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Global, regional, and national burden of pulmonary arterial
hypertension, 1990-2021: a systematic analysis for the
Global Burden of Disease Study 2021

GBD 2021 Pulmonary Arterial Hypertension Collaborators*

Summary

Background Pulmonary arterial hypertension (PAH) is a vascular disease characterised by restricted flow and high
pressure through the pulmonary arteries, leading to progressive right heart failure and death. This study reports
the global burden of PAH, leveraging all available data and using methodology of the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) to understand the epidemiology of this under-researched and morbid
disease.

Methods Prior to the current effort, the burden of PAH was included in GBD as a non-specific contributor to “other
cardiovascular and circulatory disease” burden. In this study, PAH was distinguished as its own cause of death and
disability in GBD, producing comparable and consistent estimates of PAH burden. We used epidemiological and vital
registry data to estimate the non-fatal and fatal burden of PAH in 204 countries and territories from 1990 to 2021
using standard GBD modelling approaches. We specifically focused on PAH (group 1 pulmonary hypertension), and
did not include pulmonary hypertension groups 2-5.

Findings In 2021, there were an estimated 192000 (95% uncertainty interval [UI] 155 000-236 000) prevalent cases
of PAH globally. Of these, 119000 (95900-146000) were in females (62%) and 73100 (58 900-89 600) in males
(38%). The age-standardised prevalence was 2-28 cases per 100 000 population (95% UI 1-85-2-80). Prevalence
increased with age such that the highest prevalence was among individuals aged 75-79 years. In 2021, there were
22000 deaths (18 200-25400) attributed to PAH globally, with an age-standardised mortality rate of 0-27 deaths
from PAH per 100000 population (0-23-0-32). The burden of disease appears to be improving over time
(38-2% improvement in age-standardised years of life lost [YLLs] in 2021 relative to 1990). YLLs attributed to PAH
were similar to estimates for conditions such as chronic myeloid leukaemia, multiple sclerosis, and Crohn’s
disease.

Interpretation PAH is a rare but fatal disease that accounts for a considerable health-associated burden worldwide.
PAH is disproportionally diagnosed among females and older adults.
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Introduction (DALYs) to better inform health policy and health system

Pulmonary arterial hypertension (PAH) is a rare disease
leading to progressive remodelling and narrowing of the
pulmonary vasculature, right heart failure, and death.'?
Although targeted therapies for PAH have been
developed and contribute to improved morbidity and
mortality, persistent disability and continued high health-
care costs present ongoing challenges for patients and
health-care systems.*® Risk factors for PAH (such as
HIV, connective tissue disease, and methamphetamine
use), access to resource-intensive subspecialty care, and
outcomes are thought to vary worldwide, but compre-
hensive global estimates of PAH burden have not been
previously published.®" There is a need to better estimate
the global and regional burden of PAH, including the
use of more comprehensive estimates of burden such as
years of life lost (YLLs) or disability-adjusted life-years

decision makers.

The Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) is an ongoing, multinational
research project that quantifies health loss across the
world. GBD collects all available data and applies statisti-
cal and epidemiological models to produce comparable,
consistent, and comprehensive estimates of disease
burden across age, sex, geographical location, and year.
The study will now include PAH as a cause for the first
time, producing summary estimates of YLLs, years lived
with disability (YLDs), DALYs, and traditional measures
of non-fatal and fatal burden.

The aim of this investigation was to better characterise
the worldwide epidemiology of PAH including regional
variation, place this in context relative to other disease
entities, and highlight areas of wuncertainty that
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See Online for appendix 1

For location, disease, and risk
hierarchies see https://ghdx.
healthdata.org/record/global-
burden-disease-study-2021-
gbd-2021-cause-rei-and-
location-hierarchies

Research in context

Evidence before this study

We searched the Global Index Medicus and PubMed for
keywords related to pulmonary arterial hypertension (PAH)
between 1980 and 2021 to identify population-representative
sources of prevalence, incidence, and mortality with clinically
diagnosed PAH (additional details in appendix 1 pp 21-23). Of
6772 articles identified, we found 65 with population-level
data, the majority of which were focused on mortality.
Previous studies looked mainly at single geographies or
limited subsets of disease such as idiopathic PAH, global
estimates of PAH were extrapolated, and there was little to no
assessment of disease burden outside of incidence, prevalence,
and mortality.

