the proportion of Asian/Pacific 

Islander participants was 3.3%, in comparison with an expected proportion of 6.1%.35,37,38 

Overall, Black patients were accurately represented (12.2%, for an expected proportion of 

10.9%). Under-representation of racial and ethnic minorities is also notable in United States 

Pulmonary Hypertension Scientific Registry (USPHSR). In USPHSR, Hispanics and Asians 

accounted for 9.6% and 3.2% of participants, respectively42 (see Fig. 2A). Owing to the 

limited diversity of participants in these registries, Asians and Pacific Islanders are grouped 

as a single category, although recent evidence suggests that Native Hawaiian and other 

Pacific Islanders have unique characteristics (eg, different exposures, comorbidities, and 

barriers to care) when compared with other individuals from Asia, and should be included as 

a different racial category.43

Under-representation of racial and ethnic minorities is additionally notable in the two largest 

clinical trials in PAH. In SERAPHIN (Study with an Endothelin Receptor Antagonist in 

Pulmonary Arterial Hypertension to Improve Clinical Outcome), out of 742 participants, 

only 14.7% of participants were of Hispanic ethnicity, and 2.6% were Black, compared with 

54.5% of White participants (see Fig. 2B).44 As a reference, based on census estimates by 

the year 2013, the proportion of White, Hispanic, and Black individuals should be 62.4%, 

17.4% and 12.3%.45 From the prostacyclin PGI2 receptor agonist in pulmonary arterial 

hypertension (GRIPHON) trial, a clinical trial of 1156 participants, no racial or ethnic data 

are available.46 A pooled cohort analysis of different clinical trials in PAH analyzed trends 

over time of participants in these trials. Information from 18 trials was extracted, for a 

total of 6599 participants, of which 66.5% were non-Hispanic White, 14.4% Asian, 10.5% 

Hispanic, and 3.9% Black.47 Most Asian and Hispanic participants were recruited from 

Asia and Latin America, respectively, and these participants may have different social and 

environmental exposures than patients in the United States, which limits the generalizability 

of these findings.

Although we mostly refer to PAH in the current review, a few points can be highlighted 

in other forms of PH. The INCREASE trial (Safety and Efficacy of Inhaled Treprostinil in 

Adult PH With ILD Including CPFE) was a randomized clinical trial of patients with PH 

in the setting of interstitial lung disease, where out of the 362 patients included, 8.3% were 

Hispanic, 21.8% Black, and 73% White.48 CHEST-1 (Chronic Thromboembolic Pulmonary 

Hypertension Soluble Guanylate Cyclase–Stimulator Trial 1) was a clinical trial in patients 

with chronic thromboembolic PH, and out of 261 randomized patients, 71% were White and 
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3% Black.49 Of note, Hispanic ethnicity was not reported. Less is known about other forms 

of PH and there is a lack of data regarding disparities in other forms of PH.

Current data on race/ethnicity in PAH are still limited and most studies are reported 

in non-Hispanic Black and Hispanic patients.37,38 Less is known about the profile of 

Asian patients,50 Native Americans,51,52 and Native Hawaiian and other Pacific Islanders. 

Moreover, very little is known about racial/ethnic and socioeconomic differences in 

outcomes outside the United States and Europe. Less is known about PH in low- and 

middle-income countries (LMIC). Although the global prevalence of PH is estimated to be 

between 20 million and 70 million people,4,53 the prevalence of PAH in LMIC is not known.

As most PAH prognostic and therapeutic models are derived from these datasets, patients 

of different backgrounds may get treated with data not representing the same diversity37 

We agree with the recent American Thoracic Society statement on disparities in PAH 

which highlights the need for PAH trials and registries to increase the level of diversity 

of participants and to improve the collection of information related to race/ethnicity and 

socioeconomic factors. This information is needed to identify patients at increased risk 

for worse outcomes due to difficulty accessing health care, lack of or limited health care 

insurance, poor SES, and distrust of the health care system.37,54 Granular data on race/

ethnicity, SES, SDOH, environmental exposures, and interaction among these factors is 

needed to understand and overcome barriers to care, and to offer personalized, evidence-

based diagnostic, therapeutic, and prognostic interventions that ensure equality of care.37

PULMONARY ARTERIAL HYPERTENSION AND GENDER

PAH is a disease predominantly affecting female patients, although the disease in male 

patients tends to be more severe.55-57 More recently, Ventetuolo and colleagues described 

the role of sexual dimorphism, and its influence on exercise capacity and hemodynamics, 

with a differential relationship based on age or body mass index.58 The role of estrogen 

metabolites in the biology of the disease is extensively reviewed elsewhere55,59-61 and 

outside the scope of our review.

