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Background: Stroke is a leading cause of disability and mortality worldwide, with rising incidence rates among youths and young adults aged 15–39 years. However, comprehensive assessments of stroke burden in this age group at global, regional, and national levels are limited. This study examines trends in stroke incidence, mortality, and disability-adjusted life years (DALYs) from 1990 to 2021 using data from the Global Burden of Disease (GBD) study.

Methods: Data from the GBD study (1990–2021) were analyzed to assess the age-standardized incidence, mortality, and DALYs related to stroke in individuals aged 15–39 years. The relationship between stroke burden and the Socio-Demographic Index (SDI) was explored across 204 countries and 21 regions. Trends were analyzed using the estimated annual percentage change (EAPC) and average annual percentage change (AAPC).

Results: This study reveals global, regional, and national trends in stroke burden among youths and young adults (15–39 years) from 1990 to 2021. In 2021, the global age-standardized stroke incidence was 757,234.61 cases, with 8.72 million DALYs and 122,742 stroke-related deaths. Although global incidence increased by 19.09%, age-standardized rates (ASRs) declined by 0.67% annually. DALYs and mortality rates also decreased globally. Notably, stroke burden increased in low and low-middle SDI regions. South Asia had the highest number of cases, while Oceania reported the highest mortality rate. These findings underscore regional disparities in stroke trends. Globally, metabolic risks (46.2%) and high systolic blood pressure (37.87%) are major contributors to stroke-related mortality.
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Introduction

Stroke is a major global health concern, contributing substantially to disability and premature mortality (1, 2). From 1990 to 2019, the age-standardized DALYs rate (ASDR) of stroke decreased by 36.0% globally, yet the absolute DALYs increased by 32.0% (3). While traditionally considered a disease of older populations, stroke among youths and young adults (15–39 years) has gained increasing attention due to its rising incidence, distinct etiologies, and significant socioeconomic burden (4, 5). Young stroke survivors often face long-term disabilities, reduced quality of life, and significant socioeconomic burdens, resulting in substantial societal and economic challenges for both the individuals and their communities (6).

Previous studies have reported regional disparities in stroke burden, with variations driven by factors such as lifestyle changes, healthcare access, and socioeconomic development (7). The Global Burden of Disease (GBD) study provides a valuable framework for assessing these trends by analyzing age-standardized prevalence, mortality, and disability-adjusted life years (DALYs) for stroke (8, 9, 10).Evidence shows regional variations and an increasing prevalence of stroke among young individuals, especially in low- and middle-SDI regions (11). However, the burden of stroke in these areas is aggravated by a lack of targeted interventions, limited healthcare access, and insufficient awareness of stroke risk factors. Understanding these trends is critical for developing effective public health policies and interventions tailored to youths and young adults at risk (12).

This study aims to analyze the global, regional, and national burden of stroke among youths and young adults aged 15–39 years from 1990 to 2021 using GBD data. We seek to identify patterns in incidence, mortality, and DALYs, explore associations with the Socio-Demographic Index, and evaluate temporal trends to inform future strategies for stroke prevention and management in this population.



Methods


Overview and data collection

This cross-sectional study was approved by Jinzhou Medical University. The university’s ethics committee waived the requirement for informed consent, as the study involved only data analysis with no personally identifiable information.

The data on youth and young adult stroke used in this study were derived from the Global Burden of Disease Study 2021 (GBD 2021), which provides comprehensive and up-to-date estimates for 369 diseases, injuries, and conditions across 204 countries and territories, as well as 88 risk factors (7, 13). The GBD 2021 classification system divides the world into 21 geographic regions based on epidemiological similarities and geographical proximity. This regional categorization enables a nuanced understanding of disease burden variations across different parts of the world, thereby facilitating the development of targeted public health policies and interventions (10, 14). The 21 regions considered are as follows: Andean Latin America, Australasia, the Caribbean, Central Asia, Central Europe, Central Latin America, Central Sub-Saharan Africa, East Asia, Eastern Europe, Eastern Sub-Saharan Africa, High-Income Asia Pacific, High-Income North America, North Africa and the Middle East, Oceania, South Asia, Southeast Asia, Southern Latin America, Southern Sub-Saharan Africa, Tropical Latin America, Western Europe, and Western Sub-Saharan Africa. This classification has consistently been utilized in previous GBD iterations and has proven effective in analyzing and comparing health metrics across different geographic and epidemiological regions (7, 10, 14).

For this study, we specifically extracted data on young stroke, focusing on metrics such as incidence, mortality, and disability-adjusted life years (DALYs) to provide a detailed analysis of the burden of stroke among youths and young adults. All data used in this study is publicly accessible through the Global Health Data Exchange platform.1 The study was conducted in compliance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (15).