Added value of this study

This study extends previous evidence by establishing a global
estimate for the non-fatal and fatal burden of PAH, which is a
disease that is recognised to cause lifelong disability. PAH
disability was measured by prevalence, mortality, and disability
estimates (eg, disability-adjusted life-years and years of life
lost), which suggested a burden of disease similar to that of
more common but less fatal diseases. PAH is more commonly

necessitate further study. This effort was specifically
focused on PAH (group 1 pulmonary hypertension). By
adding PAH to the list of conditions in GBD, this initial
report will be revisited over time to reflect new data and
changes in population health around the world.

Methods
Overview
GBD estimates disease burden for 371 diseases and
injuries and 88 risk factors in 204 countries and territo-
ries. Further information on the location, disease, and
risk hierarchies used for GBD 2021 can be found on the
Global Health Data Exchange (GHDx). In 2021, PAH was
added as its own condition in GBD, producing compara-
ble and consistent estimates of PAH burden from
1990 to 2021. The current haemodynamic definition of
PAH includes a resting mean pulmonary arterial
pressure of more than 20 mm Hg, pulmonary capillary
wedge pressure of less than 15 mm Hg, and pulmonary
vascular resistance of at least 2 Wood units obtained by
right heart catheterisation; however, this haemodynamic
definition has changed over time and is similar but not
identical to definitions that would have been used by
physicians over the study period.*” Echocardiography is
also used to estimate pulmonary arterial pressure, a
practice that is common in resource-limited settings and
can influence the sensitivity and specificity of the
diagnosis.

A standard case definition was used by GBD when
identifying data sources to include. The GBD case defini-
tion required a physician diagnosis of PAH in which

diagnosed in females, has a similar burden between males and
females, and disproportionately affects older adults. Estimates
of mortality appear to be improving over time. PAH remains a
difficult disease to diagnose clinically, case definitions have
changed over time, and data in many parts of the world remain
sparse. These challenges likely impact these estimates and
might blunt the recognition of more substantial regional
variation.

Implications of all the available evidence

PAH has not historically been a strong focus of global public
health discussion and there are certainly diseases with a larger
public health burden. Nevertheless, there are an increasing
number of effective therapies for PAH and the development of
PAH has been linked with relatively common exposures such as
schistosomiasis and methamphetamine use. These factors
highlight the importance of developing tools to simplify the
diagnosis and strengthen public health reporting systems to
monitor this disease to more effectively target resources and
research in the future. In addition, future research should focus
on the contributions to global burden that are made by
modifiable risk factors.

there was supporting evidence for the diagnosis from
either right heart catheterisation or echocardiography.
Independent review of haemodynamics or echocardiog-
raphy was not performed; we merely required an
assurance that corroborating evidence from either of
these modalities informed physician diagnoses used in
the included data source. We included PAH identified by
ICD codes if the diagnosis was confirmed by reviewing
the medical records. Pulmonary hypertension can arise
from several different cardiopulmonary diseases as des-
ignated by classification groups. The current effort was
focused on PAH (group 1 pulmonary hypertension).
PAH is distinct from pulmonary hypertension more
broadly, which can arise from a variety of other heart and
lung diseases. Pulmonary hypertension groups 2-5 have
distinct pathophysiology, treatments, and natural history
and were not included.?

GBD wuses de-identified data, and the waiver of
informed consent was reviewed and approved by the
University of Washington Institutional Review Board
(study number 9060). This manuscript was produced as
part of the GBD Collaborator Network and in accordance
with the GBD Protocol. This study complies with the
Guidelines for Accurate and Transparent Health
Estimates Reporting (GATHER); a checklist can be found
in appendix 1 (p 3).*

Mortality estimation

The Cause of Death Ensemble model (CODEm)
software was used to estimate mortality due to PAH." A
brief description follows; full details, including
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covariates and model settings, can be found in
appendix 1 (pp 6-12). CODEm generates a set of
plausible submodels using multiple statistical families
and combinations of covariates. Possible covariates
were identified based on a priori understanding of the
association between the covariate and PAH.
Combinations of covariates were tested for statistical
significance and plausibility (eg, coefficients must have
the expected directions based on information about
disease pathophysiology in the literature, inputs from
disease experts, and a priori expectations about the
relationships between access to health care or develop-
ment level of a population and mortality). The final
ensemble model was a weighted average of the available
submodels, where the weights were determined by
submodel performance in out-of-sample predictive
validity testing.