Overall, women are well-represented in most PAH trials and registries, which is expected 

given the female sex preponderance of PAH.7,42,44,46,62,63 There is very limited information 

on gender-based disparities in patients with PH, although a few points can be inferred. 

Analysis of participant-level data from different trials found a lower 6-minute walk distance 

(6MWD) in women than in men.58 Although there may be other explanations for these 

differences such as different disease phenotypes, one could speculate it also reflects delays 

in trial enrollment of women, and women are enrolled at more advanced stages with the 

associated impairment on exercise capacity. A study with PH patients from Cameroon found 

higher exposure to indoor cooking fumes in women; a history of tuberculosis was also more 

frequent in women.64

Unequal access to reproductive health care throughout the United States certainly affects 

women of reproductive age. Female patients with PAH are counseled against pregnancy 

based on international consensus guidelines,65,66 and pregnant patients with PAH are often 
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counseled to pursue termination.67 With the recent Supreme Court decision to overturn 

Roe v. Wade, ending the right to abortion it established under the US Constitution, the 

authority to ban or otherwise restrict access to abortion is now determined at the state level. 

Pregnant patients in certain states with PH will face several challenges affecting their care,68 

such as having to relocate to a different state to pursue termination, with its associated 

logistic costs, which is particularly challenging to all women, but particularly for minoritized 

women of lower socioeconomic status. Moreover, for women with PAH unable to pursue a 

medically-indicated pregnancy termination, fetal and maternal morbidity and mortality will 

further increase67 and broaden the already existing disparities.

PULMONARY ARTERIAL HYPERTENSION AND RACE/ETHNICITY

Non-Hispanic Black patients with PAH experience differences in disease etiology, disease 

presentations, treatment responses, and some clinical outcomes when compared with other 

ethnicities. As an example, non-Hispanic Black patients with PAH have a higher frequency 

of connective tissue disease such as scleroderma when compared with White patients. 

Furthermore, the disease profile of scleroderma-associated PAH may be more severe in 

Black patients: In a cohort analysis of 160 patients from the Johns Hopkins PH program, 

Black patients had a worse functional class on presentation, lower exercise capacity, higher 

levels of natriuretic peptides (reflecting higher right heart strain), more severe hemodynamic 

metrics, and a trend toward decreased survival.69 In addition to scleroderma, PH associated 

with sarcoidosis and sickle cell disease is also more frequent in Black individuals.70,71

Non-Hispanic Black patients have a different response pattern to endothelin receptor 

antagonists when compared with White patients.72 A pooled analysis of six randomized 

clinical trials of endothelin receptor antagonists in PAH showed that whereas the placebo-

adjusted change in 6MWD in White patients was an increment of 41.5 m, there was 

a decrease of 3.5 m in Blacks, a treatment response difference of 45 m (95% CI, −2.4–

92.4 m), a difference that persisted in adjusted models.72 It was hypothesized that these 

differences in treatment response could be related to higher ET-1 levels in Black patients, 

not sufficiently inhibited by the dose of the endothelin receptor antagonists used in the 

trials.72,73

The data related to differences in clinical outcomes between non-Hispanic Black patients 

and other races/ethnicities have been mixed.74,75 In the largest analysis using data from 

REVEAL, there were no differences in survival in Black patients when compared with 

other races/ethnicities.31 Parikh and colleagues used data from two large academic centers 

(Duke University Medical Center and the Cleveland Clinic Foundation), for a total of 250 

patients.75 Black patients had decreased survival as compared with Whites (HR 2.06, 95% 

CI 1.18–3.44), even after adjusting for age and functional class. But after adding insurance 

status to the model, this survival difference was no longer present, which suggests that some 

of the outcome differences were related to proper access to care (or lack of). Medrek and 

colleagues used data from REVEAL to study the association between race/ethnicity and 

transplant-free survival in patients with PAH.31 Although in the unadjusted analysis, there 

was improved survival in Black individuals compared with Whites, this difference was no 

longer seen after adjusting for age and PAH subtype (HR 0.931, 95% CI 0.767–1.130). 
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As previously mentioned, REVEAL does not allow for the assessment of socioeconomic 

factors.

