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Background: Pulmonary arterial hypertension (PAH) is a severe and progressive lung disease that significantly impairs patients’ health and imposes heavy clinical and economic burdens. Currently, there is a lack of comprehensive epidemiological analysis on the global burden and trends of PAH.

Methods: We estimated the prevalence, mortality, disability-adjusted life years (DALYs) of PAH from 1990 to 2021 using the results of the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD). The average annual percentage changes were used to estimate the trends of PAH across 21 regions and 204 countries and territories.

Results: From 1990 to 2021, the number of prevalent cases and deaths associated with PAH worldwide increased by 81.5 and 48.4%. However, the age-standardized prevalence rate of PAH remained relatively stable, while the age-standardized mortality rate and DALYs declined. In 2021, the global age-standardized prevalence rate of PAH was 2.28 per 100,000, with 1.78 per 100,000 in males and 2.75 per 100,000 in females. The age-standardized mortality rate of PAH globally was 0.27 per 100,000, and the age-standardized DALYs was 8.24 per 100,000. Among the 21 regions, Western Europe had the highest age-standardized prevalence rate (3.56 per 100,000), while North Africa and the Middle East had the highest age-standardized mortality rate (0.44 per 100,000) and DALYs (14.81 per 100,000). Additionally, older individuals and females are at higher risk of PAH. The age-standardized mortality rate and DALYs associated with PAH increase with age, peaking in the 95+ age group. As the sociodemographic index increased, the age-standardized prevalence rates showed an upward trend, while both the age-standardized mortality rates and DALYs exhibited a downward trend.

Conclusion: From 1990 to 2021, the overall trend of PAH burden presents regional and national variations and differs by age, sex, and sociodemographic index. These findings emphasize the importance of implementing targeted interventions to alleviate the burden of PAH.
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1 Introduction

Pulmonary arterial hypertension (PAH) is a severe, progressive lung disease manifested by pulmonary vasculopathy, elevated pulmonary artery pressure (1), and deteriorated right ventricular function (2), leading to progressive dyspnea, exercise limitation, right ventricular failure, and ultimately premature death (3). The symptoms of PAH are relatively non-specific and the onset is often insidious. Dyspnea is the first symptom in 60% of PAH patients, followed by fatigue, presyncope, syncope, and chest pain. In the later stages of the disease, these symptoms may occur with minimal exertion or even at rest (4).

In the United States, the estimated prevalence of PAH is 1.06 per 100,000 (5), while a French study reported a prevalence of 1.50 per 100,000 (6). As a life-threatening disease, before the development of specific treatments for PAH, the 5-year survival rate after diagnosis was 34% (7). In recent years, with the development and application of specific drugs for PAH, the 5-year survival rate of patients with PAH has significantly improved (a study in 2015 showed an increase to over 60%) (5, 8). Currently, there is a significant lack of global epidemiological research on PAH. It is essential to gather the latest estimated data worldwide to gain a deeper understanding of the disease burden and its trends. Conducting global epidemiological studies on PAH enables policymakers to understand the situation and formulate effective prevention and control strategies. Precise PAH prevention, screening, and treatment strategies can be tailored based on various factors such as region, country, sociodemographic indices, age, and gender, ultimately aiming to improve patient outcomes.

This study reports the burden of PAH across 204 countries and territories from 1990 to 2021, based on the latest estimates of prevalence, mortality, and disability-adjusted life years (DALYs) from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021, to provide insights into tailored policies and strategies for the prevention, screening, and treatment of PAH, ultimately benefiting patients with this condition.



