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Pulmonary hypertension (PH) is caused by a range of conditions and is important to recognize as it is associated with

increased mortality. Pulmonary arterial hypertension refers to a group of PH subtypes affecting the distal pulmonary

arteries for which effective treatment is available. The hemodynamic definition of pulmonary arterial hypertension has

recently changed which may lead to greater case recognition and earlier treatment. The prevalence of specific PH eti-

ologies may differ depending on geographic region. PH caused by left heart disease is the most common cause of PH

worldwide. In Asia, there is greater proportion of congenital heart disease– and connective tissue disease– (especially

systemic lupus erythematosus) related PH relative to the West. This review summarizes the definition, classification, and

epidemiology of PH as it pertains to Asia. (JACC: Asia 2022;2:538–546) © 2022 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
P ulmonary hypertension (PH) refers to elevated
pressure within the pulmonary artery and is
an important cause of morbidity and mortality

worldwide. Varied underlying diseases may lead to
PH, with left heart disease (LHD) and chronic lung
disease being the most common.1 Of particular
interest is pulmonary arterial hypertension (PAH), a
specific subgroup of PH where the disease is charac-
terized by a primary pulmonary vasculopathy of the
distal pulmonary arteries for which pulmonary vaso-
dilator drug treatment is effective.2 Identifying and
classifying PH can be challenging, but has received
increasing attention over the past 20 years in concert
with the development of PAH therapies.2 The pres-
ence of PH, irrespective of etiology, is associated
with increased mortality.3 PH results in an increase
in right ventricular afterload and may result in pro-
gressive maladaptation of the right ventricle and ulti-
mately right heart failure.4
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HEMODYNAMIC DEFINITIONS

PH has historically been defined as a mean pulmonary
artery pressure (mPAP) $25 mm Hg measured by
right heart catheterization (RHC).5 The Sixth World
Symposium on Pulmonary Hypertension (6th WSPH)
in 2018 proposed a new hemodynamic threshold of
mPAP >20 mm Hg.6-8 A number of reasons led to the
proposed change in the hemodynamic definition of
PH. In a meta-analysis of RHC data from normal
subjects, resting mPAP was 14 � 3.3 mm Hg with a
limit of 20 mm Hg using 2 SDs above the normal
value.9 Normal resting mPAP was also found to be
independent of age, ethnicity, and sex. In addition,
large cohort studies have clearly established
increased mortality and risk for hospitalization for
mPAP 21 to 24 mm Hg or previously so-called
“borderline PH.”10-13 These studies are summarized
in Table 1.
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AB BR E V I A T I O N S

AND ACRONYM S

BPA = balloon pulmonary

angioplasty

PAH = pulmonary arterial

hypertension

PH = pulmonary hypertension

RHC = right heart

catheterization

WSPH = World Symposium on

onary Hypertension

J A C C : A S I A , V O L . 2 , N O . 5 , 2 0 2 2 Anderson and Lau
O C T O B E R 2 0 2 2 : 5 3 8 – 5 4 6 Pulmonary Hypertension in Asia

539
The change in hemodynamic definition of PH poses
new challenges in the field. The updated definition
will lead to increased case finding of patients with PH.
It has the potential to identify patients with PH at an
earlier stage of the disease, and optimistically, permit
introduction of therapeutics at an earlier timeframe
with potential to improve outcomes. However, clin-
ical therapeutics in PH have not been proven to be of
benefit in patients with mPAP 21 to 24 mm Hg because
all clinical trials have universally used mPAP
$25 mm Hg as an inclusion criteria before the defi-
nition change at the 6th WSPH.14

The finding of elevated pulmonary artery pressure
in isolation is insufficient to determine the underly-
ing mechanism(s) leading to PH. Elevated pulmonary
artery pressure does not imply a primary pulmonary
vasculopathy and may occur in the setting of elevated
cardiac output in certain physiological states (eg,
exercise and pregnancy) and noncardiopulmonary
disease states (eg, liver disease and anemia).
Furthermore, LHD can lead to elevated left atrial
pressure and passive increased in mPAP via pulmo-
nary venous hypertension. For these reasons, right
heart catheter measurements of cardiac output and
pulmonary artery wedge pressure (PAWP), and
calculation of pulmonary vascular resistance
(PVR ¼ (mPAP � PAWP)/cardiac output) are integral
to diagnosing PH and determining its hemodynamic
classification. The 6th WSPH further proposed mea-
surement of PVR $3 Wood units (WU) in conjunction
with mPAP $20 mm Hg and PAWP #15 mm Hg as the
hemodynamic definition of precapillary PH.8 A PAWP
>15 mm Hg designates postcapillary PH (ie, PH caused
by LHD [PH-LHD]), which can be further subdivided
into isolated postcapillary forms (PVR <3 WU) and
combined precapillary and postcapillary (CpcPH)
forms (PVR $3 WU). The hemodynamic definitions
are summarized in Table 2.
TABLE 1 Cohort Studies Examining Mildly Elevated Mpap and Mortal

