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Objective: To deeply analyze the epidemiological characteristics of the disease 

burden of hypertension and its related damages among adolescents and young 

adults aged 15–39 globally from 1990 to 2021, and predict the trends until 

2050, providing key evidence for formulating global public health strategies.

Methods: The research data were derived from the Global Burden of Disease 

(GBD) 2021 database. The epidemiological trends of hypertension were 

systematically analyzed based on dimensions such as country/region, age, 

gender, and Socio-demographic Index (SDI). The age-standardization method 

was used to eliminate the influence of age-structure differences. Multiple 

statistical methods, including creating global maps, regional comparative 

analysis, and Joinpoint regression analysis, were employed to explore the 

distribution and change trends of the disease burden. The Bayesian Age to 

Period to Cohort (BAPC) model was utilized to predict future trends.

Results: From 1990 to 2021, the absolute numbers of hypertension-related 

deaths, Disability-Adjusted Life Years (DALYs), and Years Lived with Disability 

(YLDs) increased significantly globally. The age-standardized mortality rate 

and DALY rate decreased to some extent, while the YLDs rate increased 

slightly. There were significant differences in the hypertension burden across 

different regions, countries, SDI regions, genders, and age groups. Predictions 

indicate that by 2050, the age-standardized mortality rate and DALY rate will 

generally show a downward trend, while the age-standardized YLDs rate will 

continue to rise.

Conclusion: The burden of hypertension among the global population aged 

15–39 is severe and complex, affected by multiple factors. This study 

provides important reference directions for global public health efforts. In the 

future, it is necessary to strengthen international cooperation and develop 

targeted prevention and control strategies to reduce the burden of 

hypertension-related diseases among adolescents and young adults and 

promote the healthy development of youth worldwide.
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1 Introduction

As the population ages, the incidence of hypertension has been 

steadily increasing, emerging as a significant global health 

challenge with profound and far-reaching consequences (1). It is 

also a major risk factor for a variety of cardiovascular diseases 

(CVD), imposing a heavy burden on individuals, healthcare 

systems, and societies globally (2, 3). Traditionally, hypertension 

has been considered primarily an age-related disease, 

predominantly affecting the elderly population (4). However, in 

recent decades, there has been a concerning shift, with 

increasing prevalence of hypertension among younger adults (5). 

Elevated blood pressure during childhood was significantly 

associated with an increased risk of developing hypertension in 

adulthood (6). The early onset of hypertension not only elevates 

the risk of CVD in early adulthood but also has a profound 

impact on quality of life, productivity, and healthcare costs (7). 

Moreover, hypertension in youth is clinically significant due to 

its strong association with early development of complications 

such as left ventricular hypertrophy, renal dysfunction, and 

atherosclerotic changes, which may progress silently and 

manifest as overt cardiovascular, cerebrovascular, and chronic 

kidney disease in later adulthood (8–10).

This emerging trend is not only alarming but also represents a 

complex public health issue that requires urgent attention. 

Understanding the burden of hypertension among adolescents 

and young adults and its epidemiological implications is crucial 

for developing and implementing effective prevention and 

management strategies (11). Furthermore, predicting future trends 

in the epidemiology of hypertension is of particular significance. 

Such predictions are valuable tools for policymakers, healthcare 

providers, and researchers, enabling them to anticipate future 

challenges and allocate resources more effectively. Preparing 

healthcare systems to address the anticipated increase in the 

number of adolescents and young adults with hypertension will 

be essential to reduce related morbidity and mortality.

In light of this, we conduct a comprehensive and detailed 

analysis of the global, regional, and national epidemiological 

trends of hypertension among adolescents and young adults, 

using data from the 2021 Global Burden of Disease (GBD) 

database. This analysis covers mortality, Disability-Adjusted Life 

Years (DALYs), and Years Lived with Disability (YLDs), as well 

as the associated risks, with projections extending to 2050. By 

uncovering these trends, we aim to provide a foundation for 

evidence-based policy-making and interventions to effectively 

address this growing public health crisis and improve the long- 

term health outcomes of adolescents and young adults globally.

2 Methods

2.1 Study population and data collection

The GBD 2021 database provides comprehensive global and 

regional burden data for 369 diseases, injuries, and 88 risk 

factors across 204 countries and regions from 1990 to 2021 (12). 

In this study, we systematically analyzed the epidemiological 

trends and associated harms of hypertension among adolescents 

and young adults based on country/region, age, sex, and Socio- 

demographic Index (SDI) using the GBD 2021 database.

Adolescents were defined as individuals aged 15–19 years, and 

young adults as those aged 20–39 years, in accordance with 

previous studies (13, 14). The data used in our analysis was 

downloaded from the GBD database (https://vizhub.healthdata. 

org/gbd-results/) on August 8, 2024. We selected hypertension 

as the risk factor, with “all causes” as the cause, and measured 

“deaths,” “DALYs,” and “YLDs.” We included five age groups: 

15–19 years, 20–24 years, 25–29 years, 30–34 years, and 35–39 

years, along with all hypertension-related cardiovascular diseases 

listed in the GBD database (including ischemic heart disease, 

ischemic stroke, hemorrhagic stroke, subarachnoid hemorrhage, 

hypertensive heart disease, atrial fibrillation and Cutter, aortic 

aneurysm, and peripheral artery disease) (12). The burden 

estimates for hypertension-related diseases represent the direct 

burden attributable to high systolic blood pressure, as defined by 

the GBD comparative risk assessment framework. This 

framework estimates the burden that would be avoided if 

exposure to high systolic blood pressure were reduced to a 

theoretical minimum risk level, while accounting for the 

simultaneous effects of other competing risk factors. This study 

was conducted in strict accordance with the Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) 

guidelines. Since this is a cross-sectional study that the 

University of Washington’s Institutional Review Board (IRB) 

approved the waiver of informed consent for the GBD study.

2.2 Age standardization method

Age standardization is employed to eliminate the inCuence of 

differences in age structure across populations on disease or 

health-related indicators. It plays an indispensable role in 

epidemiological research for accurately comparing and analyzing 

disease and health metrics, formulating appropriate health 

policies, and evaluating the effectiveness of interventions. In this 

study, we compared age-standardized mortality rates (per 

100,000 people), age-standardized DALY rates (per 100,000 

people), and age-standardized YLD rates (per 100,000 people) 

for hypertension across different age groups (15–39 years), sex, 

regions, and countries. The age-standardized rates and their 

corresponding 95% confidence intervals (CIs) were further 

calculated using the World Standard Population from the 2021 

GBD report. The calculation formula is as follows (12).

Age standardised rate ¼ �

PA
i¼1 aiwi
PA

i¼1 wi 

where αi is the age specific rate and wi  is the weight in the same 

age subgroup of the chosen reference standard population (in 

which i  denotes the ith  age class) and A  is the upper age limit.
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2.3 Statistical analysis

To analyze the global distribution and regional variations of 

hypertension burden among adolescents and young adults, we 

created global maps and conducted regional comparative 

analyses. The data were aggregated according to the 

geographical regions defined in the GBD study, and maps were 

generated using the “ggplot2” and “sf” packages to visualize the 

distribution of disease burden. Joinpoint regression analysis was 

employed to assess the temporal trends in mortality, DALYs, 

and YLDs due to hypertension among adolescents and young 

adults from 1990 to 2021. The “Segment” and “broom” 

R packages were used for analysis, which allowed for the 

identification of significant changes in trends over time. 