2 Methods


2.1 Data sources

The data for this study comes from GBD 20211 (9, 10). GBD 2021 is a comprehensive study of global health loss. GBD 2021 provides the latest information on the distribution and burden of diseases and injuries across different times, ages, genders, locations, and sociodemographic groups. It encompasses 100,983 data sources and estimates for 204 countries and territories, categorized into 21 regions and 7 super-regions, evaluating the burden of 371 diseases and injuries in total. The data comes from vital registration systems, verbal autopsies, censuses, household surveys, disease-specific registries, health service utilization data, and other sources (9). We obtained data on the prevalence, mortality, and DALYs of PAH, stratified by age, gender, region, country, and sociodemographic index (SDI) categories. GBD 2021 could provide each estimate along with its corresponding uncertainty interval (UI). Spatiotemporal Gaussian Process Regression (ST-GPR) modeling was utilized to enable smoothing across age, time, and location in areas where comprehensive datasets were absent. Additionally, the Bayesian noise reduction algorithm was implemented to address the challenges posed by zero counts and low numbers for rare causes. The data processing involves adjustments for heterogeneity and biases, coupled with rigorous uncertainty analysis through Monte Carlo simulations, ensuring robust and reliable estimates.



2.2 Definitions of PAH

GBD 2021 defines PAH, which aligns with WHO Group 1 pulmonary hypertension, as a clinical diagnosis of pulmonary hypertension, supported by diagnostic evidence from right heart catheterization or echocardiography. If the study authors confirmed the diagnosis by reviewing the medical records of catheterization or echocardiography results, then PAH identified through International Classification of Diseases (ICD) codes would be included in the study. All other forms of pulmonary hypertension were excluded from this etiology (3, 9, 11).



2.3 Sociodemographic index

The SDI is a comprehensive indicator launched by the Institute for Health Metrics and Evaluation (IHME) in 2015. It is used to provide insights into the social and economic conditions that impact health outcomes in specific regions, emphasizing the interconnections between social development and population health outcomes. And it is a measure comprising lagged distributed income per capita, average years of education for those aged 15 or above, and Total Fertility Rate Under 25. In the GBD 2021, 204 countries and territories are classified into five SDI regions: low, low-middle, middle, high-middle, and high (9, 12, 13).



2.4 Regional division

This study utilized the GBD 2021 classification system to divide the world into 21 geographical regions based on epidemiological similarity and geographical proximity. This classification aids in gaining a more granular understanding of the variations in disease burden across different regions of the world, enabling the formulation of targeted public health policies and interventions.



2.5 Collection of indicators

We extracted data on the number of cases, prevalence, mortality, and DALYs of PAH, and generated trend graphs for the prevalence, mortality, and DALYs of PAH from 1990 to 2021. The prevalence was modeled utilizing DisMod-MR 2.1 (Disease Modeling Meta-Regression; version 2.1). Estimates of the cause of death were modeled using the Cause of Death Ensemble model (CODEm). The sum of years lived with disability (YLDs) and years of life lost (YLLs) was used to calculate DALYs.



2.6 Statistical analysis

To gain a deeper understanding of the temporal trends in the age-standardized rates of prevalence, mortality, and DALYs, we have employed joinpoint regression analysis, which has enabled us to estimate the average annual percentage change (AAPC) along with its 95% confidence interval (CI). We calculated the AAPC between 1990 and 2021, with the value of AAPC indicating the magnitude of the annual change (increase, decrease, or no change). If the estimated percentage of annual change is >0 (or <0), we consider the corresponding rate to be in an increasing (or decreasing) trend (14).

We compared the prevalence, mortality, and DALYs of PAH between males and females, across different age groups (0–4 years, 5–9 years, 10–14 years, 15–19 years, 20–24 years, 25–29 years, 30–34 years, 35–39 years, 40–44 years, 45–49 years, 50–54 years, 55–59 years, 60–64 years, 65–69 years, 70–74 years, 75–79 years, 80–84 years, 85–89 years, 90–94 years, and 95+ years), across different countries and regions, and among different levels of SDI.

We utilized the autoregressive integrated moving average (ARIMA) model to forecast the trends in prevalence, mortality, and DALYs of PAH from 2022 to 2050. The ARIMA model is a time series forecasting and analysis method. In ARIMA (p, d, q), AR stands for “Autoregressive,” where p represents the number of autoregressive terms. MA stands for “Moving Average,” where q represents the number of terms in the moving average. Lastly, d denotes the number of differencing operations (orders) performed to make the series stationary (15).