PULMONARY ARTERIAL HYPERTENSION IN HISPANICS

Overall, Hispanic patients with PAH tend to be younger and have a higher frequency of 

congenital heart disease and portopulmonary hypertension, as compared with non-Hispanic 

Whites.38,54 Uncorrected congenital heart disease is more frequent in Hispanics, believed 

to be related to lack of access to proper care in early childhood, where a congenital defect 

would have been identified early on so corrective surgery be performed.38 The higher 

frequency of cirrhosis and PH is thought to be related to a higher frequency of hepatitis B 

and C infections that went untreated.76 What follows is a discussion of three of the largest 

studies that describe PAH in Hispanic populations.

Karnes and colleagues performed an elegant study using data from the National Biological 

Sample and Data Repository for PAH (PAH Biobank), and compared differences in 

outcomes between Hispanic and non-Hispanic White and Black patients with idiopathic/

hereditary PAH.30 In this study, ethnicity was self-reported by individuals, but genomic 

data were also gathered to determine the genetic ancestry of study participants. The authors 

found that Hispanic patients had better survival than both non-Hispanic White and Black 

patients, after adjusting for age, sex, pulmonary vascular resistance, and use of prostacyclin 

analogs (HR 0.46, 95% CI 0.21–0.99), and similar results were obtained on a validation 

cohort from the Allegheny Health Network (HR 0.65, 95% CI 0.42–0.99). Limitations of 

the study included the data source, which may not be representative of the PAH population 

in the United States but only of a few specialized centers. Second, this study focused 

mainly on idiopathic and heritable PAH rather than other types of PH, which further limits 

the generalizability of these findings. Furthermore, combining different data sources (to 

increase sample size) comes with the risk of introducing phenotypic heterogeneity: cohorts 

of patients that differ in the time data were collected, duration of follow-up, and different 

subtypes of PAH (idiopathic/heritable for the PAH biobank and all forms of PAH for 

the other cohorts).77 The study did not account for differences in social, economic, or 

environmental determinants of health.33

Medrek and colleagues used data from REVEAL to compare differences in outcomes based 

on race/ethnicity.31 In this study, patients self-reported their race/ethnicity. Although the 

univariate analysis suggested better survival in Hispanics, no association was found in the 

multivariate analysis (which adjusted for age and PAH subtype). As previously mentioned, 

the study could not account for differences in SES as this information is not available in 

REVEAL. As the authors commented, “the role of SES and access to care on outcomes in 

PAH remains unclear and warrants further study”.31

We recently used data from the Pulmonary Hypertension Association Registry (PHAR) 

to describe the profile of Hispanic patients with PAH, and to characterize differences in 

SDOH and clinical outcomes.3 PHAR is a particularly unique dataset because it has a 

higher representation of minorities including Hispanics and Black individuals,37 but also 

because information on SDOH is routinely and prospectively collected.62,78 Socioeconomic 
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metrics and SDOH were significantly different in the Hispanic population: Hispanic patients 

had less optimal health care insurance, lower annual income, lower education level, and 

were more likely to be unemployed, as compared with non-Hispanic White patients.3 For 

instance, 32% of Hispanics had an annual income of less than 20,000 US dollars, as 

compared with 17.4% of non-Hispanic Whites. Hispanic patients had a higher frequency 

of emergency visits and a higher number of hospitalizations, despite similar functional 

class, disease risk severity, exercise capacity, natriuretic peptide levels, or PAH-specific 

therapy. Although the unadjusted analysis showed better survival in Hispanic individuals, 

this association was no longer present after adjustment for age, sex, PAH subtype, and 

SDOH (annual income, health insurance, and education level). Limitations of the study 

included a smaller dataset than REVEAL although the SDOH data in PHAR was in fact 

richer. Second, and very important: Data from PHAR (as well as data from REVEAL) 

reflect data of patients referred to PAH expert centers, and may not reflect the reality of the 

vast majority of patients treated in the community.

Based on the results of these three studies, we believe that the better survival noticed 

in Hispanic patients in the unadjusted analysis is mostly related to the younger age of 

Hispanic patients. Hispanic patients are younger, and younger age by itself is associated 

with improved outcomes.79 Once adjusting for age, this survival benefit is no longer seen. 