Vital registration records were used as input data for
estimating PAH mortality in CODEm. Vital registration
records were mapped to the GBD cause hierarchy by
ICD code. ICD codes 416.0 (ICD-9) and 1270 (ICD-10)
were used as both are specific to PAH. A revision of the
ICD-10 coding system revealed an issue with deaths
coded to 1270 for some years and locations. This revision
introduced the use of 1272 to code for deaths due to
other types of pulmonary hypertension. In some
countries, the introduction of 127.2 caused large changes

in the patterns of deaths coded to 1270, either in level or
temporal trend. As we do not expect large changes in
PAH-related mortality, the most likely explanation was
that before the regular use of 1272, non-PAH types of
pulmonary hypertension were often erroneously coded
to 127.0. We thus concluded that the most accurate and
conservative estimates of PAH burden should be based
on deaths coded to 1270 after the introduction of
1272 and excluded all input data for affected locations
before the introduction of 1272 (additional details
included in appendix 1 pp 18-19). In addition, non-
specific, intermediate, or implausible causes of death in
vital registration records were reassigned to valid under-
lying causes of death (including PAH) via a set of
redistribution algorithms that use (1) proportional infor-
mation, (2) cause-specific priors, or (3) datasets with
complete information on all contributing causes of
death in addition to the underlying cause.

Morbidity estimation

We performed a systematic review using the Global
Index Medicus and PubMed databases to gather epide-
miological studies reporting data for PAH from 1980 to
2021. Complete details of this review have been previ-
ously published." Search terms, information on
inclusion and exclusion criteria including a PRISMA
diagram, and resultant data are described in appendix 1

Data availability
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Figure 1: Availability of data to inform global burden of disease models for pulmonary arterial hypertension
These estimates are based on data from vital registration (births, deaths, and cause of death), non-vital registration sources (population registries, census, and other sources), or both.
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(pp 20-25). Data sources included in the model can be
accessed via GHDx, a publicly available, searchable
database of model inputs. Full details of all data

For GHDx see https://ghdx.
healthdata.org

Prevalence Mortality
Male Female Total Male Female Total
1990 175 2.81 2:30 0-37 0-34 035
(1-42-213)  (229-346)  (1-87-2-82) (0-29-0-46)  (0-23-0-45)  (0-29-0-42)
1995 1.75 2-81 229 0-36 033 035
(1:42-212)  (229-346)  (1-86-2-82) (029-0-45)  (0-25-0-46)  (0-29-0-41)
2000 175 278 228 0-33 0-33 0-33
(142-213)  (226-342)  (1-85-2:80) (028-0-41)  (0-26-0-44)  (0-29-0-39)
2005 1.79 2.81 231 0-32 0-32 0-32
(1-45-2-18) (2:29-3-46) (1-88-2-84) (0-27-0-38) (026-0-42)  (0-28-0-37)
2010 1.80 2.81 232 035 034 034
(1-46-219)  (229-3-44) (1-88-2:83)  (0-27-0-41)  (0-26-0-41)  (0-28-0-39)
2015 1.82 2.81 232 0-32 0-31 0-32
(1-47-221)  (228-345)  (1-88-2:84) (024-038)  (0-25-0-38)  (0-26-0-36)
2020 1.80 277 229 0-27 0-28 028
(1-46-219)  (2:25-341)  (1-86-2-81) (021-0-33)  (0-22-0-35)  (0-23-0-32)
2021 1.78 275 228 0-27 0-28 0-27
(1-44-217)  (2-24-339)  (1-85-2-80) (021-0-33)  (0-22-034)  (0-23-0-32)

Data are number of cases or number of deaths per 100 000 population, with 95% uncertainty intervals in parentheses.

Table 1: Global age-standardised prevalence of pulmonary arterial hypertension per 100 000 population
and age-standardised mortality attributed to pulmonary arterial hypertension per 100 000 population

from 1990 to 2021

processing steps and model settings can be found in
appendix 1 (pp 20-25).

We used Disease Modeling Meta-Regression
(DisMod-MR) version 2.1 to estimate non-fatal burden of
PAH by age group, sex, location, and year.® DisMod-MR
is a Bayesian modelling meta-regression tool that uses
disease parameters (eg, incidence, prevalence,
remission), epidemiological relationships between these
parameters, predictive covariates, and a geographical
hierarchy (global, super-region, region, country, subna-
tional) to generate internally consistent estimates of
non-fatal burden. Using priors generated at each level of
the geographical hierarchy and coefficients for included
covariates, DisMod-MR generates predictions for all
locations, including those without epidemiological input
data. Additional description of these methods is included
in appendix 1 (pp 13-17).