All statistics were performed using R program (version 4.1.3), GraphPad Prism (version 8.0) and Joinpoint Regression program (version 5.0.2).




3 Results


3.1 Global trends

In 1990, there were an estimated 105,703 (95% UI 86,381, 130,334) cases of PAH worldwide, which rose to 191,808 (155,357, 235,787) cases in 2021, marking an increase of 81.5% from 1990 to 2021. The age-standardized prevalence rate of the global population remained relatively stable, with 2.30 (1.87, 2.82) per 100,000 population in 1990 and 2.28 (1.85, 2.80) per 100,000 population in 2021. The annual average trend was −0.03% (95% confidence interval [CI] −0.05, −0.01%) (Table 1).



TABLE 1 Age-standardized prevalence rate of PAH globally and stratified by gender, age and SDI levels, 1990–2021.
[image: Table1]

There were an estimated 14,842 (12,370, 17,485) deaths in 1990 and 22,021 (18,239, 25,352) deaths in 2021 from PAH worldwide, marking an increase of 48.4%. The age-standardized mortality rate declined from 0.35 (0.29, 0.42) per 100,000 population in 1990 to 0.27 (0.23, 0.32) per 100,000 population in 2021, with an average annual decline of −0.82% (−0.95, −0.68%) (Table 2).



TABLE 2 Age-standardized mortality rate of PAH globally and stratified by gender, age and SDI levels, 1990–2021.
[image: Table2]

From 1990 to 2021, there was a notable downward trend in DALYs associated with PAH. The age-standardized DALYs declined from 13.21 (10.78, 15.36) per 100,000 population in 1990 to 8.24 (7.14, 9.39) per 100,000 population in 2021, with an average annual trend of −1.52% (−1.64, −1.40%) (Table 3).



TABLE 3 Age-standardized DALYs of PAH globally and stratified by gender, age and SDI levels, 1990–2021.
[image: Table3]



3.2 Global trends by sex

The age-standardized prevalence rate of PAH among females is higher than that among males. In 1990, the global age-standardized prevalence rate of PAH among females was 2.81 (2.29, 3.46) per 100,000 population, while the age-standardized prevalence rate among males was 1.75 (1.42, 2.13) per 100,000 population. By 2021, the global age-standardized prevalence rate of PAH among females was 2.75 (2.24, 3.39) per 100,000 population, while the age-standardized prevalence rate among males was 1.78 (1.44, 2.17) per 100,000 population (Table 1).

From 1990 to 2021, the global age-standardized mortality rates of PAH declined for both men and women (men: from 0.37 [0.29, 0.46] per 100,000 to 0.27 [0.21, 0.33] per 100,000; women: from 0.34 [0.23, 0.45] per 100,000 to 0.28 [0.22, 0.34] per 100,000), with a more significant decrease observed in men than in women (AAPC: −1.07% [−1.27, −0.87%] vs. -0.61% [−0.73, −0.49%]) (Table 2).

From 1990 to 2021, the decline in global age-standardized DALYs due to PAH was more pronounced among men compared to women (AAPC −1.80% [−1.90, −1.70%] vs. −1.26% [−1.37, −1.15%]). In 1990, the age-standardized DALYs per 100,000 population for men were higher than those for women (men: 14.09 [11.89, 16.35]; women: 12.32 [7.78, 16.80]). But by 2021, the age-standardized DALYs per 100,000 population for men were lower than those for women (men: 8.06 [6.72, 9.36]; women: 8.39 [6.92, 10.53]) (Table 3).



3.3 Global trends by age subgroup

The 2021 data indicate that the age-standardized prevalence rate of PAH increases with age, peaking around 80 years old before declining. No gender-specific differences were observed when stratified by sex. From 1990 to 2021, the most significant increase in age-standardized prevalence rate of PAH was observed in population aged 95+ years (from 5.21 [3.08, 8.46] to 5.73 [3.37, 9.27] per 100,000, AAPC 0.31% [0.21, 0.40%]), while the most significant decrease was seen in those aged 75–79 years (from 8.46 [5.75, 12.14] to 7.99 [5.32, 11.58] per 100,000, AAPC −0.19% [−0.24, −0.14%]) (Figures 1, 2 and Table 1).
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FIGURE 1
 Global age-standardized (A) prevalence, (B) mortality, and (C) DALYs of PAH in 2021 by age group and sex, per 100,000. DALYs, disability-adjusted life years.