Estimated Annual Percentage Changes (EAPC) were calculated, 

and 95% CIs were used to determine the statistical significance 

of the trends. Population-level analyses were also performed to 

examine the distribution of hypertension across different 

demographic groups, including age, sex, and specific 

subpopulations. Statistical analyses were conducted using R, 

with results visualized using the “ggplot2” package. The SDI is a 

composite measure of a country’s or region’s socioeconomic 

development. To explore the relationship between SDI and 

hypertension burden, we examined the mortality, DALYs, and 

YLDs across different SDI categories (low, low-middle, middle, 

high-middle, and high). Data processing and visualization were 

carried out using the “dplyr” and “ggplot2” packages in R.

To forecast the future burden of hypertension among 

adolescents and young adults, we applied a Bayesian Age- 

Period-Cohort (BAPC) model. The BAPC model, implemented 

using the INLA and BAPC packages in R, allowed us to predict 

the epidemiological landscape of the disease up to 2050. This 

model considers the effects of age, period, and cohort, providing 

a comprehensive approach to understanding future trends in 

disease burden. All statistical analyses and data visualizations in 

this study were conducted using R software (version 4.4.2). 

Descriptive statistics were generated for all key variables, with 

results reported as means and 95% uncertainty intervals (UIs). 

For trend analysis, a p-value < 0.05 was considered 

statistically significant.

3 Results

3.1 Global burden trends

Among adolescents and young adults globally, we observed a 

significant increase in absolute numbers of hypertension-related 

deaths, DALYs, and YLDs, while age-standardized rates showed 

varying patterns, with mortality and DALY rates declining but 

YLDs rate slightly increasing (Table 1; Figure 1).

3.1.1 Mortality
Between 1990 and 2021, the age-standardized mortality rate 

due to hypertension among individuals aged 15–39 years T
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FIGURE 1 

Burden of hypertension in adolescents and young adults globally and in 5 SDI regions in 2021. (A) Deaths rate. (B) DALYs rate. (C) YLDs rate. (Red 

indicates both genders, green indicates females, blue indicates males. The shaded area around the lines indicates the 95% UI. DALYs, disability- 

adjusted life years; YLDs, years lived with disability; SDI, socio-demographic index; UI, uncertainty intervals.)
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decreased from 4.66 (95% UI: 3.36 to 6.00) to 4.14 (95% UI: 3.10 

to 5.16) globally. However, absolute deaths increased from 

93,664.47 (95% UI: 67,363.39 to 120,718.35) to 127,487.58 (95% 

UI: 95,709.67 to 159,104.59). The EAPC for death count was 

0.79 (95% CI: −0.33 to 1.91), while for the age-standardized 

mortality rate it was −0.51 (95% CI: −1.25 to 0.24). Overall, 

these findings indicate that hypertension-related mortality in 

this age group remained relatively stable at the global level 

during this period, with a modest yet declining trend in the age- 

standardized rate (Figure 1A).

3.1.2 DALYs

Global DALYs numbers increased from 5,690,433.61 (95% UI: 

4,067,822.47 to 7,317,953.82) in 1990 to 7,834,790.86 (95% UI: 

5,882,248.69 to 9,812,174.47) in 2021, with an EAPC of 0.85 

(95% CI: −0.22 to 1.93). The age-standardized DALY rate 

decreased from 282.23 (95% UI: 202.08 to 362.59) to 254.65 

(95% UI: 191.09 to 319.02), with an EAPC of −0.44 (95% CI: 

−1.12 to 0.25). However, neither the increase in absolute DALY 

numbers nor the decrease in the age-standardized rate was 

statistically significant, indicating that the global burden of 

hypertension-related DALYs remained relatively stable during 

this period despite the observed numerical changes (Figure 1B).

3.1.3 YLDs
YLDs numbers attributable to hypertension among 

adolescents and young adults globally increased from 426,432.22 

(95% UI: 250,554.88 to 640,385.60) in 1990 to 692,071.66 (95% 

UI: 422,549.71 to 1,000,122.02) in 2021, with an EAPC of 1.48 

(95% CI: 0.72 to 2.24). The age-standardized YLD rates 

increased from 21.05 (95% UI: 12.39 to 31.57) to 22.54 (95% UI: 

13.75 to 32.59), with an EAPC of 0.20 (95% CI: 0.04 to 0.36). 

These findings suggest a continuous increase in the long-term 

health impact of hypertension among adolescents and young 

adults (Figure 1C).

3.2 Burden trends across 21 GBD regions 
and countries

3.2.1 Mortality

In 2021, the highest number of deaths attributable to 

hypertension among adolescents and young adults occurred in 

South Asia (35,684.28; 95% UI: 25,160.37–45,756.38), while the 

lowest was observed in Australasia (71.83; 95% UI: 41.57– 

105.35). The highest age-standardized mortality rate was 

recorded in Oceania (7.13; 95% UI: 3.77–11.65), whereas the 

lowest was in Australasia (0.60; 95% UI: 0.35–0.88) (Table 2; 

Figure 2; Supplementary Material eFigure 1).

From 1990 to 2021, the most pronounced increase in death 

counts occurred in Oceania, rising from 131.37 (95% UI: 76.85 

to 206.25) to 370.90 (95% UI: 195.23 to 608.02), with an EAPC 

of 3.49 (95% CI: 2.47 to 4.51). Conversely, Western Europe 

experienced the largest decline in death counts, decreasing from 

3,764.53 (95% UI: 2,873.24 to 4,631.70) to 1,020.63 (95% UI: 

740.83 to 1,293.35), with an EAPC of −4.58 (95% CI: −6.09 to 

−3.04). The most significant reduction in the age-standardized 

mortality rate was observed in High-income Asia Pacific, 

declining from 2.65 (95% UI: 1.85 to 3.57) to 0.82 (95% UI: 0.48 

to 1.18), with an EAPC of −4.87 (95% CI: −6.28 to −3.44).

At the national level in 2021, Afghanistan had the highest age- 

standardized mortality rate (9.93; 95% UI: 3.94–18.05), followed 

by Sudan (9.91; 95% UI: 4.97–15.55) and Libya (9.60; 95% UI: 

5.78–13.92). In contrast, Sweden reported the lowest ASMR 

(0.22; 95% UI: 0.09–0.36) (Figure 2A).

3.2.2 DALYs
In 2021, the highest DALY count was observed in North 

Africa and Middle East (920,938.34; 95% UI: 664,236.66– 

1,194,703.21), while the lowest was in Southern Sub-Saharan 

Africa (106,478.94; 95% UI: 75,878.73–139,105.50). The highest 

age-standardized DALY rate was found in Oceania (419.44; 95% 

UI: 221.08–682.28), whereas the lowest was in Australasia 

(44.91; 95% UI: 24.99–66.09).

Between 1990 and 2021, Oceania exhibited the greatest 

increase in DALYs counts, rising from 7,771.64 (95% UI: 

4,582.77 to 12,171.71) to 21,911.20 (95% UI: 11,511.77 to 

35,774.69), with an EAPC of 3.48 (95% CI: 2.49 to 4.48). The 

most substantial decline occurred in High-income Asia Pacific 

(EAPC: −4.60; 95% CI: −6.11 to −3.06). The largest increase in 

age-standardized DALY rates was observed in High-income 

North America (EAPC: 1.00; 95% CI: −0.03 to 2.05), while 

High-income Asia Pacific showed the steepest decline (EAPC: 

−4.34; 95% CI: −5.56 to −3.11).

At the country level in 2021, Vanuatu had the highest age- 

standardized DALY rate (1,228.45; 95% UI: 738.72–1,800.89), 

whereas Sweden reported the lowest (24.40; 95% UI: 9.52–41.56) 

(Figure 2B).

3.2.3 YLDs
In 2021, South Asia had the highest YLDs count (150,238.98; 

95% UI: 89,140.26–222,512.09), while Oceania recorded the lowest 

(1,100.90; 95% UI: 503.50–1,859.59). The highest age-standardized 

YLD rates was observed in Central Asia (42.14; 95% UI: 25.97– 

62.72), and the lowest was in Australasia (11.87; 95% UI: 5.71– 

19.52).