Maron et al10

Country USA

Years enrolled 2007-2012

N 21,727

Population U.S. Veterans cohort

No. of subjects with normal mPAP
(Reference)

4,207

No. of subjects with mildly
elevated mPAP

5,030

Definition of mildly elevated mPAP, mm Hg 19-24

Mortality HR (95% CI) 1.23 (1.12-1.36), P < 0.000166

aHR to develop PH, not mortality.

COPD ¼ chronic obstructive pulmonary disease; mPAP ¼ mean pulmonary artery pres
Although the 6th WSPH has provided
clarity in terms of the issue of mildly elevated
mPAP, there remains debate on the most
appropriate threshold of PVR for the diag-
nosis of precapillary PH. A recent study
involving more than 4,000 subjects who had
undergone RHC showed that the all-cause
mortality hazard for PVR was increased at
w2.2 WU compared with PVR of 1.0 WU.
Among patients with an mPAP of >19 mm Hg
and PAWP <15 mm Hg, the adjusted HR for

mortality was 1.71 (95% CI: 1.59-1.84; P < 0.0001) and
for heart failure hospitalization was 1.27 (95% CI: 1.13-
1.43; P ¼ 0.0001), using a cutoff PVR threshold of 2.2
WU. These data suggest that risk of adverse outcomes
may begin at a level less than the current PVR >3 WU
threshold for definition of precapillary PH.15,16

Furthermore, a small observation study showed that
patients with mPAP >25 mm Hg, PAWP <15 mm Hg,
and PVR between 2 and 3 WU may show response to
pulmonary vasodilator therapy.15 It is important to
recognize that lowering the PVR threshold will
introduce increased risk of inappropriately treating
patients with pulmonary vasodilators who do not
have true pulmonary vascular disease. Furthermore,
it is unclear whether mildly elevated PVR may simply
represent a biomarker for increased mortality in
patients with cardiopulmonary comorbidities, and
patients may not necessarily die from pulmonary
vascular disease and right heart failure. The clinical
implications of PVR between 2 and 3 WU is an area
which requires further study.

CLINICAL CLASSIFICATION OF PH

PH is divided into 5 major groups for clinical classi-
fication purposes. These are: 1) PAH; 2) PH-LHD;
(3) PH caused by lung disease and/or hypoxia

Pulm
ity

Douschann et al11 Kovacs et al12 Valerio et al13 Heresi et al66

Austria Austria England USA

2005-2014 2006-2010 <2010 1990-2012

547 141 228 1,491

Two large COPD cohorts PH clinic cohort Systemic sclerosis cohort Cleveland clinic PH registry

193 109 142 85

64 32 86 63

20.6-24.9 20-25 21-24 21-24

2.37 (1.14-4.97) 4.75 3.7a (1.7-8.0), P < 0.001 3.08 (0.60-15.90), P ¼ 0.18

sure; PH ¼ pulmonary hypertension.



TABLE 2 Hemodynamic Definitions of PH

Characteristics Clinical Group No

Precapillary PH mPAP >20 mm Hg 1, 3, 4, and 5

PAWP #15 mm Hg

PVR $3 WU

Isolated postcapillary PH mPAP >20 mm Hg 2 and 5

PAWP >15 mm Hg

PVR <3 WU

Combined precapillary
and postcapillary PH

mPAP >20 mm Hg 2 and 5

PAWP >15 mm Hg

PVR $3 WU

Reproduced with permission from Simonneau et al.6

Clinical groups: 1 ¼ pulmonary arterial hypertension; 2 ¼ pulmonary hyper-
tension (PH) caused by left heart disease; 3 ¼ PH caused by lung disease and/or
hypoxia; 4 ¼ PH caused by pulmonary artery obstruction; 5 ¼ PH with unclear
and/or multifactorial mechanisms; PAWP ¼ pulmonary artery wedge pressure;
PVR ¼ pulmonary vascular resistance; other abbreviations as in Table 1.
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(PH-LD); 4) chronic thromboembolic PH (CTEPH); and
5) PH with unclear and/or multifactorial mecha-
nisms.5,8 In addition to hemodynamic differences
(Table 2), the groups encompass a broad range of
underlying conditions, with varied prevalence and
therapeutic approach. The current PH clinical classi-
fication system is presented in Table 3.