[image: Figure 2]

FIGURE 2
 Distribution of global (A) prevalence, (B) mortality, and (C) DALYs of PAH in 2021 by age group and sex. DALYs, disability-adjusted life years.


The 2021 data reveal that the age-standardized mortality rate for PAH was lowest among those aged 5–14 years (0.02 [0.02, 0.03] per 100,000 in 2021), and thereafter, the age-standardized mortality rate increased with age, peaking among individuals aged 95+ years (13.19 [9.51, 15.60] per 100,000 in 2021). When stratified by sex, males had the highest age-standardized mortality rate in the 90–94 years age group, while females had the highest rate in the 95+ years age group. From 1990 to 2021, the age-standardized mortality rate for PAH showed a declining trend among those aged 0–84 years, while an increasing trend was observed among those aged 85+ years (Figures 1, 2 and Table 2).

The age-standardized DALYs for PAH were lowest among those aged 10–14 years (1.85 [1.47, 2.30] per 100,000), and thereafter, the age-standardized DALYs increased with age, peaking among patients aged 95 years and above (106.77 [77.07, 126.03] per 100,000) in 2021. When stratified by sex, males had the highest age-standardized DALYs in the 90–94 years age group, while females had the highest in the 95+ age group. From 1990 to 2021, the age-standardized DALYs for PAH showed a declining trend among those aged 0–84 years, whereas an increasing trend was observed among those aged 85+ years (Figures 1, 2 and Table 3).



3.4 Global trends by sociodemographic index

In 2021, the age-standardized prevalence rates were highest in high SDI regions and lowest in low-middle SDI regions. The age-standardized mortality rates were highest in middle SDI regions and lowest in high SDI regions. Conversely, the age-standardized DALYs were highest in low SDI regions and lowest in high SDI regions. As SDI increased, the age-standardized prevalence rate showed an upward trend, while both the age-standardized mortality rates and the age-standardized DALYs exhibited a downward trend (Figure 3 and Tables 1–3).
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FIGURE 3
 Age-standardized (A) prevalence, (B) mortality, and (C) DALYs of PAH from 204 countries and territories based on sociodemographic index in 2021, per 100,000. DALYs, disability-adjusted life years.


Between 1990 and 2021, the age-standardized prevalence rate increased the most significantly in low-middle SDI regions (AAPC 0.23% [0.22, 0.24%]), whereas it decreased the most in low SDI regions (AAPC −0.21% [−0.24, −0.19%]). From 1990 to 2021, both the age-standardized mortality rate and the age-standardized DALYs exhibited a declining trend across all SDI regions, with the most substantial reductions observed in high-middle SDI regions (age-standardized mortality rate: AAPC −1.22% [−1.50, −0.95%], age-standardized DALYs: AAPC −2.26% [−2.49, −2.04%]) (Figure 4 and Tables 1–3).

[image: Figure 4]

FIGURE 4
 Temporal trend of age-standardized prevalence, mortality, and DALYs of PAH from 1990 to 2021 at global and sociodemographic index levels by sex, per 100,000. The temporal trend of age-standardized prevalence rate among (A) total population, (B) males, and (C) females. The temporal trend of age-standardized mortality rate among (D) total population, (E) males, and (F) females. The temporal trend of age-standardized DALYs among (G) total population, (H) males, and (I) females. DALYs, disability-adjusted life years. SDI, sociodemographic index.