From 1990 to 2021, Western Sub-Saharan Africa experienced 

the most significant increase in YLDs counts (EAPC: 4.17; 95% CI: 

3.40–4.96), while High-income Asia Pacific showed the largest 

decline (EAPC: −2.62; 95% CI: −3.56 to −1.68). The most 

pronounced rise in age-standardized YLD rates occurred in 

Andean Latin America (EAPC: 1.87; 95% CI: 1.34–2.39), 

whereas High-income Asia Pacific had the steepest reduction 

(EAPC: −2.31; 95% CI: −2.87 to −1.74).

At the national level in 2021, Nauru had the highest age- 

standardized YLD rates (71.94; 95% UI: 34.05–119.55), 

while Colombia reported the lowest (10.74; 95% UI: 4.09– 

20.14) (Figure 2C).
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FIGURE 2 

National distribution of the hypertension-related burden among adolescents and young adults, 2021. (A) Deaths rate. (B) DALYs rate. (C) YLDs rate. 

(Darker blue indicates lighter burden, while darker red indicates heavier burden. DALYs, disability-adjusted life years; YLDs, years lived with disability.) 

World map images created using the rnaturalearth R package, which provides access to Natural Earth map data, https://www.naturalearthdata.com/ 

downloads/.
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3.3 Burden trends across SDI regions

3.3.1 Mortality
In 2021, the highest number of hypertension-related deaths 

occurred in the middle SDI region (42,869.27; 95% UI: 

31,211.29–55,213.60), while the lowest number was in the high 

SDI region (7,118.79; 95% UI: 5,299.47–9,015.84). The highest 

age-standardized mortality rate was observed in the low middle 

SDI region (5.57; 95% UI: 4.13–6.93), while the lowest rate was 

in the high SDI region (1.73; 95% UI: 1.28–2.19). From 1990 to 

2021, both the high SDI and high-middle SDI regions showed 

negative growth in mortality numbers, with EAPCs of −1.00 

(95% CI: −2.51 to 0.54) and −1.06 (95% CI: −2.53 to 0.43), 

respectively. In contrast, the low SDI region experienced the 

highest increase in mortality, with an EAPC of 2.55 (95% CI: 

1.74–3.36). This pattern highlights a widening disparity in 

hypertension-related mortality burden across the development 

spectrum (Table 3; Figure 1A; Supplementary Material eFigures 

2, 3).

3.3.2 DALYs

In 2021, the largest number of DALYs was reported in the 

medium SDI region (2,620,159.85; 95% UI: 1,899,586.30– 

3,362,570.10), while the smallest number was in the high SDI 

region (471,407.41; 95% UI: 346,952.88–596,413.43). The highest 

age-standardized DALY rate was found in the low-middle SDI 

region (335.86; 95% UI: 248.79–416.78), and the lowest was in 

the high SDI region (115.18; 95% UI: 84.74–145.94). From 1990 

to 2021, DALYs increased in three SDI regions, with the most 

significant increase observed in the low SDI region, where the 

EAPC was 2.58 (95% CI: 1.79–3.38). In contrast, the high- 

middle SDI region saw the most notable decline in DALYs, with 

an EAPC of −0.85 (95% CI: −2.21 to 0.52), indicating a rapidly 

growing non-fatal burden in the most socioeconomically 

disadvantaged regions. Age-standardized DALY rates decreased 

across all five SDI regions, with the most significant decrease 

observed in the high-middle SDI region (EAPC: −1.30; 95% CI: 

−2.30 to −0.28), followed by the high SDI and middle SDI 

regions (Figure 1B).

3.3.3 YLDs

In 2021, the highest number of YLDs was observed in the 

medium SDI region (225,798.00; 95% UI: 136,511.41 to 

332,876.90), while the lowest was in the high SDI region 

(76,219.14; 95% UI: 45,489.27 to 112,602.92). The highest age- 

standardized YLD rates was found in the high-middle SDI 

region (24.79; 95% UI: 14.07–37.60), while the lowest rate was 

again in the high SDI region (18.86; 95% UI: 11.23–27.93). 

Between 1990 and 2021, YLDs increased in four SDI regions, 

with the most pronounced increase observed in the low SDI 

region, where the EAPC was 3.11 (95% CI: 2.36–3.88). Only the 

high SDI region experienced a decline in YLDs, with an EAPC 

of −0.10 (95% CI: −1.03 to 0.84), however, this change was not 

statistically significant. The highest increase in age-standardized T
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YLD rates was observed in the low-middle SDI region, with an 

EAPC of 0.43 (95% CI: 0.31–0.55) (Figure 1C).

3.4 Gender and age group burden trends

3.4.1 Mortality

The number of male deaths increased from 62,445.10 (95% UI: 

45,083.47 to 81,384.31) in 1990 to 91,066.60 (95% UI: 67,279.11 to 

114,560.33) in 2021, with an EAPC of 1.13 (95% CI: 0.98 to 1.29). 

The age-standardized mortality rate decreased from 6.15 (95% UI: 

4.44 to 8.01) in 1990 to 5.85 (95% UI: 4.32 to 7.36) in 2021, with 

an EAPC of −0.15 (95% CI: −0.26 to −0.05). The number of 

female deaths increased from 31,219.38 (95% UI: 21,187.90 to 

42,984.24) in 1990 to 36,420.97 (95% UI: 26,270.66 to 46,575.26) 

in 2021, with an EAPC of 0.34 (95% CI: 0.20 to 0.48). The age- 

standardized mortality rate decreased from 3.14 (95% UI: 2.14 

to 4.32) in 1990 to 2.39 (95% UI: 1.72 to 3.06) in 2021, with an 

EAPC of −0.96 (95% CI: −1.02 to −0.90). This indicates that 

the age-standardized mortality rate for hypertension in young 

males is generally higher than that of females, and that the rate 

of decrease in females is faster than in males. For males, the 

age-specific mortality rate at ages 15–19 was 0.1 (95% UI: 0.07– 

0.12), gradually increasing with age, reaching 17.04 (95% UI: 

12.69–21.15) at ages 35–39. This suggests that as males age, the 

risk of death due to hypertension increases, possibly due to a 

higher incidence of chronic diseases with age, the accumulation 

of lifestyle-related risk factors, and work-related stress. 

A noticeable increase in mortality rate occurred in the 25–29 

age group, which may be linked to increased social activities, 

early work pressures, and a higher risk of accidents and 

cardiovascular diseases. For females, a similar trend of 

increasing mortality rate with age was observed, with a rate of 

0.17 (95% UI: 0.11–0.22) at 15–19 years and 6.97 (95% UI: 

5.14–8.6) at 35–39 years. However, in the 25–29 age group, the 

increase in mortality rate was relatively slower, possibly due to 

physiological characteristics and generally healthier lifestyles at 

this stage. In contrast, among females, the increase in mortality 

rate accelerated from ages 30 to 34 onward, which might be 

related to complications from childbirth, health issues arising 

from balancing family and work pressures, and other factors 

(Figures 3A, 4A; Supplementary Material eFigure 4A).

3.4.2 DALYs
The number of DALYs for males increased from 3,729,109.64 

(2,672,373.83 to 4,871,991.94) in 1990 to 5,476,337.67 

(4,054,865.96 to 6,873,488.54) in 2021, with an EAPC of 1.16 

(1.02 to 1.31). The age-standardized DALY rate decreased from 

365.85 (262.52 to 477.83) in 1990 to 352.13 (260.64 to 442.07) 

in 2021, with an EAPC of −0.11 (−0.21 to −0.01). The number 

of DALYs for females increased from 1,961,323.98 (1,314,822.01 

to 2,708,724.75) in 1990 to 2,358,453.18 (1,687,548.87 to 

3,044,318.36) in 2021, with an EAPC of 0.44 (0.32 to 0.57). The 

age-standardized DALY rate decreased from 196.38 (132.07 to 

270.94) in 1990 to 155.19 (110.95 to 200.45) in 2021, with an 

EAPC of −0.84 (−0.89 to −0.79).