Estimates reported in epidemiological studies often
lack demographic detail. We split both-sex data points
into male and female estimates using the tool MR-BRT
(Meta-Regression, Bayesian, Regularized, Trimming).”
To do this, we modelled the log-ratio of male to female
values, and then used location-specific population struc-
tures to calculate sex-specific estimates. We split all-age
data points into bins with a 10-year age range. To do this,
we estimated the global age-pattern of PAH with a
DisMod-MR model using only data where the span
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between the minimum age value and maximum age
value for a data point was less than 25 years. The results
from this model and information on location-specific
population structures were used to calculate the split
values.

Summary measure methods

GBD produces summary measures of disease burden,
including YLLs, YLDs, and DALYs. YLLs were calcu-
lated as the difference between age at death and an
ideal life expectancy calculated using a reference life
table to identify the highest observed life expectancy for
each age.” YLDs were calculated as the product of
prevalent cases and disability weights to capture differ-
ences in burden by disease state.” As PAH results in
right heart failure, the disability weights specific to
heart failure were selected to represent the disability
due to PAH. DALYs were calculated as the sum of YLDs
and YLLs.

General statistical methods

Estimates were generated for each GBD age group,
location, year, and sex. Uncertainty was estimated by
sampling from the posterior distributions at each step in
the modelling process and is reported as 95% uncertainty
intervals (Uls), with lower and upper bounds calculated
as the 2-5% and 97-5% quantile. Three significant
figures were used when reporting estimates. While this
is consistent with convention in GBD, this means that
component estimates presented in the manuscript
(eg, males and females) cannot always be added to
generate the reported total. We used the direct method
with the GBD standard global population to produce age-
standardised estimates. The GBD standard population is
based on the population structure of all countries with
populations greater than 5 million people. In a two-step
process, the proportion of the location-specific popula-
tion in each age group is calculated and then these
age-specific proportions are averaged across all
locations.” Code used for GBD estimation is publicly
available online.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Consistent with previous GBD analyses, source data that
were used to inform the appropriate models to estimate
fatal and non-fatal metrics for PAH were broadly but not
universally available (figure 1). Additional details about
studies used to inform morbidity estimates, including
locations, years, and methods used to confirm the
diagnosis of PAH, are included in appendix 1 (pp 20-25).
In 2021, there were 192000 prevalent cases (95% Ul
155000-236000) of PAH. The age-standardised

B Age-standardised prevalence of PAH by sex (2021)
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Figure 2: PAH prevalence

(A) Age-standardised prevalence of PAH by region in 2021 (both sexes). (B) Age-standardised prevalence of PAH by
sex and region in 2021; error bars show 95% uncertainty intervals. (C) Global age-specific prevalence of PAH in
2021. PAH=pulmonary arterial hypertension.

prevalence of PAH was 2-28 cases per 100000 population
(95% UI 1-85-2-80). Estimates of PAH prevalence
appeared to be relatively stable over time, with an age-
standardised prevalence of PAH in 1990 of 2-30 per
100000 population (1-87-2-82; table 1). PAH was more
prevalent among females, with 2-75 cases of PAH per
100000 females (2-24-3-39) versus 1-78 cases of PAH

For the code see https://ghdx.
healthdata.org/gbd-2021/code

per 100000 males (1-44-2-17) in 2021. Of the
192000 individuals with prevalent PAH,
119000 (95900-146000) were female (62%) and

73100 (58900-89600) were male (38%). Figure 2 shows
the age-standardised prevalence and distribution of PAH
by sex and age globally. There was a similar PAH
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prevalence worldwide, albeit with slightly higher preva-
lence in western Europe, central Latin America, and
high-income Asia Pacific, and a lower prevalence in
south Asia, high-income North America, and Oceania.
Age-standardised prevalence by region ranged from
1-71 cases per 100000 population (1-38-2-09) in
south Asia to 3-56 cases per 100000 population
(2-92—4-35) in western Europe. Prevalence of PAH
increased with age, with the highest prevalence observed
in individuals aged 75-79 years (7-99 per 100000,
5-32-11-6). All-age counts of prevalence by region and
sex are included in appendix 1 (p 5).