Sociodemographic index

The Sociodemographic index is a composite measure of a country’s or region’s level of development, incorporating indicators such as fertility rates, educational attainment, and per capita income. SDI values range from 0 to 1, with higher scores reflecting greater socioeconomic development. Previous studies have demonstrated an association between SDI and both disease incidence and mortality rates (16). In this study, we classified countries and regions into five SDI categories (low, low-medium, medium, medium-high, and high) to investigate the relationship between socioeconomic development and the burden of stroke in youths and young adults aged 15–39 years from 1990 to 2021.



Statistical analysis

To assess the burden of stroke in youths and young adults, the primary indicators analyzed were incidence, mortality, and disability-adjusted life years (DALYs). Trends were interpreted based on the estimated annual percent change (EAPC) and its 95% confidence interval (CI): a negative upper limit of the EAPC indicated a decreasing trend, while a positive lower limit suggested an increasing trend (17, 18, 19).

In this study, ASRs for stroke incidence, mortality, and DALYs were calculated using direct standardization, with the GBD 2021 world standard population as the weighting factor. ASRs were reported per 100,000 population, accompanied by 95% uncertainty intervals (UI). To analyze trends in age-specific stroke incidence, mortality, and DALYs at global, regional, and national levels, GBDR analysis was used (20). JD_GBDR software was applied to assess trends from 1990 to 2021. The analysis calculated the average annual percentage change (AAPC) and its 95% CI. Trends were classified as upward (AAPC >0), downward (AAPC <0), or stable (95% CI includes 0). UIs, which differ from CIs by accounting for uncertainties from multiple sources such as sampling error, model estimation, and specification, were also computed (21).

In this study, the R software package (version 4.2.3) and JD_GBDR (V2.22, Jingding Medical Technology Co., Ltd.) were used for the drawing of the figures.




Results


Global trends in stroke incidence, mortality and DALY rate

In 2021, the global age-standardized incidence of stroke was 757,234.61 cases (95% UI: 632,119.62–924,338.12) (Table 1). The age-standardized disability-adjusted life years (DALYs) due to stroke totaled 8,718,567.32 (95% UI: 7,951,154.52–9,472,143.29) (Supplementary Table S1), while age-standardized stroke-related deaths were 122,742.66 (95% UI: 113,243.10–133,292.05) (Table 2). From 1990 to 2021, the global age-standardized incidence of stroke increased by 19.09% (95% UI: 13.56–24.02%). Despite this rise, the incidence rate declined from 29.01 (95% UI: 24.22–35.16) in 1990 to 25.45 (95% UI: 21.25–31.07) in 2021, with an estimated annual percentage change (EAPC) of −0.67 (95% CI: −0.76, −0.58) (Table 1). Over the same period, the age-standardized DALY burden decreased by 5.47%, and age-standardized mortality fell by 8.16%. Additionally, age-standardized mortality rates showed a significant reduction (AAPC = −0.065; 95% CI: −0.068, −0.063), as did age-standardized DALY rates (AAPC = −4.176; 95% CI: −4.301, −4.052) (Table 2; Supplementary Table S1).



TABLE 1 Age-standardized incidence and AAPC of stroke in individuals aged 15–39 years at global and regional levels, 1990–2021.
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TABLE 2 Age-standardized morality rate and AAPC of stroke in individuals aged 15–39 years at global and regional levels, 1990–2021.
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Regional trend in stroke incidence, mortality and DALY rate in five SDI regions

From 1990 to 2021, both mortality and DALY cases increased in the low-middle and low-SDI regions. In the low-middle SDI group, mortality rose by 22.10% (95% UI: 6.47–41.53%) (Table 2), and DALYs increased by 25.77% (95% UI: 11.05–43.12%) (Supplementary Table S1). In the low SDI group, mortality increased by 70.17% (95% UI: 43.05–97.88%) (Table 2), and DALYs rose by 75.36% (95% UI: 50.23–100.50%) (Supplementary Table S1). Despite these absolute increases, the average annual percentage change (AAPC) for age-standardized mortality and DALY rates was negative across all five SDI regions, indicating a reduction in age-standardized stroke mortality and DALY burdens over this period. In 2021, the middle SDI region had the highest number of stroke cases, with 243,882.45 (95% UI: 203,975.05-297,448.61), while the low SDI region saw a 96.26% increase in incidence (95% UI: 88.52–103.48%) (Table 1). The greatest reduction in stroke incidence among youths was observed in regions with high to mid-SDI (EAPC = −0.89, 95% CI: −1.01 to −0.77) (Table 1).