The age-specific DALY rate for males increased dramatically 

from 7.44 (5.51 to 8.8) at 15 to 19 years to 959.07 (715.4 to 

1185.2) at 35 to 39 years, indicating that the hypertension- 

related health burden increases with age. Similarly, the age- 

specific DALY rate for females also increased with age, from 

12.87 (8.35 to 16.38) at 15 to 19 years to 419.36 (309.8 to 

524.66) at 35 to 39 years. Although the increase in DALYs for 

females was slower than for males in the 25 to 29 age group, the 

age-specific rate of increase accelerated from ages 30 to 34 

onward (Figures 3B, 4B).

3.4.3 YLDs

The number of YLDs for males increased from 228,894.44 

(139,252.87 to 346,287.29) in 1990 to 381,672.71 (241,208.36 to 

542,160.98) in 2021, with an EAPC of 1.60 (1.52 to 1.68). The 

age-standardized YLDs rate increased from 22.30 (13.59 to 

33.71) in 1990 to 24.61 (15.55 to 34.97) in 2021, with an EAPC 

of 0.34 (0.30 to 0.39). The number of YLDs for females 

increased from 197,537.78 (111,459.20 to 314,216.43) in 1990 to 

310,398.95 (177,716.26 to 470,141.16) in 2021, with an EAPC of 

1.35 (1.28 to 1.42). The age-standardized YLD rates decreased 

from 196.38 (132.07 to 270.94) in 1990 to 155.19 (110.95 to 

200.45) in 2021, with an EAPC of 0.06 (0.04 to 0.07).

For males, the age-specific YLDs rate was 0.34 (0.18–0.59) at 

15–19 years, and then gradually increased with age, reaching 

28.17 (17.25–40.73) at 35–39 years. This reCects the increasing 

hypertension-related health burden with age. For females, the 

age-specific YLDs rate was 0.33 (0.17–0.58) at 15–19 years, 

gradually rising with age, reaching 51.41 (30.48–75.91) at 35–39 

years. Similar to males, the YLDs for females increases with age, 

but the reasons for this increase might vary across different age 

groups (Figure 4C).

3.5 Hypertension-related complications 
burden trends

3.5.1 Aortic aneurysm
From 1990 to 2021, hypertension-related aortic aneurysm 

deaths increased from 197.90 (95% UI: 126.44 to 280.37) to 

359.19 (95% UI: 221.99 to 509.31). The age-standardized 

mortality rate rose from 0.02 (95% UI: 0.01 to 0.02) to 0.02 

(95% UI: 0.01 to 0.03), and DALYs increased from 11,084.30 

(95% UI: 7,071.23 to 15,707.66) to 20,030.45 (95% UI: 12,368.38 

to 28,414.88). The EAPC was 1.69 (95% CI: 1.60 to 1.78), 1.69 

(95% CI: 1.60 to 1.77), and 0.37 (95% CI: 0.27 to 0.48), showing 

a rising global burden from aortic aneurysms. The age- 

standardized mortality rate of aortic aneurysm was extremely 

low in both sexes, while the age-standardized DALY rate was 

consistently higher in males than in females throughout the 

study period. (Table 4; Figure 5; Supplementary Material 

eFigure 5)

No data on deaths, DALYs, or YLDs were recorded for the 15– 

19 and 20–24 age groups. Mortality was first observed in the 25–29 

age group, with the age-standardized mortality rate of 0.01 (95% 

UI: 0.01–0.01). This rate progressively increased with age, 
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FIGURE 3 

Age-specific trends in the hypertension burden among adolescents and young adults, 1990–2021. (A) Deaths rate. (B) DALYs rate. (C) YLDs rate. (The 

shaded area around the lines indicates the 95% UI. DALYs, disability-adjusted life years; YLDs, years lived with disability; UI, uncertainty intervals.)
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FIGURE 4 

The burden of hypertension by sex and age group among adolescents and young adults, 2021. (A) Deaths number and rate. (B) DALYs number and 

rate. (C) YLDs number and rate. (Orange indicates females, blue indicates males. DALYs, disability-adjusted life years; YLDs, years lived with disability.)
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reaching 0.04 (95% UI: 0.02–0.05) in the 35–39 age group. 

Similarly, the age-standardized DALY rate appeared in the 25– 

29 age group at 0.58 (95% UI: 0.35–0.84), and increased to 1.85 

(95% UI: 1.16–2.61) by the 35–39 age group, showing an 

upward trend with age. YLDs also began to appear in the 25–29 

age group, and increased with age, possibly related to the rising 

mortality rate from aortic aneurysms.

3.5.2 Atrial fibrillation and flutter

From 1990 to 2021, hypertension-related deaths from atrial 

fibrillation and Cutter increased from 25.96 (95% UI: 7.98 to 

47.72) to 50.38 (95% UI: 15.78 to 91.38). The EAPC was 2.09 

(95% CI: 1.98 to 2.19), while the age-standardized mortality rate 

remained low [from 0.00 [95% UI: 0.00 to 0.01] to 0.00 [95% 

UI: 0.00 to 0.01]]. DALYs increased from 3,919.64 (95% UI: 

1,026.54 to 8,187.13) to 7,168.85 (95% UI: 2,005.63 to 

14,748.39), with an EAPC of 1.89 (95% CI: 1.74 to 2.04). YLDs 

rose from 2,500.02 (95% UI: 516.11 to 5,822.76) to 4,417.14 

(95% UI: 970.38 to 10,295.72), with an EAPC of 1.77 (95% CI: 

1.60 to 1.95), indicating an increasing burden of hypertension- 

related atrial fibrillation and Cutter. Atrial fibrillation and Cutter 

showed extremely low the age-standardized mortality rate in 

both sexes, with rates in males slightly higher than in females. 

However, throughout the study period, both the the age- 

standardized DALY and YLD rate for atrial fibrillation and 

Cutter remained consistently higher in males than in females.

No related deaths were recorded for the 15–19, 20–24, and 25– 

29 age groups. From the 30 to 34 age group, a very small number 

of deaths were recorded, with an age-standardized mortality rate 

of 0 (95% UI: 0–0.01), which rose to 0.01 (95% UI: 0–0.01) by 

the 35–39 age group. The age-standardized DALY rate for the 

30–34 age group was 0.27 (95% UI: 0.08–0.52), increasing to 

0.99 (95% UI: 0.27–2.06) by the 35–39 age group. The age- 

standardized YLD rate for 30–34 years was 0.09 (95% UI: 0.02– 

0.21), rising to 0.69 (95% UI: 0.15–1.61) in the 35–39 age group, 

reCecting the increasing early death risk with age.

3.5.3 Chronic kidney disease
From 1990 to 2021, deaths from hypertension-related chronic 

kidney disease increased from 3,059.02 (95% UI: 1,230.26 to 

5,381.18) to 7,010.64 (95% UI: 2,909.40 to 12,056.83). The 

EAPC was 2.67 (95% CI: 2.58 to 2.75). The age-standardized 

mortality rate increased from 0.26 (95% UI: 0.11 to 0.46) to 0.40 

(95% UI: 0.16 to 0.68), with an EAPC of 1.36 (95% CI: 1.32 to 

1.40). DALYs increased from 232,350.65 (95% UI: 98,475.07 to 

391,512.10) to 507,068.30 (95% UI: 219,258.13 to 844,288.18), 

with an EAPC of 2.53 (95% CI: 2.47 to 2.59). YLDs increased 

from 59,400.90 (95% UI: 24,464.55 to 108,740.45) to 111,282.30 

FIGURE 5 

Temporal trends in complication-specific burden among adolescents and young adults, 1990–2021. (A) Deaths rate. (B) DALYs rate. (C) YLDs rate. 