Other factors accounting for a possible survival benefit include the predominant PAH 

subtype. Hispanic patients have a higher frequency of congenital heart disease, which also 

by itself is associated with longer survival (related to the pattern of RV adaptation and a 

persistent fetal phenotype).80 We do not deny that certain factors could offer a biological 

advantage in Hispanics, such as an increased RV mass (reflecting a more efficient RV 

adaptation),81 but we emphasize that race/ethnicity has to be put in the context of different 

social and environmental factors. Although some biological factors could offer a potential 

biological advantage, how much this matters under the effects of structural and SDOH has 

yet to be fully characterized.

PULMONARY HYPERTENSION IN LOW- AND MIDDLE-INCOME COUNTRIES

The prevalence of PAH in the United States and Europe is estimated at around 6.6 to 26 

cases per million individuals.35,82 There are limited data about PAH in LMIC currently 

available. Available data are generally limited to prevalence and etiology with far less 

attention paid to differences in treatment and outcomes. A study from Uruguay (52 patients) 

reported a PAH prevalence of 15.1 cases per million individuals, and the more common 

etiologies were congenital heart disease (34%), followed by idiopathic PAH (32%), and 

connective tissue disease (26%).83 In a study from Saudi Arabia (107 patients), idiopathic 

PAH (51%), congenital heart disease (27%) and connective tissue disease (15%) were 

the most common etiologies.84 Thienemann and colleagues reported data from Cameroon, 

Mozambique, Nigeria, and South Africa as part of the Pan African Pulmonary Hypertension 

Cohort Registry Study.85 From 220 patients with all forms of PH (16% with PAH), the most 

common etiologies were human immunodeficiency virus (HIV) infection (50%), idiopathic 

PAH, and congenital heart disease (24% each). Tuberculosis was considered the etiology 

in 70% of cases of PH associated with chronic lung disease. Etiologies of PH such as 

schistosomiasis, HIV infection, uncorrected congenital heart disease, and chronic high 
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altitude exposure are more common in LMIC.17 The exact prevalence of pulmonary vascular 

disease caused by Schistosoma infection is not known, although based on small reports 

from Brazil and Africa, the prevalence ranges from 7.7% to 33%.86 Etiologies such as 

schistosomiasis and HIV infection deserve special attention because they represent treatable 

and preventable conditions; if identified and treated before the development of PAH, a 

significant reduction in morbi-mortality could be expected.

The Pan African Pulmonary Hypertension Cohort Registry Study offers some insight into 

SDOH within PH patients in Africa.85 Up to 22% of participants never went to school, 38% 

completed only elementary school, and 35% had an income of less than 30 US dollars per 

month. A sub-study from the same registry described differences of interest in exposure 

based on gender. Although smoking and alcohol use were more frequent in men, exposure 

to indoor cooking fumes and history of tuberculosis were more frequent in women.64 How 

the SDOH in this population impacts disease presentation, access to care, morbidity, and 

mortality warrants further study.

The Global Burden of Disease study is a multinational effort to produce comparable, 

consistent measures of disease burden for national and subnational populations.87 In 

collaboration with the Pulmonary Vascular Research Institute (PVRI), the Global Burden of 

Disease investigators published the results of a systematic review to estimate the prevalence, 

incidence, and mortality of PAH globally.88 Reported prevalence ranged from 3.7 to 150 

cases per million. Reported incidence ranged from 0.008 to 1.4 cases/100,000 person-years. 

The reported 1-year survival ranged from 72% to 91%.88

PULMONARY ARTERIAL HYPERTENSION IN RURAL POPULATIONS

The treatment of patients with PAH is largely limited to referral centers located 

in metropolitan areas. Optimal PAH care requires frequent in-person assessments. 