GROUP 1: PAH. PAH is uncommon relative to other
forms of PH, with an estimated prevalence of 15 to 50
per million.17,18 Group 1 PAH conditions are charac-
terized by pulmonary artery vascular cell prolifera-
tion, luminal narrowing, and loss of cross-sectional
area.4 Common causes of PAH include idiopathic,
heritable, drug-induced, and connective tissue dis-
ease– and congenital heart disease–associated. Rarer
causes of PAH include HIV, schistosomiasis, and
portal hypertension.

Randomized trials have shown effectiveness of
vasodilator agents, including phosphodiesterase-5
inhibitors, endothelin receptor antagonists, soluble
guanylate cyclase inhibitors, and prostacyclin ana-
logues in group 1 PAH. Historically, idiopathic PAH
was predominantly recognized in younger females;
however, there is increasing prevalence of PAH
affecting more elderly patients with a more balanced
sex ratio, comorbidities, and potentially less favor-
able response to therapy.19 Hemodynamically, PAH
is characterized by precapillary PH with mPAP
>20 mm Hg, PAWP <15 mm Hg and PVR >3 WU.8

GROUP 2 PH. Group 2 PH refers to PH-LHD, including
left ventricular systolic and diastolic dysfunction and
valvular heart disease. PH-LHD is overwhelmingly
the most common cause of PH, constituting 75% of all
causes of PH in population studies.20,21 Hemody-
namic distinction relies on accurate measurement of
PAWP >15 mm Hg which designates “postcapillary
PH.”8 Postcapillary PH can be further defined based
on measurement of diastolic pressure gradient (DPG)
as follows: isolated postcapillary PH with
DPG <7 mm Hg and/or PVR #3 WU, or CpcPH with
DPG >7 mm Hg and/or PVR >3 WU.22 Elevated PVR in
PH-LHD (ie, CpcPH) has been associated with
increased mortality.22,23 To date, vasodilator treat-
ments have not shown any benefit, and in some trials
have shown harm.24,25

GROUP 3 PH. Group 3 PH or chronic lung disease–
related PH (CLD-PH) is the second most common
cause of PH. Hemodynamically, most CLD-PH tends
to be associated with mild to moderate elevation
rather than very severe PH seen in group 1 PAH.
However, a small proportion of CLD-PH may present
with very severe precapillary PH. The presence of PH,
regardless of severity, has been associated with
increased mortality in the setting of CLDs such as
chronic obstructive pulmonary disease and intersti-
tial lung disease.26 Expert guidelines suggest complex
lung function testing cutoffs of forced expiratory
volume in the first second <60% (obstructive pa-
thologies) and forced vital capacity <70% (restrictive
pathologies) in conjunction with moderate to severe
computed tomography parenchymal abnormality
as designating CLD-PH.26 A recent randomized
controlled trial of inhaled treprostinil in PH caused by
interstitial lung disease showed improvements in 6-
minute walk distance and time to clinical wors-
ening, and it is the only drug with regulatory approval
for treatment in CLD-PH.27 In CLD-PH associated with
hypoxic respiratory failure, long-term oxygen ther-
apy is indicated.

GROUP 4 PH. This group consists of conditions where
obstructive lesions of the pulmonary artery results in
PH, with CTEPH being the most common. Rarely,
pulmonary artery obstruction can be the result of
pulmonary artery sarcoma or large-vessel pulmonary
vasculitis (eg, Takayasu arteritis). CTEPH is an un-
common but underdiagnosed condition caused by
fibrotic narrowing of the more proximal elastic pul-
monary arteries from nonresolved venous thrombo-
embolism. CTEPH is estimated to complicate 3% to 4%
of pulmonary embolism cases and is defined as PH in
the setting of unresolved pulmonary emboli despite
3 months of anticoagulation.28 Pathologically, non-
resolved thrombus leads to organization and fibrosis
within the pulmonary arterial bed causing impairment
to blood flow and PH.28 Pulmonary endarterectomy is
the treatment of choice for CTEPH and can be cura-
tive.29 For nonoperable patients, balloon pulmonary
angioplasty (BPA) and pharmacological therapy is
available.30,31 BPA had been pioneered and refined



TABLE 3 Updated Clinical Classification of Pulmonary Hypertension.