(The shaded area around the lines indicates the 95% UI. DALYs, disability-adjusted life years; YLDs, years lived with disability; UI, uncertainty intervals.)
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(95% UI: 45,244.84 to 205,636.88), with an EAPC of 2.08 (95% CI: 

2.01 to 2.15), highlighting a significant rise in the global burden of 

hypertension-related chronic kidney disease.

Chronic kidney disease exhibited consistent sex differences, 

with higher the age-standardized mortality, DALY, and YLD 

rate in males than in females, and the most pronounced gap 

observed in DALY rates.

No data were recorded for the 15 to 19 and 20 to 24 age 

groups. Deaths started appearing in the 25 to 29 age group, with 

a mortality rate of 0.26 (95% UI: 0.11 to 0.46), increasing to 

0.60 (95% UI: 0.24 to 1.02) in the 35 to 39 age group. The age- 

standardized DALY rate for the 25 to 29 age group was 20.56 

(95% UI: 9.46 to 35.3), increasing to 40.32 (95% UI: 16.79 to 

66.51) by the 35 to 39 age group, showing a clear upward trend. 

The age-standardized YLD rate for the 25 to 29 age group was 

4.27 (95% UI: 1.72 to 8.38), rising to 8.71 (95% UI: 3.53 to 

15.62) in the 35 to 39 age group, indicating worsening early 

death due to chronic kidney disease with age.

3.5.4 Hypertensive heart disease
From 1990 to 2021, the number of deaths due to hypertensive 

heart disease increased from 14,689.95 (95% UI: 10,102.70 to 

17,310.73) to 17,456.80 (95% UI: 13,432.44 to 19,736.83), with 

an EAPC of 0.55 (95% CI: 0.50 to 0.60). The age-standardized 

mortality rate decreased from 0.72 (95% UI: 0.49 to 0.84) to 

0.57 (95% UI: 0.44 to 0.65), with an EAPC of −0.67 (95% CI: 

−0.75 to −0.59). DALYs increased from 876,343.37 (95% UI: 

607,425.90 to 1,032,807.63) to 1,046,927.53 (95% UI: 819,431.19 

to 1,180,962.68), with an EAPC of 0.58 (95% CI: 0.54 to 0.63). 

YLDs increased from 23,850.60 (95% UI: 13,348.34 to 39,439.32) 

to 42,282.71 (95% UI: 23,039.50 to 73,796.36), with an EAPC of 

2.11 (95% CI: 1.98 to 2.24). Overall, the disease burden is 

showing an upward trend. Sex differences in the age- 

standardized mortality, DALY, and YLD rate for hypertensive 

heart disease were not significant, with similar values and 

consistent trends observed in both males and females.

For the age group 15–19 years, the age-standardized mortality 

rate for hypertensive heart disease was 0.13 (95% UI: 0.10 to 0.16), 

which increased to 0.22 (95% UI: 0.16 to 0.26) in the 20–24 years 

age group. The rate continued to rise with age, reaching 0.40 (95% 

UI: 0.30 to 0.45) in the 25–29 years group, 0.79 (95% UI: 0.63 to 

0.89) in the 30–34 years group, and 1.46 (95% UI: 1.13 to 1.63) in 

the 35–39 years group. DALYs followed a similar increasing trend, 

from 10.08 (95% UI: 7.41 to 12.16) in the 15–19 years group to 

79.67 (95% UI: 62.92 to 88.65) in the 35–39 years group. YLDs 

also increased from 0.34 (95% UI: 0.18 to 0.59) in the 15–19 

years group to 2.78 (95% UI: 1.49 to 4.98) in the 35–39 

years group.

3.5.5 Intracerebral hemorrhage
From 1990 to 2021, the number of deaths due to hypertensive- 

related intracerebral hemorrhage increased from 26,136.68 (95% 

UI: 16,069.12 to 37,562.96) to 32,507.46 (95% UI: 21,209.70 to 

45,003.78), with an EAPC of 0.60 (95% CI: 0.35 to 0.85). The 

age-standardized mortality rate decreased from 2.27 (95% UI: 

1.40 to 3.26) to 1.83 (95% UI: 1.20 to 2.54), with an EAPC of 

−0.71 (95% CI: −0.88 to −0.53). DALYs increased from 

1,559,194.08 (95% UI: 953,253.59 to 2,238,778.19) to 

1,950,435.78 (95% UI: 1,264,959.63 to 2,693,109.61), with an 

EAPC of 0.61 (95% CI: 0.37 to 0.84). YLDs increased from 

97,886.62 (95% UI: 52,954.85 to 156,448.10) to 138,058.53 (95% 

UI: 78,886.30 to 212,148.96), with an EAPC of 0.82 (95% CI: 

0.66 to 0.98), indicating that the disease burden from 

hypertensive-related intracerebral hemorrhage is still on the rise. 

Males consistently had higher the age-standardized mortality, 

DALY, and YLD rate for intracerebral hemorrhage than females, 

indicating a significant sex difference in disease burden.

There were no relevant data recorded for the 15–19 years and 

20–24 years age groups. Deaths started to appear from the 25–29 

years age group, with an age-standardized mortality rate of 0.80 

(95% UI: 0.49 to 1.18), which increased to 1.67 (95% UI: 1.07 to 

2.39) in the 30–34 years group and 3.15 (95% UI: 2.11 to 4.21) 

in the 35–39 years group. Age-standardized DALY rate for the 

25–29 years group were 55.38 (95% UI: 33.46 to 81.21), which 

increased to 104.03 (95% UI: 66.62 to 148.26) in the 30–34 years 

group and 177.53 (95% UI: 118.63 to 235.19) in the 35–39 years 

group. Age-standardized YLD rates for the 25–29 years group 

were 5.13 (95% UI: 2.71 to 8.31), which increased to 11.06 (95% 

UI: 6.66 to 16.37) in the 35–39 years group, indicating that the 

burden of hypertensive-related intracerebral hemorrhage 

gradually worsens with age.

3.5.6 Ischemic heart disease
From 1990 to 2021, the number of deaths due to ischemic 

heart disease increased from 36,798.28 (95% UI: 24,867.03 to 

48,922.99) to 56,129.02 (95% UI: 38,897.12 to 73,917.48), with 

an EAPC of 1.24 (95% CI: 1.08 to 1.40). The age-standardized 

mortality rate showed a stable trend, with a non-significant 

change from 3.21 (95% UI: 2.17 to 4.26) to 3.16 (95% UI: 2.19 

to 4.17), supported by an EAPC of −0.08 (95% CI: −0.18 to 

0.03). DALYs increased from 2,070,607.73 (95% UI: 1,394,695.31 

to 2,751,395.78) to 3,166,599.19 (95% UI: 2,190,599.30 to 

4,176,930.37), and YLDs increased from 20,418.30 (95% UI: 

10,963.98 to 32,963.52) to 40,480.80 (95% UI: 22,025.83 to 

64,274.03), indicating a continued global increase in the disease 

burden associated with hypertension-related ischemic heart 

disease. Ischemic heart disease exhibited significant sex 

differences in the age-standardized mortality, DALY, and YLD 

rate, with males consistently having higher values than females 

and the gap widening over time.