Regional trend in stroke incidence, mortality and DALY rate in 21 GBD regions

In terms of incidence, South Asia had the highest number of stroke cases in youths and young adults aged 15–39 years in 2021, with 183,854.67 cases (95% UI: 151,305.27–225,946.66), while Oceania had the fewest, with 1,412.05 cases (95% UI: 1,199.39–1,691.36). The highest stroke incidence rate among youths and young adults was observed in Eastern Europe (36.93; 95% UI: 30.94–45.13). In contrast, Australasia and Western Europe had the lowest stroke incidence rates, both at 14.29 (95% UI: 11.54–17.85 and 95% UI: 11.29–17.93, respectively). From 1990 to 2021, the incidence rate of stroke in youths and young adults increased only in Eastern Europe (EAPC: 0.01; 95% CI: −0.07–0.09). The largest decline in stroke incidence was seen in the High-income Asia Pacific region (EAPC: -2.06; 95% CI: −2.17 to −1.94) (Table 1).

In 2021, East Asia had the highest number of stroke-related deaths among youths and young adults aged 15–39 years, with 24,330.42 deaths (95% UI: 20,257.31–28,408.55). Oceania had the highest stroke-related mortality rate for youths and young adults (8.98; 95% UI: 6.46–11.87). The Caribbean experienced the smallest decrease in stroke-related mortality rate (EAPC: −0.19; 95% CI: −0.39 to 0.00), while Australasia saw the largest reduction (EAPC: −3.46; 95% CI: −3.77 to −3.15) (Table 2).

In 2021, South Asia had the highest number of disability-adjusted life years (DALYs) related to stroke in youths and young adults (1,837,332.75; 95% UI, 1,622,972.92–2,033,261.45), while Australasia had the lowest (7,611.68; 95% UI, 6,516.81–8,696.71). Oceania reported the highest DALY rate (599.51; 95% UI, 452.16–778.14), while Australasia had the lowest DALY rate (72.69; 95% UI, 62.24–83.06) (Table 1). Figure 1 shows a negative correlation between the age-standardized prevalence rate, mortality rate, and disability-adjusted life years (DALY) rate for young stroke in youths and young adults aged 15–39 years and the Socio-Demographic Index (SDI). In 2021, the global SDI was 0.37. Eight regions, including Eastern Europe, Southeast Asia, and High-Income North America, had prevalence rates higher than the global average (Figure 1A), while another eight regions exceeded the global average mortality rate (Figure 1B). Additionally, eight regions reported DALY rates above the global average (Figure 1C).
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FIGURE 1
 The association between the socio-demographic index and young stroke in youths and young adults aged 15–39 years across 21 GBD regions. (A) The relationship between age-standardized stroke incidence and socio-demographic index. (B) The relationship between age-standardized stroke mortality and socio-demographic index. (C) The relationship between age-standardized stroke disability-adjusted life years and socio-demographic index.




National trend in stroke incidence, mortality and DALY rate

From 1990 to 2021, the global incidence of stroke among individuals aged 15 to 39 varied significantly across countries. In 2021, India reported the highest number of young stroke cases at 131,103.66 (95% UI, 106,504.02–162,808.88) among the 204 countries analyzed, while Tokelau had the lowest incidence, with just 0.19 cases per 100,000 people (95% UI, 0.17–0.22). Kiribati recorded the highest incidence rate of young stroke cases in 2021, at 97.8 per 100,000 people (95% UI, 88.46–107.52), while Portugal had the lowest rate, at 11.39 per 100,000 people (95% UI, 8.65–15.01). The Philippines saw the largest increase in incidence (EAPC, 2.23; 95% CI, 1.92–2.54), while Rwanda experienced the greatest decrease (EAPC, −3.16; 95% CI, −3.50 to −2.81). The global incidence rate for young stroke in 2021 was 25.45 per 100,000 people (95% UI, 21.25–31.07), with 101 countries reporting rates above and 103 countries below the global average (Supplementary Table S2; Figure 2A).
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FIGURE 2
 Global maps showing the age-standardized incidence rate, mortality rate, and DALYs rate of stroke in youths and young adults aged 15–39 years for both sexes in 2021. DALYs refer to disability-adjusted life years. (A) Age-standardized incidence rates of stroke in youths and young adults aged 15–39 years for both sexes combined across 204 countries worldwide. (B) Age-standardized mortality rates of stroke in youths and young adults aged 15–39 years for both sexes combined across 204 countries worldwide. (C) Age-standardized disability-adjusted life years rates of stroke in youths and young adults aged 15–39 years for both sexes combined across 204 countries worldwide.