Description of Groups 1-5

1 PAH

1.1 Idiopathic PAH

1.2 Heritable PAH

1.3 Drug- and toxin-induced PAH

1.4 PAH associated with:

1.4.1 Connective tissue disease

1.4.2 HIV infection

1.4.3 Portal hypertension

1.4.4 Congenital heart disease

1.4.5 Schistosomiasis

1.5 PAH long-term responders to calcium channel blockers

1.6 PAH with overt features of venous/capillaries (PVOD/PCH) involvement

1.7 Persistent PH of the newborn syndrome

2 PH caused by left heart disease

2.1 PH caused by heart failure with preserved LVEF

2.2 PH caused by heart failure with reduced LVEF

2.3 Valvular heart disease

2.4 Congenital/acquired cardiovascular conditions leading to postcapillary PH

3 PH caused by lung diseases and/or hypoxia

3.1 Obstructive lung disease

3.2 Restrictive lung disease

3.3 Other lung disease with mixed restrictive/obstructive pattern

3.4 Hypoxia without lung disease

3.5 Developmental lung disorders

4 PH caused by pulmonary artery obstructions

4.1 Chronic thromboembolic PH

4.2 Other pulmonary artery obstructions

5 PH with unclear and/or multifactorial mechanisms

5.1 Hematological disorders

5.2 Systemic and metabolic disorders

5.3 Others

5.4 Complex congenital heart disease

Reproduced with permission from Simonneau et al.6

LVEF ¼ left ventricular ejection fraction; PAH ¼ pulmonary arterial hypertension;
PCH ¼ pulmonary capillary hemangiomatosis; PVOD ¼ pulmonary veno-occlusive disease.
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over many years in Japan, with worldwide adoption of
their modern approach beginning in 2012. This has
led to significant differences between Western and
Japanese approaches to CTEPH treatment.32

GROUP 5 PH. Group 5 PH includes so-called miscel-
laneous and rare causes of PH. These may include PH
associated with myeloproliferative disorders, chronic
renal failure, sarcoidosis, and thyroid disease.
Epidemiological data and therapeutic trial data are
limited to small case series and reports.

EPIDEMIOLOGY OF PH IN ASIA

An estimated prevalence of PH at the population level
is approximately 1% to 3%.33,34 PAH is rare, with an
estimated prevalence of 15 to 30 per million.20,33 The
incidence and prevalence of PH is increasing, likely
for multifactorial reasons.35 Heightened awareness,
access to echocardiogram, and right heart catheter
studies and an ageing population are likely the chief
contributors. Lesser factors which will continue to
play a role include increased case finding related to
definition changes (mPAP >20 mm Hg) and improved
treatments leading to prolonged survival.

Contemporary Asian data regarding pulmonary
hypertension is more limited relative to the West.
Differences in PH epidemiology may be expected
based on genetic, environmental, behavioral and so-
cioeconomic factors, although such factors are
heterogenous throughout Asia.1

Variable socioeconomic, dietary, and lifestyle fac-
tors have contributed to a rising epidemic of cardio-
vascular disease in Asia.36 As in the West, PH-LHD is
likely to be the most common PH subtype, although
the etiology is likely more varied in Asia. The inci-
dence of congenital heart disease is as high as 25 per
1,000 in developing countries in Asia, relative to
approximately 10 per 1,000 worldwide.37 Rheumatic
heart disease occurs with significantly higher preva-
lence, approximately 1,000-fold, in South Asian
countries compared to Western countries, and has not
declined significantly in the past 30 years.38

Tobacco smoking remains a significant public
health problem in most Asian countries, and in some
countries rates of smoking continue to increase.39

Rates of PH caused by lung disease (ie, chronic
obstructive pulmonary disease) may be higher than
observed in Western registries where smoking rates
have fallen. In addition, tuberculosis incidence in a
number of Asian countries is the highest in the world,
which could be expected to lead to higher rates of PH-
LD.40 Hoeper et al33 summarized crude prevalence
estimates of PH-LHD (15 million) and PH-LD (11
million) in Asia to be the highest of all world regions.
In socioeconomically disadvantaged Asian regions,
mirroring middle- and low-income countries globally,
there is likely increased prevalence of PH related to
infections including HIV, schistosomiasis, and rheu-
matic fever compared to Western countries.41