There were no relevant data recorded for the 15–19 years and 

20–24 years age groups. Deaths began to appear from the 25–29 

years age group, with an age-standardized mortality rate of 1.31 

(95% UI: 0.85 to 1.79), which increased to 2.92 (95% UI: 1.99 to 

3.89) in the 30–34 years group and 5.48 (95% UI: 3.90 to 7.11) 

in the 35–39 years group, showing a rapid rise in mortality with 

increasing age. The age-standardized DALY rate for the 25–29 

years group was 83.41 (95% UI: 53.84 to 113.88), which 

increased to 293.14 (95% UI: 208.84 to 380.49) in the 35–39 

years group. The age-standardized YLD rates for the 25–29 

years group was 1.17 (95% UI: 0.61 to 1.88), rising to 3.72 (95% 

Niu et al.                                                                                                                                                                 10.3389/fcvm.2025.1619445 

Frontiers in Cardiovascular Medicine 15 frontiersin.org



UI: 2.09 to 5.77) in the 35–39 years group, showing an 

upward trend.

3.5.7 Ischemic stroke

From 1990 to 2021, the number of deaths due to ischemic 

stroke increased from 4,358.94 (95% UI: 2,734.80 to 6,254.08) to 

5,989.22 (95% UI: 3,949.90 to 8,298.75), with an EAPC of 0.87 

(95% CI: 0.70 to 1.04). The age-standardized mortality rate 

decreased from 0.38 (95% UI: 0.24 to 0.54) to 0.34 (95% UI: 

0.22 to 0.47), with an EAPC of −0.44 (95% CI: −0.55 to −0.33). 

The age-standardized DALY rate decreased from 36.12 (95% UI: 

22.50 to 52.52) to 35.06 (95% UI: 22.50 to 48.98), with an EAPC 

of −0.12 (95% CI: −0.19 to −0.06). However, the age- 

standardized YLD rates increased from 15.00 (95% UI: 8.52 to 

23.48) to 16.23 (95% UI: 9.36 to 24.41), with an EAPC of 0.27 

(95% CI: 0.26 to 0.29), indicating that the disease burden from 

ischemic stroke is gradually increasing. In terms of sex 

differences, the age-standardized mortality and DALY rate of 

ischemic stroke were slightly higher in males than in females, 

while the age-standardized YLD rate was slightly higher in 

females. Overall, the sex differences were small, and the trends 

of all indicators remained generally consistent throughout the 

study period.

There were no relevant data recorded for the 15–19 years and 

20–24 years age groups. Deaths started to appear from the 25–29 

years age group, with an age-standardized mortality rate of 0.15 

(95% UI: 0.09 to 0.22), which increased to 0.59 (95% UI: 0.40 to 

0.79) in the 35–39 years group, showing an upward trend in 

mortality. The age-standardized DALY rate for the 25–29 years 

group was 19.82 (95% UI: 11.84 to 29.74), rising to 53.98 (95% 

UI: 36.11 to 73.23) in the 35–39 years group. The age- 

standardized YLD rates for the 25–29 years group was 10.69 

(95% UI: 5.77 to 17.13), increasing to 22.92 (95% UI: 13.78 to 

33.47) in the 35–39 years group, reCecting a rising trend.

3.5.8 Subarachnoid hemorrhage
From 1990 to 2021, the age-standardized mortality rate 

decreased from 0.73 (95% UI: 0.43 to 1.09) to 0.45 (95% UI: 

0.28 to 0.66), with an EAPC of −1.67 (95% CI: −1.73 to −1.60). 

The age-standardized DALY rate decreased from 44.86 (95% UI: 

26.84 to 67.09) to 29.21 (95% UI: 18.38 to 42.44), with an EAPC 

of −1.50 (95% CI: −1.56 to −1.44). The age-standardized YLD 

rates decreased from 4.13 (95% UI: 2.26 to 6.53) to 3.91 (95% 

UI: 2.25 to 5.99), with an EAPC of −0.25 (95% CI: −0.27 to 

−0.22), indicating a decrease in the overall disease burden. For 

subarachnoid hemorrhage, the age-standardized mortality, 

DALY, and YLD rate were all higher in males than in females, 

with marked sex differences, and the gap between the two sexes 

remained stable throughout the study period.

There were no relevant data recorded for the 15–19 years and 

20–24 years age groups. Deaths started to appear from the 25–29 

years age group, with an age-standardized mortality rate of 0.23 

(95% UI: 0.14 to 0.37), which increased to 0.73 (95% UI: 0.47 to 

1.03) in the 35–39 years group, showing a gradual rise in 

mortality. The age-standardized DALY rate and age- 

standardized YLD rates also showed an increasing trend with age.

3.6 Forecasted trends

This study conducted a forecast analysis on the future burden 

of hypertension among young people, covering five age groups 

(15–39 years), with a time span extending to 2050 (Figure 6; 

Supplementary Documents).

3.6.1 Mortality

Between 1990 and 2050, the overall mortality rate is projected 

to show a downward trend, and the age-standardized mortality 

rate in males remained consistently and significantly higher than 

in females. In the 15–19 years age group, reCecting ongoing 

improvements in hypertension prevention, early detection, and 

management. Notably, the most substantial relative reductions 

are anticipated in the younger cohorts (15–24 years), where 

mortality rates are expected to remain very low. In older age 

groups (25–39 years), although the absolute mortality rates are 

higher, the downward trend persists, suggesting that advances in 

healthcare and public health interventions are gradually 

mitigating the risk of premature death due to hypertension 

(Figure 6A).

3.6.2 DALYs

Between 1990 and 2050, the age-standardized DALY rate for 

hypertension among adolescents and young adults is projected 

to show slight Cuctuations but an overall downward trend across 

all age groups. The age-standardized DALY rate in males was 

significantly higher than in females, which was entirely 

consistent with the pattern observed for mortality. Notably, in 

the 15–24 age group, the DALY rate is expected to continue 

declining, reCecting the effectiveness of early prevention and 

intervention measures. For the 25–39 age group, although the 

DALY rate remains relatively high throughout the forecast 

period, the overall trend is also improving, indicating that 

ongoing advancements in chronic disease management and 

healthcare services are gradually reducing the health loss caused 

by hypertension (Figure 6B).

3.6.3 YLDs

Between 1990 and 2050, the age-standardized YLD rate for 

hypertension among adolescents and young adults is projected 

to show a consistent upward trend across all age groups. This 

indicates that, despite improvements in mortality and overall 

disease burden, the long-term impact of hypertension-related 

disability is becoming increasingly prominent in the younger 

population. Particularly in the older age groups (25–39 years), 

the YLD rate remains high and continues to rise, suggesting that 

more young individuals are living longer with hypertension- 

related health impairments. It is noteworthy that the age- 

standardized YLD rate was initially higher in males, but the rate 

in females has continued to rise, converging with that of males 

and is ultimately expected to surpass it (Figure 6C).
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4 Discussion

This study based on the GBD 2021 database, conducts a 

systematic analysis of the disease burden and associated damages 

of hypertension among adolescents and young adults aged 15–39 

years globally from 1990 to 2021, and forecasts trends up to 2050. 

The research findings present complex patterns of change across 

temporal, geographical, socioeconomic, gender, and age 

dimensions, providing critical evidence for a deeper 

understanding of the epidemiological patterns of hypertension 

among adolescents and young adults, and for the development 

and optimization of global public health strategies. An in-depth 

analysis of these results not only helps to understand the 

changing patterns of disease burden but also provides targeted 

directions for addressing this global health challenge.

4.1 Underlying mechanisms of global and 
regional burden changes

Our analysis revealed a critical divergence in hypertension 

burden among adolescents and young adults from 1990 to 2021: 

FIGURE 6 

Predicted trends of the hypertension burden in adolescents and young adults globally, 1990–2050. (A) Age-standardized overall burden. (B) Deaths 

rate by age group. (C) DALYs rate by age group. (D) YLDs rate by age group. (The shaded area around the line indicates the 95% UI. DALYs, disability- 

adjusted life years; YLDs, years lived with disability; UI, uncertainty intervals.)
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while global age-standardized mortality and DALY rates declined, 

absolute numbers of deaths and DALYs increased significantly. 