The age-standardized prevalence rates for PAH in all five SDI regions increased with age up to 79 years, then declined after 80 years of age. The age-standardized mortality rates for PAH in these five SDI regions all increased with age after 60 years, except for males in High-middle and Middle SDI regions, where the age-standardized mortality rates decreased after 95 years of age. The age-standardized DALYs for PAH in all five SDI regions increased with age after 45 years, but the age-standardized DALYs for males in High-middle and Middle SDI regions declined after 95 years of age (Figure 5).

[image: Figure 5]

FIGURE 5
 Age-standardized prevalence, mortality, and DALYs of PAH in 2021 at sociodemographic index levels by age group and sex, per 100,000. The age-standardized prevalence rate among (A) total population, (B) males, and (C) females. The age-standardized mortality rate among (D) total population, (E) males, and (F) females. The age-standardized DALYs among (G) total population, (H) males, and (I) females. DALYs, disability-adjusted life years. SDI, sociodemographic index.




3.5 Regional trends

Among the 21 regions in 2021, Western Europe had the highest age-standardized prevalence rate for PAH (3.56 [2.92, 4.35] per 100,000) (Supplementary Table S1), with no differences observed after stratification by gender (Supplementary Table S2). North Africa and Middle East had the highest age-standardized mortality rate for PAH (0.44 [0.31, 0.53] per 100,000) (Supplementary Table S3). Among males, East Asia had the highest age-standardized mortality rate (0.48 [0.30, 0.60] per 100,000), while among females, North Africa and the Middle East had the highest age-standardized mortality rate (0.52 [0.34, 0.68] per 100,000) (Supplementary Table S2). North Africa and Middle East also had the highest age-standardized DALYs for PAH (14.81 [10.76, 17.96] per 100,000) (Supplementary Table S4), with no differences observed after stratification by gender (Supplementary Table S2).

Between 1990 and 2021, Western Sub-Saharan Africa experienced the largest increase in age-standardized prevalence rate for PAH (AAPC 0.66% [0.54, 0.78%]), while Central Sub-Saharan Africa had the largest decrease (AAPC −1.32% [−1.40, −1.24%]) (Supplementary Table S1). Except for Central Asia (AAPC 0.11% [−0.18, 0.40%]), all other regions showed a decline in age-standardized mortality rates, with the most significant decrease observed in Eastern Europe (AAPC −2.98% [−3.74, −2.21%]) (Supplementary Table S3). Age-standardized DALYs for PAH decreased in all regions, with the largest decline in Eastern Europe (AAPC −3.22% [−4.10, −2.34%]) (Supplementary Table S4).



3.6 National trends

At the national level, Switzerland had the highest age-standardized prevalence rate for PAH in 2021 (7.09 [5.80, 8.66] per 100,000), while Mongolia had the highest age-standardized mortality rate (1.59 [0.91, 2.05] per 100,000) and age-standardized DALYs (43.92 [25.60, 56.54] per 100,000) (Figure 6 and Supplementary Tables S5–S7).
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FIGURE 6
 Global map of age-standardized (A) prevalence, (B) mortality, and (C) DALYs of PAH in 2021, per 100,000.


From 1990 to 2021, the country with the largest decrease in age-standardized prevalence rate was the Democratic Republic of the Congo (AAPC −1.57% [−1.68, −1.46%]), while the country with the largest increase was Nigeria (AAPC 1.37% [1.28, 1.46%]). The country with the largest decrease in age-standardized mortality rate was Puerto Rico (AAPC −5.69% [−6.36, −5.02%]), and the country with the largest increase was Latvia (AAPC 4.71% [3.42, 6.01%]). The country with the largest decrease in age-standardized DALYs was Puerto Rico (AAPC −5.50% [−6.31, −4.69%]), and the country with the largest increase was Mauritius (AAPC 3.75% [1.92, 5.61%]) (Figure 7 and Supplementary Tables S5–S7).

[image: Figure 7]

FIGURE 7
 Global map of average annual percentage change in age-standardized (A) prevalence, (B) mortality, and (C) DALYs of PAH from 1990 to 2021.