Finally, high altitude pulmonary hypertension oc-
curs in persons living above 2,500 m sea level, and the
Asian Himalayas are home to more than 50 million
people. Although right heart catheter diagnostic
confirmation is rarely performed, epidemiological
studies of Kyrgyzstan highlanders found that 14% had
electrocardiographic features of cor pulmonale.42

WESTERN PH REGISTRIES

Registries serve as useful cohort studies to inform
epidemiological traits, natural history, survival, and



TABLE 4 Western PAH Registries

REVEAL44 FPHN17 FPHN-R67 COMPERA45 Aspire68 PHSANZ69

Country USA France France Germany United Kingdom Australia and New Zealand

No. of patients 2,716 674 1,611 1,655 600 2,558

No. of centers 54 17 50 1 21

Years enrolled 2006-2009 2002-2003 2006-2018 2009-2020 2001-2010 2011-2019

Analysis type Incident þ Prevalent Incident only Incident only Incident only Incident only Incident þ Prevalent

Female, % 79 65 56 64 62 74

Mean age (SD/IQR as applicable), y 50.4 (16.8) 50 � 15 60 � 17 65.7 (15.5) 59 � 17 58.2 � 16.3

WHO subtype prevalence, n (%)

1.1. IPAH 1,262 (47) 264 (39) 1,201 (75) 1,182 (72)a 175 (29)a 1,043 (41)a

1.2. CTD-PAH 648 (24) 103 (15) not applicable 330 (20) 188 (31) 313 (31)

1.3. CHD-PAH 319 (12) 76 (11) not applicable 46 (2.8) 198 (33) 260 (10)

1.4. Portal HTN 138 (5) 70 (10) not applicable 83 (5) 24 (4) 80 (3)

1.5. HIV 51 (2) 42 (6) not applicable 14 (1) not applicable 15 (0.6)

1.6. FPAH 79 (3) 26 (4) 133 (8) not applicable not applicable 45 (2)

1.7. DPAH 134 (5) 64 (10) 277 (17) not applicable not applicable not applicable

aIncludes DPAH þ FPAH (with exception of PHSANZ).

CHD ¼ congenital heart disease; COMPERA ¼ Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary Hypertension; CTD ¼ connective tissue disease; DPAH ¼ drug associated
pulmonary arterial hypertension; FPAH¼ familial pulmonary arterial hypertension; FPHN¼ French Pulmonary Hypertension Network; HTN¼ hypertension; IPAH¼ idiopathic pulmonary arterial hypertension;
not applicable ¼ not available; PHSANZ ¼ Pulmonary Hypertension Society of Australia and New Zealand; REVEAL ¼ Registry to Evaluate Early and Long-term PAH Disease Management; other abbreviation
as in Table 3.
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treatment data in rare diseases such as PAH. The first
primary PH registry was commissioned by the U.S.-
based National Institutes of Health in 1981.43 Since
then, numerous PH registries have been established
and reported, with major focus on group 1 PAH. One
of the largest is the U.S. REVEAL (Registry to Eval-
uate Early and Long-term PAH Disease Management)
registry, based on 55 U.S. centers between 2006
and 2009, which described the demographics, dis-
ease characteristics, hemodynamics, and survival
data for patients with group 1 PAH.44 Other major
registries include the French (FPHN [French Pulmo-
nary Hypertension Network] COMPERA (Compara-
tive Prospective Registry of Newly Initiated
Therapies for Pulmonary Hypertension) (German),
Aspire (United Kingdom) and PHSANZ (Pulmonary
Hypertension Society of Australia and New Zealand).
In Western countries, unlike many Asian registries,
idiopathic PAH is the most common etiology,
comprising 30% to 50% of all PAH cases, followed
by connective tissue disorder (CTD)–PAH and
congenital heart disease (CHD)–PAH. Survival rates
at 1, 3, and 5 years in the REVEAL registry (85%
prevalent cases) from diagnostic right heart catheter
were 85%, 68%, and 57%, respectively. The charac-
teristics of selected Western PAH registries are
presented in Table 4.