This paradox is primarily driven by population growth and 

aging, alongside persistent gaps in hypertension control. 

Furthermore, the age-standardized YLD rate continued to rise, 

underscoring a growing non-fatal health burden linked to 

hypertension in this population (15).

The significant disparities in hypertension burden across 

different countries and regions profoundly reCect the combined 

effects of social, economic, cultural, and healthcare system factors 

(16). South Asia’s highest death count may be related to its dense 

population, high poverty rates, relatively scarce medical resources, 

and widespread unhealthy lifestyles (17); while Australasia’s lowest 

burden benefits from its comprehensive healthcare system, high 

health literacy among residents, and favorable living environment 

(18, 19). Oceania’s highest age-standardized mortality rate might 

be associated with its unique dietary patterns (such as high salt 

and sugar intake), lower healthcare accessibility, and genetic 

susceptibility (20). In high-income North America, the age- 

standardized mortality rate, DALY rate, and YLD rate all showed 

upward trends, with their EAPCs being the highest among the 21 

GBD regions. This could be linked to modern lifestyle factors 

including obesity epidemic, high mental stress, and fast-paced 

work-life rhythm; while significant declines in Western Europe 

and high-income Asia Pacific regions benefit from their long-term 

implementation of early hypertension screening, standardized 

management, and health promotion programs, along with 

widespread acceptance of healthy lifestyles among residents (21, 22).

4.2 Multidimensional analysis of the 
association between SDI and hypertension 
burden

Analysis based on the SDI reveals a strong non-linear 

relationship between socio-economic development and the 

burden of hypertension. The highest numbers of hypertension- 

related deaths, DALYs, and YLDs are observed in regions with 

middle SDI, which may be due to these regions being in a 

period of socio-economic transition. During this transition, 

traditional lifestyles are rapidly shifting toward modernization 

and industrialization, unhealthy dietary and lifestyle habits are 

spreading quickly, while the growth of medical resources fails to 

keep pace with the increasing demands for disease prevention 

and control (23, 24).

In low SDI and low-to-middle SDI regions, age-standardized 

mortality rates, DALY rates, and YLD rates are relatively high, 

reCecting severe lag in infrastructure development, healthcare 

system improvement, and health education dissemination in 

these areas. Moreover, the growth trends in deaths, DALYs, and 

YLDs in low SDI regions are most pronounced, indicating that 

if public health systems and health promotion efforts are 

neglected during socio-economic development, the burden of 

hypertension will rise rapidly (25).

In high SDI regions, all indicators exhibited negative EAPCs, 

suggesting that adequate investments in healthcare resources, the 

application of advanced medical technologies, and the establishment 

of comprehensive health management systems can effectively reduce 

the burden of hypertension-related diseases (26, 27).

4.3 Gender and age dimensions in the 
association with hypertension burden

Gender differences also play a prominent role in the burden of 

hypertension-related diseases among young individuals. The 

increases in mortality, DALYs, and YLDs during this period are 

generally more pronounced in males than females, and the age- 

standardized mortality rate in males declines at a slower pace 

compared to females. This discrepancy may be the result of a 

combination of biological factors, lifestyle choices, and social 

roles (28, 27). From a biological perspective, male hormone 

levels (such as androgens) may inCuence blood pressure 

regulation mechanisms, making males more susceptible to 

hypertension (29). In terms of lifestyle, males in the 15–39 age 

group are more likely to engage in high-intensity physical labor 

and dangerous occupations, with unhealthy habits such as 

smoking, excessive alcohol consumption, and high-salt, high-fat 

diets being more prevalent (30). Additionally, a lack of physical 

activity and neglect of health management are more common 

(31, 32). Regarding social roles, males often face greater 

economic pressures and work responsibilities, with chronic 

mental stress and psychological pressure contributing to elevated 

blood pressure (33).

From an age distribution perspective, the burden of 

hypertension-related diseases progressively increases with age 

from 15 to 39 years. This trend can be attributed to the 

accumulation of health risks and physiological changes across 

different life stages.

In the 15–19 age group, although the incidence of the disease 

is relatively low, there is an upward trend, which may be linked to 

the development of unhealthy lifestyle habits during adolescence 

(such as prolonged sitting and excessive consumption of sugary 

drinks) as well as increasing academic pressure (34). In the 20– 

29 age range, young adults enter the workforce and face factors 

such as work pressure and changes in lifestyle, which further 

elevate the risk of hypertension and related diseases. By the 30– 

39 age group, due to the accumulation of health risk factors 

over time and the ongoing effects of work and life stress, the 

disease burden significantly intensifies. Moreover, with 

advancing age, metabolic functions decline, vascular elasticity 

weakens, and the risk of hypertension and its complications 

increases substantially (35).

4.4 Trends in the evolving burden of 
hypertension-related complications

The analysis of changes in the burden of various 

cardiovascular and chronic diseases related to hypertension in 

this study reveals the complex pathophysiological processes of 

target organ damage caused by hypertension, as well as the 
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impact of the healthcare environment on disease burden. The 

death counts, DALYs, and YLDs for conditions such as aortic 

aneurysm, atrial fibrillation and Cutter, chronic kidney disease, 

hypertensive heart disease, intracerebral hemorrhage, ischemic 

heart disease, and ischemic stroke generally show an upward 

trend, despite some diseases experiencing a decline in age- 

standardized mortality rates. This suggests that as hypertension 

progresses, its cumulative damage to vital organs such as the 

heart, brain, kidneys, and blood vessels increases, raising the risk 

of severe complications (36, 37). Meanwhile, changes in modern 

lifestyles (such as sedentary behavior, high-sugar and high-fat 

diets, and high mental stress) further accelerate this process.

The age-standardized mortality rate, DALY rate, and YLD 

rates for subarachnoid hemorrhage show a declining trend, 

which can be attributed to advances in medical technology. 

Developments in neuroimaging have improved early diagnostic 

accuracy, while the application of minimally invasive surgery 

and interventional treatments has enhanced treatment outcomes, 

reducing disability and mortality rates (38–40). The burden 

changes of these diseases across different age groups suggest that 

early intervention and long-term management are critical in 

preventing hypertension-related complications. For example, for 

younger patients, strengthening blood pressure monitoring and 

lifestyle interventions to delay disease progression is essential; 

for middle-aged and older patients, focusing on screening and 

treatment of complications is crucial to improving quality of life 

(34).

In addition, our study found that sex differences in 

hypertension-related complications deserve attention. For 

hypertensive heart disease and ischemic stroke, the gender gap 

was relatively small, with men and women showing generally 

consistent trends. However, for intracerebral hemorrhage, 

ischemic heart disease, and subarachnoid hemorrhage, the age- 

standardized mortality, DALY rate, and YLD rate in men 

consistently remained higher than those in women, and this 

disparity either stayed stable or widened over the study period. 

This may be related to the fact that men in this age group tend 

to have more risk factors than women, such as smoking and 

alcohol consumption (41). These findings suggest that 

prevention and management strategies should be tailored by sex, 

with particular attention to high-risk male populations, in order 

to effectively reduce the disease burden of hypertension- 

related complications.