In 2021, China reported the highest number of stroke-related deaths among youths and young adults, with 23,099.87 cases (95% UI, 19,113.48–27,336.47). Nauru had the highest stroke-related mortality rate for this age group, at 29.56 per 100,000 people (95% CI, 21.22–42.56), while Slovenia (SDI 0.84) recorded the lowest rate at 0.33 per 100,000 people (95% CI, 0.27–0.41). Zimbabwe experienced the largest increase in mortality (EAPC, 4.72; 95% CI, 3.56–5.90), while Luxembourg (EAPC, −7.39; 95% CI, −7.73 to −7.06) and Slovenia (EAPC, −6.67; 95% CI, −6.96 to −6.39) showed the greatest decreases. The global stroke-related mortality rate for youths and young adults in 2021 was 4.13 per 100,000 people (95% UI, 3.81–4.48), with 87 countries reporting rates above the global average and 117 countries below it (Supplementary Table S3; Figure 2B).

In 2021, China had the highest number of stroke-related disability-adjusted life years (DALYs) among youths and young adults, totaling 1,654,368.25 (95% UI, 1,394,426.09–1,906,661.45). Nauru recorded the highest DALY rate for young stroke cases, at 1,907.37 per 100,000 people (95% UI, 1,411.15–2,672.63). Zimbabwe experienced the largest increase in DALY rate (EAPC, 3.97; 95% CI, 2.99–4.96), while Luxembourg (EAPC, −5.64; 95% CI, −5.89 to −5.38) and Rwanda (EAPC, −5.33; 95% CI, −5.94 to −4.72) showed the greatest decreases. In 2021, the global DALY rate for young stroke cases was 293.08 per 100,000 people (95% UI, 267.28–318.41), with 86 countries/regions reporting rates above the global average and 118 countries/regions below it (Supplementary Table S4; Figure 2C).



Factors influencing EAPCs

EAPCs showed significant differences compared to the incidence, mortality, and disability-adjusted life years rates in 2021. Furthermore, there were also notable differences between EAPCs and the 2021 Socio-Demographic Index. Specifically, EAPCs were positively correlated with DALY rates (Pearson r = 0.54; p < 0.001), and they also exhibited positive correlations with incidence rates (Pearson r = 0.51; p < 0.001) and mortality rates (Pearson r = 0.56; p < 0.001). In contrast, the EAPCs for incidence, mortality, and DALYs were negatively correlated with the SDI (Supplementary Figure S1).



Stroke-related deaths attributable to major risk factors by SDI level

The results highlight the proportion of stroke-related deaths in youths and young adults aged 15–39 years for both sexes attributable to various risk factors, both globally and across different Socio-Demographic Index levels: High, High-Middle, Middle, Low-Middle, and Low SDI. The key risk factors analyzed include ambient air pollution, high sodium intake, low fruit intake, tobacco use, and exposure to secondhand smoke. Globally, metabolic risks (46.2%) and high systolic blood pressure (37.87%) are major contributors to stroke-related mortality in youths and young adults aged 15–39 years for both sexes. The impact of these risk factors varies by SDI level: low SDI regions are predominantly affected by environmental and occupational risks as well as metabolic factors, while high SDI regions experience a greater influence from behavioral and metabolic risks. These findings highlight the distinct public health challenges faced by different socio-economic groups and emphasize the need for targeted intervention strategies (Supplementary Figure S2).




Discussion

This study provides a comprehensive analysis of the global, regional, and national trends in stroke incidence, mortality, and disability-adjusted life years among youths and young adults aged 15–39 years from 1990 to 2021. Our findings reveal significant variations in stroke burden across different SDI regions, with notable disparities between high and low SDI regions.


Global trends

During the study period, the global age-standardized incidence of stroke increased by 19.09%, reflecting a growing global burden of stroke. From 1990 to 2021, both the global incidence rate and the prevalence of stroke in the general population rose by over 70%, which aligns with our findings. However, despite this increase, the age-standardized stroke incidence showed a gradual decline, with an estimated annual percentage change of −0.67, indicating a decrease in overall incidence relative to the global population (22). This suggests that while the burden of stroke continues to rise, the rate of incidence has been stabilizing over time. Notably, in 2021, the global stroke incidence continued to increase, further highlighting the ongoing global burden (23).



Regional trends

At the regional level, the low-middle and low SDI regions experienced a significant rise in both mortality and DALYs, with mortality increasing by 22.10 and 70.17%, highlighting the growing health challenge posed by stroke in low-resource settings (24). These increases are likely driven by limited healthcare infrastructure, insufficient stroke prevention programs, delayed access to acute care, and cultural and lifestyle factors such as high-salt and high-fat diets, sedentary lifestyles, and higher rates of smoking and alcohol consumption. These challenges, compounded by inadequate access to healthcare education, significantly exacerbate the risk of stroke and emphasize the urgent need for targeted prevention strategies (25).