One of the key epidemiological changes in the past
15 years has been the increasing age of PAH patients
enrolled in Western registries. In the COMPERA
registry, the average age of patients with PAH was
65.7 � 15.5 years.45 In the same registry, a cluster
analysis revealed 3 distinct phenotypes of PAH char-
acterized by: cluster 1 — median age 45 years, 76%
females, no comorbidities, and diffusing capacity of
lung for carbon monoxide (DLCO) $45%; cluster 2 —

median age 75 years, 98% females, frequent comor-
bidities, no smoking history, DLCO mostly $45%; and
cluster 3 — median age 72 years, 72% males, frequent
comorbidities, history of smoking, and low DLCO.46

Importantly treatment response and survival were
best in cluster 1, suggesting a distinct phenotypic
difference for more elderly patients with multiple
comorbidities. Further studies are needed to help
refine our approach to PAH therapy according to
different phenotypes of PAH.

ASIAN PH REGISTRIES

The largest Asian registry describing all PH subtypes
is the PRO-KERALA registry based in the state of
Kerala, India.47 Fifty hospitals across the state
registered data for consecutive PH patients in 2003,
finding mean age 56 � 16.1 years, female predomi-
nance (52%), with etiologies PH-LHD (59%), group 1
PAH (42%), PH-LD (13.3%), CTEPH (3.8%), and
group 5 miscellaneous PH (2.4%).47 Lim et al48

recently reported the characteristics of pulmonary
arterial hypertension in a multiethnic Asian registry,
with findings similar to other large registries. The
mean age was 50.8 � 14.9 years, cases were
predominantly female (77%), with etiologies of



TABLE 5 Epidemiology of Asian PAH Registries

KORPAH70,71,a Lim et al48 PRO-KERALA47,a JHPAR72 Zhang et al49,b Jing et al50

Country South Korea Indonesia India Japan China China

No. of patients 625 148 2,003 189 276 956

No. of centers 35 1 50 8 5 9

Years enrolled 2008-2011 2003-2016 2015 2008-2013 2007-2009 2008-2011

Female, % 81 77 52 76 76 70

Mean age, y 47.6 � 15.7 50.8 � 15.9 56 � 16.1 43.9 � 16.9 36.4 36 � 13

WHO subtype prevalence, n (%)

2. PAH
2.1. IPAH
2.2. CTD-PAH
2.3. CHD-PAH
2.4. Other

145 (23)
311 (50)
159 (25)

44 (30)
36 (24)
53 (36)

424 (21)
117 (28)
9 (4)

291 (69)

105 (56)
48 (25)
16 (9)

20 9 (11)

173 (63)
103 (37)

not applicable
not applicable

335 (35)
182 (19)
411 (43)

not applicable

3. PH-LHD not applicable not applicable 1,189 (59) not applicable not applicable not applicable

4. CLD-PH not applicable not applicable 266 (13.3) not applicable not applicable not applicable

5. CTPEH not applicable not applicable 77 (3.8) not applicable not applicable not applicable

6. Miscellaneous not applicable not applicable 47 (2.4) not applicable not applicable not applicable

aRegistry used echocargiographic criteria for inclusion rather than accepted right heart catheter parameters. bIncludes only IPAH and CTD-PAH.

CLD ¼ chronic lung; CTEPH ¼ chronic thromboembolic pulmonary hypertension; JHPAR ¼ Japan pulmonary hypertension registry; KORPAH ¼ Korean registry of pulmonary arterial hypertension;
LHD ¼ left heart disease; PRO-KERALA ¼ pulmonary hypertension registry of Kerala, India; other abbreviations as in Tables 1, 3, and 4.
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CHD-PAH (35.8%), idiopathic PAH (29.7%), and CTD-
PAH (24.3%).48 In addition, survival rates were
similar to Western registries, with 1-year survival at
85.8%, 5-year survival at 66.9%, and 10-year sur-
vival at 55.4%. Sex distribution was also similar, at
approximately ranging 52% to 81%; however, Asian
CENTRAL ILLUSTRATION Pulmonary Arteria
Asian Regions

IPAH CTD

Western PAH

3,926
55%

1,482
21%

899
12%

865
12%

Anderson JJ, et al. JACC: Asia. 2022;2(5):538–546.