In 2021, there were 22000 deaths (95% Ul
18200-25400) attributed to PAH globally. The age-stand-
ardised mortality rate attributed to PAH (cause-specific
mortality) in 2021 was 0-27 deaths per 100000 population
(95% UI 0-23-0-32). Cause-specific mortality improved
slowly over time as the 2021 estimate was lower than the
estimated rate in 1990 of 0-35 deaths from PAH per
100000 population (0-29-0-42), a decrease of
17-6% (table 1). Despite a higher prevalence of PAH in
females, cause-specific mortality in the population was
similar between females and males, with 0-28 deaths
from PAH per 100000 females (0-22-0-34) and
0-27 deaths from PAH per 100000 males
(0-21-0-33) in 2021. Figure 3 shows cause-specific
mortality per 100000 population and the distribution by

sex and age globally. Mortality attributed to PAH was
similar worldwide, albeit with slightly higher cause-spe-
cific mortality in north Africa and the Middle East,
central Asia, and east Asia, and lower mortality in central
Latin America, eastern Europe, and southern sub-
Saharan Africa. Age-standardised cause-specific mortality
by region ranged from 0-08 deaths from
PAH per 100000 population (0-07-0-10) in
central Latin America to 0-44 deaths from PAH per
100000 population (0-31-0-53) in north Africa and the
Middle East. All-age counts of mortality by region and
sex are included in appendix 1 (p 5).

The health-related burden of PAH is shown in table 2.
PAH contributed 642000 DALYs (53-3% among
females and 46-7% among males) in 2021. The
strongest driver of burden was in YLLs; PAH accounted
for 624000 YLLs (53:3% among females and
46-6% among males) in 2021. The burden appeared to
be gradually improving over time, with a 37- 6% improve-
ment in age-standardised DALYs per 100 000 people and
a 38:2% improvement in age-standardised YLLs
per 100000 people when compared with
1990 (appendix 1 p 4). To contextualise the burden of
PAH from the vantage of DALYs and YLLs relative to
other conditions evaluated by GBD, a selection of con-
ditions with YLLs within approximately +10 YLLs
per 100000 population are presented in table 3. PAH
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had a burden of YLLs similar to that of thyroid disease,
chronic myeloid leukaemia, testicular cancer, and
Crohn’s disease.

Further country-specific, cause-specific, non-fatal, and
fatal estimates, including the comparison with other
disease states, can be found on GBD Compare.

Discussion

Despite its relative rarity, PAH imposes a considerable
health burden worldwide. In 2021, there were
2-28 prevalent cases of PAH per 100000 population,
with a mortality rate of 0.27 deaths from PAH
per 100000 population. According to our analyses, the
burden of PAH as measured by YLLs was similar to that
seen in conditions such as chronic myeloid leukaemia,
and higher than that seen in conditions such as multiple
sclerosis, Crohn’s disease, and testicular cancer. There
was modest variability across a relatively narrow range
in both the prevalence and cause-specific mortality from
PAH worldwide. The burden from PAH might be
modestly improving over time.

Previous studies, largely anchored to local or national
registries, have reported a wide range for PAH preva-
lence, from 0-37 cases per 100000 in a French paediatric
registry to 15 cases per 100000 in an Australian echocar-
diography database.®” The current GBD prevalence
estimate of 2-28 prevalent cases of PAH per
100000 population using a more standardised and com-
prehensive dataset is similar to the mean of prevalence
estimates in these previously reported studies, but sub-
stantially higher than estimates reported in previous
reviews of global PAH prevalence that relied on fewer
data sources.™

Regional variations were observed in estimates of
prevalence and mortality. In regions with high preva-
lence, the difference was approximately 2-fold higher
compared with regions with low prevalence. Similarly,
regions with high cause-specific mortality had an
approximately 5-fold higher rate than those with lower
mortality. These regional differences might reflect an
uneven regional distribution of risk factors implicated
in the pathogenesis of PAH. For example, genetic pre-
disposition, methamphetamine use, supplement use,
and infections such as schistosomiasis or HIV (among
a number of potential risk factors) vary by region and
might drive local differences in PAH prevalence.*** In
addition, competing risks from infection, trauma, and
other diseases are uneven globally and could impact the
population at risk of developing PAH.” It is also
possible that some of the observed variation reflects
regional differences in what is recognised as PAH and
reporting systems in place. This concern might be
magnified in regions where access to diagnostic
services is limited.