4.5 Public health implications and 
challenges of future trends

Based on predictions from the BAPC model, it is projected 

that by 2050, the age-standardized mortality and DALY rate for 

hypertension in the 15–39 age group will generally decline, 

while the YLD rate will continue to rise. Specifically, from 1990 

to 2050, the age-standardized mortality rate is expected to 

decrease by 38.6% in males and by 13.1% in females. Similarly, 

the age-standardized DALY rate is projected to decline by 39.1% 

in males and by 14.5% in females. In contrast, the age- 

standardized YLD rate is expected to increase by 31.7% in males 

and by 13.7% in females. This trend suggests that, although 

some progress may be made in reducing hypertension-related 

deaths and healthspan loss, the long-term impact of 

hypertension on patients’ quality of life will become increasingly 

evident. When combined with the findings of our study, this 

shift in disease burden is particularly noteworthy: men continue 

to bear a disproportionately high fatal and premature mortality 

burden, while women show a rapidly increasing—and even 

surpassing—non-fatal disability burden. With advances in 

medical technology and strengthened public health measures, 

the life expectancy of hypertensive patients will be extended. 

However, the increase in chronic complications leading to 

disability and functional impairment will pose a heavy economic 

and caregiving burden on patients’ families and society.

The results of this study provide important guidance for the 

development of public health policies and resource allocation. 

Given the regional, gender, and age-specific differences, tailored 

prevention and control strategies need to be developed. In low 

SDI regions, the primary focus should be on increasing 

investment in healthcare infrastructure, training healthcare 

professionals, and enhancing the capacity of primary healthcare 

services to ensure effective hypertension screening and diagnosis 

(42). Additionally, community education, public service 

campaigns, and awareness-raising initiatives should be employed 

to improve residents’ health literacy and promote healthy 

lifestyles, such as balanced diets and regular physical activity. In 

high SDI regions, while maintaining current healthcare 

advantages, targeted health promotion activities should be 

conducted for the younger population (43). Particularly for 

high-risk male groups identified in the study, health behavior 

interventions should be strengthened; meanwhile, for female 

groups with rapidly increasing disability burdens, early 

management and rehabilitation services for chronic 

complications should be enhanced. These might include 

implementing a model of joint decision-making between doctors 

and patients (44), promoting workplace health management 

programs, encouraging employers to provide healthy work 

environments and wellness programs, including regular health 

checks and health lectures (45).

Regarding gender differences, targeted health interventions 

should be implemented. For men, the emphasis should be on 

guiding them to adopt healthier lifestyles, raising awareness of 

health risks through education, encouraging physical exercise, 

and reducing smoking and excessive alcohol consumption. Even 

low-dose alcohol consumption (e.g., 10 g/day) increases 

hypertension risk by 14% in men, but not in women (46). For 

women, blood pressure monitoring and health guidance should 

be strengthened during pregnancy and postpartum periods, 

providing specialized healthcare services to prevent and manage 

pregnancy-related hypertension. Monitoring and managing 

hypertension during pregnancy is essential to prevent maternal 

and fetal complications. Hypertension during pregnancy is the 

second leading cause of maternal mortality, following maternal 

peri-partum hemorrhage (47). Combined estrogen-progestin 

contraceptives are a common cause of drug-induced 
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hypertension in young women and should be avoided in 

hypertensive patients unless no alternative methods are available 

or acceptable (48). During menopause, health management 

services should be provided, including hormone level 

monitoring, cardiovascular risk assessment, and interventions.

For different age groups, health education should be integrated 

into school curricula for adolescents aged 15–19 to foster healthy 

habits and behaviors. Ensure the provision of nutritious, well- 

balanced foods while advising against the intake of harmful or 

addictive substances (49). Research shows that physical activity is 

important for boys’ metabolic health, while sleep duration is key 

for girls’ metabolic health in this age group (50). For young adults 

aged 20–29, regular health check-ups should be encouraged, along 

with the adoption of a healthy lifestyle, including regular sleep 

patterns, balanced diets, and moderate exercise (51). Psychological 

health support should also be provided to help manage work and 

life stress (52). For individuals aged 30–39, chronic disease 

management should be strengthened, with increased awareness of 

hypertension and its complications, improved treatment 

adherence, and comprehensive interventions to reduce disease 

risks. Early diagnosis of hypertension-mediated organ damage is 

essential in individuals under 40 years of age with high 

cardiovascular risk, as risk assessment using the SCORE−2 system 

is not reliably accurate for this demographic. An aggressive strategy 

involving antihypertensive treatment and correction of risk factors 

is recommended for this group (53). In addition, epidemiological 

evidence has shown that secondary hypertension is relatively more 

prevalent in young adults, with prevalence estimates ranging from 

15% to 30% (54). Young individuals who were previously 

normotensive but rapidly develop arterial hypertension or exhibit 

uncontrolled blood pressure despite standard therapy should be 

evaluated for potential secondary hypertension (47).

From a global perspective, between 1990 and 2021, the burden 

of hypertension-related diseases in the youth population has 

shown significant changes. For instance, aortic aneurysms have 

seen an increase in mortality, age-standardized mortality rate, 

and DALYs. This phenomenon may be linked to several factors. 

On one hand, although the global aging process is less 

pronounced in this younger group, lifestyle changes, such as 

increased calorie intake, reduced physical activity, and 

environmental factors, may lead to an earlier onset of 

hypertension, thus increasing the risk of complications such as 

aortic aneurysms. It is well-established that four key health 

behaviors—regular physical activity, maintaining a healthy body 

mass index, consuming a balanced diet, and avoiding smoking— 

provide substantial protection against cardiovascular disease in 

children and adolescents (55). As society evolves, emerging 

issues such as adverse childhood experiences have become a 

growing concern. Adverse childhood experiences refer to 

traumatic events before age 18, including abuse, accidents, 

chronic illness, parental death, and family dysfunction. These 

stressors disrupt neurodevelopment during critical periods, 

resulting in long-term changes in stress responses and negatively 

impacting both psychological and physical health (56). Growing 

evidence suggests that psychosocial stressors play a significant 

role in inCuencing the risk of hypertension in children and 

adolescents. On the other hand, advances in diagnostic 

technologies have allowed for the detection and recording of 

more cases, which partially contributes to the increase in disease 

burden statistics. Similar trends have been observed for other 

hypertension-related diseases, such as atrial fibrillation, chronic 

kidney disease, and others, further highlighting the serious 

threat of hypertension to young people’s health (47). This 

underscores the need for global public health systems to 

prioritize youth hypertension and implement effective preventive 

and control measures.

This study has some limitations. The data primarily rely on 

existing databases, which may be inCuenced by data quality, 

variations in diagnostic criteria across regions, and missing data, 

leading to potential biases in the results. Additionally, the study 

did not fully explore the complex interactions between genetic 

factors, environmental inCuences, and lifestyle factors on the 

burden of hypertension-related diseases. Furthermore, the 

predictions in this study are based on statistical models that may 

not fully capture unexpected future changes, such as policy 

interventions, medical advancements, or shifts in population 

behavior, which could result in deviations from the projected 

trends. Future research should improve data collection and 

analysis methods, strengthen multi-center and large-sample 

studies, and integrate molecular biology, epidemiology, and 

other multidisciplinary approaches to better understand the 

potential mechanisms driving changes in disease burden, 

thereby providing a solid scientific basis for the development of 

more precise and effective public health strategies.

5 Conclusion

The global burden of hypertension and its associated 

complications in the 15–39 age group is both severe and 

complex, involving multiple layers of factors. Through the in- 

depth analysis of this study, we provide important reference 

directions for global public health efforts. First, early screening 

and routine blood pressure monitoring in young populations 

should be prioritized to facilitate timely detection and 

intervention. Second, lifestyle modification programs focusing 

on reducing obesity, unhealthy dietary habits, and sedentary 

behavior should be widely implemented. Third, targeted health 

education campaigns are needed to raise awareness among 

adolescents and young adults about hypertension risks and 

prevention. Finally, international cooperation and 

communication should be strengthened, with tailored prevention 

and control strategies implemented to reduce the burden of 

hypertension-related diseases in young people and promote the 

healthy development of youth worldwide.
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