Group 1 pulmonary arterial hypertension (PAH) in Western and Asian re

disease–PAH (CTD-PAH) and congenital heart disease–associated PAH (C

schistosomiasis. IPAH ¼ idiopathic pulmonary arterial hypertension.
registries record greater proportions of CTD-PAH
and CHD-PAH, and 2 Chinese registries report a
younger mean age at diagnosis in PAH.49,50 Results
are summarized in Table 5, and a comparison of
PAH etiology between Western and Asian regions is
shown in the Central Illustration.
l Hypertension Etiological Differences Between Western and

-PAH CHD-PAH Other

Asian PAH

648
23%

694
24%

1,053
36%

500
17%

gions based on registry data. Asian registries report greater proportions of connective tissue

HD-PHD). Other PAH includes PAH associated with portal hypertension, HIV infection, and



HIGHLIGHTS

� There are significant epidemiological
differences in pulmonary hypertension
between Asian and Western regions.

� Asian data are scarce and are based on
national registries and small cohort
studies.

� Larger multinational Asian epidemiolog-
ical studies are needed to inform regional
pulmonary hypertension trends.
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In terms of heritability PAH, no significant differ-
ences have been shown between Asian cohorts to
Western cohorts in small studies to date. Bone
morphogenetic receptor 2 protein (BMPR2) is the
most common genetic abnormality in PAH. Korean
and Chinese investigators have identified rates from
14% to 22% for BMPR2 mutation in patients with
sporadic PAH, similar to Western cohorts.51-53 Chinese
investigators have consistently identified younger
age at diagnosis in their cohort in BMPR2 carriers
relative to Western series, but whether this precocity
is simply related to overall background epidemiology
is uncertain.52,53

Systemic lupus erythematosus (SLE) prevalence is
higher in Asians compared to Caucasians, although
both are low compared to Black ethnic groups.54 In
Western registries, scleroderma-associated PAH (SSc-
PAH) is the overwhelmingly the most frequent CTD-
PAH subtype.55 Estimates of SSc-PAH prevalence in
patients with scleroderma in Western centers ranges
from 7% to 12%.56,57 The recognition of high rates of
SSc-PAH led to development of systematic screening
recommendations based on complex lung function
testing and echocardiography, and was incorporated
into latest guidelines.5,57 There are significantly
higher rates of PH caused by SLE in Asia. Hao et al58

identified SLE in 49% of 129 consecutive adult pa-
tients referred to 3 Chinese PH centers in a 5-year
period compared to just 6% with SSc-PAH. Preva-
lence of PH in a cross-sectional sample of 1,934 Chi-
nese patients with SLE has been estimated at 3.8%
(based on echocardiographic parameters), although
other estimates range from 2.8% to 23.3% depending
on reference criteria.59,60 Although evidence is
limited, a similar approach to screening in Asian pa-
tients with high-risk SLE as SSc-PAH in Western pa-
tients may be warranted.

Takayasu arteritis (TA) is a rare large-vessel
vasculitis with higher incidence in Asian pop-
ulations relative to the West, predominantly affecting
females in their second and third decades.61 A small
proportion of TA patients may develop pulmonary
arteritis, estimated at 6.3% in a large Korean cohort.62

TA-PH (classified as group 4) may occur in more than
half of patients who develop pulmonary arteritis, and
these patients may exhibit responses to pulmonary
vasodilator therapy.62-64

Finally, a recent international prospective CTEPH
registry highlighted differences in epidemiology
and approach to treatment between Western and
Asian centers. In Japan, 70% of patients are offered
BPA as a first-choice treatment (compared to 72%
offered pulmonary endarterectomy in Western cen-
ters), and there is an as-yet unexplained higher
proportion (75%) of females with CTEPH in Japa-
nese centers.65

CONCLUSIONS

Definitions and classification of PH have matured
over time, with Western data underpinning the
framework. Right heart catheter mPAP > 20 mm Hg
is the new accepted definition of PH.8 Asian registry
data suggests that PH-LHD is the most common PH
subtype, as is the case in the West, and is in
keeping with reported cardiovascular disease
trends. Epidemiological differences between PH in
Asia compared to that described in the literature
should be suspected based on multiple geographic,
socioeconomic, and behavioral factors. Although
rare relative to PH-LHD and CLD-PH, conditions
including SLE-PAH, TA-PH, and HIV-PH should be
considered in Asian patients with PH. In terms of
group 1 PAH, Asian registry data suggest a similar
mean age of diagnosis of PAH and female prepon-
derance, with a greater proportion of CTD-PAH and
CHD-PAH relative to idiopathic PAH.
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