Regions with the highest prevalence of PAH were not
always regions with the highest cause-specific PAH
mortality. This finding could reflect regional differences

B Age-standardised mortality attributed to PAH by sex (2021)
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Figure 3: PAH mortality

(A) Age-standardised mortality attributed to PAH by region in 2021 (both sexes). (B) Age-standardised mortality
attributed to PAH by sex and region in 2021; error bars show 95% uncertainty intervals. (C) Total global deaths
from PAH by age group in 2021. PAH=pulmonary arterial hypertension.

in case fatality rates driven by the availability of ForGBD Comparesee https://
treatment or differential comorbidities that have a sub- vizhubhealthdata.org/gbd-
stantial impact on outcomes. Alternatively, in a ©"™

recurrent theme, some of the difference might be

explained by regional differences in disease attribution.

Disease labelled as PAH might be distinct in different

regions and might include entities with a higher or

lower case fatality rate in different regions.” PAH is

diagnostically complex and there is ample evidence that

the diagnostic formulation can shift between PAH and

non-PAH pulmonary hypertension as patients move

between health-care teams.””?” Although not specifi-

cally reported for PAH, differential classification of
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Total burden across all ages Age-standardised

rate per 100000
population
DALYs
Female 342000 (283 000-431000) 839 (6-92-10-5)
Male 300000 (247 000-348 000) 8.06 (6:72-9-36)
Total 642000 (552 000-729 000) 8-24(7:14-9:39)
YLDs
Female 11000 (7220-16200) 0-25 (0-17-0-38)
Male 6770 (4420-9910) 017 (0-11-0-24)
Total 17800 (11700-25 900) 021 (0-14-0-31)
YLLs
Female 331000 (273 000-420000) 814 (6-66-10-3)
Male 293000 (240000-343 000) 7-9 (6-55-9-23)
Total 624000 (536 000-715000) 8.03 (6:95-9-21)

Data in parentheses are 95% uncertainty intervals. DALYs=disability-adjusted life-
years. YLDs=years lived with disability. YLLs=years of life lost.

Table 2: Absolute and relative global burden of pulmonary arterial
hypertension in 2021, including DALYs, YLDs, and YLLs

YLLs per 100 000
population

DALYs per 100 000
population

Malignant melanoma 181 (15-7-19-7)
9-62 (8:29-10-9)
817 (5-76-10-5)

8.03 (6-95-9-21)

196 (17-3-21-5)

897 (56-9-137)
8:3(5-86-10-6)
824 (714-9-39)

Thyroid diseases
Chronic myeloid leukaemia

Pulmonary arterial
hypertension

Testicular cancer 6-36 (6-01-6-73)
5-68 (5:41-5-98)

2:00 (1:76-229)

6-91 (6-51-7-36)
114 (9:77-13-2)
4-65 (3-69-5-85)

Multiple sclerosis

Crohn’s disease

Data in parentheses are 95% uncertainty intervals. DALYs=disability-adjusted life-
years. YLLs=years of life lost.

Table 3: Global age-standardised YLLs and DALYs of other representative
conditions relative to pulmonary arterial hypertension in 2021

disease by region is relatively common and it would not
be surprising if the diagnostic formulation was influ-
enced by the local practice environment.?* Fortunately,
while non-trivial relative differences were noted,
absolute differences in regional prevalence and cause-
specific mortality were small as a fraction of the overall
population. This observation might suggest that the
effect of these combined factors is similarly small on a
population basis.

The current estimates support the long-standing recog-
nition that PAH is more common in females but refute
the historical observation that PAH is predominantly a
diagnosis of youth.””" The observation that PAH is
increasingly a diagnosis among older adults has been
noted in recent registry-based reports and is reflected in
the GBD estimates.”””* PAH prevalence was highest
among individuals aged 75-79 years in the GBD
estimates. Previous studies have suggested that PAH
among older adults lacks the same predilection towards
females, has different clinical features, and lacks a robust

response to medical therapy.” This raises questions
about whether the increasingly older distribution of PAH
represents monolithic pulmonary vascular disease, a
separate novel entity, misattributed pulmonary hyperten-
sion from heart or lung disease, or a combination of
these factors. GBD is not well positioned to answer these
questions; however, the current estimates can confirm
that physicians are increasingly labelling cardiopulmo-
nary diseases as PAH among older adults worldwide,
and further research is needed to understand the key
elements driving this shift in population-level
demographics.