Transportation barriers limiting access to PAH referral centers in rural areas include the cost 

of gas, limited public transportation options, and lack of a driver or personal vehicle89,90 

Patients from disadvantaged economic backgrounds in rural areas with limited access 

to PAH centers are more likely to miss clinic appointments, have challenges related to 

pharmacy access, and experience delays in medical care.19,89 The impact of these access-to-

care challenges for PAH patients in rural areas are apparent: A recent study reported higher 

mortality among PH patients living in rural areas compared with urban/metropolitan areas.91 

Macias and colleagues performed an analysis of adults with PH from a commercial health 

insurance/Medicare Advantage database. Rurality was estimated based on the ZIP codes of 

participants. From over 6000 participants, 90% had a residency in metropolitan counties, 

4.1% in large urban counties, 5.1% in small urban counties, and 0.8% in rural counties. The 

population was predominantly White (62.3%), and 20.3% of participants had high poverty 

rates. Mortality risk was significantly higher among those living in small urban counties (HR 

1.48; 95% CI 1.14–1.92) and rural counties (HR 2.01; 95% CI 1.13–3.57) after adjusting for 

age, sex, neighborhood poverty rate, race/ethnicity, and disease burden.91

Telemedicine could be a means of overcoming transportation barriers in rural areas, 

however, that depends on having access to proper technology, knowledge about the use of 
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such technology, and having stable internet connectivity, which unfortunately is frequently 

lacking in rural locations.92,93

GAPS IN KNOWLEDGE AND FUTURE DIRECTIONS

PAH in low-income individuals needs to be better characterized, both from a the 

socioeconomic and a biological perspective. Datasets that include information on SDOH 

such as PHAR3,62,94 and PVDOMICS63 can provide better insight into this special patient 

population. Furthermore, it is important to better understand the significance of PH in 

populations not currently well-represented in PH databases or registries such as Pacific 

Islanders43 and Native Americans.51,52

As we mentioned above, more than one metric of SES is needed for a better visualization of 

health inequality. Analysis using environmental exposure and geographic differences (using 

ZIP code data or social vulnerability indices95) can provide additional insight.

The interaction between race/ethnicity and SES needs to be further delineated. The intrinsic 

biological factors of different populations could be further characterized, and datasets that 

include OMICS metrics such as PVDOMICS63 are ideal for this.

Given the complex interplay between race/ethnicity, SES/SDOH, and environmental 

exposures, we think there could be a potential role for machine learning and network 

analysis to better understand these interactions and how they relate to health care barriers 

and differences in disease outcomes.96

A better understanding of how to reduce the barriers to equitable access and implementation 

of PAH care is needed. Through collaboration between at-risk populations, patient advocacy 

groups (such as the Pulmonary Hypertension Association), and PAH specialists, researchers 

and professional societies, an improved understanding of barriers to PAH equity is needed to 

successfully implement PAH interventions that reduce the disparities discussed throughout 

this article. Organizations such as PVRI are leading the effort to equalize access to care in 

individuals suffering from PH worldwide, such as estimating the global prevalence of PH,88 

and developing different task forces to improve access to PH health care worldwide.
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CLINICS CARE POINTS

• There is significant under-representation of minorities in most PH clinical 

trials and registries.

• Proper representation of minorities is key to ensuring proper care and 

identifying barriers to diagnosis or treatment.

• Race/ethnicity are social concepts, influenced by racial segregation. A proper 

understanding of differences in racial/ethnic biological differences in PH is 

not possible unless data are accounted for a different socioeconomic profile.
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KEY POINTS

• There is significant under-representation of minorities with pulmonary arterial 

hypertension (PAH) in most clinical trials and registries. An important 

mechanism of health inequality and disparities in care is the lack of 

inclusivity in national registries and clinical trials.

• Proper representation of minorities is key to ensuring proper care and 

identifying barriers to diagnosis or treatment. Striving for accurate racial and 

ethnic representation is essential for individualization of treatment algorithms 

and generalizability of outcomes in PAH.

• Race/ethnicity are social concepts, intrinsically associated with 

socioeconomic status, which is influenced by racial segregation. A proper 

understanding of race/ethnicity as biological variables in pulmonary 

hypertension is not possible unless also accounting for differences in 

socioeconomic factors.
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Fig. 1. 
Central figure: Health care inequality in PH. Biological, environmental, and socioeconomic 

factors influence the course of the disease at different levels such as early antenatal 

exposure, lifestyle choices, social deprivation, and eventually, socioeconomic status and 

access to health care. (Created with BioRender.com.)
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Fig. 2. 
Representation of minorities in PH clinical trials and registries. (A) Data in US-based 

registries and (B) Data in PH clinical trials. PH, pulmonary hypertension; PHAR, Pulmonary 

Hypertension Association Registry; REVEAL, Registry to Evaluate Early and Long-term 

PAH disease management; USPHSR, United States Pulmonary Hypertension Scientific 

Registry.
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