3.7 Predictive analysis to 2022–2050

By 2050, the projected global age-standardized prevalence rate for PAH is expected to be 2.20 per 100,000; the projected age-standardized mortality rate is expected to be 0.27 per 100,000; and the projected age-standardized DALYs are expected to be 3.53 per 100,000 (Figure 8 and Supplementary Table S8).

[image: Figure 8]

FIGURE 8
 Temporal trend of predicted global age-standardized (A) prevalence, (B) mortality, and (C) DALYs of PAH from 2022 to 2050. DALYs, disability-adjusted life years.





4 Discussion

In recent years, PAH has received widespread attention in both scientific research and clinical fields, yet it has not garnered sufficient emphasis in public health and epidemiological studies. This study conducted a comprehensive assessment of the prevalence, mortality, and DALYs associated with PAH from 1990 to 2021 at the global, regional, and national levels. Our findings reveal that, although the age-standardized prevalence rate of PAH remained relatively stable over the past 32 years, the number of patients increased significantly, while age-standardized mortality and DALYs decreased. Substantial variations exist in the epidemiological indices of PAH across different regions, socio-demographic backgrounds, age groups, and genders. To allocate health resources effectively, formulate policies, and provide targeted guidelines, it is crucial to have a comprehensive understanding of the global, regional, and national burden of PAH.

From 1990 to 2021, although the age-standardized prevalence rate fluctuated between 2.28 and 2.32 per 100,000, the number of cases increased by 81.5%. Additionally, the age-standardized mortality rate decreased by 22.9%, and DALYs declined by 37.6%. These findings are in line with previous research results (6–8, 16–18). The increase in the total number of patients with PAH can be attributed to the growth of the world’s population and the aging of the population. With the development and gradual dissemination of specific medications for PAH, the 5-year survival rate of PAH has improved globally (7, 8). However, PAH remains a severe disease with poor prognosis.

Over the past 32 years, the prevalence rate of PAH increased most significantly in Western Sub-Saharan Africa and Central Latin America. This may be attributed to the enhanced detection rates of the disease as these regions experienced economic and medical advancements. The DALYs attributed to PAH have witnessed a decline across all regions, with Eastern Europe, Southern Latin America, North Africa, and the Middle East experiencing the most pronounced reductions. Conversely, Oceania and High-income North America have seen more modest decreases. As medical infrastructure rapidly evolves in countries with less advanced economic and medical systems, the disparity in the burden posed by PAH between these nations and developed countries is progressively narrowing. In 2021, the regions with the highest prevalence of PAH were primarily Western Europe, Central Latin America, and High-income Asia Pacific. Conversely, the regions with the lowest prevalence included South Asia, High-income North America, and Oceania. Previous studies suggest that the etiology of PAH varies across different regions (19, 20), which may affect the prevalence of PAH. The regions with the highest mortality rates and DALYs globally are primarily Central Asia, North Africa and Middle East, while the regions with the lowest mortality rates and DALYs are mainly Central Latin America, Eastern Europe, and Australasia. High mortality rates for PAH are often observed in countries with lower SDI. The regional variations in prevalence, mortality, and DALYs may be attributed to differences in underlying determinants, including scarcity of medical resources, inadequate case detection, and ethnic disparities (20–25). In order to better guide policy formulation, it is necessary to understand the epidemiological characteristics of PAH in different regions and countries. At the national level, Switzerland and Sweden exhibited the highest prevalence rates of PAH, while Pakistan and Afghanistan had lower prevalence rates, which largely reflects the detection rates of PAH under different medical environments. Countries with underdeveloped medical systems urgently need to improve the detection rate of PAH and provide scientific treatment as early as possible in order to reduce the burden of PAH.

As the SDI increases, the age-standardized prevalence rate tends to rise, while the age-standardized mortality rate and age-standardized DALYs show a declining trend. In countries with low SDI, patients with PAH do not receive timely treatment, and often suffer from low medical awareness, low medical trust, low consultation rates, poor treatment outcomes, low control rates, as well as silent progression and deterioration of their condition (26, 27). People in regions with limited access to high-quality healthcare services may be less inclined to seek medical care compared to those in high-income areas.