In low SDI regions, where the increase in stroke burden is most pronounced, implementing targeted prevention strategies, improving healthcare infrastructure, and enhancing access to treatment are critical to reducing the burden (26, 27). Despite the absolute increase in stroke burden, the negative average annual percentage change for both mortality and DALY rates across all SDI regions reflects a decline in age-standardized rates over time, particularly in high-SDI regions. Addressing these disparities in low-resource settings is essential to prevent further escalation of the stroke burden and improve health outcomes in these populations (28).



National trends

At the national level, India reported the highest number of stroke cases among youths and young adults in 2021, reflecting the country’s high population density and the rising burden of non-communicable diseases. In contrast, countries like Tokelau recorded the lowest incidence rates, likely due to a smaller population and specific regional health factors. The Philippines experienced the largest increase in stroke incidence, while Rwanda saw the greatest decline, potentially reflecting differences in national health policies, healthcare system improvements, and increased awareness of stroke risk factors.

The wide variability in stroke incidence, mortality, and DALYs among countries highlights disparities in healthcare access, quality, and stroke prevention efforts (29). Nations with high stroke incidence and mortality, such as Zimbabwe, could benefit from intensified stroke prevention, early detection, and treatment initiatives. Conversely, countries with significant declines in stroke-related outcomes, like Luxembourg and Rwanda, demonstrate how enhancements in healthcare infrastructure and stroke management can improve outcomes for youths and young adults (1).



Stroke incidence and mortality trends by region

The regional analysis shows that Eastern Europe had the highest stroke incidence rate, indicating a heavy burden of stroke due to factors such as high rates of smoking, unhealthy diets, and limited healthcare access. In contrast, Australasia and Western Europe reported the lowest incidence rates, likely due to better healthcare systems and effective preventive measures. The High-Income Asia Pacific region experienced the largest decline in stroke incidence, reflecting the impact of strong healthcare systems, public health initiatives, and improved stroke care. Significant disparities were also noted in stroke-related mortality and DALY rates, with Oceania recording the highest figures, potentially linked to higher obesity and hypertension rates as well as restricted healthcare access (30, 31).



Implications for public health

The findings of this study have important public health implications. First, targeted stroke prevention programs are essential, particularly in low-middle and low SDI regions where the burden is rising (32). These programs should focus on managing key risk factors such as hypertension, diabetes, and smoking, while also considering the influence of cultural and socioeconomic factors on health behaviors and access to care. Second, improving healthcare infrastructure and access to acute stroke care in low-resource regions is critical to reducing stroke mortality and DALYs (33). Economic disparities limit access to advanced treatments, widening the gap in outcomes. Countries with strong healthcare systems, such as those in Western Europe, have successfully reduced stroke-related mortality and DALY rates through effective policies, early detection, and emergency response systems, providing valuable models for other regions.

Finally, ongoing research and surveillance are needed to track stroke trends and assess intervention effectiveness. Policy measures, including tobacco control, dietary regulations, and expanded healthcare coverage, can help mitigate regional disparities. Further studies should examine the interplay of economic development, healthcare policies, and cultural factors to inform tailored strategies (34, 35).



Limitations

This study has several limitations. First, the analysis relies on data from the GBD study, which may be affected by reporting inconsistencies and data quality issues, especially in regions with limited healthcare infrastructure. Second, while the study includes ASRs, it does not fully account for potential confounders such as socioeconomic status, healthcare access, and lifestyle factors, which could influence stroke incidence and outcomes. Additionally, the use of estimated data and uncertainty intervals may introduce variability in the results, particularly in regions with sparse data. Finally, the study does not explore underlying causes or specific risk factors for stroke, limiting the understanding of its etiology in different populations.




Conclusion

In conclusion, this study provides a detailed assessment of the burden of stroke among youths and young adults globally, regionally, and nationally. While the global trend shows a decline in age-standardized stroke incidence, mortality, and DALYs, significant disparities persist across SDI regions and countries. Addressing these disparities through targeted prevention, improved healthcare access and better stroke management is essential to reducing the stroke burden, particularly in low and middle-income countries. Further research and policy interventions are needed to sustain these improvements and tackle the rising stroke burden in certain regions.
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EAPC, estimated annual percentage change; AAPC, average annual percentage change; CI, confidence interval; GBD, Global Burden of Disease; SDI, socio-demographic.
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