The current study offers comprehensive cause-specific
mortality rates and is the first to provide global estimates
for the health-related burden associated with PAH,
including DALYs, YLDs, and YLLs. The burden associ-
ated with PAH was substantial, with a global impact of
642000 DALYs contributed by PAH. Despite a higher
prevalence in females, the burden of disease was similar
for males and females, which supports the hypothesis
that the disease course might be more aggressive in
males. The sex paradox in PAH—higher prevalence in
females but higher case fatality rate in males—is well
recognised but not fully explained, and could be related
to sex hormones, health behaviours, and differences in
right heart adaptation among other factors.” Not surpris-
ingly for a progressive and often fatal disease, the major
contribution to health-related burden was a result of
YLLs. The YLLs attributable to PAH were similar to more
common but less fatal diseases such as multiple sclerosis
and chronic myeloid leukaemia. Nevertheless, estimates
of burden appear to be improving over time. Our work
does not fully clarify whether these improvements are
related to improved treatment, changing disease defini-
tions, risk factor mitigation, or competing risks driving
mortality towards other causes.

This work establishes a baseline for ongoing longitu-
dinal monitoring of PAH prevalence against which
future deviations can be compared or against which a
health-care system can estimate the degree to which
PAH diagnoses might be missed. For example, the rec-
ognition that anorexigens or methamphetamine caused
PAH took time, which delayed efforts to make proactive
changes to prevent PAH in atrisk populations.®*
Estimation of PAH burden in GBD could be an
important epidemiological tool to identify emerging
problems contributing to higher local or regional preva-
lence. This recognition, in turn, could focus research
and resources to better prevent, identify, and treat PAH
in the future.

Importantly, we present estimates of recognised PAH.
A substantial burden of PAH might be unrecognised,
and the case definition used for this study might not
sensitively identify relevant subtypes of PAH.” As a
result of these factors, the burden of PAH could be
higher than we estimate, and unrecognised or
uncounted disease might contribute to heterogeneity by
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country if resource constraints limited diagnosis.
Relatedly, although reliable subtyping of PAH by
aetiology is of interest to the field, it was not possible in
GBD at this time. Further limitations include data
sparsity in many regions, evolving disease definitions
for PAH, shifting approaches to diagnosis, and evolving
coding practices, including the transition between
ICD-9 and ICD-10 coding. Coding practices have evolved
over time, with no specific codes for PAH until the
early 2000s. We performed an analysis of primary
mortality data, chose to remove country-years where
1270 was affected, and excluded 1272. This biases our
earlier estimates towards the present-day average
because we had fewer data to inform our estimates in
earlier years and might underestimate the number of
deaths attributable to PAH, particularly for some
subtypes of disease more heavily coded using 1272 in
some regions. Similarly, data sparsity in resource-poor
countries and extrapolation from other regions could
bias estimates towards those seen in more well
resourced countries. This could blunt meaningful
regional differences. Finally, as discussed, the clinical
diagnosis of PAH is complex and misclassification or
differential classification might be common, such that
the diagnosis could be missed or PAH estimates could
be inflated by pulmonary hypertension from other
causes; however, while there is always room to improve
the number and source of inputs, the relatively narrow
range of absolute regional variation is reassuring and
suggests that differences in attribution by country are
not a major source of bias at a population level.

While data limitations are noted and estimates might
be considered a lower limit of the burden of PAH, the
relatively high level of data availability and consistency
across regions is notable for a disease that until recently
was considered an orphan disease. Moving forward,
ongoing attention to straightforward disease definitions,
advances in testing and screening, and stronger reporting
systems remain vitally important to ensure that countries
are consistently capturing the same disease entity when
PAH is diagnosed and approximating the full burden
from this condition. These health policy foci will be
increasingly important as costly treatments for PAH
continue to be developed, the population continues to
age, and emerging risk factors such as the methampheta-
mine epidemic continue to spread. This vigilance will
ensure that resources can be allocated appropriately, local
risk factors are mitigated, drugs are sustainably targeted,
and health systems are not systematically missing PAH
diagnoses.

In conclusion, by leveraging all available data alongside
covariates and models, this study reveals global PAH
epidemiology at a greater demographic granularity than
previously published. We estimate that at least
192000 people had PAH in 2021, that 22000 died from
the disease, and that PAH contributed to
624000 YLLs globally. PAH is more common among

females and older adults. Greater understanding of
global epidemiology can direct resources and research
towards locations, sexes, and age groups most in need,
and could identify emerging exposures that might cause
PAH in the future.
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