The age-standardized prevalence rate of female patients with PAH of all ages is higher than that of males, which is similar to the results of previous studies (19, 20), indicating that being female is a risk factor for PAH (28). Sex hormones and their receptors, metabolites, immune-mediated mechanisms, genetic factors, comorbidities, and sociocultural factors may all play complex roles in the manifestation of PAH (29). Estrogen metabolites, as well as receptors and enzymes related to estrogen signaling pathways and associated conditions (such as BMPR2 mutations), contribute more specifically to the penetrance of PAH in females (28). Previous studies have shown that female patients with PAH tend to have better right ventricular function and consequently better prognosis compared to males (30, 31). However, this study indicates that while the 1990 data suggested lower mortality and DALYs from PAH in females compared to males, the annual average decline in mortality and DALYs was more significant in males. The 2021 data on the burden of PAH did not suggest that female patients with PAH have better prognosis than males. The physiological, pathological, and epidemiological differences between males and females suggest the need to consider further gender-specific diagnostic and treatment strategies in order to improve patient outcomes.

The 2021 data shows that the age-standardized prevalence rate of PAH increases with age, peaking at around 80 years old and then declining. The age-standardized mortality rate and DALYs for PAH is lowest between 5 and 14 years of age, and thereafter, both the age-standardized mortality rate and DALYs increase with age, which is consistent with previous studies (18, 25). The 5-year survival rate for elderly patients with PAH is significantly lower than that of patients aged 18–45 years (32). The high mortality risk among elderly patients with PAH may be related to multiple factors, including their basic physical condition, comorbidities, unique disease phenotypes, different treatment modalities, and diminished response to targeted therapies for PAH (33). Over the past three decades, the age-standardized mortality rate and DALYs of PAH in individuals aged 0–84 years have shown a declining trend, but an increasing trend has been observed in those over 85 years old. The high prevalence of PAH among the elderly and its severe detrimental impact on prognosis should be given significant attention. There is an urgent need to implement effective strategies to identify high-risk elderly patients with PAH, modify risk factors, and facilitate targeted early diagnosis and treatment of this condition.

Our projections indicate that the age-standardized prevalence rate of PAH will gradually decline after 2021. By 2050, the expected age-standardized prevalence rate for global PAH is projected to be 2.20 per 100,000. However, mortality rates are not anticipated to change significantly, with an expected age-standardized mortality rate of 0.27 per 100,000 in 2050. In contrast, DALYs are projected to decrease rapidly after 2021, with an estimated age-standardized DALYs of 3.53 per 100,000 in 2050.

The strength of this study lies in its comprehensive epidemiological analysis of global PAH trends based on the 2021 GBD results, filling a gap in this field. This study not only encompasses the three classic indicators of prevalence, mortality, and DALYs and their trends at the global, regional, and national levels, but it also reports on the influence of age, gender, year, and sociodemographic index on the burden of PAH. Furthermore, this study forecasts the global burden trends of PAH from 2022 to 2050, offering valuable insights into the future trajectory of this disease.

This study has several limitations. Firstly, our analysis relies on the latest data from the GBD 2021 study, which integrates estimates of PAH prevalence, mortality, DALYs, and other metrics from various input sources. However, due to differences in methodology and data sources, there may be discrepancies between the GBD estimates and other national and local data. Secondly, there is a time lag in the availability of disease burden data, and it is essential for us to focus on the latest global PAH data promptly thereafter. Thirdly, potential biases may still exist in the data sources. Differences in healthcare systems and related policies across countries may influence the results of disease burden estimates as well as predictions for future disease burdens.



5 Conclusion

In summary, from 1990 to 2021, although the age-standardized prevalence rate of PAH globally remained relatively stable, the number of cases continued to rise. Women and the elderly are high-risk populations for PAH, with elderly PAH patients having the worst prognosis. The overall trend of PAH burden shows regional and national differences. Therefore, it is necessary to implement targeted interventions and public health initiatives to alleviate the burden of PAH.
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